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This publication is organized in three 
chapters. Chapter 1 is an introduction 
describing the relationship between the 
compiler and the operating system, and the 
overall organization of the compiler. 
Chapter 2 is a general description of each 
logical phase followed by descriptions of 
each of the physical phases contained in 
the logical phase~ Chapter 3 consists of 
flowcharts. tables and routine directories. 
The flowcharts show the relationship 
between the routines of each phase. while 
the tables and directories list the 
routines and their functions. 

The appendixes contain topics of special 
importance and reference material. 

The convention has been followed in this 
manual of printing all PL/I language items 
in block capitals. 

Prerequisite to the use of this 
publication are the following: 

IBM system1'360: 

Principles of operation, Order No. 
GA22-6821 

IBM system/360 Operating system: 

PL/I(F) Language Reference Manual, Order 
No. GC28-8201 

PL/I(F) Programmer's Guide, Order No. 
GC28-6594 

PREFACE 

Although not prerequisite, the following 
publications are related to this manual and 
should be consulted: 

IBM system~360 operating system: 

Oparatox 1 s Reference, Order N~. 
GC28-6691 

Operator's Procedures, Order No. 
GC28-6692 

System Progranmer'a Guide, Order No. 
GC28-6550 

Storage Bstimates1 Order No. GC28-6551 

System Generation, Order No. GC28-6554 

supervisor and Data Managem~nt services, 
Order No. GC28-66q6 

supervisor and Dlta Manaaement Macro 
Instructions, order No. ·Gc28-6647 

Sequential Access Methods, Program Logic 
Manual. Order No.. GY28-6604 

Introduction to control Program LOgic, 
Program Logic Manual, Order No. 
GY28-6605 

PL/.I Subroutine Library, Program Logic 
Manual, Order No.. GY28-6801 
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PURPOSE OF THE COMPILER 

The IBM system/360 Operating System PL/I 
(F) Compiler analyzes and processes source 
programs written in PL/I, and translates 
them into a form suitable for input to the 
Linkage Editor or Linkage Loader. When 
errors are detected in the source program, 
appropriate diagnostic messages are 
produced. The compiler functions within 
IBM system/360 Operatinq System and may be 
used on machines where at least 45,056 
(44K) bytes of main storage are available 
for the compilation <exclusive of storage 
requirements for the operating system). 

THE COMPILER P.ND THE OPERATING SYSTEM 

The PL/I (F) Compiler is a processing 
program of IBM Syste~/360 Operating System. 
The compiler consists of a number of phases 
under the supervision of compiler control 
routines. The compiler communicates with 
the control program of the operating 
system, for input/output and other 
services, through the control routines. 

A compilation is introduc@d as a job 
step under the control of the operating 
systerr; via the JOB statement, the execute 
(EX~C) statement, and the data definition 
(00) statements of the Job control 
Lanquage, for the input/output data sets. 
cataloged procedures are provided to keep 
these statements to a minimum. A 
discussion of the introduction of a 
compilation as a job step, and of the 
available cataloged procedures, is given in 
the publication IBM System/360 Operating 
System, PL/I (F) Proarammer's Guide. 

The source proqram to be compiled 
appears as input to the compiler on the 
SYSIN data set. The compiler uses SYSUT1 
<required if the main storage is 
insufficient to contain the program) and 
SYSUT3 (required if the 48-character set or 
the compile-time processor is used) as work 
data sets. The SYSPRINT data set is 
mandatory. The SYSPUNCH and SYSLIN data 
sets are used, depending on the options 
specified by the source proqrammer, to 
contain the output from the compiler. 

The overall data flow associaten with a 
compilation, and the data sets used in the 
compilation, are illustrated in Figure 1. 

CHAPTER 1: INTRODUCTION 

A compilation is initiated by loading 
the compiler control routines from the Link 
Library. The compiler control routines 
then carry out their own initialization, 
including loading those compiler control 
routines which remain in storage throughout 
the compilation. These routines perform 
the follow~ng functions: 

1. Act as the interface between the 
compiler phase and the operating 
system, controlling all input/output, 
storage allocation, program 
interruptions, storage dumping, etc. 

2. Supervise the loading of compiler 
phases in accordance with source 
program options and information 
obtained from the source program by 
the compiler phases. 

3. supervise all workspace used by the 
compiler for information concerning 
the source program. This includes any 
spilling from main storage to 
auxiliary storage in order to 
accommodate large source programs, the 
conversion of symbolic references to 
absolute addresses, and the conversion 
from absolute addresses to symbolic 
references. 

4. Provide a number of routines to assist 
in compiler debugging. 

The compiler opti-0ns specified are 
interpreted and the appropriate action 
taken. The environmental options, such as 
storage size and device type, are used to 
calculate the text and dictionary block 
size and.the "spill" point <i.e. the point 
at which the main storage available is 
insufficient to contain the dictionary and 
text>. 

To determine the block size a table 
contained in Phase AB is used. The storage 
size is used as the argument to search the 
table. When the correct entry is found, 
the text block size and the dictionary 
block size values are extracted and used 
for the compilation. 

The options are instructions to the 
compiler. some of these require a phase to 
be loaded that would not otherwise be 
loaded. When an option of this type is 
found, a request for the pha·se required is 
inserted into the status byte in the phase 
directory. Other options are in the form 
of instructions to a phase that is always 
loaded. These instructions are also placed 
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r-------------1 
I Source I 
I I 
I program I 
I I 
I (SYSIN) I 
I I 
L------~-----J 

I 
I 
I 
v 

r---------------------------, 
I compiler I 
I I 
I (SYSUT1 and SYSUT3 I 
!are used as work data sets I 
I when required) I 
L-------------T-------------J 

I 
I 
I 
v 

r--------T--------T--------~------~--------T--------T-------T--------1 
SOURCE XREF LIST bECK/MACDCK LOAD 
option option option options option 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
v v v v v 

r-------------1 r-------------, r------------, r-------------, r-------------1 
I source I I List of I I List of I I ESD,TXT,RLD I I ESD, TXT, I 

' I I identifiers,! I object code I I END and NAME I I RLD, EIND, 

' I program I I I I produced I I cards. PL/I I I and NAME I 
I I I list of I I by the I I Source text I ' 

(if OBJ NM I 
I listing I I statement I I compiler I I if MACDCK ' ' 

specif_ied) , I 
I I I numbers I I I I specified. I I I 
L-------------J L-----------;__J L-------------J L------------J L-------------J 

SYSPRINT SY SPRINT SY SPRINT SYS PUNCH SYSLIN 

EXTREF ATR for all SOURCE2 
option option compilations option 

' I I I 
I I I ' I I I ' v v v v 

r-------------1 r------------i r-------------, r-------------, 
I External I I List of I I List of I I I 
I I I identifiers, I 

' 
compiler I I Listing of I 

I Symbol I I list of I I options usedl !input to the I 
I I I attributes I I and I I compile-time I 
I Dictionary I I assumed by I I Diagnostic I I processor I 
I I I identifiers I I Messages I I I 
L------------J L-------------J L-------------J L-------------J 

SYSPRlNT SYS PRINT SYSPRINT SY SPRINT 

Figure 1. Compiler Data Flow and Data Sets used 
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in coded form in the communications region 
, of the dictionary, generally in the Control 

Code word (see CCCODE in Appendix Bl. 

COMPILER ORGANIZATION 

The PL/I (F) Compiler comprises a number of 
logical phases, each of which consists of 
several physical phases as shown in 
Appendix A. 

The compiler phases and their 
corresponding functions are indicated in 
Figure 2, and the organization of the 
compiler is shown in Figure 3. 

Control is passed between the phases of 
the compiler via the control routines. 
After each phase has been executed, it 
branches to the control routine, which 
selects from its load list the next phase 
to be executed. 

communication between the phases is 
implemented by the following: 

1. The text string. The text string at 
the start of the ctrmpilation is input 
text. This is converted by the 
compile-time processor, if necessary, 
into a string which is PL/I source 
text. The characters in this string 
are translated into a code internal to 
the compiler. The phases of the 
compiler gradually process the text 
until the final forll\. is the object 

program, consisting of a string of 
machine instructions. For the 
compiler proper, the text code bytes 
used, and formats of statements at 
different stages of the compilation, 
will be found in Appendix D. 

The text is broken down into a number 
of blocks, depending upon the size of 
the machine. Each block has a 
symbolic name which is independent of 
the physical location of the block in 
storage. Thus, the text blocks may be 
moved around in main storage under the 
supervision of the compiler control 
routines, and spilled on to auxiliary 
storage if insufficient main storage 
is available. 

2. The dictionary. The dictionary 
consists of a number of blocks, each 
with a symbolic name. Part of the 
first dictionary block is used as a 
communications region (see Appendix F) 
between phases, and for this reason 
the first block is never spilled, even 
when the source program to be corr.piled 
exceeds available storage. The 
communications region contains such 
information as the addresses of the 
heads of chains, the symbolic start of 
text, etc. The remainder of the 
dictionary contains all information 
relating to identifiers appearing in 
the program, temporary storage areas 
required, etc. For the·compiler 
proper, the format of all dictionary 
entries will be found in Appendix c. 
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r---------~---------------T---------------------------------------------~-------------1 I . Logical Phase I Function I 
~--------------------------+------------------------------------------------------------1 
ICorr.pile-time Processor Reads input text, executes any compile-time statements I 
I contained in it, and modifies text as directed, producing I 
I modified text for further compiler processing. I 
I I 
Read-In Checks source program syntax and removes all superfluous I 

characters, such as comments and non-significant blanks, I 
from the text string. I 

I 
Dictionary Removes all BCD identifiers and attribute declarations froml 

the source string, and replaces them by symbolic referencest 
to dictionary entries. The dictionary entries contain all I 
the consistent declared attributes, and all the attributes I 
specified in the language in default of source program I 
specifications. Error messages are generated for all I 
inconsistent attributes. I 

I 
Pretranslator Processes those features of the language that are more I 

Translator 

I Aggregates 
I 
I 
I 
I 
I 

' I 

easily processed in their original PL/I form, than when thel 
original syntactic form has been lost in later phases. The.I 
Pretranslator carries out.these modifications which include 
the rearranging of the order of certain I/O statements, the 
creation of temporary variables for procedure arguments 
which are expressions, the conversion of array and 
structure assignments to a series of DO-loops surrounding 
scalar assignments, and the removal of iSUB expressions. 

Converts the original PL/I syntactic form to an internal 
syntactic form, referred to as "triples." Triples consist 
of the original source program operators and operands, but 
rearranged so that the operations specified in the source 
string may be carried out in their proper order. 

Carries out all structure and array mapping, so that 
elements are aligned on the correct storage boundaries. 
When it is not possible to carry out the mapping at 
compilat1on time, such as when the.aggregates contain 
string lengths or array bounds which are specified by 
expressions, object code is produced to do it at object. 
time. This phase also checks that items·DEFINED on arrays 
and structures can be mapped consistently. 

I 
!Optimization If optimization is requested, the optimization phases 
t attempt to reorder triples for subscript address 
I calculations and generate efficient pseudo-code for DO-loop 
1 control. This .. enables some PL/I programs to compile into I 
I faster object code at the cost of extra compile time. I 
I I 
IPseudo-Code Converts the triples to a form closely resembling machine I 
I instructions, in which registers are represented I 
I symbolically, and storage locations are represented by I 
I dictionary references with offsets. The final pseudo-code I 
I version of the text also contains a nwnber of special I 
I · pseudo-code items for the guidance of later phases. I 
L---------------------------1.------------------------------------------------------------J 

•Figure 2. compiler Logical Phases (Part 1 of 2) 
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r--------------------------r------------------------------------------------------------1 
I Logical Phase I Description f 
~--------------------------+------------------------------------------------------------~ 
IStorage Allocation Searches the dictionary for all entries requiring storage, 
I and allocates offsets to each item, either within its 
I AUTOMATIC block, or within the STATIC storage area. Code 
I is compiled to set up dope vectors and pointers at object 
I time, for allocations of controlled variables and 
I temporaries, the storage for which must be obtained during 
I the execution of the object program. Prologue code is 
I generated for each block of the object program. 
I 

I 
I 

Register Allocation 

Final Assembly 

I Error Editor 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

' I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Allocates physical registers to the symbolic registers 
which have been requested by e~rlier phases, and also 
ensures that all the storaqe location off sets allocated in 
previous phases can be addressed by the insertion of 
additional instructions, where necessary. 

completes the translation to machine code instructions, by 
calculating branch destination addresses inserted 
symbolically by earlier phases. Loader text i.s then 
produced for the machine instructions, constants, INITIAL 
values in STATIC storage, and all the constant data 
required for block initialization. ESD and RLD cards are 
produced to enable the object program to be edited by the 
Operating System/360 Linkage Editor or the Linkage Loader. 
The Final Assembly Phase also produces a listing of the 
object code produced. I 

I 
Entered at the end of every compilation. The dictionary isl 
examined to determine whether there are any diagnostic I 
messages to be printed out. If there are none, th€ I 
compilation is terminated by the compiler control. If I 
there are diagnostic messages to be printed out, the error I 
dictionary entries are processed and the messages are I 
printed. The texts of all the diagnostic messages are heldl 

I I in modules XG through YY. I 
L--------------------------1.------------------------------------------------------------J 
Fiqure 2. Compiler Logical Phases (Part 2 of 2) 
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r-------------------------------------------1 
.----------, 
I CONTROL I PL/I (F) 
I PROGRAM I COMPI:LER 
'--T-----J 

I " I I 
I I 
I I 
v I 

r------~---, 
I COMPILER I 
I CONTROL 1-------, 
I ROUTINES I '---T ______ J 

I A 
I I 
I I 
I I 

v ' r----------1 1------~---1 
I SYSTEM I I I 
I l<-+------------->I 1 
I RESIDENCE I I COMPILER I 
L-----------J I I 

I PROCESSING! 
.----~ 1---1 
I I PHASES I I 
I I I I 
I I I I 

r-----------, 1 '----------J I 
I I I I 
I SOURCE I I I 
I I I I 
L-----------J V V V 

A V V V 

I r-----------, r----------, L--------+--> I TEXT I DICTIONARY I 
I I I I 

r---------+-->I BLOCKS I I BLOCKS I I I L ___________ J L ___________ J 

v I " " r-----------, I I I 
I I I I I 
I OBJECT I L---------+----------------------+-----~---
1 I I I L ___________ J 1 I 

v v 
r----------1 
I SPILL I 
I I 
I STORAGE I 
'-----------J 
-----> CPU control 

r-----------1 
I SPILL I 
I I 
I STORAGE I 
L----------J 

------>> Read/Write communication 

<-----> Input/Output under the operating system Control Program 
and Compiler Control supervision 

Figure 3. compiler Organization and Control 
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~ For descriptions of terms and 
abbreviations used in the text during a 
compilation which are mentioned in this 
chapter, refer to Appendix D.11. 

COMPILER CONTROL AND 48-CBARACTER SET 
PREPROCESSOR 

COMPILER CONTROL 

When the PL/I (F) Compiler is invoked by 
the calling program <e.g., the Job 
Scheduler> of the operating system, the 
Compiler Control module IEMAA is loaded and 
entered. IEMAA is resident during the 
whole compilation; it controls the 
following functions: 

Initialization 

Character translation 

communication between phases 

Text and dictionary block control 

scratch storage control 

Storage requirements 

Phase loading 

Phase directory construction 

Diagnostic message control 

Input/output control 

Program check handling 

Compile-step termination 

Initialization 

Initialization is achieved by module AA 
linking to module AB. Module AB performs 
the detailed initialization of the 
compiler, and provides the following 
functions: 

Opens SYSIN and SYSPRINl' data sets 

Constructs a phase directory (for details 
ref er to Appendix B) 

sets up a conununications region in the 
dictionary (for details refer· to Appendix 
F) 

CHAPTER 2: THE COMPILER LOGICAL PHAS&5 

scans option list 

Obtains space for text blocks and 
dictionary blocks. 

Opens SYSUT3 and SYSPUN:H as necessary 

Prints a list of options used in current 
compilation 

Loads phase AN to handle a normal 
dictionary, or phase AL if an extended 
dictionary is requested. 

On return from module AB, the first 
compiler phase is loaded and entered. 

Character Translation 

The character translation tables (see 
Appendix D.1) provide the facility for 
converting external code to a compiler 
internal code, and for converting the 
internal code back to the external form. 
These tables thus prevent the compiler from 
becoming character code dependent, and 
enable the scanning routines to process the 
input source statements more efficiently. 
Note that the contents of these tables are 
different during compile-time processing 
from the contents during compilation 
proper. 

communication Between Phases 

The communications region is an area 
specified by the control routines, and used 
to conununicate necessary information 
between the various phases of the compiler. 
The communications region is resident in 
the first dictionary block throughout the 
compilation. 

Entry to the various compiler control 
routines is via a transfer vector. Details 
of the transfer vector and the organization 
of the communications region appear in 
Appendix F. (Note: The use of the 
communications region during compile-time 
processing is described in Appendix J.) 

Text and Dictionary Block Control 

Block control is achieved by a system of 
text and dictionary references. If the 
program in storage becomes too large, 
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blocks are placed on an external file, 
SYSUTl. The block control routines contain 
the input/output control. 

Block control Area 

The block control area contains two tables., 
DSLOTS and TSLOTS, and is held in modules 
AL/AN. The DSLOTS table contains 70 4 -byte 
slots, and the TSLOTS table contains 96 
4-byte slots. The first six slots in each 
table are used by the compiler control 
routines for boldinq qeneral block 
information. The remaininq slots contain 
details of the status and position of text 
and dictionary blocks, one slot per block. 

The format of each slot is as follows: 

1 byte indicator 

3 byte address - (a) if the block is in 
main storage it 
contains the absolute 
address of the start 
of the block. 

(b) if the block is on 
disk it contains the 
relative track 
address of the block 
in the spill file. 

The format of the indicator byte is x 
'ab' where: 

ab = FF 

a = 8 

a = 0 

b = 4 

b = 3 

b = 2 

b = 1 

22 

if the block has not been 
allocated 

if the block is in storage 

if the block is.on the spill 
file 

if the block is busy (i.e., 
locked into storage) 

if the block is wanted (i.e., 
spillable but preferably kept in 
storage). 

if the block is not wanted 
(i.e., information to be 
retained but block may be 
spilt). 

if the block is free (i.e., 
information no longer required>. 

Text Block Chaining 

When text blocks are chained, the second 
byte of the last but one word of each block 
contains the block number of the next block 
in the chain. 

Scratch storage Control 

Scratch storage of 4K bytes is guaranteed 
to all phases. The control routines split 
the 4K-block into discrete sections, each 
of 512 bytes , and allocates them as 
required. 

Storage Requirements 

The PL/I (F) Compiler requires main storage 
for the following purposes : 

Compiler processinq phases 

Print buffers 

Compiler control routines 

Dictionary area 

Text area 

Input/Output buffers 

Input/Output routines (QSAM) 

The main storaqe required by each phase 
of the compiler need be contiquous only for 
each control section. 

D~ing the read-in logical phase a 
minimum of two dictionary blocks and two 
text blocks is available in storaqe . 
simultaneously. During the optimization 
logical phase, a minimum of three 
dictionary and five text blocks is 
available in storaqe simultaneously. 

Durinq the rest of the compilation four 
dictionary blocks and four text blocks are 
available in storage simultaneously. 

The dictionary and text block size is 
chosen according to the amount of main 
storaqe available to the compiler. The 
SIZE option, interpreted at invocation 
time, provides the value used to determine 
the block size. A table contained in Phase 
AB is searched, usinq the SIZE option as an 
argument. When the correct entry is found, 
the block size is extracted. 



Appendix E shows details of storage 
allocation. 

Phase Loading 

Phase loading routines include phase 
marking <where phases are indicated as 
wanted or not wanted>. phase loadin9, and 
phase deleting facilities. The phase 
directory is constructed for this purpose. 

Phase Directory construction 

Because of the number of phases in the 
compiler, the phase directory is split into 
halves. The first half is constructed 
during the initialization of the compiler1 
also a list of names of the phases in the 
second half is kept in Phase AA. This list 
is used to pass status indications (i.e.• 
whether phases are wanted or not wanted) · 
from the first half to the second half. 
Phase JZ uses the list to construct a new 
directory for the second half. (The error 
message phases have their own phase 
directory. which is built in phase XB and 
uses the same space in AA as the phase 
directory proper.) 

The phase directories are constructed by 
use of the BLDL macro and a build list. 
The format of the build list is fully 
described in the publication IBM System/360 
Operating System, Supervisor and Data 
Management services. For details of the 
phase directory see Appendix B .• 

Diagnostic Message Control 

Diagnostic message control routines cause 
diagnostic messages to be placed in a chain 
in the dictionary. 

Input/Output control 

The I/O control routines involved act as an 
interface between the compiler phases. and 
SYSIN, SYSPRINT, SYSLIN, and SYSPUNCH data 
sets. (See Fig1.ire 4.) 

Program Check Handling 

The compiler handles all program checks. 
Control can be passed to a phase' to enable 
it to deal with the check. 

I Compile-step Termination 

The compiler completion code is picked up 
and control is returned to the calling 
program. 

The compiler completion codes are as 
follows: 

0 

8 

12 

16 

Meaning 

No diagnostic messages issued: 
compilation completed with no 
errors: successful execution 
expected 

Warning messages only issued; 
program compiled; successful 
execution is probable 

Error messages issued: compilation 
completed, but with errors: 
execution may fail 

Severe error messages issued; 
compilation may be completed but 
with errors, successful execution 
improbable. If a severe error 
occurs during compile-time 
processing, the compilation will be 
terminated and., if the SOURCE 
option has been specified. a 
listing of the PL/I program text 
produced by the compile-time 
processor will be printed. 

Termination error messages issued; 
compilation terminated abnormally: 
successful execution impossible. 

COMPILER CONTROL MODULES 

In addition to modules AA and AB, further 
modules. AC, AD, AE. AF, AG, AH, AI, AK, 
AL. AM, AN, and JZ are used in compiler 
con~rol.. The functions of these modules 
are briefly described in the following 
paragraphs • 

Module AC 

Module AC controls reading and writing 
operations on SYSUT3, the intermediate 
file. It is loaded only if the CBAR48 or 
MACRO option is specified, and is deleted 
at the end of the Read-In Phase. 
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r-------T-----T----~-------T----T----~-------T------T----T--------1 
f PHASE ITRACEOUTf SYSIN f SYSPRINTISYSLIBfSYSLINISYSPUNCHf SYSUT11SYSUT31SYSUDUMP I 
I I · I I I I I - l I I <SYSABEND> I 
~--------+-------+------+--------+------+-----+--------+------+------+----------i 
I IEMAA I I I CLOSES I I WRITES I WRITES I I I OPENS I 
I I I I I I I I I I WRITES I 
I I I I I I I I I I CLOSES I 
~--------+-----+-----+--------+------+-----+-------+-----+------+----------.. 
I IEMAB I I OPENS I OPENS I I OPENS I OPENS I OPENS I OPENS I I 
I I fCLOSESf CLOSES I f CLOSESICLOSES I ICLOSESI I 
I I I I WRITES I I I I I I I 

~--------+-------+-----+-------+------+------+--------+------+------+---------f 
f IEMAC I I I I I I I IWRITESI I 

·--------+------+------+-------+------+------+-------+------+------+---------i I IEMAK I I CLOSES I CLOSES I I CLOSES I CLOSES I CLOSES I I I 

·--------+-------+------+--------+------+-----+--------+------+------+----------i 
I !EMAL/AN I I I WRITES I I I I READ/ I I I 
I I I I I I I I OPENS I I I 
I 1 I I I I I I WRITES I I I 
·--------+-------+------+--------+------+-----+--------+------+------+----------i 
IIEMAE I ICLOSESI I I I I I I I 

~--------+-------+------+--------+------+------+--------+------+------+----------~ 
f IEMAG I fCLOSESI l I I I fOPENS/I I 
I I I I I I I I I CLOSES I I 
~--------+--------+-----+-------+------+------+-------+------+------+----------i 
I * IEMAT . I OPENS/ I I I I I I I I I 
I IWRITES I I I I I I I I I 
I I CLOSES I I I I I I I I I 
·-------+-----f------+------+-----+-----+-------+-----+----+--------i 
I IEMBC I . IREADS I WRITES I I I I I I I 
·-------+------+-----+-------+-----+-----+--------+---~+------+----------i 
I IEMBG I I I WRITES I READS I I WRITES I I WRITES I I 

·--------+-------+------+--------+-----+------+--------+------+------+----------i 
I IEMBN I I I WRITES I I I I I I I 

·------+-----+------+--------+------+------+------+-----+----+-------i 
I IEMBX I I READS I I I I I I WRITES I I 

·--------+----~--+------+--------+------+-----+--------+------+------+------~--i 
I IEMCI I I RFADS I WRITES I I I I I READS I I 

·-------+-----+------+--------+-----+-----+------+------+------+--------i 
I IEMFY I I I WRITES I I I I I I I 
·-------+-----+------+--------+------+-----+-----+---+-~-+--------i 
l*IEMFl I I IWRITES I I I I I I I 
~--------+--------+------+--------+------+------+-------+------+------+----------i 
I IEMQX I I I WRITES I I I I I I I 
·--------+-------+-----+--------+------+------+--~----+------+------+----------i 
I IEMTF I I I WRITES I I I t I I I 
~--------+--------+------+--------+------+------+--------+------+------+----------i I IEMTO I I I I I WRITES I WRITES I I I I 
~--------+-------+------+--------+------+-----+--------+------+------+----------i 
I IEMI'U I I I WRITES I I I I I I I 
·--------+-------+------+--------+------+------+-------+------+-----+---------~ 
I IEMUB I I I WRITES I I WRITES I WRITES I I I I 
·-----+------+----+--------+------+------+-------+------+-----+---------~ 
I IEMUF I I I WRITES I I I I I I I 
·--------+------~-+------+--------+------+------+--------+------+------+----------~ 
I IEMXA I I I WRITES I I I I I I I 
·--------+------+------+--------+------+------+--------+------+------+----------~ 
I IEMXC I I I WRITES I I I I I I I 
L--------~-------'-------L--------.L------L------~--------.1.------.L------~----------J 

• Figure 4. Input/Output Usage Table 
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Module AD 

Module AD performs inter-phase dumping. 

All specified active storage is dumped 
at the end of the phases stated or implied 
in the DUMP option. If the DUMP option 
includes either I, for the Annotated 
Dictionary Dump, or E, for the Annotated 
Text Dump, or both, then phase AD will load 
either phase AH, or phases AI and AJ, or 
all three, to produce the required output. 

The !>UMP Option 

The DUMP option which is specified in the 
PARM field of the EXEC card indicates where 
dumping of main storage is to take place. 
It may be specified in one of the following 
ways: 

1. DUMP, means a dynamic dump is required 
(the dump routine will be called by a 
running phase) 

2. DUMP=(area,x~,x3 ,x3 , •••• xn> means a 
dump of the storage after the named 
phase where x is the name of a phase. 

Area 
T 
D 
p 
s 
c 
I 
E 

is any combination of TDPSCIE: 
text blocks 
dictionary blocks 
phases loaded 
scratch storage 
control phase 
annotated dictionary blocks 
annotated text blocks 

The general syntax is: 

DUMPC=<CareaJ,{xl <y,z)}, ••• >J where x, 
y and z are phase names. 

A single phase name indicates dumping of 
storage after this single phase. A pair of 
phase names indicates a continuous group of 
phases after which dumping of storage is to 
occur. 

The dump will appear on SYSPRINT, 
inserted into the normal compiler output. 

If area is omitted the default taken is 
DTSP. If a program check occurs and DUMP 
has been specified then area will be given 
the default DTSPC. 

If the.area specifies both T and E or 
both D and I, only the relevent edited dump 
will be printed. 

If the area contains P, a message is 
printed on completion of every phase, 
whether mentioned in the DUMP parameter or 
not. 

Use of the DUMP option may cause the 
compiler to use about BK bytes more main 
storage than the SIZE option specifies. 
This is because SIZE specifies the amount 
of main storage the compiler can use for 
normal compilation and does not allow for 
the internal compiler diagnostic dumps. 

Example of an EXEC card using the DUMP 
option: 

//STEP1 EXEC PROC=PL1LFC, 
PARM. PL1L=' D.UMP= (TIP• OE, QU) ' 

This statement specifies compilation using 
the DUMP option to obtain a printout of the 
text blocks, the annotated dictionary, and 
the loaded phases after the completion of 
compiler phases OE and QU. 

Module Al 

Module AE is the finalization of the 
Read-In Phase control. (See Fig.4, Note~) 

Module AF 

Module AF is a control section consisting 
of a table containing the compiler options 
which may be used during a compilation. 
The table is constructed at system 
generation time. The control section is 
brought into storage by the initialization 
Module.AB at compilation time. A 
description of the use of Module AF is 
given in ~ppendix G. 

Module AG 

Module AG closes SYSUT3 for output, and 
re-opens it for input. 

The closing and opening operations are 
performed in the following order: 

CLOSE 
alter macro-type in data control block 
(DCB) 

OPEN(INPUT) 
switch routine ZURO to point at the 
SYSUr3 data control block 
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Module AH 

Module AH produces a dump of the 
dictionary. It prints out the 
communications region in the first block, 
and the offsets tables for each block if 
the extended dictionary option is in use. 
The remainder of each block is printed out 
entry by entry. The BCD is translated for 
those entries containing BCD. At the end 
of the dump, a list of all the dictionary 
codes used is given, with an explanation 
for each code. 

'I·he module is called by phase AD only if 
an I is specified in the area field of the 
DUMP option. 

Modules AI and AJ 

Modules AI and AJ are called, if E is 
specified in the area field of the dump 
option, to provide an 'easy-to-read' text 
print in which the triples and pseudo-code 
items comprising the text are printed 
separately. This option is available 
between phases IA and OE inclusive. 

Module AK 

Module AI< is the closing routine of the 
compiler. Its function is to release ·main 
storage used for dictionary, text blocks, 
scratch storage, and completed phases. If 
batch compilation is not specified, module 
AR closes all the files used by the 
compiler. If a batch compilation is 
specified, a check is made to determine 
whether any source programs are still to be 
compiled. Where there are none module AK 
closes all files. Where one or more 
programs remain to be compiled, the spill 
file only is closed, the batch delimiter 
card is scanned for syntax errors, and 
control is returned to module AA. 

Module 1-\.L 

Module AL contains the control routines for 
dictionary and text-block handling for the 
extended dictionary. 
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Module AM 

Module AM marks phases as either wanted or 
not wanted, depending upon the compiler 
invocation options. Phases that are always 
loaded are marked wanted. 

AM is the first compiler phase loaded 
after compiler initialization. It tests 
the relevant bits in the Control Code word 
(CCCODE) and marks the phases accordingly. 

Module AN 

Module AN contains the routines for 
dictionary and text-block handling for the 
normal-sized dictionary. 

Module AT 

Module AT provides extra debugging features 
during compiler runs. The three features 
of this module are: 

1. A 'TRACE' of all instructions executed 
between specified locations within 
specified compiler modules. 

2. A. 'FLOW' of branches taken between 
specified locations within specified 
compiler mo~ules. 

3. The ability to VERIFY and REP<replace> 
patches within specified compiler 
modules. 

Note: Features 1 and 2 can be inhibited 
unti~ a particular statement is 
reached. 

The TRACE/PATCH Option 

The.following must be done to use the 
facilities described above in Module AT: 

1. 'T' (Trace or Flow> or 'P' (Verify or 
Rep) must be inserted in the compiler 
option list. 

2. A size of at least 12K less than the 
size available must be specified. Do 
not attempt to use SIZE=999999. 

3. As the output will go to a dataset 
named TRACEOUT, the following DD card 
will also be required in the JCL for 
the compile step: 



//TRACEOUT DD SYSOUT=A 

In addition, control cards will be 
required which must be inserted before the 
first card of the source program. Up to 10 
each of TRACE/FLOW and VERIFY/REP cards are 
permitted. 

To obtain TRACE/FLOW facilities the 
control card should contain the following 
information: 

• in card column 1 

Keyword 'TRACE' or 'FLOW' 

Two-letter module name} 

Four-digit hexadecimal 
off set of instruction 

Two-letter module name} 

Fou. r-digit hexadecimal 
offset of instruction 

of start of 
Trace or Flow 

of end of 
Trace or Flow 

[STAT=nnnnn 1 where nnnnn is 
five-digit decimal PL/I 
statement number at 
which Trace/Flow is to 
start. 
Note: This field is 
optional and may be 
used only if the module 
in which TRACE/FLOW is 
to start updates ZSTAT. 

Example: 

* TRACE GB 012B GU 036C 

Note: Fields should be separated by at 
least one blank, and end in or 
before column 72. 

To obtain the PATCH facilities the 
control card should contain the following 
information: 

• in card column 1 

Keyword 'VERIFY' or 'REP' 

Two-letter module name} 

Four-digit hexadecimal 
off set 

of Patch 
location 

Note: Hexadecimal Patch data may be 
separated by commas if desired. 

Example: 

* VERIFY GB 032A 

VERIFY and REP instructions are carried 
out as soon as the module concerned is 
loaded. If the data does not compare on 

Verify operation, an error message will.be 
given on the data set TRACEOUT. Note that 
Rep operations do not depend on a previous 
valid verify operation. 

Module Fl 

Module Fl checks whether Syntax Check 
should terminate compilation. The three 
options for the Syntax Check are recognized 
in module AB and flags are set. on 
completion of the Read-in and Dictionary 
phases, these flags are tested by module 
Fl, which was loaded when phase FX released 
control. The decision to terminate or 
continue is made based on the flag settings 
and the level of error severity encounterej 
(by inspecting the heads of the error 
chains>, and a special message is issued at 
this point. 

Module J! 

Module JZ builds the second half phase 
directory. A build list is constructed 
from the second half list held in Module 
AA; a BLDL is performed on this list. The 
phase directory is then reconstructed in 
Module AA for the second half of the 
compiler. 

48-CHARACTER SET PREPROCESSOR 

Phase BX is the 48-character set 
preprocessor. It is loaded on progranuner 
option and receives, as input, source text 
in the 48-character syntax. 

The preprocessor scans the input text 
for occurrences of characters peculiar to 
the 48-character set, and converts these to 
the corresponding 60-character symbols. It 
then puts out the adjusted text onto 
auxiliary storage ready for Phase CI, the 
first pass of the Read-In Phase. 

The text is read in record by record. 
It is then scanned for alphabetic 
characters which may be the initial letters 
of operator keywords, for periods, ·and for 
commas. Items within comments or character 
strings are ignored. 

When a possible initial letter is 
discovered, tests are made to determine 
whether or not one of the reserved operator 
keywords has been found. If one has been 
found, it is replaced by its 60-character 
set equivalent. Similarly, appearances of 
two periods are replaced by a colon, and a 
comma-period pair is replaced by a 
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semi-colon if the conma-period pair is not 
immediately followed by a numeric 
character. 

Allowance is made for the possibility 
that a concatenation of characters which is 
meaningful in the 48-character set may be 
split between two records. 

Before the text is processed a copy of 
the original input is preserved. The 
output from the preprocessor is the 
transformed text, record by record, 
followed by the original text. The Read-In 
Phase processes transformed text but prints 
out the original. 

The 48-character set preprocessor uses 
compiler control routine ZURD to obtain 
input, and routine ZUBW to place its output 
onto auxiliary storage. 

Note: If the MACRO option is specified, all 
the processing described above is 
done by the compile-time processor, 
and phase BX is bypassed. 

COMPILE-TIME PROCESSOR LOGICAL PHASE 

The compile-time processor consists of six 
physical phases. Each of these phases is 
executP.d once, unless an INCLUDE data set 
is encountered. In this case certain 
phases will be re-executed. 

The compile-time processor moves source 
text that does not contain compile-time 
statements directly into text olocks. 
During this process invalid characters are 
replaced by blanks, and line numbers are 
encoded and inserted into the text. 
compile-time statements are decoded and 
translated into an internal form and then 
placed directly into text blocks. An entry 
is made into the dictionary for each 
compile-time variable, procedure, label, or 
INCLUDE identifier. 

A second pass is then taken over these 
text blocks, during which compile-time 
statements are executed and the PL/I source 
program text is scanned and replacements 
are made. The output from this pass is a 
PL/I source program contained on SYSUT3 
and, optionally, a punched card deck. 

If during the second pass, an INCLUDE 
data set is processed, the entire procedure 
indicated above is executed recursively to 
process this text. 

Text and dictionary formats used by the 
compile-time processor are contained in 
Appendix J. 

Line Numbering 

As the input is being processed a unique 
line number is assigned to every logical 
record processed. If a listing of the 
input is requested, these line nWTibers are 
written out beside the appropriate line. 
The line numbers are also encoded and 
inserted into the text so that diagnostics 
can be keyed to them. These line numbers 
are also output on SYSUT3, to aid the user 
in determining from which input line a 
particular line of output came. 

Phase AS 

This phase, consisting of one physical 
module, is loaded if the MACRO option is 
specified. It is resident throughout 
compile-time processing until the cleanup 
phase (BW) is invoked. 

This phase controls the loading of the 
subsequent compile-time processor phases. 
The initialization phase (AV) is loaded 
only once. The two processing phases <BC 
and BG) are loaded and executed once unless 
an INCLUDE data set is processed. In this 
case phase AS reloads the processing phases 
to process this data set. 

In addition, phase AS contains a set of 
service routines used by both processing 
phases. Access to these routines is via a 
transfer vector located at the beginning of 
phase AS. 

Phase AV 

This phase consists of one physical module. 
Its purpose is to initialize certain cells 
in the communi.cations region for the 
compile-time processor phases. 

Phase BC (BE, BF) 

Phase BC consists of three physical 
modules, BC, BE, and BF. Module BE 
contains the control routine. 

Phase BC accepts input text, moving it 
into text blocks until a compile-time 
statement is found. (For a description of 
the use and layout of text and dictionary 
blocks, see Appendix J.) When a 
compile-time statement is encountered, it 
is encoded into a set of interpretive 
instructions and, except for compile-time 
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procedures, added to the current text 
block. Compile-time procedures are 
siroilarly encoded, but are placed in 
separate text blocks. 

As compile-time statements are encoded, 
all non-keyword identifiers encountered are 
entered into the dictionary, together with 
any attributes that are known. Entries are 
also made in the dictionary for constants 
and iterative DO-loops. 

During phase BC, invalid character& 
occurring outside of strings and comments 
cause a diagnostic to be printed. They are 
converted to blanks. Invalid characters 
can thus be used for markers of various 
sorts in text blocks. Diagnostics are 
given for syntax e~rors in compile-time 
state1nents. Line numbers are encoded and 
inserted into the text for the use of the 
phase BG scan. All input characters are 
converted to their EBCDIC representation 
hef or€ they are processed. 

Phase BG (BI, BJ) 

Phase BG consists of three physical 
modules: BG, BI, and BJ, which contain the 
control routine, the macro-code 
interpreter, and the built-in function 
handler, respectively. 

In general, the input to phase BG is the 
set of chained text blocks and dictionary 
blocks created by phase BC. The phase BG 
execution is essentially that of the 
compile-time processor described in the 
external specifications. That is, its 
basic action is to move throuqh text blocks 
looking for instances of compile-time 
variables or compile-time statements, which 
it uses to produce the output text. As 
line numbers are encountered in the text, 
they are placed into a location containing 
the current line number. This is used both 
for phase BG diagnostics and by the output 
editor. 

If a compile-time variable or procedure 
reference is found, the scan cursor is 
positioned to scan its value. When the 
scan of the value is completed, the cursor 
is properly positioned back into the text. 
If a compile-time variable or procedure 
reference is founn in this value scan, the 
process repeats itself. Such nesting can 
occur to a depth of 100. 

If the scan encounters an encoded 
coro~ile-time statement (built by phase BC), 
contrcl is passed to an interpreter. This 
interpreter executes the statement ~­
possibly repositioning the scan cursor 
and returns to the scan. 
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The output of this phase is a PL/I 
source program contained on SYSUT3, and, 
optionally, as a sequenced card deck. 

Phase BM (BO) 

Phase BM examines the heads of the error 
chains in the first dictionary block, and 
programmer options which specify the 
severity level of messages required. If 
there are no messages, it passes control to 
the clea~up phase (BW). If diagnostic 
messages re required, the phase loads BN 
to proces them after scanning the chains 
and indica inq where the text is to be 
found, from the message directory block, 
module BO .• 

Module BN (BP, BV) 

The text of all compile-time processor 
error messages is kept in modules BP 
through BV. The messages are ordered by 
severity, within these modules. BM will 
have listed those modules which contain 
messages required for a particular pass. 
Module BN loads and releases these modules, 
one at a time and extracts the required 
messages. When all compile-time error 
messages have been processed, module BN 
returns control to BM. 

Phase BW 

The purpose of this phase to set all tables 
and communication region cells to the 
values required by the compiler proper. In 
addition it will release all text and 
dictionary blocks used by the compile-time 
processor phases and then pass control to 
the next required phase of the compiler. 

If a severe or terminal diagnostic has 
been produced by the Compile-time processor 
a listing of the contents of SYSUT3 will be 
printed (provided that the SOURCE option 
applies), and compilation will be bypassed. 

THE READ-IN LOGICAL PHASE 

The Read-In Logical Phase ~ons_ists of five 
discrete physical phases, ach of which 
processes a particular gro p of statement 
types. The phase obtains the input text in 
the externally coded form ~y a call to the 
compiler read routine, and converts it to 



internal code by means of a translation 
table provided by compiler control. 

The source text is scanned for 
syntactical errors. During this time an 
output string is built up, which consists 
essentially of the input text with comments 
and insignificant blanks removed. The 
source text is scanned and statements are 
numbered, identified, and diagnosed. Any 
required substitutions are made, statement 
labels are inserted in the dictionary, and 
chains are formed (for example, BEGIN, 
PROCEDURE chains). If the SOURCE option 
applies, source statements, with their 
nmrber, and optionally, their block levels 
and DO-nest levels,, are printed out 
immediately after they have been read. 

When the input text provides an 
end-of-file indication, processing is 
terminated. In ERROR situations this may 
not occur when a valid external procedure 
has been completely processed. By keeping 
a count of PROCEDURE, BEGIN, DO, END, ON, 
and IF statements, the phase can detect 
when the logical end-of-program indication 
is found. If there are more records after 
the end of the external procedure, they are 
ignored. 

If an end-of-file indication is 
encountered before the logical end of the 
program, diagnostic messages are issued and 
suitable Ei"ID statements are inserted to 
allow compilation to continue. 

The output of the Read-In Phase provides 
a syntactically correct output string; a 
table of entry and statement labels; chains 
of coded diagnostic messages; a set of 
switches specifying compilation content 
details; a set of chains linking statements 
of a particular type, to facilitate 
subsequent scanning; and optionally, a 
listing of the source text. 

Statement Numbering 

All statewents are given a sequential 
number. This includes each compound 
statement, each statement contained in a 
compound statement, block and group 
delimiting statements, and null statereents. 
The numbering of the statement is indicated 
on the source listing. Diagnostic messages 
also refer to these statement numbers. 

Statement and Entry Labels 

Statement and entry labels appearing in the 
source text are removed and added to a 
label table, which is built up in the 
region intended for the dictionary. This 
region may be extended by further blocks as 
required. The label table entry is an 
embryo dictionary entry, with blank regions 
to be filled later by the Dictionary Phase 
EG. 

When a label declaration is found, an 
entry is made in the label table with a 
statement label code, the current <updated) 
sequential number, and the current block 
level and block count. 

Statements having multiple labels give 
rise to multiple label table entries. 
These entries are identical except for the 
BCD name. 

If the statement following a label is 
subsequently identified as a PROCEDURE or 
ENTRY statement, the label table is 
re-accessed, and the entries associated 
with the statement are modified <see 
Appendix c.2>. 

Chains constructed by Read-In 

To provide rapid scanning in the dictionary 
phases, the following chains are 
constructed by the Read-In Phase: 

The CALL chain 

The PROCEDURE-ENTRY-BEGIN chain 

The DECLARE chain 

The ALLOCATE chain 

Errors and Diagnostic Messages 

As the source text is scanned it is 
syntactically analyzed. Keywords are 
identified and passed as valid only if they 
may legally appear within the type of 
statement being diagnosed. However,· 
consistency of attributes and options 
within a statement are not normally 
analyzed. This is left for Phase EK. 

When a syntactical error is detected, an 
attempt is made to correct it and an 
appropriate diagnostic message is 
generated. The main aim of the Read-In 
Phase is to present syntactically correct 
text to subsequent compiler phases. 
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Certain corrections are performed without 
prejudicing the complete compilation. 

Detected errors cause a diagnostic 
message to be added to a diagnostic message 
chain in the dictionary area. Each message 
is in a coded form with param~ters <textual 
matter. statement numbers, and so on). The 
message is decoded and printed out bv the 
Error Editor. 

Where an error makes it impossible for 
the scan of a statement to continue, the 
statement is terminated correctly at such a 
point as to leave the statement 
syntactically correct. The text between 
that point and the next semi-colon (not in 
a comment or character string) is skipped. 
The diagnostic messages produced in these 
circumstances will include at most the 
first ten characters of the text that is 
skipped. 

The output String 

The output string is so arranged that a 
complete statement never spans storage 
blocks. one of the conditions of a 
successful compilation is that the output 
resulting from any statement must not 
exceed the block. This restriction, 
however, does not apply to DECLARE 
statements. Formats of the statements 
appearing in the output string are given in 
Appendix D.2. 

Identifiers 

All identifiers which are not recognized as 
keywords in the source text appear in the 
output string. 

constants 

All constants appear in the output string. 

Operators 

All operators appear in the output string. 
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Initial Labels 

Subscripted label variables which are 
initialized by attachment to statements are 
placed in pseudo-assignment statements in 
text, and then handled as if they were 
normal labels. 

STRUCTURE OF THE READ-IN LOGICAL PHASE 

The Read-In Phase can occupy 16K bytes of 
storage for any one pass. A storage map 
for this phase is shown in Figure 5. 

Bytes 
0 

4K 

7K 

8K 

12K 

16K 

r----------------------------------1 
I CA I 
~----------------------------------~ I cc I 
~------T------T------T------r------i 
I CE I CR I CN I CR I CR I 
~------+------+------+------+------~ 
I CG I CL I co I cs I CV I 
~------+------+------+------+------i 
I CI I CM I CP I CT I cw I L------i------L------i ______ J_ ____ .;_J 

P~SS 1 PASS 2 PASS 3 PASS 4 PASS 5 

Figure 5. Storage Map for the Read-In Phase 

The Read-In Phase consists of five 
phases or passes, each containing at most 
five modules. Modules CA and cc consist of 
common routines which are invoked 
throughout the phase by each of the passes, 
in turn. Modules CE, CK, CN, and CR 
contain separate keyword tables. Details 
of the organization of these tables are 
given in Appendix B. Control for each pass 
resides in modules CI, CL, co, cs, and CV 
respectively. The following description 
refers to the phases by these names. 

Phase CI 

During phase CI (the first physical phase 
of the Read-In Phase> the source text is 
read into storage, and character codes are 
converted to an internal form. Statement 
types are identif ied1 labels are inserted 
into the dictionary. and statement 
identifiers are replaced by single-byte 
codes (see Appendix D.1). 

A record is kept of block nesting levels 
and counts to enable a check to be made for 
the logical end-of-program indication. In 
order to do this, certain statements have 
to be either partially or completely 
analy~ed in this pass. 



These statements are: 

PROCEDURE-END 
BEGIN-END 
DO-END 
IF-THEN-ELSE 
ON 

If the SOURCE option has been requested, 
a listing of the source program, with the 
statements numbered by the compiler, is 
printed out onto the specified output 
medium. 

Phase CL 

The output from phase CI is processed and 
the statement types listed below are 
analyzed in greater detail: 

ENTRY 
PROCEDURE 
DO 
Iterative DO 
RETURN 
GO TO 
DELAY 
DISPLAY 

FREE 
WAIT 
READ 
WRITE 
DELETE 
UNLOCK 
LOCATE 
REWRITE 

If any errors are detected during this 
pass, diagnostic messages are inserted into 
chains in the dictionary as required. 

Phase co 

The output from phase CL is processed. In 
particular, the DECLARE, ALLOCATE, and CALL 
statements are analyzed in greater detail. 
The syntax of attributes is checked, but 
their consistency is analyzed during phase 
ER. If the source program does not contain 
any of these three stateroents, this pass is 
not invoked. 

If any errors are detected during this 
pass, diagnostic messages are inserted into 
chains in the dictionary. 

Phase cs 

The output from phase CL or co is 
processed. In particular, the syntax of 
input/output statements is analyzed, 
together with the FORMAT statement. If the 
source program contains no input/o.utput 
statements, this pass is not invoked. 

Phase CV 

This phase processes the output from 
earlier phases. In order to assist 
subsequent processing, chains are 
constructed for PROCEDURE, ENTRY, BEGIN, 
CALL, ALLOCATE, and DECLARE statements. 

THE DICTIONARY LOGICAL PHASE 

The Dictionary Phase forms a dictionary of 
identifiers, by first analyzing PROCEDURE, 
BEGIN, DECLARE, and ENTRY statements. The 
text is then scanned for contextual use of 
identifiers, constants, and pictures. 
Finally, every identifier and constant in 
the source text is replaced by a reference 
to its respective dictionary entry. 
Dictionary entries are made during this 
phase for all implicitly defined 
identifiers. The formats of dictionary 
entries appear in Appendix c. 

Constructing and Accessing the Dictionary 

The dictionary, during the construction 
stage, comprises two parts, the hash table 
and the dictionary proper. 

To facilitate a search through the 
dictionary for an entry with a particular 
BCD, a method is used of dividing the 
dictionary into areas. Each area is 
characterized by a property of the BCD of 
each entry in it. In practice, these areas 
are not contiguous but are chained lists, 
each item in the list being one dictionary 
entry long. 

The start of each list is in a table, 
known as the hash table. The association 
of a particular identifier with a list, 
i.e. the characterization of an area, is 
achieved by deriving from a given BCD an 
address in the hash table. 

weashing• is a process of reducing the 
length of the internal representation of 
the BCD to one word. This is done by 
adding successive four-byte lengths of the 
BCD into one four-byte register. This is 
then divided by 211, and the remainder is 
doubled to give the hash table address 
associated with the particular BCD. All 
identifiers which hash to the same address 
are placed in a chain; in particular, all 
dictionary entries with the same BCD will 
be in the same hash chain. 

If TOM, DICK, and HARRY occur in the 
same DECLARE statement in that order, and 
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they all hash to the same address in the 
hash table, the address in the hash table 
wili point to HARRY's entry, which contains 
the address of DICR, which, in turn, 
contains the address of TOM. 

When no further BCD entries are to be 
made in the dictionary, and all BCD 
identifiers in the source text have been 
replaced by dictionary references, the hash 
table is deleted. 

Testing for Consistent Attributes 

A test is made at the start of each list of 
attributes, to ensure that any list of 
attributes at one level of factoring in a 
DEC~.RE statement is consistent. 

Compiler Pseudo-Variables and Functions 

Expressions specified for array bounds, 
string lengths, and initial value iteration 
factors must be evaluated at object time, 
or at allocation time if the variable is 
controlled. The expressions are placed 
temporarily at the end of the text, and are 
later moved by Phase FV and placed 
imroediately following the BEGIN, PROCEDURE 
or ALLOCATE statement to which the declared 
variable belongs. ~he expression results 
are assigned to pseudo-variables generated 
by the corrpiler. These serve two purposes: 
first, the assignment statement appears as 
a normal PL/I statement and need not be 
treated as a special case~ secondly, the 
pseudo-variable contains the dictionary 
reference of the variable and information 
concerning the destination of the 
expression. Compiler functions with a 
format similar to the pseudo-variables are 
also created. The function result is the 
specified array bound, or string length. 
Compiler functions are created for two 
purposes: first, to set bounds for base 
eleroents of structures when the structure 
bound is an expression, or to set the 
bounds of temporary arrays~ and secondly, 
to set the storage address of a dynamically 
defined item immediately before its use. 
The formats of all the compiler 
pseudo-variables and functions appear in 
Appendix D.S. 

Dictionary Entries for Entry Points 

A PROCEDURE or ENTRY statement may have 
more than one label. Each label must have 
a data description to indicate the type of 
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data returned when the label is invoked as 
a function, and also the type of data to 
which the expression in a RETURN 
(expression) must be converted. These neen 
not be the same: there must therefore be 
provision for two data descriptions for 
each label. A PROCEDURE or ENTRY statement 
may specify parameters. The descriptions 
of these identifiers, obtained from DECLARE 
statements or default rules, are used for 
prologue construction, but not for 
parameter matching. Any data description 
given on these statements is to be used for 
conversion at a R~TURN <expression>, but 
not for determining the result returned by 
a function reference. 

Parameter descriptions for use in 
parameter matching, and data descriptions 
used for determining the type of data 
returned by a function reference, may be 
specified by the source programmer in an 
EHTRY declaration. If these are not given, 
default and implicit rules must be used to 
build a data description, but no parameter 
description can be given. 

Given the foregoing requirements, the 
dictionary entries describing an internal 
entry point are as given in Figure 6. 

The set of dictionary entries A, B, c, 
D, E is repeated for each label associated 
with t.he PROCEDURE or ENTRY statement. The 
entry F will point to entry A for the first 
label only. D will point at the label with 
which it is associated. · It should be noted 
that B and C may coincide. 

The entries type 1 for ~ROCEDURE, ENTRY, 
and BEGIN statements ar~ chained amongst 
themselves in the following way. Each 
entry type 1 belonging to a PROCEDURE or 
BEGIN statement contains the dictionary 
reference of the entry type 1, of the next 
PROCEDURE o~ BEGIN statement in the source 
program, and also of the entry type 1 of 
the inmediately containing block. 

The entries type 1 of PROCEDURE and 
ENTRY statements belonging to a single 
procedure are chained together in a 
circular manner. If there are no ENTRY 
statements the entry type 1 of the 
PROCEDURE statement points at itself. 

External entry points are described by 
dictionary entries termed entry type 4. 
They contain data descriptions of the value 
returned when referenced as a function, and 
may contain descriptions of parameters. 

Formal parameters which are entry points 
are termed entry type 5, and parameter 
descriptions which are entry points and are 
pointed at by types 3, 4# or 5 are termed 
entry type 6. 



r------------------------------------1 
r--->I I 
I r-->I Dictionary entry for entry label IA 
I r--1 I 
I I L-------------------------------------J 
I I 
I I r-------------------------------------1 I L->I Entry type 2. Useo to provide I 
I I data description of target in IB 
I r--1 RETU?N (expression). I 
I I L------------------------------------J 
I I 
I I r-----------------------------------------1 
I I I v 
I I r---------------i--------------------1 
I L->I Entry typ~ 3. This entry is used 
I I to point at the data description c I 
jL---1 and parameter descriptions for para-ID 
I r-1 meter matching. I I I L-------,.---------T ______________ T ____ J 

I I I I I 

r-------------------------------------1 
I Second entry type 2. I 
I Useq to provide data description I 
I of value returned when label A IC 
I is invoked as a function. This I 
I ~ntry may, and usually will, coin- I 
I cide with B. I 

I I I I I L------------------------------------J 
I I I L----------1 L----------------------------1 
I I I I I 
l I v v ·V 
I I 
I I 
I I 
I I 
I I 
I I 

r----------------------1 
I Description of I 
I IE 
I first parameter I 
L---------------------J 

r----------------------1 r-----------------------1 
I Denc.ription of I I Description of I 
I IE1 I IE2 
I S€cond parameter I I each parameter I 
L----------------------J L-----------------------J 

I I r---------·------------1 r----------------------1 r-----------------------1 
I I I '!:-.ntry type 1 for I I Forma.l parameter I I Description of para- I 
I L->I F~CCEDURf. or IF I type 1 entry IG I meter used in prologuelH 
l--- I EN'IRY statement I I I I construction I 

L-----------T---------J L----------------T _____ _J L---------------------J 
I " I " 
I I I I 
L----------------------J ~---------~------------J 

Hote: There is an entry E for each parameter described in D. 

Figure .6. Dictionary Entries for an Internal Entry Point 

Pha~e £0 

Phase ED contains a set of subroutines, for 
processing certain of the tasking and list 
precessing attributes, and tables of 
generic and non-qeneric built-in functions. 
The phase obtains 1K of scratch storage, 
into which i. t mov~s thf7' rouLines o.ncJ 
tables, .setting o. slcr': in the 
comw.unications region to point at them. 
This address is later picked up and used by 
phasP. EL. 

Phase EG has two main functions. The first 
is to set up a hrtsh table, and to insert 
the label ent+ies left in the dictionary by 

the Rea·d-In Phase into hash chains. The 
second function of the phdse is to create 
dictionary entries for PROCEDqRE, BEGIN, 
and ENTRY statements, and to construct 
chains linking entries of particular types. 

For PROCEDURE-BEGIN statements, entry 
type 1 dictionary entries are created <see 
AppPnnix c.2>, and block hP-ader chains arP 
set up to link these entries sequentia.lly. 
A containing block chain is also set up to 
link each entry with that of its contc::iining 
block. 

BEGIN ~tatements are scanned for the 
ORDER/REORDER option, ar.d the optimization 
byte i~ created in the entry type 1 (see 
Appendix c. 2). 

On the appearance of PROCEDURE 
statements, circular PROCEDURE-ENTRY chains 
are initializen to link the entry type 1 
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dictionary entries of the PROCEDURE and 
ENTRY statements of the same block. The 
formal parameter list is scanned, and 
formal parameter type 1 entries are created 
and inserted into the hash chain. Details 
of the PROCEDURE-ENTRY chains appear in 
Appendix C.2. 

The attribute list and the options are 
scanned and an options code byte and 
optimization byte are created in the entry 
type 1 (see Appendix C.2). A.check is then 
made for invalid and inconsistent 
attributes. CHARACTER and BIT attributes 
are processed, and second file statements 
(see Appenaix D.8) are created if 
necessary. Precision data are converted to 
binary, and dictionary entries are created 
for pictures (see Appendix c.7). 

Statement labels are scanned and their 
entry type 2 dictionary entries are 
created. The relevant data bytes in the 
dictionary are completed by default rules 
(see Appendix C.3). 

For ~ statemen~s, entry type 1 
dictionary entries are created (see 
Appendix C.2), and the circular 
PROCEDURE-ENTRY chain is extended. Formal 
parameters, attributes, and labels are 
processed in a similar manner to those for 
PROCEDURE statements, except that the 
options code byte is not created. 

I Phase EI (EH, EJ) 

Phase EI scans the ch~in of DECLARE 
statements set up by the Read-In Phase, and 
modifies the statements to assist Phase EK 
as follows: 

Structure Level Nwqbers: these are 
converted to binary. 

Factored Attributes: parentheses enclosing 
factored attributes are replaced by special 
code bytes, so that Phase EK can 
distinguish them easily. A factored 
attribute table is set up. It consists of 
slots corresponding to each factored level. 
Each slot contains the address of the 
attribute list associated with that level, 
and the address of the slot for the 
containing level. 

The following attributes are processed: 

DIMENSION: dimension table entries (see 
Appendix c.8) are created in the dictionary 
and the source text is replaced by a 
pointer to the entry. Fixed bounds are 
converted to binary and inserted in the 
table. A second file statement (see· 
Appendix D.8) is created at the end of the 
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text, for adjustable bounds, and a pointer 
to the statement is inserted in the 
dimension table. Identifiers with 
identical array bounds share the same 
dimension table. 

PRECISION: precision and scale constants 
are converted to binary. 

INITIAL: dictionary entries are created 
for INITIAL attributes. 

INITIAL CALL: second file statements are 
created for INITIAL CALL attributes. 

CHARACTER and BIT: fixed length constants 
are converted to binary= a code byte marker 
is left for • lengths (see Appendix C.8). 
Second file statements <see Appendix D.8) 
are created for adjustable length 
constants, and the source text is replaced 
by pointers to th~ statements. 

DEFINED: second file statements <see 
Appendix o.8) are created and the source 
text is replaced by pointers to the 
statements. 

POSITION: the position constant is 
converted to binary. 

PICTURE: a picture table entry (see 
Appendix c.7) is created and inserted into 
the picture chain; similar pictures share 
the same picture table. The source text is 
replaced by a pointer to each entry. 

USES and SETS: USES and SETS attributes 
are moved into dictionary entries, and 
pointers to the entries replace the source 
text. 

LIKE: BCD entries are created for 
identifiers.with the LIKE attribute. 

LABEL: if the LABEL attribute has a list 
of statement label constants attached, a 
single dictionary entry is created. The 
dictionary entry contains the dictionary 
references of the statement label constants 
in the list. 

OFFSET and BASED: second file statements 
are made and text references are inserted 
in the DECLARE statements for these 
attributes. 

AREA: Fixed-length specifications are 
converted to binary; second file statements 
are made for expressi~ns; a code byte, 
followed by the length of text reference, 
is inserted in the DECLARE statement text. 

All other attributes, identifiers, or 
constants are skipped. 



Phase EL (EK, EM) 

Phase EL, consisting of modules EK, EL, and 
EM, scans the chain of DECIARE statements 
constructed by the Read-In Phase. 

An area of storage known as the 
attribute collection area is reserved. 
This is used to store information about the 
identifiers, and has entries of a similar 
format to that for dictionary entries. 

complete dictionary entries are 
constructed for every identifier found in a 
DECLARE statement. These identifiers can 
be one of the following types: 

1. Data Items (see Appendix c.4) 

2. Structures Cin this case, the 'true' 
level number is calculated) (see 
Appendix C.4) 

3. Label Variables <see Appendix C.4) 

4. Files (see Appendix C.7) 

5. Entry Points (see Appendix C.2) 

o. Parameters <see Appendix C.7) 

7. Event variables 

8. Task Variables. 

Identifiers appearing as multiple 
declarations are rejected and a diagnostic 
message is given. 

The attributes to be associate~ with 
each identifier are picked up in three 
ways. 

First, the attributes immediately 
following the identifier are stored in the 
attribute collection area. 

secondly, any factored attributes and 
structure level numbers are examined. 
These are found by using the list of 
addresses placed in scratch storage by 
Pha~e EI. Each applicable attribute is 
marked in the attribute collection area, 
and any other information, e.g. dimension 
table address, or picture table address, is 
moved into a standard location in the 
attribute collection area. All conflicting 
attributes are rejected and diagnostic 
messages are given. 

Finally, any attributes which are 
required by the identifier, and which have 
not been declared, are obtained from the 
default ·rules. · 

After the dictionary entry has been 
made, furtner processing <e.g. linking of 

chains, etc.) must be done in the 
following cases: 

1. DEFINED data 

2. Data with the LIKE attribute 

3. Files 

4. Strings with adjustable lengths 

5. Arrays having adjustable bounds 

6. GENERIC identifiers 

7. Structure members 

8. Identifiers with INITIAL CALL 

9. Identifiers with the INITIAL attribute 

After the declaration list has been 
fully scanned and processed, it is erased. 

Phase EP 

Phase EP first conditionally marks later 
phases as 'wanted' or 'not wanted,' 
according to how certain flags in the 
dictionary are set on or off. This assists 
in the load-ahead technique. 

The entry type 1 chain in the dictionary 
is then scanned. For each PROCEDURE entry 
in the chain, each entry label is examined 
for a completed declaration of the type of 
data the ent:r::y po·int will return when 
invoked as a function. If this has 
previously been gi~en in a DECLARF. 
statement nothing further is done, 
otherwise entry type 2 and 3 dictionary 
entries are constructed from default rules 
(see Appendix C.2). If this default data 
description does not agree with the 
description derived from the PROCEDURE or 
ENTRY statement, a warning message is 
generated. 

At each PROCEDURE entry, the chain to 
the ENrRY statement entry type 1 is 
followed. Each statement is treated in a 
similar manner to that for a PROCEDURE 
entry type 1. 

The CALL chain is then scanned and, at 
each point in the chain, the dictionary is 
searched for the identifier being called. 
If the correct one is not found, a 
dictionary entry for an EXTERNAL procedure 
is made <see Appendix c.2>, using default 
rules for data description. Before making 
the entry, the identifier is checked for 
agreement with any of the built-in function 
names. If there is agreement, a diagnostic 
message is generated, and a dummy 
dictionary reference is inserted. 
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If an identifier is found, it is 
examined to see if it is an undefined 
formal parameter. If it is, the formal 
parameter is made into an entry point, 
again·using default rules for data 
description. If it is not, or if the 
declaration of the formal parameter is 
complete, the type of entry is checked for 
the legality of the call. A diagnostic 
message is generated if the item may not be 
called. In all cases, the item called is 
marked IRREDUCIBLE if it has not previously 
been declared REDUCIBLE. 

I Phase EW (EV) 

Phase EW is an optional phase, loaded only 
if an·y LIKE attributes appear in the source 
program. 

This phase scans the LIKE chain which 
has been constructed by Phase EK, and 
completes the dictionary entry for any 
structure containing a LIKE reference. 
When a structure in the LIKE chain is 
found, its validity is checked, and 
dimension data and inherited information 
are saved. The dictionary is scanned for 
the reference of the "likened" structure 
and the entry is checked for validity. 

This dictionary entry (see Appendix C.4) 
is copied into the dictionary, with 
alterations if there is a difference 
between the original structure and this 
structure with regard to dimensioned data. 
If both structures have dimensions a 
straight copy is made; if the structure 
with the LIKE attribute has dimensions and 
the likened structure has not, the 
dimension information is added to the copy; 
if the structure with the LIKE attribute is 
not dimensioned and the likened structure 
is, then the dimension data is deleted from 
the copy.· Inherited data is added to the 
copy. If an error is found, the structure 
with the LJ:KE attribute is deleted and a 
base element copy of the master structure 
is inserted instead. Where copies of 
entries occur which ref er to dimension 
tables with variable dimensions, the 
dimension table e·ntry is copied, and new 
second file dictionary entries and 
statements are created. Similar entries 
must be made if the structure item has been 
declared to be an adjustable length string, 
or has been declared with the INITIAL 
attribute. 

Finally, the newly completed structure 
is scanned by the ALIGN routine in phase 
EV, to provide correct explicit/inherited/ 
default alignment attributes for its base 
elements. 
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Phase EY is an optional phase which 
processes all ALLOCATE statements. 

The second file is scanned first and all 
pointers to the dictionary are reversed. 
All ALLOCATE statements using the DECLARE 
chain are then scanned, and the dictionary 
references of allocated items are obtained 
by hashing the respective BCD of each item. 
The attributes given on the ALLOCATE 
statement for an item are collected 
together. 

A copy of the dictionary entry of the 
allocated item is then -made <see Appendix 
C.4), and the ALLOCATE statement is set to 
point to it. The dictionary entry is 
completed by inclu~ing any attributes given 
on the ALLOCATE statement, and copying any 
second file statements from the DECLARE 
chain which are not overriden by the 
ALLOCATE statement. 

In the case of an ALLOCATE statement in 
which a based variable is declared, no copy 
of the original dictionary entry is 
required. The BCD is replaced by the 
original dictionary reference. 

All pointer qualified references in the 
text are checked to determine that the 
qualified variable is based. For every 
occurrence of a variable with a different 
pointer a new dictionary entry is made. If 
the variable is a structure the entire 
structure is copi~d. A PEXP second file 
statement is made for the pointer and the 
'defined' slot in the new dictionary entry 
is set to point to it instead of to the 
declared pointer. 

The BCD of the pointer and the based 
variable in .the text are replaced by the 
new dictionary reference followed by 
padding of blanks which will be removed by 
phase FA. 

The based variable can be the qualified 
name of a structure member. If this is so, 
the name is checked for validity. Only the 
first part or lowest level of the qualified 
name in the tP-xt is replaced by the 
dictionary reference of the member. It is 
preceded by a special marker to tell ph~se 
FA that a partially replaced name follows. 

Phase FA scans the text sequentially. If, 
during the scan, qualified names are found 
with subscripts attached, they are 
reordered so that a single subscript list 



appears after the base element name. The 
dictionary is scanned and references 
obtained for any identifiers which are 
contextually, file. event, pointer 
variables, or programner-named ON 
conditions. If no reference is available, 
a new dictionary entcy is made. The 
identifier is then replaced in the text by 
the dictionary reference. 

If a constant marker is found, the 
dictionary is scanned to check if the 
constant is present. If it is not, a new 
dictionary entry is made (see Appendix C.7) 
and the resulting reference replaces the 
constant in the text. 

If a P FORMAT marker is found, the 
dictionary is scanned for a picture entry 
in agreement. If there is no agreeing 
entry, a new dictionary entry is made (see 
Appendix c.7) and the picture chain is 
updated. The dictionary reference replaces 
the format marker in the text. 

The CALL chain is removed from CALL 
statements. The appearance of PROCEDURE, 
BEGIN. END, and DO statements results in 
adjustments to the level and count stacks. 
If statement introduction code bytes appear 
<such as SN. SL, CL, and SN2), the current 
statement number is updated. All data 
items associated with the PROCEDURE, BEGIN, 
ENTRY. and DECLARE statements are removed, 
leaving only the statement identification 
and the keywo~d. 

Phase FE 

When an identifier is found, the hash chain 
is used to scan the dictionary for a valid 
entry. If one is found, its dictionary 
reference replaces the identifier in the 
output text. If no valid entry is found, 
and the BCD does not agree with any entry 
in the tables of BCDs of PL/I built-in 
functions, then a dictionary entry is made 
as if the identifier was declared i~ the 
outermost procedure. However, if the BCD 
agrees with a function name, and it is not 
in a SETS position, a function entry is 
made in the dictionary1 and its reference 
is used to replace the identifier. 

If a left parenthesis is found, the 
previous dictionary entry is checked for an 
array, function, or pseudo-variable. If it 
is one of these, the relevant marker is 
inserted in the text before the parenthesis 
(see Appendix D.1). 

Checks are also made for the positions 
of function references in assigrunent 
statements. Any dictionary references 
encountered in the input file are.moved 
directly to the output file. 

PROCEDURE, BEGIN, oo, and ENO statements 
cause the current level count to be 
updated. 

Phase FI 

Phase FI scans the text and check3, where 
possible, the validity of dictionart 
references found. Ref efences in a GOTO 
statement are checked that they refer to 
labels or label variables and that the 
subsequent branch is valid. The code byte 
for GOTO is changed to GOOB (see Appendix 
D.1) if the branch is to a label constant 
outside the current PROC or BEGIN block. 
If the branch is to a label variable, GOOB 
is set up unless a label value list was 
given at the declaration, and all members 
of the list lie within the current block. 

List processing based variables in 
ALLOCATE, FREE, READ, WRITE, and LOCATE 
s~atements are marked as requiring a Record 
Dope Vector (RDV). Variables in TASK and 
EVENT options on CALL statements are 
checked for validity. 

References are checked if they appear 
where a file is expected. Items in data 
lists are checked for validity, and Data 
Element Descriptors (DEOs) and symbol bits 
are set on for all variables found in the 
lists. 

Any errors which are found cause 
diagnostlc messages to be generated and 
dummy references to be placed in the text 
in place of erroneous references. 

Phase FK 

Phase FK scans the attribute collection 
area for en·tries with the SETS attribute. 
The SETS lists in the dictionary entries 
are scanned, and their syntax checked. 
Identifiers are counted and replaced by 
their dictionary references. Constants are 
counted, converted to binary, and arranged 
in ascending order in the dictiunary entry. 

Phase FO 

Phase FO makes .:i dictionary entry for each 
ON condition mentioned inside a block. For 
ON CHECK conditions multiple dictionary 
entries are made (see Appendix c.7), one 
for each BCD. If a similar condition is 
mentioned more than once in a block, only 
one dictionary entry is made for that 
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condition, except for file conditions, ON 
CO~ITION, and ON CHECK, when separate 
dictionary entries are made for each 
different BCD name. 

SIGNAL and REVERT statements are treated 
in a similar manner to ON statements. 

The dictionary entries for each BCD name 
associated with file or CONDITI08 
conditions are checked and, if in error, 
the ON, SIGNAL, or REVERT statement is 
replaced by an error statement. A 
diagnostic message is generated. 

The BCD name of each file entry ref erred 
to in ON, SIGNAL, and REVERT statements is 
examined. If the BCD is SYSIN or SYSPRINT, 
the dictionary reference of the file entry 
is placed in a slot in the communications 
region. 

A check is made to ensure that formal 
parameters do not appear in CHECK and 
NOCHECK 1ists. A single dictionary entry 
is created for each CJIECK and NOCHECK list 
and a painter to the entry is placed in the 
relevant entry type 1. 

When dictionary entries are made for 
CHECK lists, one of three different check 
codes is used depending on whether the BCD 
is an ENTRY LABEL, a LABEL CONSTANT, or a 
variable. 

List Processing POINTER and OFFSET 
variables in CHECK lists are treated as 
data variables. BASED variables may not 
appear in CHECK lists. 

A dictionary entry is made for the list 
processing AREA condition. This condition 
is always enabled and may not appear in a 
condition prefix. 

Dictionary entries are also created for 
each ON condition which is disabled for a 
particular PROCEDURE or BEGIN block, and 
for each ON condition whose status is 
changed within the block. Pointers to 
these dictionary entries are placed in the 
relevant entry type 1. 

All dictionary entries for ON conditions 
are placed in the AUTOMATIC chain for the 
relevant PROCEDURE or BEGIN block. 

A further, quite distinct, function of 
this phase is to substitute error 
statements for all statements containing 
dummy dictionary references <which have­
been inserted by previous phases on 
detecting a severe error}. If a dummy 
reference is found in the second file, the 
compilation is aborted. 

Wherever an element of a label array is 
initialized by appearing as a statement 

38 

label, an assignment to a compiler label 
has been inserted by the Read-In phase. 
Phase FO checks the validity of each such 
assignment; for each array with this type 
of initialization, a second file dictionary 
entry is made, and all assiqnments to the 
array are chained. 

Phase FQ 

Phase FQ checks the validity of each item 
in the PICTURE chain in the dictionary <see 
Appendix c. 7 > • 

The precision for each correct picture 
is calculated, ~oqether with its apparent 
length, and stored in its dictionary entry. 
A data byte is created in the entry for use 
by Phase FT. 

Invalid pictures cause appropriate 
diagnostic messages to be generated. 

Phase FT 

Phase FT performs certain housekeeping 
tasks. These are as follows: 

1. The second file entries are scanned 
and pointers to each entry .are 
inserted in the associated dictionary 
entry (see Appen~ix C.7). 

2. Each item which has a storage class is 
inserted into the·appropriate chain 
for that class <see Appendix c.4). 

3. Constants are placed in the constants 
chain .and their apparent precision 1s 
calculated. Sterling constants are 
converted to pence. 

4. Dimension tables are separated·for 
items which are not in structures, but 
which are arrays having similar 
bounds, but with different element 
lengths. 

5. Items which are members of structures 
and which have •inherited• dimensions, 
i.e. are contained in a s~ructure 
which itself is dimensioned, are made 
to inherit their dimensions. If a 
base element of a structure inherits 
dimensions which are not constant, 
second file statements <see Appendix 
D.8) are set up to initialize the 
bounds in the object time dope vector. 

6. Items which have expressions to b~ 
evaluated at prologue time, e.g. 



paraaeter descriptions for entry 
points and defined items, are placed 
in the AUTOMATIC chain for the 
appro~riate block. 

1. The dictionary entry for any item 
described by a picture is expanded by 
the ~recision and scale or string 
length, extracted from the picture 
table entry. Identifiers of different 
a.odes sharing the same picture table 
are now placed in separate tables. 

8. The 'dope vector required' bit (see 
Appendix C.5) is set on where 
necessary. 

9. when a label array is found which has 
initial label statements for any of 
its elements, the chained statements 
are meved into the second file. The 
original statement is left in the 
text, to be removed by Phase FV. 

10. Dictionary entries similar to label 
ECD entries are made for all TASK 
varia~les. 

Phase FV scans the second file and reverses 
the pointers to the dictionary. 

Dictionary entries for DEFINED data are 
completed (see Appendix c.4 and c.5). 
Overlay and correspondence defining are 
differentiated between, as are static and 
dynamic defining. A preliminary check of 
the validity of defining is also carried 
out. 

When PROCEDURE and BEGIN statements are 
encountered, any second file statements 
associated with data in the AUTOMATIC chain 
for that block are inserted in the text 
following such statements. 

When ALLOCATE statements are found, any 
second file statements associated with the 
item being allocated are inserted in the 
text following the statement. 

when a reference to dynamically defined 
data is found, the base reference is 
inserted into the text following the 
defined reference. 

When an initial label statement is 
encountered in the main text, it is not 
copied into the output string. 

The dictionary reference of a POINTER in 
a PEXP (pointer expression> second file 
statement is inserted into the defined slot 
of the associated based variable. If the 

based variable is a structure this 
reference is propagated throughout the 
structure. The PEXP statement is then 
deleted. 

A similar procedure is performed for 
BVEXP (based variable expression) second 
file statements whereby the dictionary 
reference of the AREA is inserted into the 
dictionary entry of the associated OFFSET 
variable. 

ADV second file statements referring to 
a BASED variable are ch~cked for canpliance 
with the (F) implementation rules. If the 
rules are obeyed, the dictionary entry of 
the 'bound' variable is inserted in the 
appropriate slot in the multiple table 
entry. 

If an MTF statement refers to a based 
variable the appropriate bound slot is 
copied from one multiple table entry to the 
other. 

Phase FX 

Phase FX is an optional phase entered only 
if the ATR (attribute list) or XREF 
<cross-reference list) option is specified. 
It scans the STATIC, AUTOMATIC, and 
CONTROLLED chains, and the formal parameter 
lists. 

For each identifier it creates an entry 
in text scratch storage of the form: 

2 bytes 3 bytes 3 bytes 
r~--~-----~T----~--------,.----~---~-1 
I Dictionary !Text reference! Text chain I 
I reference I to this item I I 
L----~-~--~L----~-~---~i----~---~-J 

This ent:nr is inserted into a chain of 
similar entries in the alphabetical order 
of the BCD of the identifier. 

If the XREF option is specified, the 
text is scanned for dictionary references. 
When the dictionary reference of an 
identifier is found in the text, an entry 
is created in a chain of entries from the 
dictionary entry of the identifier. If the 
identifier is that of a BASED item, an 
entry is also created in a chain of entries 
from the dictionary entry of the associated 
pointer. 

Each chain member thus represents a text 
reference to an identifier and has the 
form: 

2 bytes 3 bytes 
r~--~-----~---~-,.-------~-----~--~-, 
I Statement number I Text chain I 
L~--~----------~-L-------~---------~-J 
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Each reference chain for an identifier 
is in text scratch storage. 

The sorted chain of identifiers is then 
scanned, and for each entry in the chain 
the following actions take place: 

1. The statement number of the DECLARE 
statement, if any, in which the 
identifier was declared is printed 

2. The BCD of the identifier is printed. 

3. If the ATR option is specified, the 
dictionary entry of the. identifier is 
analyzed and its attributes are 
printed. For variables having 
constant dimensions and/or constant 
string lengths, these dimensions and 
lengths are printed. 

Except for file attributes, the 
attributes printed will be those 
obtaining after conflicts have been 
resolved and defaults applied. Since 
the file attribute analysis does not 
take place until after the attribute 
list has been prepared <see Phase GA), 
file attributes in the list are those 
supplied by the programmer, regardless 
of conflicts. 

4. If the X~F option is specified, the 
reference chain for the identifier is 
scanned, and the statement number 
contained in each entry is printed 

Finally, all scratch storage is released 
and control is passed to the Pretranslator 
Phase. 

THE PRETRANSLATOR LOGICAL PHASE 

The purpose of the Pretranslator Phase is 
to expand those statements in the language 
that can be broken down into simp1er 
statements, and to insert explicitly 
generated statements in place of implied 
ones. 

Second level markers (see Appendix D.1) 
are removed from internal compiler codes, 
and some of the I/O statements are changed 
into a form more suitable for the 
pseudo-code phase. 

Argument lists are examined and the 
matching of arguments with paraineter 
descriptions takes place, with temporary 
variables being created where necessary, 
e.g., where data conversions are required. 

If the compilation contains ON CHECK 
conditions the appropriate calls to the 
library routine are provided. 
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Any structure assignments containing the 
BY NAME option are processed. 

If any structure assignment statements 
or structures in I/O lists are detected in 
the program, they are expanded into scalar 
assignments and DO groups. 

If the program contains any array 
assignments, or array expressions in I/O 
lists, these are expanded into DO loops and 
scalar assignments or expressions. 

If the program contains iSUB references, 
the subscripts are computed for the base 
array corresponding to the subscripts given 
for the defined array. 

Additions to the Text 

In addition to changing the content of the 
text, the Pretranslator introduces some new 
symbols and grammatical forms into the 
source text. These are as follows: 

The Umbrella Symbol: this is 
designated by the symbol code x~SE', 
which is used to introduce a literal as 
an operand. It is used only as a bound 
of a DO loop, or in a call of the dope 
vector pseudo~variable. 

Statements within statements: a list 
of statements may be introduced within 
another statement. In this case the 
inserted list is enclosed in 
parentheses. · Statements in the list 
are given no statement number field, 
but they have semi-colons at the end. 

I/O statementG: the form of I/O 
statements is changed considerably 
during ~he pretranslator phases, as 
explained in the description of Phase 
GB. 

BUY and SELL statements: specia·l 
statements are introduced for 
manipulating temporary storage at 
object time~ they have a form similar 
to ALLOCATE and FREE statements. 

Temporary Storage: Pretranslator 
phases create temporary variables for 
function and procedure calls wbere'the 
arguments do not match the final 
parameters, where expressions appear as 
arguments, for control variables for DO 
loops in array and structure 
assignments, and for iSUB defined 
subscript lists. The Pretranslator has 
no mechanism for evaluating 
expressions. Therefore, temporaries 
which have no data type are created for 
expression arguments with no parameter 



description. Such temporaries are 
known as 'chameleon' temporaries. The 
data type of these chameleon 
temporaries is completed by the 
Translator generic phase when the 
resultant data type of the expression 
has been determined. 

When the Pretranslator creates a 
temporary from an argument which 
contains any array with adjustable 
bounds or adjustable string length, 
compiler functions <see Appendix D.8) 
are generated in-line, to set up the 
adjustable quantities at object time, 
to enable storage of the correct size 
to be acquired by means of the BUY 
statement. 

The temporary variables created by the 
Pretranslator have dictionary entries 
similar to variables declared in the 
source program. except that the 
temporaries do not have BCD names. 

Phase GA 

Phase GA is an optional phase which scans 
the STATIC chain for file constants and 
OPEN control block entries. 

For file constants a DECLARE control 
block is constructed from the file name and 
attributes, while checking the attributes 
for consistency. Por file constants with 
the ENVIRONMENT option a dictionary entry 
is constructed, chained from the file 
constant, containing the storage image of 
the 56-byte DECLARE control block. 

For OPEN control block entries an OPEN 
control block is constructed from the 
attributes in the entry, a check is made 
for consistency, and another dictionary 
entry, chained from the OPEN control block 
entry, is constructed. This new entry 
contains the 8-byte storage image of the 
OPEN control block. 

When the COBOL option is encountered in 
the ENVIRONMENT string of a FILE statement, 
phase GA sets the low-order bit in the 
fifteenth byte of the PILE dictionary 
entry. Although this action overwrites the 
dictionary reference of the ENVIRONMENT 
string, it is permissible since GA is the 
only phase which processes this string. 

The EXCLUSIVE second level marker is 
recognised in the file attribute dictionary 
entry during the diagnostic check and 
construction of the DCLCB or the OCB. 

Phase GB (GC) 

Phase GB, containing Modules GB and GC, 
processes I/O statements. GB removes all 
second level markers from internal 
character codes <see Appendix D.1). It 
then reorders the options so that either 
EDIT, DATA, or LIST options appear last. 

In data lists the DO specification is 
moved so that it precedes the relevant 
list, and the END statement is added. 

In format lists iteration factors are 
expanded. 

RECORD I/O statements for which the 
COBOL file option is recognized are 
examined for validity by GC. Diagnostics 
are put out for LOCATE and READ SET 
statements for which COBOL files are used. 
A temporary variable is created to assist 
such data transfers as occur when a COBOL 
record is read into or written from a 
structure which does not consist entirely 
of one of the followig: 

• doubleword data 

• fullword data 

• halfword binary data 

• character string data 

• aligned bit string data 

• a mixture of character string and 
aligned bit string data 

I/O activity found within a PROCEDURE or 
BEGIN block causes the bit X'10' to be set 
to one in the optimization byte of its 
entry type 1. · 

Phase GK 

Phase GK scans the source text for function 
references. If it finds one, it inserts a 
special marker byte before the argument 
list, followed by: 

1. Two code bytes giving information 
about the type of function, and 
whether it was called with the TASK 
option 

2. The current statement number 

3. The current block level and count 

This phase also inserts a special 
argument marker before each argument in the 
~ist, followed by the reference of the 
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corresponding parameter and a code byte to 
show whether or not the argument is 
specified in a SETS list. The number of 
arguments present is checked against the 
number given as required by the 
corresponding dictionary entry. 

NULL, NULLO, and EMPTY built-in 
£unctions are recognised and converted to 
constants. 

Phase GO 

This phase acts as a pre-processor for 
phase GP. 

Phase GP 

Phase GP scans the text for procedure and 
function calls with arguments. These are 
detected by the special markers inserted by 
Phase GK. 

Temporaries (see Appendix C.4) are 
created for any arguments which are 
expressions. (An expression is defined as 
being any sequence of variables and 
operators, other than single variables 
followed only by a subscript list, or only 
by a defined subscript list and then a 
fmbscript list>. If a parameter 
description has been declared in an entry 
declaration, the temporary which is created 
is of the same type as the parameter 
description. otherwise, a 'chameleon' 
temporary of unspecified data type is 
created, its type being subsequently 
completed when the expression type has been 
deterreined by the Translator generic phase. 

Expressions are scanned for arrays 
<including partially subscripted arrays), 
structures, or the end of the expression, 
in order to determine the highest form of 
aggregate in the expression, so that the 
correct type of temporary may be created. 

Where the expression contains a 
partially subscripted array, a temporary is 
created with a dimensionality equal to the 
number of cross sections specified in the 
subscript list. 

When single arguments are specified 
together with. parameter descriptions, the 
arguments are compared with the parameter 
description. If there is a lack of match, 
action may be taken· in one of two ways. 

1. If the data types are compatible, a 
warning message is ~rinted, and a 
temporary is created 
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2. If the data types are incompatible, an 
error message is printed, and the 
parameter description is ignored 

When the argument is a single partially 
subscripted array which matches the 
parameter, a special temporary is created 
which has the same dimensionality as the 
number of cross sections in the subscript 
list, and it appears to be defined upon the 
original argument. Code is then aenerated 
to initialize the temporaries, multipliers, 
and virtual origin from the dope vector of 
the original argument and the subscript . 
list. 

Whenever a temporary is created, a BUY 
statement contained in nested statement 
brackets is inserted in the output text, 
followed by the assignment of the 
expression or non-matching argument to the 
temporary. After the end of the PROCEDURE 
or function call, all the temporaries 
generated in the call are released by means 
of a SELL statement in nested statement 
brackets. 

In all argument temporaries created by 
phase GP, other than those created for 
constants, a special flag bit is set on 
<see Appendix C.2), but in the case of 
temporaries created for arguments to 
built-in functions, this bit is turned off 
by phase IM. This bit is used in phase QU 
when halfword instructions replace ~ullword 
instructions in the manipulation of 
halfword binary operands which are 
temporary arguments. 

Temporaries are created for constants 
which are specified as arguments to 
functions defined by the programmer. 

If a TASK, EVENT, or PRIORITY option is 
present in a CALL statement, then any 
temporaries which are created are of the 
'not sold' type. 

If GENERIC entry labels are specified as 
arguments to procedures, a special 
dictionary entry is made which contains the 
argument and parameter description 
dictionary references, to enable the 
Translator generic phase to select the 
correct generic member. 

A warning message is printed whenever a 
temporary is created for an item declared 
in a SETS list. 

When subscript lists for the number of 
cross sections are being checked, a severe 
error message is printed if a subscript 
list contains too many subscripts, and the 
statement is a.eleted. 



Phase GU 

·Phase GU scans the source text for 
P~OCEDU.RE, BEGIN, and END statements, and 
for statewents that may raise a possible 
CRhCK condition. 

A list of all items currently checked is 
extracted from the CHECK and NOCHECK lists 
present in PROCEDURE and BEGIN statements. 

Items contained in statements that may 
raise a CHECK condition are examined and 
compared with the list of currently checked 
items. If the item appears in the list, a 
SIGNAL CHECK statement is created for it, 
either before the statement concerned (for 
labels and entry names> or after it (for 
variables). 

Phase HF 

The purpose of phase HF is to detect 
structure assignment statements, possible 
structure expressions in data lists in GET 
and PUT statements, and nested statements, 
in particular nested structure assignments. 

The lef trnost structure in an expression 
or assignment is used as a basis for 
comparison, and if similar structuring is 
not found throughout the expression or 
assignment, diagnostic messages are issued. 
Any expression containing no structures is 
left unchanged. 

The base element8 of the structures are 
found, and if the referenced structures are 
dimensioned, a temporary is created for 
each dimP-nsion. It is then added to the 
AUTOMATIC chain for the appropriate block. 
Iterative DO loops are constructed, with 
the temporaries iterating between the upper 
and lower bounds of that particular 
diwPnsion. Base elements are assigned, 
with the tewporaries as subscripts, and 
with scalars remaining unchanged. END 
statements are created for the DO loops, 
and S£LL statements for the temporaries. 
Tne statenents which have been created are 
nested within the oriqinal ~tatement. 

Phase HK 

The purpose of Phase HK is to detect array 
or scalar assignments, possible array 
expressionG in I/O lists in GET and PUT 
statements, and nested statements, in 
particular nested assignment statements. 

The leftmost array in an expression, or 
the leftmost array or scalar in an 
assignment is used a.s a basis for 
comparison, and if similar dimensions or 
bounds are not found in the array 
references, aiagnostic messages are issued. 
Any expression containing only scalars is 
left unchanged. 

For unsubscripted arrays which are 
equally spaced in storage only one 
temporary is bought. For all other arrays 
a temporary is bought for each dimension, 
except in the case of certain partially 
subscripted arrays where the number may be 
minimized. Each temporary will be added to 
the AUTOMATIC chain for the appropriate 
block. If the ON-condition name 
SUBSCRIPTRANGE is enabled for any 
statement, a temporary will be bought for 
each dimension in all cases. Iterative DO 
loops are constructed: for an unsubscripted 
array expression of dimensionality N, the 
temporary will iterate between the lower 
bound of the Nth dimension and an evaluated 
product so that all elements of the array 
are processed: while for other arrays the 
temporaries will iterate between the lower 
and upper bound of the particular dimension 
of the array. The assignment statement is 
added to ·~he output string with additional 
subscripts where necessary. End statements 
are creat~d for the DO loops, and SELL 
statements for the temporaries. The 
statements which have been created are 
nested within the original statement. 

The syntax of pseuao-variables is also 
check~d. 

Phase HP 

Phase HP scans the source text for 
ref erencef? to items defined using iSUBs. 
For each reference found, the subscripts 
a.re computed for the base array 
corresponding to the subscripts given for 
the defined array. 

The subscripts of the defined.array are 
assigned to temporaries specially created 
for this purpose, which are then .used to 
replace the iSUBs in the defining subscript 
list. The base array, with the subscript 
list so formed, replaces the defined array 
in the text. · 

THE TRANSLATOR LOGICAL PHASE 

The Translator Phase consists of two 
physical phases, the stacker phase and the 
generic phase. The purpose of the 
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Translator is to convert the output from 
the ~retranslator in~o a series of 
•t~iples• <see Appendix D.4). A •triple• 
is in the form of an operator followed 
normally by two operands. 

The translation is achieved by using a 
double stack, with one part for operators, 
and the other part for operands, and 
assigning two weights to each operator. 
One weight <the stack weight) applies to 
the operator while it is in the stack, and 
the other weight (the compare weight) 
applies when the operator is obtained from 
the input string. 

When an operator is obtained from the 
input string it is compared with the top 
stack operator. Depending on the result of 
the comparison, one or other of the two 
operators is switched on to determine what 
action is next to be performed. Apart from 
some special cases, this action is usually 
either to continue to fill the stack, or to 
generate a triple. The special cases lead 
to various maniputations of the stack 
items, a.fter which the translation process 
continues. 

For the purposes of translation, the 
.input text to the translator is considered 
to consist of operators and operands only. 
This means that I/O options, etc., are 
regarded as operators. 

After translation, the text string 
consists of operands and operators. All 
statements start with an operator to 
indicate a statement nu~ber or label, 
followed by the statement type, which may 
be a single operator, as in the case of 
RETURN or STOP, or which may be an operator 
such as a function or subscript marker, 
followed by a list of arquments. This list 
may also include compiler generated 
statements, e.g., DO loops for I/O lists. 
All I/O options are regarded as operators 
and require no markers before them. The 
end of the source text will be marked by a 
special operator, and compiler generated 
code, which may follow this end-of-program 
marker, will appear between the marker and 
the special second-end-of-program marker. 
The end of a block of text will be marked 
by an EOB 09erator. The program is now 
assumed to be syntactically correct. 

Phase IA 

Pha~e IA rearranges the source text into a 
prefix form, in which parentheses and 
statement delimiters have been removed, and 
the operations within a statement have been 
so arranged that those with the highest 
priority 8ppear first. · 
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As operators and operand~ are 
encountered, they are stored in stacks. 
Tables give the priority of each operator 
as it ap~ears in the input text and in its 
stack. 

When an operator is found durinq the 
scan of the source text, its compare weight 
(see Appendix D.4) is testen against the 
stack weight of the top operator in the 
stack. If the compare weight is the lesser 
of the two, then action is taken according 
to the compare operator. This is referred 
to as the compare action. s1milarly, if 
the compare weight for the current operator 
found in the scan is greater than or equal 
to the stack weight of the top stack 
operator, action is taken according to the 
top stack operator. This is referred to as 
the stack action. Normally, the compare 
action is to place the compare operator in 
the stack, and to continue the scan, 
placing any subsequent operand in the stack 
until another operator is found. The 
normal stack action is to generate a 
triple, consisting of the top operator in 
the stack and the top two operands, 
eliminati~g the items from th·3 stack, and 
inserting a special flag as the operand of 
the triple which is now at the top of the 
stack. The source (compare) item is then 
compared with the new top stack item. 

The output text of the stacking phase is 
in the form of a series of triples, i.e. 
statement types with no operands, and 
operators with one or two operands. If the 
result of a triple operation is to be used 
in a later triple, the appropriate result 
is flagged accordingly~ 

certain phases are marked wanted or not 
wanted at this stage. If the source tex:t 
contains an invocation by CALL or function 
reference, Phases IL and IM are marked 
wanted. If it does not, Phases IL, IM, IN, 
IO, IP, IQ, MG, MH, MI, MJ, MK, MM, MN, and 
MO are marked not wanted. Phases MB and MC 
are marked wanted when the source text 
contains pseudo-variables or multiple 
assignments; otherwise, they are marked not 
wanted. The DO loop processing phases (LG 
and LH) are marked in co-operation with the 
dynamic initialization phases (LB and LC). 
If LB and LC are requested, the marking of 
LG and LH is left until that stage of 
compilation; otherwise, LG and LB are 
marked by Phase IA independently. 

When ALLOCATE and FREE statements occur, 
phase NG is marked wanted. When LOCATE 
statements occur, phase NJ is marked 
wanted. 



Phase IG 

Phase IG is an optional phase which is 
loaded to process array and structure 
arguments to built-in functions. When 
aggregate arguments are given for built-in 
£unctions they are expanded by the 
structure and array assignment phases so 
that the built-in functions appear as base 
elements, subscripted where necessary. 

Phase GF examines these arguments, and 
ascertains whether it is necessary to 
create a dummy. If it is necessary, a 
scalar dummy is created, but the assiqnment 
of the argument expression is not inserted 
in the text, as this would be an invalid 
aggregate assignment. 

Phase IG examines the text for a BUY 
statement for a dummy for an aggregate 
argument to a built-in function, and then 
inserts an assignment triple in the correct 
place in the text. 

Phase Il\ 

This phase immediately precedes the phase 
IL and shares with it the initialization 
processes required by tne main generic 
phase IM. It obtains text block storage 
and moves into it routines and a table that 
will be used later by the main generic 
phase. Part of the stor<:'.ge is reserved for 
use by the main generic phase as a nested 
function stack area. control is passed to 
phase IL. 

Phase IL 

This phase immediately precedes the main 
generic phase IM and completes the 
initialization process begun by phase IK. 
It obtains 4K bytes of scratch storage and 
places in it the entire built-in function 
table and a list of constants used by the 
main generic phase. Registers are set to 
point to the built-in function table, to 
the list of constants, and to the nested 
function stack area reserved by phase IK. 
Further text block storage is obtained for 
use by the main generic phase and a 
register is set to point to it. Control is 
passed to phase IM. 

Phase IM 

This phase is the main generic processor. 
It scans the source text for procedure 
invocati011s by a CAJJL statement, procedure 
or library invocations by a function 
reference, and assignments to wchameleonw 
dummy arguments (see Phase GP). 

Any procedure which is generic and is 
invoked by a CALL statement or function 
reference is replaced by the appropriate 
family member. If the invoked procedure is 
non-generic, it is ignored. A generic 
library routine invoked by a function 
reference is also replaced by the 
appropriate family member. 

The arguments passed to library routines 
are checked for number and type, and a 
conversion inserted where necessary and 
possible. 

The type and location of the result of 
all function invocations is placed in the 
text which follows the end of the text 
which invoked the function. The resulting 
type of an expression assigned to a 
wchameleonw dummy is determined and set in 
the dictionary entry which relates to the 
dummy. 

The argument bit, set on for all 
argument temporaries created by phase GP, 
is turned off for arguments of built-in 
functions. 

Phase IT 

Phase IT scans the source text for function 
triples and, in particular, the built-in 
functions for which code will be generated 
in-line. Further tests are made to detect 
the functions which, according to the 
method used to generate in-line code, are 
optimizable. This applies only to the 
SUBSTR, UNSPEC, and INDEX functions. All 
references to 'chameleon' temporary 
assignments within the scope of these 
functions are removed subject to certain 
restrictions imposed by the function 
nesting situation. 

Phase IX 

Phase IX checks that POINTER and AREA 
references are used as specified by the 
language. This phase is loaded only if 
POINTER or AREA references are found, 
declared either explicitly or contextually. 
Error messages are produced if errors are 
found and the statement in error is erased. 
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Data type triples in the text are 
scanned and a stack of temporary results is 
created containing the values: 

x '.40. for POINTJ<:R 
X'02' for AREA 
x•oo• for any other data type 

The maximum p~rmitted number of 
temporaries at any one point in a program 
is 200. The compilation is terminated if 
this figure is exceeded. 

Phase JD 

Phase JD scans the text for concatenation 
and unary prefixed triples with constant 
operands. These are evaluated and the 
results are placed in new dictionary 
entries. The references are passed through 
a stack into the corresponding result slots 
in the text. 

~HE AGGREGATES LOGICAL PHASE 

~he Aggreqates Phase consists of three 
physical phases, the preprocessor (phase 
JI), the structure processor (phase JK) and 
the DEFINED chain check (phase JP). 

~he structure processor phase carries 
out the mapping of structures and arrays in 
order to align elements on their correct 
storage boundaries. 

The DEFINED chain check ensures that 
iteN.s· DEFINED on arrays and structures can 
be mapped consistently. 

Phase JI 

The first function of phase JI is to obtain 
scratch storage in which the text skeletons 
contained in phase JJ are to be held. 
Pl:iase JJ is then loaded. and its contents 
are moved to the scratch storage for 
subsequent use by· phases JI and JK. Phase 
JJ is then released and control is returned 
to phase JI. · 

The ~din function of phase JI is to 
expedite data interchange activities. A 
scau of static,· automatic, and controlled 
chains is performed. The chains are 
reordered so that all data variables appear 
before non-data 1tems. Adjustable PL/I 
str~ctures and arrays are detected. Each 
entry in tne COBOL chain is mapped as.far 
as possible at compile-time, removed from 
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the chain, and placed in the appropriate 
AUTOMATIC chain. 

Phase JK 

This phase scans the AUTOMATIC, STATIC, and 
CONTROLLED chains for arrays, structures 
(including COBOL structures), adjustable 
length strings, DEFINED items, AREA, and 
POINTER arrays and structures, TASK and 
EVENT arrays, and TASK and EVENT arrays in 
structures. 

For the base elements of structures 
without adjustable bounds or string 
lengths, the following calculations are 
made: 

The offset from the start of the major 
structure 

The padding required to align the 
elements on the correct boundary 

All multipliers of arrays of 
structures. 

For all minor structures and major 
structures the following calculations are 
made: 

Size 

The offset from the preceding alignment 
boundary with the same value as the 
maximum appear·ing in the structure 

Where a structure contains adjustable 
bounds or string lengths, code is generated 
to call the Library at object time. 

For arrays, the multipliers are 
calculated, linless the array contains 
adjustable items, in which case the Library 
performs the calculations. 

For adjustable structures. arrays, or 
strings, code is generated to add a 
symbolic accumulator register into the 
virtual origin slot of the dope vector, and 
the accumulator register is incremented by 
the size of the item. 

Calculations are made in a similar 
fashion for arrays of strings (in 
structures or otherwise> with the VARYING 
attribute.. In addition. code is generated 
to set up an array of string dope vectors 
which refer to the individual strings in 
the array using the dope vector. Code is 
also generated to convert the original dope 
vector to refer to the array of string dope 
vectors, instead of to the storage for the 
array. 



The routine which generates code ~or 
arrays of VA~YING strings is also used to 
generate code for the initialization of 
arrays of TASK, EVENT, and AREA variables. 

DEFINED items are processed in the 
following way: 

Code is generated to set the 
multipliers and virtual origin address 
of correspondence defined arrays 
without iSUBs in the dope vector of the 
DEFIUED items from the defining base 
dope vector. 

code is generated for overlay DEFINED 
items if they do not fall into the 
class which is to be addressed 
directly. The code first maps the 
DEFINED item, if necessary, calculates 
the address of the start of the storaqe 
to be used by the DEFINED item, and -
finally, relocates the DEFINED item 
using this address. 

Dope vector descriptor dictionary 
entries and record dope vector dictionary 
entries are made for items which need to be 
mapped at object time, or which appear in 
RECORD-oriented input/output statements. 

Phase JP 

Phase JP scans the DEFINED chain, and 
differentiates between the followinq: 

1. correspondence defining 

2. scalar overlay defining 

3. Undimensioned structure overlay 
defining 

4. Mixed scalar-array-structure-string 
class overlay defining 

In correspondence defining, this phase 
differentiates between arrays of scalars 
and arrays of structures. It also checks 
that the elements of the defined item which 
may validly overlay the elements of the 
base belong to the same defining class, and 
that the base is contiguous. 

In scalar overlay defining, this phase 
checks that the defined item may validly 
overlay the base. 

For undimensioned structure overlay 
defining, this phase checks that the 
elements of the defined item may validly 
overlay the elements of the base. 

For mixed scalar-array-structure-string 
class overlay defining, this phase checks 

that all elements of the defined item and 
all elements of the base belong to the same 
defining class (bit or character), and that 
the base is contiguous. 

THE OPTIMIZATION LOGICAL PHAS=: 

The optimization logical phase consists of 
several physical phases and is loaded if 
OPT=2 is specified in the PARM field of the 
EXEC statement. 

The work done during the Optimization 
Phase can be split into two parts. The 
first consists of testing the text and 
dictionary to see if optimization is 
permissible. As a result of these tests, 
tables are built pointing to optimizable 
text. The second part consists of code 
generation and modification requiring 
scanning of the tables built in the first 
part, and direct references to the text and 
dictionary. 

All code generation resulting in text 
expansion is placed in a patch file, and 
the point of insertion in the text is 
overwritten with a PTCH triple pointing to 
the patch. The last physical phase merges 
the patch text into the main program text. 

Optimized code is produced for subscript 
address calculations and iterative DO-loop 
control. In the case of subscripts most of 
the optimized code consists of reordered 
triples, but optimized loop control code is 
generated as pseudo-code using BXLE, and 
BXH instructions. 

Only simple loops and subscript lists 
are optimized, and the variables involved 
must be real, fixed binary, scalar integers 
and the constants must be decimal integers. 

The two main problem~ in deciding 
whether it is permissible to optimize code 
are: 

1. Aliasing of variables 

2. The action of the program for 
exceptional conditions 

Optimization is inhibited where it is 
difficult, or impossible 1 to decide that 
optimization will produce an object program 
which will execute according to the rules 
of PL/I. The keyword REORDER, indicates to 
the Optimization Phase, that ON-units for 
exceptional computational conditions may be 
ignored. This enables more cases to be 
optimized than for the default setting of 
ORDER. 
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Three types of subscript optimization 
are performed: 

1. Transformation Where possible, a 
control variable used as a subscript 
is transformed such that, instead of a 
'subscript • multiplier + virtual 
origin' address calculation, each 
iteration produces a simple increment 
of a register to access the next 
element. 

2. Invariance Where possible, an 
invariant subscript calculation inside 
a DO-loop is moved outside. 

3. Commoning Where possible, a common 
subscript expression is only 
calculated once and this value is 

,placed in a register to be used at 
later occurrences. 

For array expressions an attempt is made 
to combine the incrementing of a 
transformed control variabie with the BXLE 
or BXH of the optimized loop control code. 

The text is optimized starting from the 
innermost of a nest of iterative DO-loops 
and working outwards. This enables patch 
code, which moves out of a DO-loop, to be 
included in the processing of the enclosing 
DO-loop, hence moving out code as far as 
possible in a nest of loops. 

Phase AA (KB) 

contains utility routines and common data 
space used by the later optimization 
phases. Details of the utilities are given 
in Appendix K. 

The utilities enable the optimization 
phases to build and process tables in text 
blocks without concern for physical block 
boundaries, status of text blocks, or 
maintaining pointers to first, last, and 
current table entries. 

The facilities provided: 

1. Define a table using a table control 
block area. 

2. Add new entries to the end of a table. 
Table entries may be of fixed or 
varying length and a table can contain 
more than one type. 

3. Scan a table forwards or backwards. 

4. Make direct reference to table 
elements. 

5. Delete a table. 
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6. Specify locking of entries. 

7. Remove all locks on table entries. 

Phase KC 

Phase KC scans the text for DO-loop 
specifications. If the loop is potentially 
optirnizable, then any expressions in the 
initial, the TO, or the BY specifications 
are assigned to temporary variables. The 
expression and the assignment are moved 
outside the loop and are replaced in the 
specification by a simple reference to the 
temporary variable. 

Text is also scanned for ON-units. The 
occurrence of each type of ON-unit is 
recorded by the appropriate bit in the mask 
used by Phase KG. 

Phase KE 

Phase KE performs a scan of the dictionary 
and a scan of the text. The purpose of 
these scans is to mark variables 'unsafe' 
if they can possibly be affected by change~ 
to other variables (i.e., aliases). 
Variables are marked unsafe if they are 
EXTERNAL, DEFINED, defined upon, BASED, or 
P~..RAMETERS, or if they are <or might be 
through being arguments of pro.cedure calls: 
arguments of the ADDR built-in function. 

In addition, during the text scan, the 
DO MAP table is created. This table 
contains an entry for each DO-loop and 
procedure in the source text. Each entry 
contains information describing the loop o 
procedure and giving its location in the 
text. A chain is constructed through thes 
entries giving the order in which they are 
to be processed by subsequent K phases. 

Phase KG 

Phase KG scans the text corresponding to 
each DO MAP entry in turn and builds up t' 
lists which are chained off the DO MAP 
entry. The USE list is a list of all the 
real, fixed binary, scalar integer 
variables which are used within the loop. 
A flag byte indicates whether the variabl~ 
is assigned to or is invariant in the loo· 

The SUBS/REGION list consists of two 
types of entry: 

1. A SUBS entry which contains the text 



reference of a SUBSCRIPT triple 
referring to an array for which 
SUBSCRIPTRANGE is not enabled. 

2. A REGION entry which contains the text 
reference of a triple which results in 
an assignment to one or more 
variables. There are four types of 
REGION boundaries: 

a. A GLOBAL region boundary which 
contains the text reference of a 
point where the value of any 
variable could be changed. 

b. A PARTIAL SAFE boundary which 
contains the text reference of a 
point where an assignment is made 
to a variable which is a SAFE real 
fixed binary scalar integer, 
followed by the dictionary 
reference of this variable. 

c. A PARTIAL UNSAFE region boundary 
which contains the text reference 
of a point where an assignment is 
made to an UNSAFE variable (not 
just a scalar). The dictionary 
reference is not inserted in this 
case. 

d. Im ITOO region boundary which 
contains the text reference of an 
ITDO triple corresponding to an 
enclosed loop. 

Phase KJ 

Phase KJ creates the SUBS TABLE from the 
SUBS/REGION list produced by phase KG. The 
DO MAP created by KE provides the order of 
processing and further information. 

The Region entries from the SUBS/REGION 
list are copied directly into SUBS TABLE 
whenever they occur. The SUBS entries from 
the list are expanded to contain 
information on the type of expression 
involved at this point. The USE list 
created by KG provides information during 
this analysis. The SUBS/REGION list is 
deleted by this phase. 

The iterative specification triples of 
each DO-loop are inspected, and the spare 
operands used to set flags to indicate 
whether this loop is optimizable .for BXLE 
or BXH loop control code. 

Phase KN 

Phase KN provides initialization of the 
scratch storage area used by phase KO. 

An initial text scan is made in DO MAP 
sequence, to remove offsets from 
optimizable subscript lists and produce 
hash totals for optimizable subscript 
expressions. The hash totals are placed in 
the SUBS/REGION table and are use1 in phase 
KO to speed up the matching process. 

Phase KO (KP,KQ) 

Phase KO processes text in the orner 
specified in the DO MAP, i.e., working 
through a nest of iterative DO-loops and 
procedures from innermost outwards. 

The three types of subscript 
optimization: transformation of the control 
variable; invariance; and commoning; are 
performed and optimized code is generated 
and inserted in a patch file. The code to 
be replaced in the original text is 
overwritten with NOP's and a PTCH triple 
points to the patch text. 

All three types of subscript 
optimization require searches for multiple 
occurrences of the same expression in the 
text. This is done by scanning the SUBS 
TABLE for matching triple expressions in 
optimizable subscript lists. When a match 
is found a chain is constructed in the SUBS 
TABLE between ·the matched elements. The 
code is generated for one chain at a time> 

Code generated for optimized subscripts 
may be inserted: 

1. Before the ITDO triple, i.e., where an 
invariant subscript calculation is 
moved out of a loop or where the 
initial setting of a transformed 
control variable is required. 

2. Before the ITD' triple, i.e., for the 
incrementing code of a transformed 
control variable. 

3. After the ITO' triple, i.e., the 
DROP's for symbolic registers used in 
the optimized code. 

4. At th~ point of use in the subscript 
list. 

For array expressions the incrementing code 
for a transformed control variable will be 
deleted if a BXLE or BXH can be generated 
which will increment the transformed 
control variable and control the number of 
iterations of the loop. 

Chapter 2: The Compiler Logical Phases 49 



USSL declarations may be inserted in the 
optimized code to indicate that registers 
have ~riority and need not be saved and 
restored at branch points. The register 
allocator phase gives these registers 
priority over normal symbolic registers. 

Phase RT 

Phase RT is a renamed replacement of phase 
LA which is now obsolete. It is always 
loaded. 'Ibis phase is a utility phase 
which remains in storage throughout the 
remainder cf the Optimization Phase and the 
whole of the Pseudo-code Phase. It 
provides the main scanning routines to 
handle input and output of text containing 
tri~les and pseudo-code. 

~he routine/subroutine directories in 
Cha~ter 3 give a complete list of the 
routines provided, together with brief 
descriptions of their functions. 

Phase RU(:RV) 

Phase :RU has three main functions performed 
during a single text scan. 

The first function is DO-loop control 
optimization. Each ITDO triple encountered 
during the text scan is checked to 
determine whether or not it has been 
flagged as being optimizable by a previous 
phase. If not flagged the scan is 
continued. All DO-loop control 
specifications headed by an ITDO triple 
flagged as optimizable are replaced in text 
by an opti1r.ized pseudo-code group using the 
BXB and BXLE instructions. There are three 
basic forms to this optimized pseudo-code 
control specif ication1 the particular one 
used for any loop depending on the type of 
stef. 

The seccnd function is to detect each of 
the PTCB triples inserted into text by a 
previous phase.. The corresponding patches 
are obtained from patch file text blocks 
and are processed as necessary before being 
inserted into text in place of the PTCH 
triple. 

The last ·function is that of the 
subscript list processing. Each innermost 
subscript list encountered, as indicated by 
the presence of a SUBS triple in the main 
text, is checked for the occurrence of COMA 
or co~R triples within it. The SUBS triple 
is then altered as may be necessary. 
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THE RSEUDO-CODE LOGICAL PHASE 

The Pseudo-Code Phase accepts the output of 
the Translator Phase, and converts the 
triples into a series of machine-like 
instructions. The transformation into 
pseudo-code is achieved by a series of 
passes through the text; each pass removes 
certain triples and replaces them by 
pseudo-code, until the entire text is in 
pseudo-code form. On completion of this 
phas~, control is handed to the Storage 
Allocation Phase. 

Pseudo-Code Design 

Pseudo-code is essentially a one-for-one 
symbolic representation of machine code, 
designed so that it can be transformed 
directly into executable machine code by an 
assembly process. 

Pseudo-code is constructed in basic 
units, the majority of which have a 
standard size of three or five bytes. A 
variable sized unit, however, is also 
available to allow flexibility, its length 
being specified by a length code within the 
unit. The formats of pseudo-code 
instructions are shown in Appendix D.6. 

A unit consists of a one-byte operation 
code followed by normally, a two- or 
four-byte field, or on the other occasions 
by a variable length field. The bit 
pattern of the operation code indicates the 
type of unit which it heads. 

Pseuqo-code Items 

In addition to there being one pseudo-code 
item for each machine instruction which 
could be generated, there are also 
pseudo-code items which are produced to 
convey information from one phase of the 
compiler to another. 

These items of information have the sam4 
format as a pseudo-code item, so that the 
handling and scanning of the source text i: 
standardized. They do not, however, appea: 
in the final object code. · 

Reqiste~ Description 

In all cases where a general purpose 
register appears in pseudo-code, it will t 
described symbolically. When conventional 



registers are required in, for example, 
calling sequences, the registers will be 
referred to physically1 as they will be in 
·all cases of floating-point register usage. 

The Use of symbolic Unassigned Registers 

Whenever a new register is required while 
pse~do-code is being genP-rated, a symbolic 
register counter is incremented by one and, 
subject to this new value not being greater 
than 16,383, it is used as the symbolic 
name of the required register. When this 
register is no longer required a DROP 
pseudo-code item is inserted into the text 
to indicate to the Register Allocation 
Phase that the physical register allocated 
to this symbolic register may be 
reassigned. 

The Use of Physical Registers 

Physical general purpose registers will be 
used either as arithmetic registers or as 
parameter registers. 

With aritlunetic registers, it is the 
responsibility of the pseudo-code 
generation phases to save and restore the 
registers as necessary. This will apply 
both to the general purpose arithmetic 
registers <namely 14 and 15) and to the 
four floating-point registers. Although 
this is of ·primary interest to the 
expression evaluation phases, it should be 
realised that all phases which generate 
calling sequences must be aware of the 
current status of arithmetic registers, and 
generate code to save and restore them as 
necessary. 

In the case of parameter registers, 
however, the Register Allocation Phase will 
be able to save and restore them as 
required. 

Teroporary Descriptors 

As expressions are evaluated, a series of 
intermediate temporary results are 
obtained. These results, or their 
addresses, may be contained in symbolic or 
assigned registers, in a dictionary 
reference, ~ith or without an index 
register, or in workspace. Temporary 
descriptor triples (TMPD) are inserted in 
the text to enable the correct pseudo-code 
instructions to be generated from the 
triples. The format of TMPD triples is 
described in Appendix D.9. 

Temporary Workspace 

A block of temporary workspace is used to 
store intermediate results obtained in 
evaluating expressions at object time. 
Pseudo-code phases allocate the next 
available work.space location within the 
block, and then update the location 
pointer, whenever the necessity to save an 
intermediate result arises. The location 
of the intermediate result is then 
described for later phases by a TMPD in the 
text. Intermediate results are only 
required during the execution of single 
PL/I statements; they are never preserved 
from one statement to another. 

At the end of the pseudo-code phases the 
maximum size of the temporary storage 
required in each PL/I program block is 
placed in a dictionary entry. The required 
amount of workspace is then allocated in 
each Dynamic storage Area (DSA) by Phase 
PT. 

Phase LB 

Phase LB scans through the text for 
PROCEDURE, BEGIN, and ALLOCATE statement 
triples. 

Whenever one of these is found, a scan 
is made through the immediately succeeding 
second file st~tements; this is for any IDV 
(initial dope vector> statement referring 
to a variable replication factor in the 
array initial string~ Processing of these 
statements and of the corresponding array 
initial strings is then carried out. 

on completion of this secondary scan, 
the action taken depends on which triple 
was originally found: 

1. For PROCEDURE or BEGIN triples, a scan 
is then made of the AUTOMATIC chain in 
the dictionary. For any scalar 
variables that have been declared 
INITIAL, a set of triples is created 
and inserted into the text. For any 
array declared INITIAL, the initial 
string is scanned, and a mixture of 
triples and pseudo-code is generated. 

2. For ALLOCATE triples, if the item has 
been declared INITIAL, the initial 
string is scanned, and a mixture of 
triples and pseudo-code is generated. 

Phase LB also marks Phase LG (DO-groups) 
as wanted or not wanted; this is done in 
co-operation with Phase IA. 
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Phase LD 

Phase LD scans the STATIC chain for any 
variables which have been declared INITIAL. 

When a scalar variable is found, the 
phase constructs two dictionary entries: 
one for the constant, and one for the 
converted constant. 

For arrays, the phase scans the initial 
value string, creating an initialization 
table in the dictionary. Replication 
factors are converted and inserted into the 
table1 treatment of the constants is then 
as described for scalar variables. 

Phase o! converts the constants to their 
specified internal form. 

Phase LG 

Phase LG scans the text for DO loops. A 
stack is maintained with each entry 
containing a description of a DO group. 
The stacking reflects the nesting of the DO 
groups. For each DO or iterative DO triple 
a new entry is made at the top of the 
stack. 

DO sp~cif ication triples are analyzed 
and expressions are assigned to 
temporaries; subscripts in the control 
variable are assigned to binary integer 
temporaries if they are themselves 
variable. At the end of each 
specification, pseudo-code and triples are 
generated to control the loop. 

Triple operators (see Appendix D.4 > 
peculiar to the specification of DO loops 
are removed from the text. 

For control variables, other than simple 
scalars, text is placed in the DO stack and 
used at every appearance of the control 
variable in the generated text. During 
this time, a scan is also made for 
pseudo-variables, subscripts,. functions,. 
and argument markers. 

Phase LR 

The purpose of Phase LR is to save space 
during the expression evaluation phase, LS. 
It provides the initialization for Phase LS 
by obtaining 41 096 bytes of scratch storage 
and setting stack pointers. The sea~ phase 
is initialized and Phase MP is marked. 
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The translate table for scanning 
triples, and the constants for expression 
evaluation are included in this phase and 
a.re moved to the first lK area of scratch 
storage. Subroutines required by phase LS 
are also moved into scratch storaoe at this 
time. Finally, control is passed to Phase 
LS. 

Phase LS 

Phase LS scans the source text to convert 
expression triples to pseudo-code. If a 
triple produces a result, it is added to 
the temporary work stack. 

For the arithmetic triples +,-,•,/,••, 
prefix +, and prefix -, the operands are 
combined to give the base, scale, mode, and 
precision of the result. If conversion is 
necessary, an assignment triple, with the 
target and source types as operands, is 
inserted in the text. In-line pseudo-code 
is generated for all operators except •• 
and some complex type • and / operators. 
In these cases, library calling sequences 
are generated. An intermediate result is 
always produced and the triple is removed 
from the text. 

The operands of comparison triples GT, 
GE, equals, NE, LE, and LT are combined and 
converted as for the arithmetic triples. 
In-line pseudo-code is generated and the 
triple is removed from the text,· unless 
both operands are string type, in which 
case a temporary is created. If the next 
triple is a conditional branch, a mask for 
branch-on-false is ins~rted. Otherwise, 
the result is a length 1 bit string. 

For the string triples CAT, AND, OR, 
NOT, and string comparisons, if an operand 
is zero 1 TMPD triples, containing the 
intermediate result from the top of the 
stack, are inserted in the text after the 
triple. The result is a CHARACTER o~ BIT 
string or a compare operator. 

When subscript triples appear, a 
symbolic register nwnber is inserted in the 
triple. The result contains the dictionary 
reference of the array and the symbolic 
register. 

For function triples, a description of 
the workspace for the function result is 
inserted in the TMPD triples which follow 
the function triples. The function result 
is added to the intermediate stack. 

For add, multiply, and divide functions, 
the function and argument triples are 
removed from the text. Arithmetic type 
in-line pseudo-code is generated, with 



modifications for the prP.c1s1on and scale 
factor, and the result is added to the 
intermediate stack. 

With pseudo-variable triples, a special 
marker is added to the intermediate result 
stack. 

Other triples which may use an 
interroediate result, are examined. If an 
operand is zero, two or three TMPD triples, 
containing the intermediate result from the 
top of the stack, are inserted in the text 
after the triple. If both operands are 
zero, the TMPDs for the second operand 
precede those for the first operand. 

Phase LV 

Phase LV provides string handling 
facilities for the pseudo-code phases. 

It converts any type of data item to a 
CHARACTER or BIT string, and an assignment 
triple, with the target and source types 
used as the operands, is inserted in the 
text. 

A string dope vector description is 
produced from a standard string 
description. 

Phase LX (LW, LY) 

Phase LX consists of three modules, LW, LX, 
and LY. ~odule LW acts as a pre-pr9Cessor 
for LX and LY, moving constants into 
scratch storage prior to loading the 
string-handling modules. 

Phase LX scans the source text to 
convert string triples to pseudo-code. If 
a result is produced it is added to a stack 
of intermediate string results. 

For the comparison triples GT, GE, 
equals, NE, LE, AND LT, both operands are 
already string type. If one operand is 
zero, the operand is obtained from the 
associated TMPD triples. In-line 
pseudo-code is generated if the operands 
are aligned and are of known lenqths less 
than or equal to 255 bytes; otherwise, 
library calling sequences are generated. 
The triple and any TMPD triples are removed 
from the text. 

In the case of the string triples CAT, 
AND, OR, and NOT, the operands are 
converted to string type by phase LV. Zero 
ope~ands are obtained from associated TMPD 
triples. In-line pseudo-code is generated 

when operands are aligned and are of known 
lengths less than or equal to 255 bytes. 
For the CAT operator, the first operand 
must be a multiple of 8 bits unless the 
strings involved are less than or equal to 
32 bits in length. In-line code is also 
generated for the following cases involving 
non-adjustable varying strings: 

1. Character string concatenation of 
varying strings with lengths less than 
256 bytes. 

2. Sit string operations for AND, OR, 
NOT, concatenation, and comparison 
where the strings are aligned and are 
less than 33 bits in length. 

Otherwise, library calling sequences are 
generated. The triple and any TMPD triples 
are removed from the text, and the string 
result is added to the intermediate result 
stack. 

For TMPD triples, if the intermediate 
result described by the TMPD triples is a 
string., a complete string description is 
moved from the top of the intermediate 
stack to the TMPD triples. If the TMPD 
triples do not describe a string, they are 
ignored. 

In-line code is generated for the BOOL 
functions AND, OR, and EXCLUSIVE OR, when 
the third argument is a character or bit 
string constant and the first and second 
arguments are aligned and of known lengths 
less than or equal to 255 bytes. Otherwise 
library calling sequences are generated. 
Subscript and· £unction triples may produce 
intermediate string results. 

Phase MA 

Phase MA generates pseudo-code for both the 
in-line invocations of TRANSLATE and VERIFY 
and for the invocations which call a 
library routine. It is optional depending 
on the presence of the TRANSLATE or VERIFY 
function in the source program. 

Three kinds of tables are handled: 

1. Compile-time created (up to three) 

2. Floating, initialized by in-line code 

3. Floating, initialized by library 
subroutine 

When three constant tables have been 
created at compile-time, any further 
occurrence of this case, will cause the 
constants of both the second and third 
arguments to be handled via the library. 
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Blocks which have RECURSIVE, TASK, or 
REENTRANT attributes will have their own 
table, otherwise one table will be used for 
many blocks. 

Phase MB 

Phase MB scans the text for pseudo-variable 
markers and multiple assignment markers. A 
stack of pseudo-variable descriptions is 
maintained, together with the left hand 
side descriptions of multiple assignments 
when they occur. Pseudo-code and triples 
are generated for pseudo-variables and the 
left hand side descriptions of multiple 
assiqnments are put out in the correct 
sequence. 

Phase MD 

Phase ~ uses the SCAN routine to scan the 
text for ADDR and STRING built-in functions 
for which it qenerates in-line code. It 
appears before the normal function 
processor phase and removes all trace of 
the in-line function. The general SCAN 
routine passes control when these functions 
are found. 

For all cases of ADDR the generated code 
establishes the start address of the 
argument. If structure name arguments are 
present the structure chain is hashed for 
the first base-element. For array names 
the address of the first element is 
calculated. 

If the argument to the STRING function 
is contiguous in main storage, and its 
length is known at compile-time, an 
adjustable string assignment is generated. 
Otherwise the l~brary routines IHESTGA and 
IHESTGB are called to produce the 
concatenated length and to concatenate the 
elements of the array or structure 
argument. 

Phase NIE 

Phase ME identifies all invocations of the 
SUBSTR function and pseudo-variable, all 
UNSPEC, STATUS, and COMPLETION functions, 
and those invocations of the INDEX function 
which can be implemented in-line; and 
generates pseudo-code to perform these 
functions at object time. The scan of the 
text is conducted by the general SCAN 
routine, and all trace of the invocations 
9f these f unctioJ¥> is removed before the 
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normal function processor phase is loaded. 
When the end-of-program marker is 
encountered the terminating routine is 
entered. 

Phase MG 

Phase MG identifies functions which are to 
be coded in-line, and generates, in their 
place, the pseudo-code to perform the 
relevant function. This phase appears 
before the normal function processor phase 
and removes all trace of the in-line 
function. 

The scan of the text is conducted by the 
general SCAN routine, and control is handed 
to the present phase when one of the 
following functions is found: 

ALLOCATION 
BIT 
CEIL 
CHAR 
COMPLEX 
CON JG 

FLOOR 
IMAG 
REAL 
TRUNC 

BINARY 
DECIMAL 
FIXED 
FLOAT 
PRECISION 

Control is also passed to this phase if 
ABS is found with real arguments. The 
arguments are collected, and th~ 
appropriate routine is entered to generate 
the pseudo-code. When the end-of-program 
marker is encountered the terminating 
routines are entered. 

Phase MI 

Phase MI identifies functions which are to 
be coded in-line, and generates , in their 
place, pseudo-code to perform the relevant 
function. This phase appears before the 
normal function processor phase and removes 
all trace of the in-line function. 

The scan of the text is conducted by the 
general SCAN routine and contro! is handed 
to the present phase when one of the 
following functions is found: 

MAX MOD 
MIN ROUND 

If the number of arguments to the MAX or 
MIN functions is greater than three, a 
library call is generated. 



Phase MK 

Phase MK identifies functions which are to 
be coded in-line, and generates, in their 
place, pseudo-code to perform the relevant 
£unction. This phase appears before the 
normal function processor phase and removes 
all trace of the in-line function. 

The scan of the text is conducted by the 
general SCAN routine, and control is passed 
to the present phase when one of the 
following functions is found: 

DIM 
LBOUND 
LENGTH 

Phase ML 

HBOUND 
SIGN 
FREE 

Phase ML scans the source text for generic 
entry name arguments to procedure 
invocations. 

such entrJ names may be f loatin9 
arithmetic built-in functions or 
programmer-supplied procedures with the 
GENERIC attribute. When one is found, the 
correct generic family member to be passed 
is selected by this phase, depending on the 
entry description of the invoked procedure. 

Phase MM 

Phase MM scans through the source text for 
procedure invocations by a CALL statement, 
or for procedure or library routine 
invocations by a function reference. 

Procedure invocations are replaced by an 
external standard callinq sequence, and 
library routine invocations are replaced by 
an external or internal standard calling 
sequence as appropriate (see Appendix 
D.10). 

If a CALL is accompanied by a TASK, 
EVENT, or 2RIORITY option, library module 
IHETSA is loaded rather than !BESA, and the 
para~eter list is modified to include the 
addresses of the TASK and EVENT variables 
and the relative PRIORITY. 

Phase MP 

Phase MP reorders the BUY and SELL 
statements involved in obtaining .variable 
Data Areas (VDAs) for adjustable length 

strings or temporaries, which were created 
by Phase GK. on entering this phase, the 
BUY triples precede the code compiled to 
evaluate the length of storage required for 
the VDA. This evaluation code is included 
between further BUYS and BUY triples, which 
themselves are between the BUY triple being 
considered and its associated SELL triple. 
Phase MP extracts these sections of code 
and places them before the BUY triple of 
the adjustable string temporary. Since 
such BUY triples may be nested, the phase 
maintains a count to record the nesting 
status. 

Phase MS 

Phase MS scans the source text for 
references to subscripted array elements. 

If references are found, pseudo-code is 
generated to calculate the off set of the 
subscripted element in relation to the 
origin of the array. If necessary, further 
pseudo-code is generated to check the 
subscript range. 

Optimization of constant subscript 
evaluation is carried out on arrays having 
subscripts which are integer constants, and 
for which the corresponding dope vector 
multipliers are constant. This applies to 
arrays with fixed-length elements. 

Phase NA 

Phase NA generates pseudo-code for the 
following triples: 

For PROCEOURE' and BEGIN' triples a 
Library call is generated to the FREEDSA 
routine; 

For RETURN triples a library call is 
generated, unless a value is to be returned 
as the result of a function invocation, in 
which case code is first generated to 
assign the result to the target field, and 
then the library call is made. If the 
function may return the result as more than 
one data type, a switch would have been set 
at the entry point to the function, and the 
RETURN statement would test the switch 
value, so that the data type appropriate to 
the entry point is returned. 

GOTO triples either will be invalid 
branches detected by Phase FI, in which 
case they will be deleted, or they will be 
branches to statement label constants in 
the same PROCEDURE or BEGIN block. In this 
case, they will be compiled as 
one-instruction branches. 
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GOLN triples are compiled into 
one-instruction branches to the compiler 
label number in operand 2 of the triple. 

A GOOB (Go out Of Block> triple is a 
branch to a label variable, possibly 
subscripted, or to a label in a higher 
block than the current one Ca branch to a 
lower block is invalid). A call is 
generated to a library epiloaue routine, 
pointinq at a double-word slot containing 
the address of the label and the 
Pseudo-Register Vector (PRV) offset (for a 
label constant>, or the invocation count 
(for a label variable>. 

STOP and EXIT statements are implemented 
simply by inVOCcition of the appropriate 
library routine. 

For IF triples, if the second operand is 
an identifier, or the result of an 
expression which is not a comparison, code 
is generate~ to convert it to a BIT string, 
if necessary. This BIT string is compared 
to zero, either in-line, or by a call to 
the library. 

The second operand may be a mask which 
will have been inserted by the expression 
evaluation phase as a result of the 
compaL·ison specified in the IF statement. 
This mask is put into a qenerated 
instruction to branch if the condition is 
not satisfied, i.e., either to the ELSE 
clause or to the next statement. 

F'or ON triples, code is generated to set 
flag bits and update the ON-unit address in 
the double-word OH slot in the DSA. 

¥or SIGNAL arithmetic condition triples, 
in-line code is qenerated to simulate the 
condition. For all other conditions, a 
library error rou~ine is called. 

REVERT triples generate code to set flag 
bits in· the double-word ON slot in the D.SA. 

Phase NG 

Phase NG generates the calling sequences to 
the library for DELAY and DISPL.~Y and WAIT 
statements. 

It generates code to call the library 
routines which handle ALLOCATE and FREE 
statements whose arguments are BASED 
variables. 

For DELAY statements, the argument has 
to be a fixed binary integer, and, if 
necessary, code is generated for 
conversion. 
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For DISPLAY utcttements, tht-~ mes~aqt> muBt 
b~ d CHARACTER Btrinq, or, it nece8sary, 
converted to one. A parameter lint b; 
built up to pass to the library. 

For WAIT statemeuts, the pdrameter list 
is built up in workspacf'. It consists of 
the address of the scalar expression 
<converted to a fixed bindry inteqt•r), 
followed by the addresses of the 
event-names that appear in each WAIT 
statement. If the scalar expression option 
does not appear, the address of the total 
number of event-names is used. 

For the tasking option WAIT, whose 
argument is an EVENT array, the phase makes 
a 4-byte entry in the parameter list, 
containing the nwnber of dimensions 
involved, and the address of the EVENT 
array dope vector. If the WAIT statement 
contains an EVENT array and no scalar 
expression, the first byte of the parameter 
list is set to X'FF'. 

For ALLOCATE and FREE statements, with 
based variables as arguments, a parameter 
list is built in workspace before a call is 
made to one of the entry points to IHELSP. 
The parameter list is an 8-byte RDV 
followed by the address of the AREA 
variable from the IN option if present. 

For ALLOCATE, the pointer-variable in 
the SET option is given the value returned 
by IHELSP. 

Phase ~~ 

Phase NJ and its supporting block, NK, 
generate the calling sequences to the 
library module for the RECORD-oriented 
input/output statements.: DELETE, LOCATE, 
READ, REWRITE, UNLOCK, and WRITE. 

For each of these calls, the information 
contained in the options of the source 
statement is passed by a parameter list, 
constructed as follows: 

DC A(DCLCB) 
DC A(RDVICOUNT1 IPNTR2 ISDV3 ) 10 
DC A(EVENTILABEL->IO 
DC A(SDV.KEYTOISDV.KEYFROMISDV.KEY)IO 
DC A(REQUEST_CODES) 

1 expr in IGNORE Cexpr> 
2 pntr in READ SET (pntr) 
3 SDV of varying string in READ INTO 

<varying string) 
4 compiler label as result of LOCATE 



REQUFST_CODES is a full-word containing 
four control bytes with the following 
meanings: 

Byte 0 Operation code 
00 READ 
04 WRITE 
08 REWRITE 
OC DELETE 
10 LOCATE 
14 UNLOCK 

Byte 1 Group 1 options code 
00 SET 
04 IGNORE 
08 INTOIFROM 

Byte 2 Group 2 options code 
04 KEYTO 
08 NOLOCK 

Byte 3 Group 3 options code 
04 VARY INTO 
08 VARY KEYTO 
OC BOTH 

Note that null arguments in the 
parameter list or REQUEST_CODES are 
indicat~a by zeros. 

aoth the parameter list and the 
REQUEST CODES word are constructed in 
STATIC storage. However, if the argument 
of any of the options refers to AUTOMATIC, 
CONT~OLLED, or BASED storage, the parameter 
list is ir.oved to the workspace storage for 
the stateroent: the argument is then 
provided just before the library call is 
madP. 

In the case of the LOCATE statement, the 
pha::;e is respon~i.ble for generating code to 
set the pointer variable with the pointer 
value returned in the first word of the RDV 
by the library. If the PASED variable was 
a structure with a REFER option in an 
extent definition, it is also responsible 
for generating code to initialize the 
extent variable named in the REFER option. 

The DCLCB parameter is taken from the 
FILE option of the statement: the FILE 
option ~ust be either a file constant or 
file parall'eter. 

The record dope vector (RDV) is assumed 
to have been constructed by earlier phases, 
except in the case Of CONTROLLED or BASED 
variables or CONTROLLED or BASED 
aggregates, when the procedure is· as 
follows: 

1. For CONTROLLED or BASED aggregates, 
Phase NJ creates a library call to 
IHESTRA, passing the following 
arguments through registers: 

Register 1 
Register 2 
Register 3 

A(D.V) 
A(DVD) 
A(RESULT.ROV.SLOT) 

2. F'or CONTROLLED or BASED strings, the 
phase generates code to construct the 
RDV in the workspace storage of the 
statement, using the dope vector of 
the string. 

The IGNORE expression is taken from the 
IGNORE option of the statement and if 
necessary, converted to an integer. 

The EVENT scalar is taken from the EVENT 
option of the statement. 

The KEYTO SDV is derived from the KEYTO 
option of a READ statement. 

The KEY SDV and KEYFROM SDV are derived 
from their respective options. If 
necessary, they are converted to character 
strinqs. 

The PNTR is taken from the SET triple of 
the statement or from the BASED variable of 
the LOCATE triple if no SET triple appears. 

Phase NM 

Phase NM generates the calling sequences to 
the library modules for OPEN, CLOSE, GET, 
and PUT statements. 

For OPEN and CLOSE statements, a 
parameter list is constructed from the 
opt.ions given. The options are first 
checked for validity with respect to 
multiple specifications. The arguments on 
the options are checked and converted, if 
necessary, to the correct data type. If no 
file is specified in an OPEN or CLOSE 
statement, it is ignored. The parameter 
lists are as follows: 
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OPEN DC A(DCLCB) 

DC A{OCB) 

DC A(TITLF.SDV) 

DC A(IDENT.SDV) 

DC A<IDENT.DED) 

DC A(KEYLENGTH) 

DC A(LINESIZE) 

DC A(PAGESIZE) 

CLOSE DC A(DCLCB) 

:.:>e A(IDENT.SDV) 

DC A(IDENT.DED) 

Null arguments are indicated by zero 
address constants. 

For GET and PUT stateroents, the library 
call is.in three parts. The 
initialization, data transmission (Phase 
NU), and the termination. The 
initialization call requires a parameter 
list to be constructed from the qiven 
options. The options are checked for legal 
combinations and the arguments examined. 

The parameter list when a file is 
specified is 

DC A(DCLCB) 

DC A(next statement) 

DC A(binary integer) if SKIP or 
LINE is given. 

For GET and PUT STRING, the argument to 
STRING is checked, and the parameter list 
formed is: 

DC A(SDV of string argument) 

DC A(DED of string argument) 

The termination library call has no 
parameters. As for the initialization, the 
routine used depends on the options given 
in the statement. 

Phase NT 

This phase, which is a preprocessor for 
Phase NU, has two functions: 

1. Initialization of a block of scratch 
storage for use by Phase NU 
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2. Setting up of INCLUDE matrix and 
library routine entries for 
edit-directed, STREAM-oriented I/O 
statements 

The phase contains all pseudo-code 
skeletons used by Phase NU. 4096 bytes of 
scratch storage are obtained and the 
pseudo-code skeletons are copied into it. 
The address of the scratch area is then 
passed to Phase NU. 

If a flag has been passed from Phase NM, 
indicating the presence of edit-directed 
IIO, a scan of the text is perforroed. Data 
and format list items encountered during 
the scan are associated as far as possible, 
and a sufficient set of library modules are 
identified for the edit-directed 
transmission specif ie'1 in the proqram. The 
INCLUDE matrix is updated and dictionary 
entries ar~ made for the required library 
format-director routines. 

Phase NU 

Data/format lists in I/O statements produce 
an internal linrary calling sequence <see 
Appendix D.10) for each data item and 
forrnat item pair, using registers to point 
at the data item, the data item OED, and 
the FED for the format item. 

Iterations of data items 1 as in array 
input or output, and of format items, are 
achieved by maki~g DO loops out of the 
iterations. 

The data items are transmitted serially, 
with program flow going from an item in the 
data list, to the corresponding format item 
and then to the relevant library I/O 
module. o~ return from the library module, 
control goes to the code for the next data 
item or, in the case of repeated data 
items, to another iteration of the DO loop. 

Remote format statements are executed in 
a similar way. After the R format item is 
met, control is passed directly from the 
data list to the format statement until the 
end of the format statement. control then 
returns to the item in the in-line format 
code of the EDIT statement f ollowinq the 
appropriate remote format item. However, 
if no format elements remain but some data 
list elements are still present, control is 
passed back to the beginning of the format 
statement. 

An R format item referring to a label 
which is not attached to a format statement 
will cause an object time error condition 
to be raised, and the execution to 
terminate. 



Phase OB 

Phase OB scans through the text for 
cor.piler functions and compiler 
pseudo-variables <see Appendix D.8). When 
a compiler function is found, pseudo-code 
is generated to access the operands of the 
compiler functions <e.g., string length, 
array bound), and to place the operand in 
the location specified by the 'niPD 
following the function. Assignments to 
compiler pseudo-variables are treated in 
reverse; the result from the TMPD following 
the assignment is stored in the array bound 
or string dope vector slot specified in the 
compiler pseudo-variable. 

Phase OB also scans the text for BUY, 
&ELL, and BUY ASSIGN statements. The 
temporary operands of these statements are 
examined, and if they are CAD or short 
fixed-length strings, they are allocated 
the next available workspace offset, and 
the BUY and corresponding SELL statements 
are removed from the text. 

Phase OD 

This phase contains the translate and test 
table used by SCAN, and other tables and 
constants for phase OE. A block of scratch 
storage is obtained into which the tables, 
routines, and constants are moved. A 
pointer to the beginning of this area is 
passed to OE in a register. 

Phase OE 

Phase OE translates the following triples 
into pseudo-code: 

Assignment 

Multiple source assignment 

Multiple target assiqnment 

ALLOCATE, FREE, BUY, and SELL 

Special assignment 

In-line code is generated for the 
following types of ASSIGNMENT triples: 

1. Floating-point to floating-point 

2. Fixed binary to fixed binary 

3. Fixed decimal to fixed decimal 

4. Numeric field to numeric fieid, if the 

pictures given for the operands are 
identical 

5. CHARACTE~ string to CHAR.Jl.CTE~ string, 
if the operands are fixed length and 
not more than 256 characters 

b. BIT string to BIT string, if the 
operands are aligned and not more than 
2040 bits 

7. Label to label 

8. File constant to file parameter 

9. POINTER/OFFSET to POINTER/OFFSET 

10. FIXED CHARACTER string to VARYING 
CHARACTEH string and VARYING CHARACTER 
string to VARYING CHARACTER strinq 
provided that: 

1. The length of the source operand 
is not greater than 256 bytes 

2. The length of the target string is 
not greater than 256 bytes, if the 
maximum length of the source 
string is not known. 

3. For FIXED CHARACTER string to 
VARYING CHARACTER string the 
length of the FIXED string is not 
greater than 256 bytes. 

Library calling sequences are compiled 
for those cases of CHARACTER string to 
CHARACTER string and BIT string to BIT 
string codes not compiled in-line. 

After checking both AREA operands, AREA 
assignments are performed by the library. 

All other assignment triples are 
translated into the CONV pseudo-code macro. 

If the source operand is a constant, the 
type of the target operand is inserted in 
the constant dictionary entry, for 
processing by the constant conversion 
phase, and the assignment is translated 
assuming the target type. 

MULTIPLE ASSIGNMENT triples produce the 
same code as for single assignment, except 
that the registers used by the operand 
concerned must not be changed or dropped. 

Library callinq sequences are generated 
for ALLOCATE, FREE, BUY, and SELL triples, 
and pseudo-code markers are left in the 
text for insertion of code by Phase QF. 

With SPECIAL ASSIGNMENT triples, if the 
target is a varying or adjustable string, 
storage is obtained if the target is 
AUTOMATIC, or allocated if the target is 
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CONTROLLED. The assignment is then 
translated. 

Phase OG (OL) 

Phase OG converts to pseudo-code all 
statement numbers, statement labels, 
PROCEDURE, BEGIN, PROCEDURE', BEGIN', and 
end-of-program triples. 

The CONVERT pseudo-code macro is 
examined in conjunction with the 
OPTIMIZATION parameter and pseudo-code is 
generated in one of three forms: 

1. Code to call the library conversion 
package 

2. Code to perform the conversion 
"in-line" 

3. A modified CONV macro which is passed 
to phase OM or OP for processing. 
In-line conversion phases which are 
not required (OM and/or OP) are marked 
unwauted. 

IGN pseudo-code items and JMP triples 
are removed. The an1ount of temporary 
working space required by each block of 
program is calculated and placed in the 
workspace dictionary entry (see Appendix 
c. 7). 

The f orrrat of the text is converted so 
that a pseudo-code item does not span 
blocks. 

The INCLUDE card matrix is formed for 
all the conversion modules required. 

Phase Qtr; 

Phase OM is called when either optimization 
levels 00 or 01 are specified. This phase 
scans the pseudo-code for the CNVC macros, 
which phase OG has placed into the text as 
28-byte entries containing a transfer 
vector to select the appropriate conversion 
routine within OM, and replaces any such 
macros with in-line code. 

The conversions inserted by phase OM are 
controlled by phase OG. When OPI'=O, 
certain of the simpler FIXED DEC to 
PICTURE, PICTURE to FIXED DEC, and FIXED 
DEC to FIXED BIN conversions are passed to 
OM. When OPT=l, the remainder of the 
feasible FIXED DEC to or from PICTURE and 
FIXED DEC to FIXED BIN conversions are 
passed to OM together with FIXED DEC·tO 
CHAR conversions. 
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Certain FIXED DEC to PICTURE 
conversions, which phase OG cannot itself 
efficiently detect to be uneconanic when 
performed in-line, are recognized by phase 
OM, which inserts the calls to the 
appropriate library routines. 

Phase OP 

Phase OP generates in-line code to perform 
BINARY to BIT string, BIT string to BINARY, 
and FLOAT to FIXED BINARY conversions. 

Phase os 

Phase OS scans through the constant chain 
in the dictionary and converts the 
constants to the required internal form. 
These are then stored in a constants pool, 
and the off set of each constant from the 
start of the oool is saved in the 
dictionary entry for that constant. 

To permit the correct alignment of the 
constant pool, three scans are ·made of the 
constant chain; first to convert all double 
word constants, secondly to convert all 
single word constants, and thirdly to 
convert all unaligned constants. 

In the first two scans only one pool 
entry is made for constants having the same 
internal form an4 value. 

A fourth scan is made of the constant 
chain and all constants required to 
initialize static are converted, but 
instead of inserting these constants in the 
constant pool, they are moved into special 
dictionary .entries constructed by Phase ·LB. 

THE STORAGE ALLOCATION LOGICAL PHASE 

The purpose of the Storage Allocation Phase 
is to ensure that every item requiring 
storage in a PL/I object program obtains a 
unique location of the correct size, 
located on the correct boundary. Items 
requiring storage include PL/I source 
program variables, dope vectors, dope 
vector skeletons, temporary variables, work 
areas, data descriptors, symbol tables, 
addressing slots, register save areas, flag 
areas, etc. Storage locations are 
allocated to items in order of descending 
alignment requirement to avoid wasting 
storage by padding to the required 
alignment. 



The storage Allocation Phase is also 
responsible for generating prologues. In 
generating the prologues. expressions which 
determine size of variables. code generated 
by the aggregates phase to initialize dope 
vectors, and code generated by the initial 
values phase. must be extracted and placed 
in the correct sequence in the text. Also. 
when a variable depends for its size or 
initial value upon another variable. the 
requests for dynamic storage must be 
arranged so that the dependant variable 
obtains its storage after the variables 
upon which it depends. 

Since all AUTOMATIC and CONTROLLED 
storage is obtained dynamically at object 
time. the storage Allocation Phase 
generates code to relocate dope vectors 
when the allocated storage address is 
known. 

Phase PA 

The purpose of phase PA is to determine the 
eligibility of the automatic chains of any 
block for STATIC DSAs. Any chain not so 
far found to be ineligible for a STATIC DSA 
is scanned to determine the DSA size. 
STATIC DSAs are generated for any chains of 
less than 512 bytes. 

Dictionary entries are generated for 
STATIC DSAs. This phase also acts as a. 
spill area for routines used in phases PD 
and PH. 

Phase PD 

Phase PD is the first STATIC storage 
allocation phase. It scans the text. and 
for every second file statement encountered 
sets up a pointer in the associated 
dictionary which points to the second file 
statement. It then sorts the STATIC chain 
so that the dictionary entries occur in the 
order.in which the storage for their items 
will be allocated. 

Storage is allocated for simple 
non-structured, non-external variables. 
RDVs. DEDs. SAVE/RESTORE entries. and the 
BCD of entry labels and label constants. 
storage is also allocated for dope vectors 
for all items in the STATIC chain requiring 
them. with the excepti9n of EXTERNAL items. 
A full word address slot is allocated in 
STATIC for each STATIC DSA. 

The external section of the sorted 
STATIC chain is scanned and a 4-byte 
addressing slot is allocated for each entry 

label. label constant. external (entry type 
4) entry. built-in function. or EXTERNAL 
item. For each EXTERNAL item the size of 
the external control section is calculated 
and stored in the dictionary entry. 

The constants chain is scanned and the 
offsets of the storage and dope vectors for 
constants in the constants pool are 
relocated. 

The current size of the STATIC INTERNAL 
control section is computed and the result 
is passed via the communications region to 
the next phase. 

Phase PH 

Phase PH is the second STATIC storage 
allocation phase. It scans the AUTOMATIC 
chain and CONl'ROLLED chain for all items 
requiring a dope vector. 

For each such item a skeleton dope 
vector dictionary entry is generated in the 
STATIC chain (see Appendix C.7}. This 
dictionary entry contains a bit pattern 
equal in length to that of the dope vector 
and containing all those values which are 
known at compilation time. In particular. 
it contains as much of the relative virtual 
origin as is known at compilation time. the 
constant bounds and string lengths. and the 
constant multipliers. 

Skeleton dope vectors are not put into 
the ST~TIC chain for AUTOMATIC variables in 
any block whose DSA is in STATIC. except 
when the variable dimensions bit is set to 
one. 

If the item is dynamically DEFINED. then 
the dope vector is preceded by one extra 
four-byte slot. (In the case of structures 
there is one extra slot for each element of 
the structure.} If the item is a dynamic 
temporary (temporary type 2) or a 
CONTROLLED scalar string, the virtual 
origin slot is relocated by the length of 
the dope vector. 

In all cases the skeleton dope vector 
dictionary entry is pointed at by the 
dictionary entry of the associated item. 

The sorted STATIC chain is scanned from 
the first skeleton argument list entry. 
For each such entry. space is allocated in 
the STATIC INTERNAL control section 
according to the assembled length of the 
argument list. The offset of each skeleton 
argument list is stored in the OFFSETl slot 
of the dictionary entry. 
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RDV and DVD entries are found on this 
same scan of the STATIC chain. RDV entries 
are allocated eight bytes; DVD entries are 
allocated the specified lenqth. 

A scan is made of the section of the 
STATIC chain containing STATIC INTERNAL 
arrays. Storage is allocated for each 
array according to its size <computed by 
Phase JK) and the offset of the relative 
virtual origin is relocated to the start of 
the STATIC INTERNAL control section. If 
the array is of the VARYING type and it 
needs a dope vector, then storage is 
allocated for the secondary dope vector. 
The number of elements is calculated for 
INITIAL arrays and stored in the associated 
INITIAL dictionary entry. 

The section of the STATIC chain 
containing STATIC INTERNAL structures is 
scanned. Storage is allocated for each 
structure according to the size of the 
structure <computed by Phase JK), and this 
storage is placed on the correct boundary 
on information supplied by Phase JK. The 
structure member chain for each structure 
is scanned and the relative of.fset. of each 
member is.relocated to the start ~f the 
STATIC INTERNAL control section. Further, 
on the structure member scan. secondary 
dope vectors are allocated when required, 
and the number of elements is calculated 
for INITIAL arrays. 

Phase PL 

Phase PL scans the STATIC. AUTOMATIC, 
CONTROLLED. structure. and PROCEDURE block 
chains for variables which require storage 
for their symbol tables and/or data element 
descriptors. 

When a variable is found which requires 
a symbol table, the variable is joined onto 
the chain of symbol variables for the 
particular block. A symbol table 
dictionary entry is created for the 
variable (see Appendix c.7), and a chain is 
set up to and from the dictionary entry for 
the variable. The new dictionary entry is 
joined onto the STATIC chain. 

The size of the symbol table is 
calculated. and its offset from the start 
of the STATIC control section is stored in 
the symbol table dictionary entry. 
Throughout th~ allocation of STATIC storage 
a location counter is maintained to contain 
the next free location in STATIC; this 
counter is increased appropriately. 

All symbol variables require a OED and a 
branch is taken to the routine which 
allocates them. 
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When a variable is found which requires 
a OED, it is determined whether or not the 
OED describes a standard type; there are 
eight standard types, which consist of the 
different kinds of real coded arithmetic 
data that can be obtained by the 
combination of the attributes FIXED/FLOAT, 
BINARY/DECIMAL. LONG/SHORT (default 
precisions only>. 

If the OED is of a standard type, a 
check is made for an identical OED that may 
have already been encountered, so that 
there will be only one allocation of 
storage for any one type of standard OED. 
If the OED is not of a standard type. it is 
allocated storage of its own. 

If the variable does not already have a 
symbol table dictionary entry <which 
contains space for OED information>. a DED 
dictionary entry is constructed. and the 
off set of the DED in the STATIC control 
section is stored in it. A pointer in the 
new entry in the dictionary entry for the 
variable is also set up. 

~hen all data element descriptors and 
symbol tables in the compilation have been 
processed, all STATIC storage has been 
allocated and the total size of the STATIC 
control section is placed in a slot in the 
communications region. 

I Phase PP <PO> 

Phase PP extracts all ON condition entries 
and places them at the head of the 
AUTOMATIC chain. It then extracts all 
temporary variable dictionary entries from 
the AUTOMATIC chain and places them in the 
zone following the ON conditions in the 
chain. 

All dictionary entries which are totally 
independent of any other variable are 
extracted. and also placed in the zone 
following the ON conditions. 

The phase then extracts all dictionary 
entries which depend upon some other 
variable in containing blocks or in the 
zones already extracted. and places them in 
the next following zone. Dependency 
includes expressions for string lengths, 
expressions for array bounds. expressions 
for INITIAL iteration factors, and defined 
dependencies. This is repeated recursively 
until the end of the chain. If some 
variable depends upon itself, a warning 
message is issued. 

A special zone delimiter dictionary 
entry is inserted between each zone in the 
AUTOMATIC chain <see Appendix c.7). A code 



byte is initialized in the delimiter to 
indicate to Phases PT and QF whether its 
following zone contains any variables w~~ch 
require storage <i.e., it does not consist 
entirely of DEFINED items, which do not 
require storage), and whether or not the 
following zone contains any arrays of 
VARYING strings. 

Phase PT 

Phase PT allocates AUTOMATIC storage, scans 
the CONTROLLED chain, and determines the 
size of the largest dope vector. It scans 
the entry type 1 chain, and for each 
PROCEDURE block or BEGIN block it allocates 
storage for a DSA and compiles code to 
initialize the DSA. 

A two-word slot in the DSA is allocated 
for each ON condition in the block, and 
code is compiled to initialize the slot. 
Space for the addressing vector and 
workspace in the DSA is also allocated. 

Two words are allowed for tasking 
information in the DSA if the TASK option 
is on the external PROCEDURE of the 
compilation. 

The AUTOMATIC chain.is scanned and dope 
vectors are allocated for the items 
requiring them. Code is compiled to copy 
the skeleton dope vector, and to relocate 
the address in the dope vector. 

Where there is a block with its DSA in 
STATIC, dope vector initialization is not 
performed for the variables in the first 
region of the AUTOMATIC chain. Address 
slots in dope vectors for variables in the 
remainder of the chain are relocated. 

storage is allocated for addressing 
temporaries type 2 and for adciressing 
controlled variables, and for the 
parameters chained to the entry type 1. 

The first region of the AUTOMATIC chain 
is scanned and storage allocated for double 
precis~on variables, single precision 

I variables, halfword binary variables, 
CHARACTER strings, and BIT strings, in that 
order. 

The first region of the AUTOMATIC chain 
is scanned and storage allocated for 
arrays, relocating the virtual origin. For 
arrays of strings with the VARYING 
attribute, the secondary dope vector is 
also allocated and code is compiled to 
initialize the secondary dope vector. 
Correctly aligned storage is allocated for 
structures. If a structure contains any 
arrays of strings with the VARYING 

attribute., the storage for the secondary 
dope vector is allocated at the end of the 
structure. 

A pointer is set up in the AUTOMATIC 
chain delimiter to ·the second file 
statement which has been created. 

The remaining regions of the AUTOMATIC 
chain are scanned and code is compiled to 
obtain a Variable Data Area (VOA) for each 
region. Code is compiled to copy the 
skeletons into the dope vectors and to 
relocate the addresses in the dope vectors. 
During this pass, any DEFINED items which 
are to be addressed directly have the 
storage offset and the storage class copied 
from the data item specified as the base 
identifier. 

Phase OF 

Phase QF, which constructs prologues, scans 
that text which is in pseudo-code form at 
this time with end-of-text block markers 
inserted. 

When a statement label pseudo-code item 
is found, it is analyzed and one of three 
things happens: 

1. The item is saved if it relates to a 
PROCEDURF. statement 

2. The item is omitted if it relates to a 
BEGIN or ON block 

3. The item is passed if it relates to 
neither of the first two conditions 

When ~ BEGIN statement is found, a 
standard prologue of simple form is 
generated, and code is inserted from second 
file statements (if there are any) to get 
the DSA, either dynamically, or in the case 
of eligible bottom-level blocks, by using 
the supplementary LWS made available at 
initialization time. Code is also inserted 
to initialize the DSA and to allocate and 
initialize any VDAs. 

When a PROCEDURE statement is found, it 
is first determined whether it heads· an ON 
block or a PROCEDURE block. If it is an ON 
block, a standard prologue (similar to that 
for a BEGIN block) is generated. If it is 
a PROCEDURE block, a specialized prologue 
is generated. This takes account of ~he 
manner of getting the DSA, the number of 
entry points, the number of entry labels on 
a given entry point, the number of 
parameters on each entry point, and whether 
the PROCEDURE is a function. 
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Prologue code is generated for AUTOMATIC 
scalar TASK, EVENT or AREA variables, in 
order to perform the initialization 
requireg when these variables are 
allocated. 

The code generated by the prologue 
construction phase is partly in pseudo-code 
and partly in machine code. The machine 
code <which is delimited by special 
pseudo-code items) has the same form as the 
code produced by the Register Allocation 
Phase (see Appendix D.7). 

DSA optimization is performed under 
certain conditions (see Appendix H). 

At the end of the prologue, the 
statement label item saved earlier is 
inserted to mark the· apparent entry point. 
Code is produced to effect linkage to BEGIN 
blocks in such a way that general register 
15 contains the address of the entry point, 
and general register 14 contains the 
address of the byte beyond the BEGIN 
epilogue. 

At the end of the text, any text blocks 
that are not needed are freed, and control 
is passed to the next phase. 

Phase QJ 

Phase QJ scans the text for ALLOCATE, FREE, 
and EUY statements. 

On finding an. ALLOCATE statement, a 
routine is called which does a 'look ahead' 
for initialization statements associated 
with the allocated variable, e.g., 
adjustable array bounds or adjustable 
string lengths, and places the' text 
references of each state~ent in the 
dictionary entry associated with each 
statement. 

If the allocated item has a dope vector, 
code is qenerated to move the skeleton dope 
vector generated by Phase PH into a block 
of workspace in the DSA of the current 
block. 

Any adjustable bound expressions or 
string length expressions are then 
extracted from the text references, and· the 
expressions are placed in-line in the text. 

Any informa~ion required from previous 
allocations (specified by * in the ALLOCATE 
statement> is extracted from the previous 
allocation, and copied into the workspace. 

Code generated by Pha.se JK to initialize 
multipliers, etc., is extracted and placed 
in-line, after first loading the variable 
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storage accumulator with the dope vector 
size. Phase JK generates code to increment 
the accumulator register by the size of the 
item. 

If the item has no adjustable 
parameters, code is generated to increment 
the accumulator by the size calculated at 
compilation time. If this size is greater 
than 4,096, Phase JK generates a constant 
dictionary entry, which is used in this 
code. 

If the item has any arrays of varying 
strings·, the size of the array string dope 
vector is added to a second accumulator 
register. Code is generated to add the two 
accumulators into the second one, which is 
a parameter to a library routine. A 
routine is then called which extracts the. 
library call inserted by pseudo-code and 
places it in-line in the text. 

Code is inserted after the library call 
to initialize the dope vector in workspace 
to point to the allocated storage. Code is 
generated to transfer the dope vector from 
the workspace to the allocated storage. 

The code generated by phase JK to 
initialize arrays of varying strings, 
tasks, events, and areas is then inserted 
in the output stream. 

Any initial va1ue statements associated 
with the ALLOCATE statement are extracted 
and placed in-line. The initialization 
statements are then skipped, and the scan 
continues. The last two steps are also 
performed for LOCATE (based variable) and 
ALLOCATE (based variable) statements. 
Action for a BUY statement is similar to an 
ALLOCATE statement, with the following 
exceptions: 

1. Bound and string length code is 
in-line, bracketed between BUYS and 
BUY statements - there is therefore no 
look ahead 

2. There is no initial value code 
associated with temporaries 

3. A slot in the DSA is updated with the 
pointer to the allocated storage for a 
temporary 

The action on encountering a· FREE 
statement is to generate code to load a 
parameter register with the pointer to the 
allocated stordge for the FREE VDA Library 
call inserted by the pseudo-code. 



Phase QU 

Phase QU scans the pseudo-code text in 
search of instructions which have 
misaligned operands. <A misaligned operand 
has the UNALIGNED attribute and is not 
aligned on the boundary appropriate to its 
data type). When such an instruction is 
found, QU inserts a move character (MVC) 
instruction in the pseudo-code text to move 
the operand to or from an aligned workspace 
area, and substitutes the address of this 
workspace for the operand address in the 
original instruction. If the address of a 
misaligned operand is loaded into a 
register, a note is made of that register. 
QU thereafter treats the instructions which 
refer to it as if they ref erred to the 
operand itself, by inserting a move 
character instruction, and substituting the 
workspace address for the reference in the 
instruction. 

In handling misaligned operands, phase 
QU uses storage beginning at off set 32 from 
register 9 for its workspace. 

Whenever a load address <LA> instruction 
is found which lies within the calling 
sequence of a library routine and which 
loads the address of a misaligned argument 
of that routine, an aligned workspace 
address is substituted in the instruction, 
and the requisite move character 
instruction is stacked. It is not inserted 
in the output text until the instruction is 
encountered that loads register 15 prior to 
the exit to the library routine, or in the 
case of EDIT-directed I/O routines, until 
the appropriate branch-and-link (BALR) 
instruction is encountered. The stacked 
move ch~racter instruction is inserted into 
the output before the exit to the routine 
if the argument in question is an input 
argument to the routine, and after the 
return from the routine if it is an output 
argument. 

Whenever a fixed binary temporary of 
precision < 16 is encountered in the text, 
the dictionary is checked to see if this is 
a member of an argument list (phase GP will 
have set bit). If it is, the instructions 
referring to it are altered to halfword. 
~he displacement in any Load Address 
ref erring to the temporary is incremented 
by 2. 

References to halfword binary items are 
reolaced by halfword instructions where 
PL/I permits. Where possible and 
desirable, fullword instructions are used 
to perform calculations, and only LH/STH 
instructions used to access storage. 

Fullword conversion is inserted into the 
library calls marked by phases LS and NG. 

In handling halfword binary items, phase 
QU uses 4 bytes, beginning at offset o from 
register 9, for workspace. 

Phase QX 

Phase QX is the 'AGGREGATE LENGTH TABLE' 
printing phase. It is entered only if the 
ATR (attribute list) or XREF <cross 
reference list) options are specified. It 
scans the STATIC, AUTOMATIC, CONTROLLED and 
COBOL chains, and, for each major structure 
or non-structured array that is found, a.n 
entry is printed in the AGGREGATE length 
table. 

An AGGREGATE LENGTH TABLE entry consists 
of the source program DECLARE statement 
number, the identifier and the length <in 
bytes> of the aggregate. In the case of a 
CONTROLLED non-BASED aggregate no entry is 
printed for the DECLARE statement, but an 
entry is printed for each ALLOCATE for the 
aggregate, the source program ALLOCATE 
statement number being printed in the 
'statement nwnber' column. 

Where the length of an aggregate is not 
known at compilation the word •ADJUSTABLE" 
is printed in the 'length in bytes' column 
of the entry for that aggregate. If an 
aggregate is dynamically defined, the word 
"DEFINED" appear$ in that column. An entry 
for a COBOL mapp~d structure Ci.e. 1 a 
structure which a COBOL record is read into 
or written from>, has the word •ccoBOL)" 
appended, but such an entry will appear 
only if the structure does not consist 
entirely of one of the following: · 

• doubleword data 

• fullword data 

• halfword binary data 

• character string data 

• aligned bit string data 

• a mixture of character string and 
aligned bit string data 

If a COBOL entry does appear, it is 
additional to the entry for the PL/I mapped 
version of the structure. 

Before printing begins the aggregate 
length table entries are sorted so that the 
identifiers appear in collating sequence 
order. 
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THE REGISTER ALLOCATION LOGICAL PHASE 

The purpose of the Register Allocation 
Phase is to insert into the text the 
appropriate addressing mechanisms for all 
types of storage, and to allocate physical 
general registerR where symbolic registers 
are specified or required as base 
registers. 

This phase comprises two physical 
phases, each with a specific function. The 
first, Phase RA, processes the addressing 
mechanisms, while the second phase, Phase 
RF, allocates the physical registers. 

~n additional phase RD is called in 
between RA and RF when the optimization 
option is 2 or greater. This pnase 
attempts to optimize the storinq and 
loading of registers in use over compiler 
generated branches. 

I Phase RA (RB,RC) 

Phase RA scans the text for dictionary 
references, the beginninqs and ends of 
PROCEDURE and BEGIN blocks, and the 
starting points of the original PL/I 
statements. 

A dictionary reference, when found, is 
decoded into a word-aligned dictionary 
address and a code. These are used to 
deteririne what is being referenced. The 
corresponding object tiroe address as an 
offset and base is then .calculated. 

If the address requiLed has nn offset 
less than 4,096 and a base whi~h is either 
an AUTOM.~TIC or STATIC data pointer, no 
P.xtra instructions ci.re q<enE~rated. If this 
is not so, extra instructions are inserted 
in the text stream to calculate the 
r~quired address. The calcula~ion of this 
"ddress is brok1:?n down into logical steps 
in a 'step table.' On completion, the table 
is scanned backwards to determine whether 
an intermediate result has been previously 
calculated. The steps which have not been 
previously calculated are then assembled 
into the pseudo-code. 

The coirpiled code is added either to the 
output stream or to a separate file. The 
code in the separate file is terminated by 
a store instruction to save the calculated 
address. The extra "insertion file" is 
placed in the prologue of the relevant 
block by the next phase. Instructions are 
stored in-line if the referenced item is 
CONTROLLED, if it is a ~arameter, if fewer 
instructions are required to recalculate 
the base rather than load the stored 
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address, or if the reference itself is in 
the prologue. 

If no addressing code is generated, a 
special item is put in text to tell phase 
RF what base to use. 

All relevant information for PROCEDURE 
and BEGIN blocks is stacked and unstacked 
at the start and end of the blocks 
respectively. 

At the start of PL/I statements, code is 
compiled to keep the required PREFIX ON 
slots in the Dynamic Storage Area updated. 
On meeting the pseudo-code error marker, 
the calling sequence to the library error 
package is generated, and the error marker 
removed. 

If the STMT option has been specified, 
code is generated at the start of each PL/I 
statement to keep the statement number slot 
in the current DSA up to date. 

Phase RD 

Phase RD examines all EQUs and determines 
their uses. ~ table is set up in scratch 
text blocks conta~ning a four-byte slot for 
each EQU. The number of text blocks 
required is calculated f rore the value in 
the ZMAXEQ field in the·communications 
region. The first text block, containing 
the slots for the first N-4 EQU values 
(where N = text block size>, is locked into 
main stora~~ so that these slots can be · 
accessed by direct addressing. 

The other slots are accessed via their 
text references, and their text blocks are 
brought into storage as needed, by the 
compiler control routines. A dictionary of 
text block nmnbers for.each range of EQU 
values is kept in the pnase. This allows 
for a maximum of 64 text blocks, i.e., 
under the smallest SIZE parameter a maximum 
of 16K EQU values are allowed. 

The table is built up during a pass of 
the program text. At the end of the text 
pass the table is scanned. Any EQU which 
is not used is deleted. Any EQU which is 
either before the first use or used more 
than once is flagged by setting t~e first 
bit of the EQU value on. During this scan 
of the table, the current table text block 
is locked into storage and released when 
the scan is completed for the block. 



I Phase RF (RG,RB) 

Phase RF scans the text for register 
occurrences, implicit and explicit, and the 
start and end of PROCEDURE and BEGIN 
blocks. At the beginning of PROCEDURE and 
BEGIN blocks all relevant information is 
stacked, and is later unstacked at the 
corresponding end. 

Registers are classified as assigned, 
symbolic, or base. 

~ssigned registers require the 
explicitly mentioned register to be used. 
If that register is not free it is stored. 
symbolic registers may occupy any register 
in the range 1 through 8. An even-odd pair 
may be requested. Base registers may 
occupy any of registers 1 through 8. 

When a register is requested, a table of 
the contents of registers is scann~d, to 
determine whether the register already has 
the required value. If it does, that is 
used. If it does not, and it is not an 
assigned register, a search is made for a 
free re9ister and this is allocated if one 
is found. Should no register be free, a 
look-ahead is performed to determine which 
register it is most profitable to free. 

If a register contains a base it need 
not be stored on freeing. If a register 
contains a symbolic or assigned register, 
it may require to be stored when freed, 
depending upon whether it has had its value 
altered since any storage associated with 
it was last referenced. 

At a BALR (Branch and Link) instruction 
it is ensured that all the necessary 
parameter registers are in physical 
reqisters, and not in storage. 

No flow trace is carried out by the 
compiler. Therefore, the register status 
is roade zero at branch-in and branch-out 
points. An exception is at a conditional 
branch. Here the registers are not freed 
after having been saved. 

Any coded addressing instructions are 
expanded when found in-line. At a specific 
"insertion point• in a prologue, any 
addressing instructions in the •insertion 
file• are crou9ht in and expanded. 

THE FIIiAL ASSEMBLY LOGICAL PHASE 

The Final Assembly Phase converts the 
pseudo-code output of the register 
allocation phase into machine code·, the 
principal functions being the substitution 

of machine operation codes for pseudo-code 
operations, and the replacement of PL/I and 
compiler inserted symbolic labels by offset 
values. 

Loader text is generated for program 
instructions, DECLARE control blocks, and 
OPEN file control blocks, initial values 
defined in the source program, parameter 
lists, skeleton dope vectors, symbol 
tables, etc. ESD and RLD cards are 
generated for external names and 
pseudo-registers. An object listing of the 
code generated by the compiler is produced 
if the option has been specified by the 
source programmer. 

Phase TF 

Phase TF scans the text, assigns offsets to 
compiler and statement labels, and 
determines the code required for 
instructions which reference labels. 

The size of each procedure is determined 
and stored in the PROCEDURE entry type 1. 
A location counter of machine instructions 
is also maintained. 

Phase TJ 

Phase TJ scans the text until no further 
optimization can be achieved in the final 
assembly. 

A location counter is maintained for 
assembled code, and offsets are assigned to 
labels. 

The size of each procedure is determined 
and stored in the PROCEDURE entry type 1. 
The amount of code required for 
instructions to reference labels is also 
determined, while attempting to reduce this 
from the amount estimated by the first 
assembly pass. 

This phase also attempts to reduce the 
number of Move (MVC) instructions by 
searching for consecutive MVC instructions 
which refer to contiguous locations. 

Phase TO (TQ) 

Phase TO sets the four byte slot ZPRNAM, in 
the communication region, to contain the 
first four characters of the first entry 
label of the external_procedure, for the 
purpose of object deck serialization. 
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Phase TO also pL·oduces ESD cards for the 
compiled program. It first makes up six 
standard entries for: 

1. Program Control Section (CSF.CT) (SD 
type) allowing room for the compiler 
subroutines if these are present. 

2. STATIC internal CSECT (SD type) 

3. Invocation count (PR type) 

4. Entry points to library routines, 
IHESADA and IHESADB (ER type) 

5. IHEQERR (PR) 

6. IHEQTIC (PR) 

If the external procedure has the MAIN 
option, an entry for a one-word CSECT (SD 
type) is made up. An entry is made for the 
CSECT 1H entry and entries are made up for 
all entry labels in the external procedure 
(LD type). 

The entry type 1 chain is scanned and an 
entry (PR type) is made up for each block 
and procedure. 

The external section of the STATIC chain 
is scanned and entries are made up for: 

1. Built-in functions and library 
functions (ER type) 

2. Files (ER type) 

3. STATIC external variables (SD type) 

4. External entry names (ER type) 

5. Programmer ON condition names (SD 
type) 

The CONTROLLED chain is scanned and an 
entry is made up for each CONTROLLED 
variable and task name <PR type). 

The size of the program control section 
is incremented to include the compiler 
subroutines. 

All STATIC DSAs are put into the STATIC 
INTERNAL control section, their combined 
sizes being allowed for when the size of 
the CSECT is calculated. 

Module TQ is used to produce a list of 
library conversion routines required for 
execution of the program. ER type entries 
are made up for each name in the list. 
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Phase TT 

Phase TT scans the text and maintains a 
location counter for assembled code. 

Loader text (TXT) and relocation 
directory (RLD) cards for requested 
combinations of load and punch files are 
generated. 

Nested procedures are unnested at object 
time by suitable manipulation of the 
location counter. The offset of each 
procedure from the start of text is left in 
the PROCEDURE entry type 1. 

Compiler labels are numbered for use by 
the object listing phase, and trace 
i.nformation is set up at entry points. 
Phase TT also generates the text for the 
compiler subroutines. These subroutines 
are put out in one of the following 
combinations: 

1. EPILOGUE subroutine 
DYNAMIC PROLOGUE subroutine 
STATIC PROLOGUE subroutine 

2. EPILOGUE subroutine 
DYNAMIC PROLOGUE subroutine 

3. EPILOGUE subroutine 
STATIC PROLOGUE subroutine 

Phase UA 

Phase UA generates text for the static 
internal CSECT: initial1zes a CSECT for 
each static external variable; and, 
optionally (if the LIST option is present), 
lists all the text produced for the static 
internal CSECT and provides suitable 
CC?nunents. 

The phase first scans to the start of 
the external section of the STATIC chain, 
generating text for entry labels, label 
constants, compiler labels, file 
attributes, label variable BCDs, and DEDs 
for temporaries. Simple variables found on 
this scan are used, together with the 
labels, to mark the start of the character 
string section of the chain. 

The phase then scans to the end of the 
external section of the chain, initializing 
address constants for external variables, 
external entry names. built-in and library 
functions, programmer-defined ON-condition 
names, external files, and label constants. 
Text is made up for the constants pool. 

The third scan of the STATIC chain 
starts at the point left by the previous 



scan, and generates text for dope vector 
skeletons, argwnent lists, RDVs and DVDs, 
and symbol tables. The scan is terminated 
at the end of the chain. 

Phase UA makes up RLD cards for the 
address slots for STATIC DSA's and for the 
address slot of the start of the epilogue 
subroutine, if generated. 

Text cards are output to initialize all 
ARE~'s, EVENT'S, and TASK'S. Arrays Of 
AREA's, will have a text card for each 
element. 

Phase UD 

Phase UD generates RID and TXT cards to set 
up dope vectors at link-edit and load time. 

TXT cards are generated for each STATIC 
DSA, containing its length, which is found 
in the· STATIC DSA entry. 

TXT and QLD cards are generated to set 
up the dope vectors for structured items 
and any non-structured items appearing in 
the AUTOMATIC chains. The TXT cards are 
derived from the skeleton dope vector 
•mtries. The RLD cards are generated for 
each virtual origin slot. 

When the last STATIC DSA has been 
processed control is released from phase 
UD. 

Phase UE 

Phase UE initializes those items on the 
STATIC chain not processed by Phase UA. 

The phase first scans to the start of 
the external section of the chain, making 
up text for simple data, and listing label 
variables. 

The second scan starts at the head of 
the character string section of the chain, 
and initializes dope vectors for all static 
internal variables which need them. 

The thi~d scan corresponds in extent to 
the third scan in Phase UA, but generates 
text for arr~ys, and simple and interleaved 
structures. At the end of this scan, a • 
test is made to determine whether the 
external procedure of the program has the 
MAIN option. If so, a one-word CSECT 
(IHEMAIN) is made up, to contain the 
address of the principal entry point to the 
compilation. 

The phase then executes its final scan, 
which extends over the external section of 
the chain, to initialize a CSECT for each 
external variable or external file. 

Finally, any incomplete text and.RLD 
cards are punched out, and an END card is 
produced for the compiled program. If the 
OBJNM parameter is present for batch 
compilation, phase UD punches a N~E card 
to follow the END card. 

Phase UF (UH) 

Phase UF scans the text, and lists, in 
assembly language format, machine 
instructions compiled for the source 
program. It inserts comments in the 
listing for statement numbers, statement 
labels, entry points, prologues, and 
procedure bases. 

Phase UF contains module UH which 
generates NAME from a dictionary reference. 
OF also lists the text for the compiler 
subroutine. This is done by releasing UH 
and loading module UI which performs this 
function. Upon termination of this phase 
module UI passes control to phase XA. 

THE ERROR EDITOR .LOGICAL PHASE 

The Error Edito~ Phase is entered at the 
end of all canpilations. The first phase, 
Phase XA, examine~ the dictionary and 
determines whether there are any messages 
to be printed out. If there are none, this 
phase terminates the compilation. If there 
are diagnostic messages to be printed ~ut, 
phase XB is loaded and the third section of 
the phase directory is completed. Phase xc 
is then loaded and this together with phase 
XA causes further modules (XF, and blocks 
XG to YY) to be loaded, which process the 
error dictionary entries and print out the 
appropriate messages. 

Phase XA 

Phase XA examines the heads of the error 
chains in the first dictionary block, and 
the programmer options which specify the 
severity level of messages required. If 
there are no diagnostic messages to be 
printed, this phase prints out a completion 
message and completes the compilation. If 
diagnostic messages are required, the phase 
loads module XB which completes the phase 
directory for compiler Control. Phase XB 
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is then released and phase xc and the 
message address block XF are loaded. 

The error editor then scans down the 
error roessage chains and marks each error 
dictionary entry. with an indication of 
where the associated message is to be 
found. This information is obtained from a 
table in module XF. 

~he text of all error messages is kept 
in modules XG through YY. The messages are 
ordered, by severity, within these modules. 
Module XA will have listed those modules 
which contain messages required for a 
particular compilation. Module xc loads 
and releases these modules, one at a time, 
and extracts the required messages. Having 
loaded a particular module, the phase scans 
down the associated error message chain in 
the dictionary for error entries associated 
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with the module. It accesses the error 
message text and scans it. 

The message to be printed is built up in 
a print buffer in internal compiler. code. 
This involves a translation from EBCDIC 
mode, which is used for the messaqe text 
skeleton. The message is completed by the 
insertion of a statement number, an 
identifier, or a numeric value as specified 
by the message dictionary entry. The 
message is segmented, where necessary, to 
avoid spilling over a print line, 
translated to external code, and finally 
printed out. 

When all error message dictionary 
entries have been processed, module XB 
returns control to phase XA, which passes 
control to module AA for termination of the 
compilation. 



CHAPTER 3: FLOWCHARTS, TABLES, AND ROUTINE DIRECTORIES 

~ For descriptions of terms and 
abbreviations us'ed in the text during a 
compilation which are mentioned in this 
chapter, refer to Appendix D.11. 

This chapter provides a complete guide 
to the compiler logic, in the form of 
flowcharts and associated tables and 
routine directories, arranged in phase 
order. 

Flowcharts 

The flowcharts are presented at three 
levels of detail -- overall, logical phase, 
and physical phase. The overall compiler 
flowchart (Chart 00) points to the logical 
phase flowcharts (Charts 01through11), 
each of which appears at the head of the 
set of physical phase flowcharts to which 
it points. The physical phase flowcharts 
point (by means of identifiers placed next 
to the blocks) to the various routines 
used. Entry points to physical phases are 
labeled. 

Where transfer is effected between 
modules within a physical phase, the entry 
label into thP. entered module is shown as 
follows: 

1. Where the means of transfer is a 
transfer vector, an asterisk is shown 
as the label on the flowchart, and a 
note at the foot of the chart states 
that the transfer vector table is 
located at the start of the module. 

2. When transfer is made from a decision 
block, the block representing the entry 
is labeled. 

With the exception of •fall-through• 
branches, all branches from decision blocks 
are labeled where possible. Where the 
branch is actually a branch table, this 
fact is indicated on the chart, and the 
label of the· branch table is given. 

In some cases, additional labels have 
been given, to assist in following the 
program flow. 

Tables and Routine Directories 

For each physical phase, a table is 
provided, which lists the operations 
performed and identifies the routines and 
subroutines involved. Where applicable, a 
routine directory follows the table. This 
provides an alphanumerically arranged list 
of the routines and subroutines contained 
in the phase, and states their function. 

In some cases, a physical phase 
comprises more than one module1 this means 
that routines contained in different 
modules may be listed together in one 
routine directory. To assist in 
cross-reference to the compiler listings, 
the following convention has been adopted: 
if a routine is contained in a module whose 
label is not identical to that of the phase 
under discussion, the label of the 
containing module is inserted in 
parentheses after the routine .name in the 
directory. 

In the case ·of a phase sharing a routine 
contained in another phase, the lab~l of 
the containing module is indicated in 
parentheses after the routine name in the 
•subroutines Used" column. The routine 
will not then appear in the routine 
directory for the phase under discussion, 
but will be found in the routine directory 
for the containing phase. 

Chart and Table Identification 

Identification of tables and physical 
phase flowcharts is based on the phase 
label. 
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•Chart 00. overall Compiler Flowchart 
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•••••A2•••••••••• ••••At••••••••• • oo• . . ·-·-·-·-·-·-·-·-· • .i::NTRY •-------->• COMPILER • 
• • • CO!ITROL • 
••••••••••••••• •INITIALIZATION • ....... T ....... 

... •••••81•••······· 82 •. • 01• •• •• 
•-•-•-•-•-•-•-•-• YES • • IS MACRO •. 
• COMPILE-Til'lI: •<--------•. OPTION ON • • 
•PRE-PROCESSOR • •. .• . . •. .• ....... T....... ..f" 

. .. . .. 
Cl •. C2 •. . . .. . . . . 

• • IS IT NO * • NO NO • • •. 
•, COMP , •----> ---•.IS IT CKAR48 • • •. .• .. .. •. . . •. . . . . .. • ... 

• YE.S • YES 

l ..... J ........ 
••••Dl••••••••• • • 

• • • EXECUTE FORTY • 
* · RETURN • •EIGHT CKARACTER* 
• * •PRE-PROCESSOR • ............... . . 

__ ::::::{'""" 
•••••E2•••••••••• • 02• ·-·-·-·-·-·-·-·-· . . 
• READ-IN • . . 
"'""'I""'"' 
•••••F2•••••••••• • 03• ·-·-·-·-·-·-·-·-· . . 
: DICTIONARY : ....... T ....... 

. •. •••Gt••••••••••• G2 •. 
PRINT OUT .• *· 

•ATTRIBUTE AND * YES • • ATR/XREF *. 
CROSS REFERENCE <-------• . OPTION OH • • 

• TABLE • •. .• .. .. 
·········c~ ____ _:~i-:o 

•••••H2•••••••••• • 04• ·-·-·-·-·-·-·-·-· . . 
•PRE-TRANSLATOR • . . ....... T ....... 
•••••J2••········ • OS• ·-·-·-·-·-·-·-·-· . . 
• TRANSLATOR • . . ....... T ....... 

•••••Kl********** •••••K2•••••••••• • 07• • 06• ·-·-·-·-·-·-·-·-· ·-·-·-·-·-·-·-·-· • •<-------· • 
• OPTIMIZATIOll • * AGGREGATES * . . . . ········1········ ................ . 

••••• 
•OO • • A2• .. 

• 

gs~m~ ~~~~0toKmgR:-i~i::~m~~L~~~i6~~c 
TE:>IT AND DICTlOilAf<Y Rl.fE~ENCES A1~D CO.l'l'riOLS 
ALL INTERFACES c·ETWEEN TllE COMPILER ANi:I 
THE OPERATING SYSTEM. 

THE COMPILE-TIME PRE-PROCESSOi! ACCEPTS INPUT co:~Al?;I:<iG 
THE COMPILE TIME STATEMENTS Of i'L/l A.lD 
PRESENTS THE COMPILER WITH THE SOURCE Tl:.XT 
RESULTING FROM EXECUTION OF TllE3E STATEMO:.ITS. 

THE FORTY EIGHT CHARACTER SET PREPROCF.SSOR 
ACCEPTS SOURCE PROGRAMS WRITTEN IN THE FCdTY 
EIGHT CHARACTER SYNTAX OF PL/I ANL CONVl.RTS THEM 
INTO SIXTY CHARACTER SYNTAX. 

THE REAP- IN LOGICAL PHASE CHECKS THE SYNTAXOF 

PillR~~m A~gG~VE~E~~~~I~U~~m~o~~ THE 
PROCESSED TEXT TO AID LATER PHASES. 

THE DICTIONARY LOGICAL PHASE CONSTRUCTS THE 
DICTIONARY OF IDENTIFIERS FROM INFORMATION IN 

~~~iss~iE~~~~I~'MR~~ ~gw¥m· ~~ ~~~~RENCES 
TO THE DICTIONARY. 

THE TRANSLATOR LOGICAL PHASE CONVERTS TrlE 
PL/I SOURCE TEXT TO A COMPUTER-ORIENTED FORM 
CALLED 'TRIPLES'. GENERIC SELECTION IS ALSO 
CARRIED OUT. 

THE AGGREGATES LOGICAL PHASE MAPS ALL 
STRUCTURES AND ARRAYS TO ALIGN ELEMENTS 
ON CORRECT STORAGE BOUNDARIES. PSEUDO-CODE 
IS PRODUCED TO CARRY OUT INITIALIZATION AT 
OBJECT TIME. · 



Chart 00. overall Compiler Flowchart <cont'd> 

•••••A2•••••••••• 
••••Al••••••••• • OB• . . ·-·-·-·-·-·-·-·-· • OOA2 •-------->• PSEODO-CODE • 

• • • LOGICAL PHASE • ••••••••••••••• • • ••••••••••••••••• 

·'· 1 Bl •. •••••B2•••••••••• •• •• • 09• 
NO .• •. •-•-•-•-•-•-•-•-• 

---•. ATR OP'l'ION .~--------• STORAGE • 
•. .• • ALLOCATION • 

•. • • • LOGICAL PHASE • •• •• • •••••••••••••••• ra 
•••Cl••••••••••• 

• PRitrl' OOT • 
AGGREGATE 

• LBNGTB TABLE • 

__:::::::1······ 

•••••Dl•••••••••• •••••D2••••••••~4 
• 10• • 11• 

·-·-·-·-·-·-·-·-· ·-·-·-·-·-·-·-·-· • REGISTER •-------->•FINAL ASSEMBLY • 
• ALLOCATION • • LOGICAL PHASE • 
• LOGICAL PBASE • • • .....•.•..•...... ········i········ 

... 
E2 •. .. .. 

NO .• IS LIST •. 
--•. OPTION ON .• .. .. .. . . .. .. r 

•••F2••••••••••• 
• PRODUCE 
OBJECT LISTING 

• • 

~==::r· ... 
. •. 

G2 •. .. .. 
NO .• ANY •. 

---•. DIAGNOSTICS .• .. .. .. . . .. .. 
ru 

•••H2••••••••••• 
• PRINT OUT 

DIAGNOSTIC 
• MESSAGES • 

~==:::::i······ 
... 

J2 •• 
• • ANY • • 

• • MORE •. YES 
•.COMPILATIONS .•--1 •. IN THIS .• 

•.BATCH.• .... 
• A2• • • • 1

. NO :oa·: 

••••K2••••••••• 
• RETURN TO • 
•CALLING PROGRAM• • • ••••••••••••••• 

THE PSEUDO-CODE LOGICAL PHASE PERFORMS MANY 
PASSES OVER THE TEXr. EACH PASS CONVERTS SOM~ 
OF THE TEXT CONTEXT TO A FORM ALLIED TO 
ASSEMBLY lANGUASB, CALLED PSEUDO-CODE. 

THE REGISTER ALLOCATION LOGICAL PHASE PERFORMS AN 
ANALYSIS OF OBJECT TIME ADDRESSIBILITY AHD ALLOCAUS 
PHYSICAL REGISTERS IN PLACE or SYMBOLIC ONES. 

THE FINAL ASSEMBLY LOGICAL PHASE ESTABLISHES 
OBJECT TIME BRANCH ADDRESSES ANO COMPLETES 
TRANSLATION TO MACHINE CODE. LOADER TEXT IS 
PRODUCED. 
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•Chart AA. Resident control Phase Logic Diagram (Modules AA through AM, and JZ) 

. ... . . 
: Bl ~ .... 
" 

ZlNIT OPNFILIS PROPEN OPTPROC l 
••••A1••••••••• :••••A2•••••••••: :••~p~~·;;;1~:••: :••••All•••••••••: :••••AS• •••••••: 

• ffi1Y PROM • • LOAD • • SYSPRINT • • BUILD FIRST • •LOAD I EMAF AND • 
:: •• ~:.:::::::------>:I•JimIHHi" :-------->:~1¥°i~6Rl!IO'fic:-------->: HA~fRg~Tg=~SE :-------->:PROCEl~s~PTIONS: ................. ................. ................. . ............... . .... .... . ... . . . . . . 
• 91 ·--1 . 811 ·--i • E2 •<-1 • • • • • • 
•••• •••• •••• NO 

•••••B1•••••••••• s2·•·.. •••••B3•••••••••• s11·•·.. es· · •. . . .. .. . . .. . . . . •. 
• • YBS .• UTBNDED •. NO • • • • IS MACDCK •. NO • •IS 118 CllAt< •. 
• RILBASE IEMAP • 1--•. DICTIORARY .•-------->• LOAD U:MAN •-------->•. SPECIFIED .•-------->•. SPECIFU:O • • 
• • •.RBQOIRBD .• • • I\ •. • • A • • • • . . .. .. . . i .. .. .. .. ········1········· ...• . .·· ................. .. .. . .. . 

: C3 : 1\1<-= •:;•: : •;;• =--1 : ::•: i• YES 1 YES .... . . . . .... . ... 
NO•••• •••• • • 

c1·•·.. c2· ·•. ••••-cl•••••••••• •••••ell•••••••••• : Dl : .. .. .. .. . . . . . ... 
NO • • IP THIS A •. YES • • IS SAME •. YES • • • • 

!
-•· BATCH JOB .•------>•.TYPE OP DICT •• •--1 • LOAD IEMAL • • OPEN SYSPUN:::ll •-----

•• .• •.RBQOIRBD .• • • • • .. .. .. .. . . . . .... .. .. . ··.·· .... ········i········· ................ . 
• • • • 
• B2 • • Bii • • • • • •••• •••• • ••• 

NODUllP 
•••••D1•••••••••• 

• • 
• Bii • • • • • •••• • • 

I->: LOAD IBMAC · : •••• • ••• • • • • 

: ;~· i·······1········· : .:!.: : .:t:.: : .;:.: 
•:::NBW NOMP ! LODFST ~ 

•••••Bl•••••••••• •••B2••••••••••• •••••E3•••••• •••• •••••Ell•••••••••• •••••r:;S•••••••••• 
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. . . . . . . . 
~PEN SYSUT3 FOR• •PRINT LIST OF • • RELEASE • • LOAD IBMAM ro • •LOAD A COMPILER• 
• OOTPUT ----> OPTIONS -------->•INITIALIZATION •-------->• MARK LATER •-------->• PHASE 
• • • • • PHASE IBMAB • • PHASES • A • • • • • • • j • • 
;:~~:;~········ .......... I::::__ __ _::::~: .. :::---~::::~:::::~-- ......... ! ....... . 

.•. n • . •••••P2• •••••••• IEMXX IS ANY ONE •••• •rs• ••••••••• 
• • •. • • OP THE PHYSICAL •••• •IEMXX • 

.• WAS PHASE •. YES • BXBCOTE IBMAC • PHASES DESCRIBED • • •-•-•-•-•-•-•-•-• 
•• IEMBX .•------->*TO OPEN SYSOT3 • IN THE FOLLOWING • Fl •<----•CALL A COMPILER• 

•. • • • POR INPUT • CHARTS • • • PHASE • .. .. . . .... . . .. . . ................. . ............... . 
r NO 

Gl • • • •· •••••G2•••••••••• G3 • • •. •••••Gii• ••••• ••• .. .. . . .. . . . . 
• • •. YES • EXBCOTE IBMAG • • • WAS IBMAC •. YES • • 

•.WAS IT IEMCV .-------->• TO TIDY OP •----->•. LOADED .•-------->• RBI.EASE IEMAC • 
•. .• • APTER READ-IN • •. • • • • .. .. . . .. .. . . .. .. ................. .. .. . ............... . i .. . ------------------------

··· 81 •. •••••B2•••••••••• 
• • • • • EXBCOTE IBM!'l • •••• 

• • •. YES • TO SBB IP • • • 
•.WAS IT IBMP1 .•------>• SYNTAX CHBClt •---->• BS • 

•. • • •SHOULD TBRMIN- • • • 
•· • • •ATE COMPILATION• •• •• •• •• • •••••••••••••••• 

I.. .. 
J1 .• • •. •••••J2•••••••••• J3 • • •. ZBN~••••Jll•••••••••• 

• •END 01' • • • EXBCUTE IBMJZ • • • RAS • • • CLOSE DATA • 
.··iils81 !t~I ·:.!!~---->:T0dl!J.1idli°ND:__ ____ >.:•PHMm •:.!~----->Mg~f> Ii~~KITY: 

• •. • • • DIRBCTORY • •. ERROR • • I\ • CODE • 

•••••JS•••••••••• 
• CLOSE SYSUTl • 
• SCAN BATCH • -->• DELUU:rER • 
• RECORD FOR • 
• SYNrAX ERRORS • .. .. . . . . .. . . 

··1· ·:o ••••••••••••••••• •. ~.. ········1········· ········1········· 
1 YES <------------------------

110 *• •. •••••1t2•••••••••• 13 • • •. •••••Kii•••••••••• 
.• •. • LOAD CLOSING • .• •. • • ••••KS••••••••• 

•• •WA~Ru~· ·:~~---->:OPD~i0HdLTY:------->•:~A:I~~Ns·:.~~--- : REI.USE Alt =-------->=CALu~gR~R~RAM: 
• •• •• • • •• :coDE POR BATCH : ··1~ BATC~. •• : : ............... .. ··.·:o ••••••••••••••••• •·•·• ••••••••••••••••• 

l •••• • • • Bii • • • •••• 



•Chart AT. Phase AT overall Logic Diagram 

INIT .•. .•. 
A2 •. A3 •. 

****A'********* .• *· .• -·ARE •. 
•ENTRY FROM RDCD* .• IS THIS A •. NO .• PHASES •. NO 
• IN AB •-------->•.TRACE CONTROL.•-------->•.LOADEO BEFORE.•-------------------------------------------

1 

• * f\ • • CARD • • •. AT IN- • • 
••••••••••••••• •. • • •VOLVED.• .. .. . ... 

i'.. attRL r~ 
•••••82•••••••••• •••••Bl•••••••••• •••••B4•••••••••• 
• CONSTRUCT A • • CARRY OUT ANY • • INSERT ANY • ••••BS••••••••• 
* CONTROL TABLE • • REP OR VERIFY • • TRACE MARKEKS • •RErU~N TO ROCO • 

---:ENT:lxTR~~~DTHE: : REQ¥fl~S IN :-------->:IF RE~~~TED LN:-------->: IN AB : 
• • • • • • ••••••••••••••• ................. ................. ················~ 

LOAD .1~::-----------::::::::-----------------1 .•. 
C2 •. •••••CJ•••••••••• C4 •. 

••••Cl••••••••• .•WAS REP•. •REP AND YERIIY • .• IS A •. 
• ENTRY FROM • .• OR VERIFY *• YES • AND PRINT • .• TRACE •. NC 
• PHASE LOADING •-------->•.REQUESTED IN .•-------->• MESSAGES IF •-------->•. WANTED IN .•-----
* ROUTINE IN AA • •. THIS • • • NECESSARY • •. THIS • • 
••••••••••••••• •.PHASE.• • • •.PHASE.• •.. .. ................. . .. . 

• • YES 

TRACLOAD l 
•••••D4•••••••••• 
• • ••••OS••••••••• 
• INSERT THE • • RETURN TO • 
• START OR ENO •-------->•LOADING ROUTINE• 
• TRACE MARKERS • • IN AA • 

TRACRELS 
•••••E2•••••••••• 

••••El••••••••• • • ••••E3••••••••• 
:peffiRizi~NG :_ _______ >:cg~~6f f~~tls =-------->=DEL~iu~~~~NE : 
• ROUTINE IN AA • • • • IN AA • ••••••••••••••• • • • •••••••••••••• ••••••••••••••••• 

TRACEIT .•. .•. 

• • ••••••••••••••• ••••••••••••••••• 

F2 *• F3 •. •••••F4•••••••••• 
••••Fl••••••••• • •IS THIS•. .• •. • REMOVE END • ••••FS••••••••• 

• ENTRY FROM • .•A START OR •. YES .• IS IT A •. NO • TRACE MARKERS• •RETURN CONTROL • 
• IR'lERRUPT •-------->•. END TRACE .•-------->•. START TRAC! .•-------->• AND INSERT •-------->•VIA SUPERVISOR • 
• BANDLBR IN AA • •. MARKER • • *• MARKER .• • START TRACE • • TJ PHASE • 
••••••••••••••• *• •* *• • • • MARICBRS • ••••••••••••••• •• • • • • •• • •••••••••••••••• 

•1 NO r>S ·'· 
G3 •. G4 *• •••••GS•••••••••• 

••••G2••••••••• .• •. .• •. •RESTORE OPCODE.• 
• RETURN TO • •• IS THE •• NO • •IS TRACE"To•. NO •OVERWRin: NEXT • 
• INTERRUPT • •.STMTFLG FLAG .•-------->•. START YET .•-------->• OPCODE WITH • 
• HANDLER IN AA • •. SET .• •. • • • STAR? TRACE • 
••••••••••••••• •. .• *• .• • MARKO • '·i·;... '·i·;.. ········1········ 

•••••H3•••••••••• •~•••B4•••••••••• •••••HS•••••••••• 
•RESTORE OPCODE.• •PRINT HEADIN3S • • • 
• OVERWIRTE • • CHANGE RETORN • •SET ON STMTFLG • 
•PREVIOUS OPCODE• •ADDRESS IN PSW • • FLAG • 
• WITH START • •IN PIE TO THAT • * • 
• TRACE MARKBR • • OF TRACE RTN * • • 

~~~~~~~~I~~~~~~~ ········1········ ········1········ 

• • ••••J4••••••••• ••••JS••••••••• •SET OFF STMTFLG• • GO VIA • •RETURN CONTROL • 
• FLAG •-----1 * SUPERVISOR TO • i-->•VIA SUPERVISOR • • • • TRACE ROUTINE • • TO PHASE • • • ••••••••••••••• • •••••••••••••• ••••••••••••••••• 

-------------------------

TRA~f •••R2.!::::::::---------:::~::::::::~::------;;;;-::::::::::::::::--------::::::::1•••••••• ••••Jtl••••••••• •PUT INSTRUCTION• •EXECUTE INSTRN.• • • 
:ENTRl~IQlACE =-------->=A~N~ST~g~s: ________ >:p~iaf~tEi~~~D=--------> • PRI~INiRACE ·-------->: Ii~fRn~~IoN : 
• • • PRINT LINE • • STORAGE INTO • • • • 
••••••••••••••• * * • LINE • • • ••••••••••••••••• ••••••••••••••••• •••••••••••••••• • •••••••••••••••• 

EXIT FROM THE ABOVE LOOP WILL OCCUR WHEN A PRIVILEGED OPERATIOH 
INTERRUPT OCCURS ON ENCOUNTERING AN END TRACE MAHER IN THE 
CODB BIING 'l'RACBD. 
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Table AA. Module AA Compiler control Resident control Phase 
,-----------------------------------------------T---------------T-----------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Routine Called I 
·-----------------------------------------------+---------------+-----------------------~ 1·1nitializes the compiler I ZINIT I LOADW, ABORT, I 
I I I I 
IParameters passed: General register 1 points at( I I 
lthe passed parameters I I I 
IEntry to the operating system: GETMAIN(R), I I I 
ITIME, LINK, SPIE I I I 
·-----------------------------------------------+---------------+-----------------------~ !Deletes a list of loaded phases IRELESE IZUERR, ABORT I 
I I I I 
IParameters passed: PAR1 -- address of list of I I I 
I phases to be deleted I I I 
IEntry to the operating system: DELETE I I I 
·-----------------------------------------------+---------------+-----------------------~ 
IDeletes a list of loaded phases and passes RLSCTL IModule AD if inter-
lcontrol to either the next requested phase or !phase dumping is req-
lthe next named phase f uired; Module AE if it 
I lis end of Read-In 
IPara~eters passed: PARl -- address of list of IPhase; ZUERR, ABORT 
(phases to be deleted: PAR2 -- address of name I 
(of phase to which control is to be given, or I 
I zero I 
I Parameters returned: PAR1 -- load point of new I 
(phase I 
IEntry to the operating system: DELETE, I 
ILOAD(EPLOC), LOAD(DE), LINX I 
·-----------------------------------------------+---------------+-----------------------~ (Loads the required phase and returns control tolLOADX IZUERR, ABORT I 
I the caller. The phase may be loaded again I I I 
I I I I 
IParameters passed: PAR1 -- address of name of I I I 
I phase to be loaded I I I 
IPararoeters returned: PAR1 -- load point of I I I 
Jphase I I I 
f Entry to the operating system: LOAD(DE) I I I 
·-----------------------------------------------+-~-------------+-----------------------~ 
(Marks phases as •wanted' and 'not wanted' IREQEST IZUERR, ABORT I 
I I l I 
IPararoeters passed: PAR1 -- address of I f I 
(list of phase names to be marked 'wanted;' I I I 
JPAR2 -- address of list of phase names to be I I I 
I marked ' not wanted' I I I 
(Entry to the operating system: None I I I 
·-----------------------------------------------+--~-----------+-----------------------~ 
IPuts a record out to SYSLIN IZULF ILFERRX I 
I I I I 
(Para~eters passed: PARl -- address of output I I I 
I record I I I 
IEntry to the operating system: PUT LOCATE(QSAM>I I I 
·------------------·----------------------------+-------------+-----------------------~ 
IPuts a record out to SYSPUNCH IZUSP JSPERRX I 
I I I I 
IParameters oassed: PARl -- address of output I I I 
I record I I I 
!Entry to the operating system: PUT LOCATE(QSAMll I I 
L-----------------------------------------------~---------------~-----------------------' 
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Table AA. Module AA Compiler Control Resident Control Phase (cont'd) 
r-----------------------------------------------T---------------T-----------------------, 
I , I Main Processing I I 
I Statement or Operation Type I Routine !Routine Called I 
·-----------------------------------------------+---------------+-----------------------~ 
IDeletes currently loaded phases and passes IZABORT, ABORT !Module AD if dump op- I 
f control to the Error Editor I ltion specified; RLSCTL I 
I I I I 
IEntry to the operating system: LOAD(EPLOC) if I I I 
I dump option specified I I I 
·-----------------------------------------------+---------------+-----------------------~ 
!Picks up completion code and returns control tolZEND IZUPL I 
lthe program that called .compiler I I I 
I I I I 
I Entry to the operating system: TIME, FREEMAIN, I I I 
I DELETE I I I 
·-----------------------------------------------+---------------+-----------------------~ 
IHandles all program checks IPIH IZUERR I 
I I I I 
!Parameters passed: ARINT holds address of I I I 
!routine wanting to handle interrupt. ARMASK I I I 
tholds mask indicating which interrupts it is I I I 
I de.sired to handle I I I 
I I I I 
!Entry to the operating system: None I I I 
L-----------------------------------------------~---------------~-----------------------J 

Table AA1. Module AA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
t~outine/Subroutinel Function I 
·------------------+--------------------------------------------------------------------1 
IABORT IOeletes currently loaded phases, passes control to error editor. I 
I I I 
fBLKERR IEnters message "REFERENCED BLOCK NOT IN USE•, then terminates I 
I I compilation. I 
I I I 
ICONSLD ITakes dictionary reference and points at relevant slot in dictionary! 
I tcontrol block area (DSLOTS). 
I I 
ICONSLT !Takes text referP.nce and points at relevant slot in text block 
I !control area (TSLOTS). 
1 I 
IDF:REE !Finds dictionary block which can be written on disk to make room for 
I la new block in storage. 
I I 
ILFERRX !Marks error on SYSLIN data set. 
I I 
ILOADX ILoads required phase and returns control to caller. The phase may 
! lbe loadP-d again. 
1 I· 
ILOADW !Loads required phase and returns control to caller. 
I I 
IFIE IHandlP.s all program checks. 
I I 
jPLEFRX !Prints record on SYSPRINT data set. Pagination (paging action) is 
I tperformed automatically. 
I I 
f RDERRX IMarks error on SYSIN data set. 
I I 
IREADX !Reads a block from disk. 
I I 
IRELESE !Releases all loaded phases. 
I I 
IREQEST IMarks phases as •wanted' or 'not wanted.' 
I I 
tRLSCTL IReleases all loaded phases and passes control to next required or 
I I named phase. . 
L------------------~-----------------------·---------------------------------------------
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Table AAl. Module AA Routine/Subroutine Directory <cont'd) 
r------------------r--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ ISPERRX IMarks error on SYSPUNCH data set. I 
I I I 
IZABORT IDeletes currently loaded phases and passes control to error ed~tor. I 
J I I 
IZEND IPicks up the completion code for the cowpilation and returns control I 
I Ito ZINT to continue the batch, or to the operating system at the endl 
I lof a single or batch compilation. I 
I I I 
f ZINIT !Initializes the compiler. I 
t I I 
IZULF IPuts record out to SYSLIN data set. I 
I I I 
I ZUSP I Puts record on to SYSPUNCH data set.. I 
L------------------~--------------------------------------------------------------------J 
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Table AB. Module AB Compiler control Initialization 
r-----------------------------------------------T-----------~---T-----------------------1 
I · I Main Processing I I 
I Statement or Operation Type I Routine I Routine Called I 
~----~-----------------------------~------------+---------------+-----------------------~ 
IIssues a BLDL macro instruction on all phases IPROPEN !None I 
lin compiler, and constructs a compacted phase I I I 
I dictionary I I I 
I I I I 
IEntry to the operating system: BLDL I I I 
~-------~---------------------------------------+--'-------------+-----------------------~ 
!Prints initial heading and performs scan of IOPTPROC !None I 
f option list. Default options are taken where I I I 
I necessary I I 1 
I I I I 
f Parameters passed: General register 1 points tol I I 
!option list passed at invocation time I I I 
IEnLry to the operating system: TIME, I I I 
IPUT LOCATE(QSAM) I I I 
·------------------~----------------------------+-~-------------+-----------------------~ 
IMakes the initial space allocation. for text andlOPENR f None I 
tdictionary blocks. Sets up communication I I I 
I region I I I 
I I I 1 
I Entry to the operating system: GETMAIN (R) I I I 
~---------------------------------------~------~+---------------+-----------------------~ 
topens spill file if text and dictionary blocks IOPENSP f None I 
tare lK I I I 
I I I I 
lintry to the operating system: OPEN I I I 
~-----------------------------------------------+---------------+-----------------------~ fobtains the guaranteed 4K of scratch storage fGETSCR f None I 
I I I I 
f Entry to the operating syste~: GETMAIN(R) I I I 
~------~----------------------------------------+---------------+-----------------------~ 
!Loads intermediate file writer (Module AC). fNODUMP IZUPL (AA) I 
I o::etn but fer sizes for SYSTJT3 and opens the data I I I 
!set I I I 
I I I I 
I Entry to the operating system: LOAD (EPLOC) 1 I · 1 I 
!OPEN I I I 
~-----------------------------------------------+---------------+----~--------------~---~ 
!Prints out list of options for this compilationlNDMP IZUPL (AA) I 
I I I I 
IEntry to the operating system: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
!Enters error messages 9enerated when SYSIN, IPJ13 · IZUERR (AA) I 
ISYSPRINT opened I I I 
I I I I 
!Entry to the operating sy~tem: None I I . I 
t-----------------------------------------------+---------------+-----------------------~ 
fReads first card and stores. Uses as heading IRDCD IZURD, ZUERR, ZUPL I 
I if required I I (all in AA) I 
~-----------------------------------------------+---------------+-----------------------~ 
I I I I 
IReturn to pre-initializer in IY.MAA I.ABOUT INone I 

' t-----------------------------------------------+---------------+-----------------------~ 
IOpens SYSPUNCH if MACDCR specified IMCD IZUERR · I 
I I I I 
IEntr.y to the operating system: OPEN I I I 
~----------------~------------------------------+---------------+-----------------------~ 
!Loads dictionary handling control routines ILODCNTL !None I 
I (phase IEMAN or I:EMAL depending on normal I I 1 
f dictionary or extend~d dictionary being I I I 
!specified in the options) I I I 
l · I I I 
t£ntry to the operating system: LOAD . I I I 
L-----------------------------------------------~---------------~------------------~----J 
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NODUMP 

OPENR 

OPENSP 

OPTPROC 

IPJ13 
I 
I 
IPROPEN 
I 

Loads intermediate file writer module AC. 
SYSUT3 and opens data set. 

Sets buffer sizes for 

Makes initial space allocation for text and dictionary blocks. 
up comrnunica.tions region. 

Opens spill file. 

Prints initial heading and performs scan of option list. 

Enters diagnostic messages generated when SYSIN and SYSPRINT data 
sets are opened. 

Issues BLDL macro instruction and constructs phase directory. 

l~DCD Reads first card. 

l------------------i--------------------------------------------------------------------

Table AC. Module ~c Compiler control Intermediate File control 

r------------------------------------------------T---------------T-----------------------1 I IMain Processing! I 
I Statement or Operation Type I Routine I Routine Called I 
·---------:---------------------------------------+---------------+-----------------------i 
IWrites a record onto SYSUT3 f IEMAC !None I 
I I I I 
I Parameters pass ea: PARl -- address of output I I I 
lrecordi PA.~2 -- length Of record I r I 
IEntry to the operating system: PUT LOCATE(QSAM>I I I 
·-----------------·------------------------------+---------------+-----------------------~ 
f Link to file switching routine (Module AG) IENDED INone I 
I I I I 
IEntry to the operating system: LINK I I I 
l---------------------------~-------------------i _______________ i _______________________ J 

Table AD. Module AD Compiler Control Interphase Dumping 

r-----------------------------------------------T---------------T-----------------------1 I I Main Processinql I 
I Stat~ment or Operation Type I Routine I RoutinP. Used I 
~-----------------------------------------------+---------------+-----------------------i 
IDebugqinq aids. This routine contains a dump- IIEMAD f ZDRFAB, ZTXTAB, ZUPL I 
I ing pr:o9ra:11 which is invoked by use of the DUMPI I <all in AA), I 
I option I I DUMP I l-----------------------------------------------i _______________ i _______________________ J 

Table ADl. Module AD Routine/Subroutine Directory 
r------------~-----T--------------------------------------------------------------------, I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IDUMP fconverts contents of specified area of main storage to hexadecimal, I 
I I prints the result. I 
l------------------i--------------------------------------------------------------------J 
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Table AE. Module AE Compiler Control Clean-Up Phase 

r-----------------------------------------------T-~-------------T-----------------------1 
I · I Main Processing I I 
I Statement or Operation Type I Routine I Routine Called I 

~---~-------------------------------------------+---------------+-----------------------~ IInput and intermediate file control. current IIEMAC INone I 
linput file is closed and IEMAC is deleted if l<Module AC) I I 
I present I I I 
I I I I 
IEntry to the operating system: CLOSE(current I I I 
I input file), DELETE I I I 
~-----------------------------------------------+---------------+-----------------------~ IOpens SYSLIN and SYSPUNCH data sets if requiredlNOT48 IZUERR (AA) I 
I I I I 
IEntry to the operating system: OPEN I I I 

·-----------------------------------------------+-~-------------+-----------------------~ IExpands the number of blocks in storage to fourlNOTDCK !None I 
ltext and four dictionary, if running with the I I I 
144k size option I I I 
I I I I 
IEntry to the operating system: GETMAIN I I I 
L-----------------------------------------------L---------------L-----------------------J 
Table AEl. Module AE Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
lrloutine/Subroutinel Function I 

·------------------+--------------------------------------------------------------------~ 
IN0~48 IOpens SYSLIN and SYSPUNCH data sets as required. I 
I I I 
INOTDCK IExpands number of blocks in storage. I 

L------------------L--------------------------------------------------------------------J 

Table AF. Module AF Compiler Control Sysgen Options 

r---------------------------------------------------------~----------------------------1 
I Function I Subroutines I 
~-----------------------------------------------------------+-----------------~----------i 
!This module contains no executable instructions. It is !None I 
!generated at SYSGEN time and passes the default options I I 
tand values to the compiler I I 
l----------------------------------------------------------L----------------------------J 

Table AG. Module AG Compiler Control Intermediate File Switching 
r-------------------------------------------------------~-~----------------------------, 
I FUnction I subroutines. I 
~------------------~---------------------------------------+----------------------------. 
1switches SYSUT3 from an output file to an input file !None I 
I I I 
IEntries to the opera~inq system: OPEN and CLOSE I I 
L----------------------------------------------------------L----------------------------J 
Table AK. Module AK Compiler Control Closing Phase 

r---------------------------------------------------------~----------------------------1 I Function I Subroutines . I 
~----------------------------------------------------------+----------------------------~ 
!Closes files, frees scratch core and deletes unwanted IZURC(AA) I 
I phases I I 
I I I 
llf batch compiling, scans batch delimiter card for correctl I 
!syntax and updates completion code. I I 
I I I 
IEntries to the operating system: TIME, CLOSE, FREEPOOL, I I 
IDELETE, and FREEMAIN . I I 
L----------------------------------------------------------~----------------------------J 
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Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases 

r-----------------------------------------------,.---------------T-----------------------1 I I Main Processing I Routine Called I 
I Stat~ment or Operation 'I'ype I Routine I I 
·-----------------------------------------------+---------------+-----------------------i 
!Releases scratch storage allocated by ZUGC IZURC IZUERR, ABORT I 
I I I I 
I Parameters passed: PAR1 -- a count of the I I I 
I number of entries to ZUGC to be released I I I 
I Entry to the operating system: FREEMAIN if I I I 
I storage being replaced is outside the guaran- I I I 
I teed 4R block I I I 
~-----------------------------------------------+---------------+-----------------------i !Inserts diagnostic message in the dictionary f ZUERR IZDRFAB, ZDICRF, ZDICAB I 
I I I I 
I Parameters passed: PARS -- numeric parameter I I I 
I (if any); PAR6 -- message number; PAR7 -- add-I I I 
I ress of text (if any> or dictionary reference I I I 
I (if any>; PARS -- length of text (if any> I I I 
f Entry to the operating system: None I I I 
~-----------------------------------------------+---------------+-----------------------i fTakes a dictionary reference and points at the ICONSLD INone I 
f relevant slot in the dictionary block control I I I 
tarea (DSLOTS) I I I 
I I I I 
I Parameters passed: PARl -- dictionary I I I 
I reference I I I 
I Parameters returned: Address of slot in GRA I I I 
I Entry to the operating system: None I I I 
~-----------------------------------------------+-~-------------+-----------------------i 
f Takes a text reference and points at the fCONSLT I I 
!relevant slot in the text block control area I I I 
I (TSLOTS) I I I 
I I I I 
f Parameters passed: PARl -- text reference I I I 
I Parameters returned: Address of slot in GRA I I I 
I Entry to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------~ !Allocates space for a text block ITRYMRT IDFREE, TFREE, ZUPL, I 
I I I ABORT I 
I Parameters passed: Relative track address of I I I 
I the block (if block is on disk) in RDTTR. I I I 
I Otherwise RD'rrR is zero I I I 
I Parameters returned: Address of blbck in GRO I I. I 
I Ent.ry to the operating syntem: GETMAIN (VC) if I I I 
I storage available. OPEN if no space left I I I 
I for text blocks I I I 
~-----------------------------------------------+---------------+-----------------~-----i 
JAllocates space for a dictionary block ITRYMRD IDFREE, TFREE, iUPL, I 
I I I ABORT I 
I Parameters passed: Relative track address of I I I 
I block (if block is on disk) in RDTTR. Other- I I I 
I wise RDTTR is zero I I I 
I Parameters returned: Address of block in GRO I I I 
I Entry to the operating system: GETMAIN(VC) if I I I 
I storage available. Open if no apace left for I I I 
I dictionar; blocks I I I 
·-----------------------------------------------+-~-------------+-----------------------~ !Investigates the dictionary block control used IDFREE f CONSLD, ZUERR, ABORT, 
l<DSLOTS), to find which block can be written onf IWDREAD, WRTRD, WDWRIT 
Ito disk to make space for a different block in I I 
I storage I I 
I I I 
I Parameters passed: Relative track address of I I 
I block required in storage in RDTTR. RDTTR=O I I 
I if a block is being created I I 
I Parameters returned: Address of block in I I 
I storaae in BLOKAD I I 
I Entry to the operating system: None I I 
L-------------------------------~---------------L---------------L-----------------------
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Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases (cont'd) 
r-----------------------------------------------T---------------T-----------------------1 
I , !Main Processing! Routine Called I 
I Statement or Operation Type I Routine I I 
~-----------------------------------------------+---------------+-----------------------1 
!Investigates the text block control area ITFREE ICONSLD, ZUEP.R, ABORT, I 
l<TSLOTS), to find which block can be written I IWDREAD, WRTRD, WDWRIT I 
!onto disk to make space for a different block I I I 
lin storage I I I 
I I I I 
I Parameters passed: Relative track address I I I 
I block required in.storage in RDTTR. RDTTR=O I I I 
I if a block is being created I I I 
I Parameters returned: TFREE I I I 
I Entry to the oper.atinq system: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
I Create space in storaqe by writing on disk I WDWRIT I WRITEX I 
I I I I 
I Pararoeters passed: RDTTR=O, BLOKAD contains I I I 
I address of block that can be written out I I I 
I Pararoeters returned: BLOKAD contains address I I I 
I of block in storage that is now available I I I 
I Entry to the operating system: WRITE(BSAM>, I I I 
I CHECK, NONE I I I 
~-----------------------------------------------+---------------+-----------------------~ 
f Writes a block onto disk and reads a second onetWRTRD IREADX, WRITEX, ZUERR, I 
linto its place in storage I IABORT I 
I I I I 
I Pararoeters passed: RDTTR contains relative I I I 
I track address of olock to be read. BLOKAD I I I 
I contains address of block to be written I I I 
I Parameters returned: NOTTR contains relative I I I 
I track address of block in storage I I I 
I Entry to the operating system: WRITE(BSAM), I I I 
I CHECK, NOTE I I I 
~-----------------------------------------------+------~--------+-----------------------~ 
!Reads a block from disk into space already IWDREAD IREADX I 
tavailable in storage I I I 
I I I I 
I P~rameters passed: RDTTR holds relative track I I I 
I address of block to be read. BLOKAD holds I I I 
I address cf space in storage I I I 
I Parameters returned: BLOKAD holds address of I I I 
I block in stor•3ge I I I 
I Entry to the operating system: None I I I 
~-----------------------------------------------+---------------+--------------------~--i 
fWrites a block onto disk IWRITEX · IZUPL, ZENO I 
I I I I 
I Parameters passed: TEMP4 holds relative track I I I 
I address of space on disk I I . I 
I Entry to the operating system: XDAD(WI), WAIT I I I 
t-----------------------------------------------+---------------+-----------------------~ 
!Reads a block from disk IREADX IZUPL, ZENO I 
I I I I 
I Parameters passed: TEMP4 holds relative track I I I 
I address of block on disk 1 I I 
I Parameters returned: PARl -- address of input I I I 
I area I I I 
I Parameters returned: PAR2 -- record length I I I 
I Entry to the operating system: GET MOVE <OSAM>I I I 
~---------------~-------------------------------+---------------+-----------------------~ 
!Reads a record from SYSIN IZURD !None I 
I I I I 
I Parameters passed: PAR1 -- address of input I I I 
I area I I I 
I Parameters returned: PAR2 -- record length I . I I 
I Entry to the operating system: GET. MOVE (QSAM>I I I 
L-----------------------------------------------~---------------~-----------------------J 
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Table AL/AN. Modules AL/AN Extended Dictionary/Dictionary Phases (cont'd) 

r-----------------------------------------------T---------------T-----------------------1 
I !Main Processing! Routine Called I 
I Statement or Opera ti on Type I Routine I I 
·~----------------------------------------------+---------------+-----------------------~ 
f Puts a record out to SYSPHIN'i'. Pagination f ZUPL IPLERRX I 
!<paging action> is ~erformed automatically I I I 
I I I I 
I Parameter::> passed: PARl -- ad".lress of output I I I 
I buffer. 1'~~3 -- add.res~ of output buffer I I I 
I containinq µa;e headinq CiE dny) I I I 
I Entry to the ooerating systelt}: PUT LOCA'l'E I I I 
I (QSAM) I I I 
·-----------------------------------------------+---------------+-----------------------i 
f Finds a new text block. Optionally chains the IZUTXTC ICONSLT, TRYMRT, ZUERR, I 
!new block to the current block and changes the I I ABORT, BLKERR I 
tstatus of the current block I I I 
I I I I 
I Parameterti passed: PAR1 -- optionally, a I I I 
I reference to the currP.nt block. PAR2 -- a I I I 
I status and chain indicator I I I 
I Paramete.rs returned: PAR1 -- reference to new I I I 
I block: PAH2 -- absolute address of the I I I 
I beginning of block I I I 
I ~ntry to the op~ratinq system: None I I I 
·-----------------------------------------------+---------------+-----------------------~ IFinds the next text block in the chain. IZCHAIN ICONSLT, TRYMRT, BLKERR I 
!Optionally, changes the status of the current I I I 
f block I I I 
I I I I 
I Paraweters passed: PAR1 -- a reference to the I I I 
I current block; 'PAH2 -- a status indicator I I I 
I Pararoeters returned: PARl -- reference of the I I I 
I n~xt block in the chain. PAR2 -- absolute I I I 
I address of next block in chain _ I I I 
I .Entry to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------~ 
IChanges the status of the referenced text blocklZALTER ICONSLT, BLKERR I 
I I I I 
I Param€ters passed: PARl -- a ref ere~ce to the I I I 
I block. PAR2 + 3 -- required 'status' byte I I I 
I Entry to the operatinq syst_em: None I I . I 
·-----------------------------------------------+---------------+-----------------------i 
!Converts a text reference to an absolute IZTXTAB ICONSLT, TRYMRT, BLKERR I 
!address and optionally, does not chan~e status I I I 
I of the block I I I 
I I I I 
I Pararoeters pasoed: PARl -- reference to be I I I 
I ·converted and option in.;i.icator bit I I I 
I Parameters returned: PAR1 -- the absolute I I I 
I address I I I 
I .r_~try to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------i 
!Converts an absolute address to a text IZTXTRF ICONSLT, BLKERR, ZUERR, I 
lrefer~nce. I I ABORT I 
I I I I 
I Parameters passed: PARl -- a text reference tol I I 
I the block contcining the absolute address; I I I 
I PAR2 -- the address to be converted I I I 
I Parameters returned: P~Rl -- the required textl I I 
I reference I I I 
I Entry to the operating system: None I I I 
~-----------------------------------------------+---------------+-----------------------i 
1£nters messaae 'REFERENCED BLOCK NOT IN USE' IBLKER~ f ZUERR, ABORT I 
I into dictionary and then terminates compilation I I I 
I Entry to the operating system: None I I I 
l-----------------------------------------------L---------------L-----------------------J 
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T~ble AL/AN. Modules AL/AN Extended Dictionary/Dictionarj Phases <cont'd) 
r---------------------,---------------------------.----------------r-----------------------, 
I IMain Processingl Routine Calles I 
I Statement or Operation Type I Routine I I 
1-~--------------~------------------------------+---------------+-----------------------~ ISupplies storage space for scratch purposes. IZUGC ITRYMRT, ZUERR ABORT I 
IAllocation is made in 512 bytes at a time I I ' I 
I Parameters passed: PARl -- a count of the I I I 
I ·number of 512 byte blocks required I I I 
I Parameters returned: PARl -- address of the I I I 
I allocated storage I I I 
I Entry to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------~ IConverts an absolute addre~s to a dictionary IZDABRF ICONSLD, ZUERR, ABORT, I 
I reference . I IBLKERR I 
I Parameters . passed: PAR1 -- any reference to I I I 
I the block containing the absolute address; I I I 
I PAR2 -- the absolute address to b.e co~verted I I I 
I Parameters returned: PARl _ _; the required I I I 
I dictionary reference I I I 
I Entry to the operating system: None I I I 

·-----------------------------------------------+---------------+-----------------------~ 
IConverts a dictionary reference .to an absolute IZDRFAB ICONSLO, TRYMRD, BLKERR I 
I address I I I 
I Parameters pa.ssed:. PARl -- the dictionary I I I 
I reference I I I 
I Parameters returned: PARl -- the absolute I I I 
I address I I I 
I Entry to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------~ I Makes a.n unaligned dictionary entry and I ZNALAB I ZDRFAB, ZDABRF, TRYMRD, I 
I returns an absolute address I I ZUPL, ZUERR, ABORT, I 
I I ICONSLD I 
I Parameters passed: PAR1 -- address of entry tol I I 
I be made: PAR2 -- length of entry I I I 
I Parameters returned: PAR1 -- address of entry I I I 
I in dictionary. PAR4 -- some reference to the I I I 
I block I I I 
I Entry to the operating system: None I I I 
·-----------------------------------------------+----~----------+-----------------------i !Makes an aliqned dictionary entry and returns IZDICAB . IZDRFAB, ZDABRF, TRYMRD,I 
Ian absolute address I IZUPL, ZUERR, ABORT, I 
I I ICONSLD I 
I Pararoeters passed: PAR1 -- address of entry tol I · I 
I b€ ~ade; PAR2 -- length of entry I I I 
I Parameters returneq~ P~R1 -- address of entry I I I 
I in dictionary. P,,_R.4 -- some reference to the I I I 
I block I I I 
I Entry to the operating system: None I I I 
·-----------------------------------------------+---------------+-----------------------i !Makes an unaligned dictionary entry and IZNALRF IZDRFAB, ZDABRF, TRYMRD,I 
!returns dictionary reference I IZUPL, ZUERR, ABORT, I 
I I ICONSLD I 
I Parameters passed: PARl -- address of entry tol I I 
I be made; PAR2 -- length of entry I I I 
I Parameters returned: PAR1 -- reference of I I I 
I entry in dictionary. PAR4 -- absolute addressl I I 
I of the entry . I I I 
I Entry to the operating system: None I I . I 
·-----------------------------------------------+---------------+-----------------------~ IMakes an aligned dictionary entry and returns afZDICRF IZDRFAB, ZDABRF, TRYMRD,f 
ldictionary reference · I IZUPL, ZUERR, ABORT, I 
I . I ICONSLD I 
I Parameters passed: PAR1 -- address of entry tol I I 
I be reade1 PAR2 -- length of entry I I I 
I Parameters returned: PAR1 -- reference of I I I 
I entry in dictionary. PAR4 -- absolute address! I I 
I of the entry I I I 
I Entry to· the operating system: None· · I I I 
L-------------------------------------------~-~-L---------------~-----------------------J 
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Table AL1/AN1. Modules AL/AN Routine/Subroutine Directory 

r------------------T-------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ ITFREE Finds text block which can be written on disk 
I to make space for a new block in storage. 
I 
ITRYMRD Allocates space for a dictionary block. 
I 
ITRYMRT Allocates space for a text block. 
I 
IWDREAD Reads a block from disk into storage. 
I 
f WDWRIT Creates space in storage by writing a block on 
I disk. 
I 
IWRITEX IWrites a block on disk. 
I I 
IWRTONL IWrites on last block on disk. 
I I 
IWRTRD IWrites a block onto disk, reads a second one 
I linto its place in storage. 
I I 
IZALTER IChanges status of referenced text block. 
I I 
IZCHAIN IFinds next text block in chain. 
I I 
IZDABRF IConverts an absolute address to a dictionary 
I I reference. 
I I 
tZDRFAB IConverts a dictionary reference to an absolute 
I faddress. 
I I 
IZDICAB IMakes an aligned dictionary entry and returns 
I I absolute address. 
I I 
IZDICRF !Makes an aligned dictionary entry and returns 
I I dictionary reference. 
I I 
f ZNALRF IMakes unaligned dictionary entry and returns 
I I dictionary reference. 
I I 
IZNALAB JMakes unaligned dictionary entry and returns 
I I absolute address. 
I I 
IZTXTAB IConverts text reference to an absolute address. 
I I 
f ZTXTRF tconverts absolute address to a text reference. 
I I 
f ZUERR IInserts diagnostic message in dictionary. 
I I 
IZURD fReads a record from SYSIN. 
I I 
f ZUGC fsupplies storage space for scratch purposes. 
I I 
f ZURC IReleases scratch storage. 
I I 
f ZUPL f PUts record out to SYSPRINT data set. 
I I 
f ZUTXTC IObtains a new text block. L--------------J.-----------------------------------------------
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Table AM. Module AM Compiler Control Phase Marking 

r----------------------------T------------T------------------------1 I · IMain Processingl I 
I Function I Routine I Routines Used I 
~--------------------------------+---------------+--------------------------------~ IMarks all non-optional phases and IIEMAM IREQEST. RLSCTL <both in AA> I 
lall phases influenced by compiler I I I 
linvocation-time options I I I 
L--------------------------------L---------------L------------------------------J 

•Table AT. Module AT Compiler Debugging Mod11le 

r------------------------------T--------------T---------------------------------1 I IMain Processingl I 
I Statement or Operation Type I Ro11tine I Routines Used I 
·----------------------------------+~--------------+--------------------------------i fReads in control cards and IINir ICNTRL.NXTFLD.TROFFSET,ZUPL(AA), I 
lconstructs control tables I f ZURD(AA) I 
f Entry to the operating system: Nonef I I 
·--------------------------------+---------------+------------------------------~ fEntered each time a phase is loadedfLOAD IPATCLOAD,TRACLOAD,ATCALL,BEXOUT, I 
I so that replacing (REP> or I I JBPT I 
tverifying may be done. Inserts I I I 
f start or end trace/flow markers I I I 
I (privileged operations> I I I 
I Entry to ~e operating system: None I I I 
·------~---------------------------+-------------+--------------------------------i f Entered each time a phase is trRACRELS INone I 
I deleted and updates control tables I I I 
f Entry to the operating system: Nonet I I 
·---------------------------------+---------------+---------------------------------~ I Entered from Interrupt Handler in I rRACEir I ATC ALL. JBPT I 
f module AA after privileged I I I 
toperation encountered (0C2 I I I 
f interrupt) signifying trace/flow I I I 
f marker. carries out initializationl I I 
f before starting or after ending I I I 
I trace/£ low I I I 
f Entry to the operating system: Nonet I I 
·---------------------------------+---------------+---------~----------------------~ fAnalyzes each instruction to be trRACE ICALL,FULLSUB,FULL2,JBPT,FULIAD I 
I traced. Executes the instruction I I I 
I and prints a line containing: the I I I 
linstruction, its address, the I I I 
I resulting condition code, and the I I I 
f subsequent contents of registers I I I 
I and storage used by the I I I 
I instruction. I I I 
IEntry to the operating system: PUT I I I 
I MODE (QSAM) I I . I L------------------------------L--------------L-----------------------------J 
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•Table ATl. Module AT Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·--------~------+--------------------------------------------------------------------~ 
IATCALL ICalls the print routine and then clears the print line. I 
I I I 
ICALL Similar function to ATCALL but contained within TRACE routine. I 
I I 
ICNTRL Carries out replacing (REP) and verifying in phases loaded before I 
I AT. Inserts start trace markers in phases loaded before AT. I 
I I 
IFULLAD Determines address of storage to be altered by instruction currentlyl 
I being traced. 
I 
IFULLSUB 
I 
I 
IFULL2 
I 
I 
IHEXOUT 
I 
IINIT 
I 
I 
IJBPI' 
I 
ILOAD 
I 
INXTFLD 
I 
IPATCLOAD 
I 
I 
I TRACE 
I 
ITRACEIT 
I 
ITRACLOAD 
I 
ITRACRELS 
I 

Translates hexadecimal to a character representation of hexadecimal. 
Used in TRACE routine. 

Analyzes instructions to be traced and moves information to the 
print line. 

similar function to FULLSUB. Used in routine LOAD. 

Builds control fields using information from control cards in the 
input. 

Prints a. line of trace information. 

controls subroutines PATCLOAD a'nd TRACLOAD. 

Skips blank characters on input control cards. 

carries out replacing (REP), if requested, after each phase is 
loaded. 

Traces each instruction and prints trace information. 

Describes whether TRACE/FLOW must start or end. 

Inserts start trace markers in phases after they have been loaded. 

Updates control tables when a phase is deleted. 

ITROFFSET Translates character representation of hexadecimal to hexadecimal. 

L------------------L--------------------------------------------------------------------
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Chart 01. Compile-time Processor Logical Phase Flowchart 

•••••A2••········ ••••Al••••••••• •RESIDENT AS• 
• EN'IRY • •-•-•-•-•-•-•-•-• 
• FJICM PHASE AA •-------->• CON'IAOLS • 
• • • tCADING OF • ............... :m•=··rlM;: 

•••••B2•••••••••• •INITIALIZN AV• ·-·-·-·-·-·-·-·-. • INITIALIZES • 
•COMM. RIGION ' • 
•SCAA'ICH S'IOAAGE• ........ !' ....... 
•••••c2•••••••••• •INITIAL SCAN BC• ·-·-·-·-·-·-·-·-· -->• INITIAL SCAN • 
•AND TRANSLATION• . . 
""""!'"""' 
•••••02••········ •UNAL SCAN BG• ·-·-·-·-·-·-·-·-· •UNAL SCAN AND • 
• REPLACEMENT • 
• PHASE • ....... T ....... 

.•. 
!2 •. . . .. 

YES • • INCLUDED •. 
---•, TEXT • • 

•!11COUNTBRBD• .. . . .. .. r •••••P2•••••••••• •DIAGNOSTIC BM• ·-·-·-·-·-·-·-·-· :M.gHgl~~~oL: 
• PHASE • ....... T ....... 
•••••G2•••••••••• . . 
• PRill'l'S • 
• DIAGNOSTICS • 
• IN DICTIONARY • . . ........ r .... .. 
:m:B~ti; ..... ;;: ·-·-·-·-·-·-·-·-· • RE•IltITIALIZE • 
• COMM. R!GIOtt • 
• AND TABLES • ................. 

l .... •02 • ->• Al • . . 
•••• 
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Chart AS. 
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Phase AS Overall Logic Diagram 

••••1'2• ........ . 
• ENTllY • 
• Fl'CM • 
• FHASE AA • ............... 

.... l 
•••••E2•••••••••• 
• FHASE AV • ·-·-·-·-·-·-·-·-· • INITIALIZE •---1 • FCINTEllS AND • 
• Slil'ICHES • ................. 

LOA OW 
YAG2 

j =~~·: 
• A2• .. . 

•••••c2••••• .... ••• 
•••• • FHASE BC • . . ·-·-·-·-·-·-·-·-. • C2 •---->• LOAD • 

• • • PHASE BC INTC • 
•••• • STORAGE • ............. , .... 

j 
•••••02••••••0.••• . . 
• USE FHl\SE BC • 
• TO PROCESS • 
• 

1 INPUT' 'IEl<T • . . ................. 
j 

•••••E2•••••••••• . . 
• TUllN 
• INCLUDE-SW 
• OFF . . 

~.:: ...... !"'~ ... 
•••••F2•••••••••• 
• FHASE BG • ·-·-·-·-·-·-·-·-· • LOAD • 
• PHASE BG INTO • 
• STORAGE • ........ ]' ...... 
•••••G2•••••••••• . . 
* OSE PHASE BG • 
• TO PRODUCE • 
• OUTPUT • . . ....... T ....... 

INCTST • •. 
H2 •. . . ... . ... 

• • IS *. YES • * 
•. INCLUDE-SW • •---->• C2 • 

•. ON .• * * •. . . . ... .. . • 

j" 
••••J2••······· * RETORN • 

• TO • 
• PHASE AA • ............... 



Chart AV. Phase AV overall Logic Diagram 

ItlIT •••••A2••••• ••••• •••••Al•••••••••• 
• • • CREATi: I:•PUT • 
• llHTIALlZE • • AN:> OUTPUT • 
•COMMUNICATIOllS •-------->• BUFFERS W • 
• REGION • •SCP.ATCH STCRAGl.• . . . . ................. ·······1······· 

•••••Bl•••••••••• . . 
• MOVE TOl<SCN • 
• TABLE IHTO • 
•SCRATCH STORAGE• . . 

_.:::····r······ 
•••••C3•••••••••• . . 
• ALLOCl'lTE PDS • 
• IN SCRATCH • 
• STOFll'lGE • . . ·······1······· 
•••••o3•••••••••• 
• SET UP DCB'S • 
• AND BU FFJ::R • 
• AREA FOFl USER • 
• AND SYSLIB • 
• INCLUDE FILEg • ........ r······ 
•••••E3•••••••••• 
• SET UP • 
• KEYWORD TABLE • 
• IN SCRATCH • 
• STORAGE • . . 

~~:····T ....... 
•••••F3•••••••••• . . 
: W&N§tf~f3 : 
• EXTERNAL CODE • 
• TO EBCDIC • 

~~:· .. ·r······ 
•••••G3•••••••••• • Hl'.'K! • 
• DICTIONARY • 
•ENTRY FOR BUILT• 
• IN FUNCTION • 
• SUBSTR • ....... T ....... 
•••••H3•••••••••• 
• SET UP TEXT • 

:Pa~fi!'¥~XT: 
• ANO IVB'S • . . 
••••••••••••••••• 

~~- j •••••J3••········ • CREATE • 
• DICTIONARY • 
• ENTRIES FOR • 

:zR181~ftu~E~R: ....... T ....... 
•••••Kl•••••••••• •••••Kii•••••••••• . . . . 
• CREATE IVB' S • • SET UP BASIS • 
•FOR VALUES TRUE•-------->• FOR Ul•DEFINED • 
• ANO FALSE • • ENTRY CHAINS • . . . . ................. . ............... . 

l :~·. ->• Al • . . .... 

Chapter 3: Flowcharts, Tables, and Routine Directories 89 



Chart BC. Phase BC overall Logic Diagram 
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PHlSC,~ 
•••••A3•••••••••• . . 
• START • 
• INITIAL SCAN • . . . . ....... T ....... 

. •. 
83 • • •• •••bl! •••••••••• . . . . . . 

• • IS •. YES •SET UP SPECIAL • 
•. INCLUDE-SW • •-------->• EXIT LABE;L • 

•. Oti .• • IN DICT. • .. .• . . 
(::· ::~1· :~---------=:] ....... . 
····· Fii~DPC 

•••••C3•••••••••• 
• Ptrr CHARS • 
• INTO TEXT • 
• BLOCKS UNTIL • 
•HIT NEXT MACRO • 

• •• • • STATEMENT • 

= .~:.: ·······T······· 
STB3 l . •. 

•••••D2•••••••••• D3 •. . . . . . . 
• RECOGNIZE • HO • • HIT •. 
• STATEMENT •<--------•. END-OF-FILE • • . . .. .• . . .. . . 
·······1······· ··r .. 

LlAZ .•. .•. 
•••••El•••••••••• E2 •. E3 •. •••••I.Ii•••••••••• • • • • •. • * •. • PUT • 
• TURN • Y!'S • • IS IT •. • • IS •. NO • END-OP-TEXT • 
• PROC-SW ON •<--------•. PROCEDURE • • •. INCLUDE-SW • •------->• CODE INTO • • *. . • •. ON • • • TEXT BLOCK . . .. . . .. .. . . 
••••••••1••••••••• ··1··~0 •·1··~s •••••••••l••::::•• 

->:8i3: • .... 
PROC L1A3 

•••••Fl•••••••••• •••••F2•••••••••• •••••F3•••••••••• 
• • • PROCESS • • ADD CODE • 
• PROCESS • • LABELS • *TO CALL CLEANUP• 
• PROCEDURE • • ATTACH£D TO • • TO TEXT • 
• STATEMENT • • STATEMENT • • BLOCK • . . . . . . 
········1········ ········1········· ········ciii;:: .... . . . . .... 

• D2 • LlEllP • • •••••G2•••••••••• 
• • •• • ENCODE STMNT • ·-·-·-·-·-·-·-·-· •USES AND TESTS • 

• A PUSH DOWN • 
• STACK • ....... T ...... . 

. •. 
H2 •. •••••H3•••••••••• . . •. . . 

• • WAS IT •. YES • TURN • 
•. THE END FOR • •-------->• PROC SW OFF • 

•. PROC .• • * .. .. . . .. .. . ............... . 
l• NO 1----------> l .... . . 

. • •. • C3 • 
J2 •• • • .... . . .. . ... 

• • YES .• IS *· NO 
• D2 •<----•. PROC SW ON • •-----• . .. .. .... .. . . .. .. . 



Chart BG. Phase BG Overall LO<Jic Diagram 

--------------------------;;;;~~----! <--------­
•••••Bl••••······ •GET NEXT 'l'OJCEN • ·-·-·-·-·-·-·-·-· • STARTS PROM • •TOJt-P'l'R TO GIT • 
• NEXT 'l'OJtEN • ....... T ....... 

. .. 
C3 •. .. .. . . .. 

•. WHAT IS IT .• .. .. .. . . .. .. • 
I ,-------------------------------------------------------------------------------------------------------, 
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•, • • • • • • •, CLEANUP • • • OUTPUTS 'l'OJtEN • .. .. .. .. .. .. . . .. .. .. .. .. .. . ............... . 
• YES • NO • YES J 

l l 1 <------------
• •• • . . 

• Dll • DACLN • • •••••r3•••••••••• ••••Fl••••••••• • ••• • CALL CLBANUP • 

• R8TORtl • ·-·-·-·-·-·-·-·-· • '1'0 CALLBR • • THROW AWAY • • •••••••••••••••• : I1Jcr1¥~-Hf' : 

.•. 
G2 •. .. .. 

->•: • PRaURE •: •~-•. .. .. . . .. .. 
-- r •••••B2•••••••••• 

• DO • 

: O:Zii'a?."!r+ : 
• VALUE fOR • 
• PROC!DURI • 

········1==--
•••••.:12•········· • PUSH LBV•BIT. • : o~u.~iW : 
• STACJ: • . . ................. 
........ !.. ...... . . . . 

--• LEV·BIT "' 1 • . . 
• • ................. 

········r::::::~-

lllTPRT •••••&3••········ • lllTBRPRET • ·-·-·-·-·-·-·-·-· -->• MAY SIT • 
• TCllt-PTR • • • ········r······ 

... 
J3 •• .. .. 

" 

.• WAS •. llO 
•, IT IMC:LUDE , •--•. .. .. . . . ... r •••••Jt3••········ • • 
: INCllm~-SW =--
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• •••• 
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• A3• .. 

• 
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Chart BM. Phase BM overall Logic Diagram 

92 

>:AO XA01 
•••••r,1•••••••••• •••••A2••• •• ••••• 
: SL'I : : f~~~fLA~H : 
• St.Vl.RlTY CODE •-------->• DIAGN03'I'IC • 
• • • i?RINT OUT • . . . . ................. ·······1······· 

XAl • •. XA2 
B2 •. •••B3••••••••••• 

• • AMY •. 
YES • • ENTRIES •. NO • PUT OUT 

!
-----------------•. TO BE • •--------> MESSAGE 

•.PROCESSED.• • • . . . . • ... • ............... . 
XAll XA7 

---i . .... 
•BW • 
• Al• .. . 
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• LOAD • • • • MAKE UP • • RELEASE • 
• MESSAGE • • SCAN • • LIST OF • • MESSAGE • 
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• !!LOCK • • CHAINS • • ilEEDED • • BLOCR • . . . . . . . . ................. ................. ................. . ............... . 

= ·::·=->I . . 
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]
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•. . . .. . . . . .... 
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• NO 

XA30 r----------------------~:~-----------------------~:~------------------------

•••••G1•••••••••• G2 •. G3 •. • * • • IS *• • * *. •••• 
• GET TO • • • SKELETON •. t•O • • •. YES • • 

-->• NEXT ENTRY •-------->•. IN CURRENT • •-------->•.END OF CHAIN • •---->• 011 • 
• IN CHAIN • •. BLOCK • • •. • • • • . . .. . . •. . . . ... ................. . . . . . ... 

"1 1• ns L:~·:~·: . .. . . . . .... 
• Gl • XA32 • •. 
• • . •••••H2•••••••••• H3 •. •••••Hll•••••••••• 

• • • • • MESSAGE • • • HAS • • • STAT Flt ENT • 
• NUMBER • • • IT GOT •. YES • NUMB£R • 
• TO PRINT •-------->•. A STATEMENT .•-------->• TO PRINT • 
• BUFFER • •. NUMBER • • • BUFF.E.R • . . .. . . . . 

r------------=::::::=::::::: _____________ J~---------;~;;=:T ...... 
•••••Jl••········ •••••J2•••······· •••••J3••········ •••Jll••••······· 
• • • • • BUILD • 
• l\CCESf: • • SCAN • * MESSAGE • PUT OUT 
• MESSAGE .•-------->• MESSAGE •-------->• TEXT IN •--------> DIAGNOSTIC 
• SKl::LETON • • SKELETON • • PRINT • • lo!!SSAGE 
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Chart BW. Phase BW Overall Logic Diagram 

:••••Al•••••••••: 
t RELEASE • 
• ANY LOA?JFD • 
: I' HAS ES : ....... T ....... 
•••••Hl•••••••••• . . 
• l<I:LEA&E ALL t 
•AC'IlVE TEXT ANr•• 
: t•lCT l!LOCKS : 

""""}"""" 
•••••ct•••••••••• 
• f'PEE • 
• l\NY • 
• OU'l'STANDINt; • 
:3C~'.&.TC•I STORAGl: ....... T ....... 

.. . 
Dl •. .. . . •••02••········· 

, •COMPILATION•. NO PRitlT 

•••.~:~I~:~•••••--------:: .... :::::••••• ---1 
• YES ••••• 1 :~:: 

•••••El•••••••••• . . 
• CLOSE SYSUTl • 
• AND SYSPUNCH • . . . . ........ r ...... 
•••••Fl•••••••••• . . 
• REALLOCATE • 
• TEXT AND • 
• DICT BLOCKS • . . ....... T ....... 

. .. Gl •. •••••G2•••••••••• . . •. . . 
• • Ill t, YES • OPEN t 

•. TEXT DLOCKS • •-------->• SPILL FILE t . . .. . . .. . . . . 
.. i~~-------::::::J········ 

•••••Hl•••••••••• . . 
• SET UP t 
•COMMUNICATIONS • 
• REGION • . . ................. 
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Table AS. Phase AS Resident Phase for Compile-time Processing 
r-----------------------------------T---------------y-----------------------------------1 
I . I Main Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
!Initializes switches for IADRP INone I 
1compile-time processor I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ILoads phases for compile-time IADRP ILOADX CAA) I 
f processor I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fDetermines whether Phase BC should IADRP I Hone I 
lbe reloaded I I I 
L-----------------------------------1.---------------~-----------------------------------J 
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Table ASl. Phase AS Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------1 
f Routine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ IADRP f Initializes switches for compile-time processor. 
I I 
IBCRUP2 IBacks up token pointer two places. 
I I 
fCHBLR IChanqes currently busy IVB block status and gets a new block 
I I 
ICLSBUF !Handles calls to close and write out the buffer. Loads and bases 
I lpbase BJ if necessary. 
I I 
fCOMENT tscans the limits of a comment, transfers each character into the 
I !output buffer. 
I I 
IENDIVB ICloses an IVB chain. 
I I 
f FREVAL f Releases a chain of IVBs containing a no longer needed value and 
I lreturns chain to free list. 
I I 
f GETIVB f Removes an IVB from the free chain for use by the calling routine. 
I I 
IGNC I Updates TOKPTR to point to the next character in a particular input 
I I stream. 
I I 
IHASH fAccepts an EBCDIC identifier as input and outputs an index. The 
I I index indicates the beginning of the HASH chain with which the 
I f identifier is associated. 
I I 
f INCTST fDetermines whether Phase BC needs to be reloaded on r~turn from 
I IPhase BG. 
I I 
IINPUT f Reads in an input record from the soµrce data set or from included 
I f text. 
I I 
f INRO fReads physical records from the included data set: unblocks and 
I · lsends them back one logical record at a time. 
I I . 
f NXTTXT IGets a new text block and sets up address slots. 
I I 
f OUTPTC f OUtputs a single character into one of the three output media: 
I IVB's, text blocks, or external records. 
I 
ISRHDIC 
I 
I STRING 
I 

searches the dictionary for the presence of a named item. 

scans the limits of a string constant, transfers each character to 
output. 

I 
ITOKSCN 
I 
I 

Examines text, character by character recognizing and returning eachl 
logical unit of text <called a token). Tokens include identifiers, I 
constants, operators, delimiters, etc. I 

I 
IUPHE~L 

I 
Updates temporary linecount slot. 

I 
I 
I 

f YAG2 LOads processor phases for the compile-time processor. I 
L------------------i--------------------------------------------------------------------J 
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Table AV. Phase AV Macro Processing Initialization 
r-~---------------------------------T--------------.,------------------------------------1 
I IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
~----~------------------------------+---------------+-----------------------------------~ 
IInitializes communication area for IINIT I None I 
!compile-time processing I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fAllocates push down stack from IINIT I None I 
tscratch storage I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates translation tables IINIT INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IEnters SUBSTR into dictionary IINIT !None I 
·-----------------------------------+---------------+-----------------------------------~ 
tcreates dictionary entries and IINIT INone I 
tvalues for constants pool I I I 
L-----------------------------------L---------------1.-----------------------------------J 

Table AVl. Phase AV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IINIT !Entry point to the initialization phase. This initializes the 
I lconununication region for compile-time processing. 
I I 
IWWN048 !Allocates the push down stack (to be used by Phases BC and BG) from 
I !scratch storage. 
I I 
IWWOVLP ISets up tables to translate external code to EBCDIC: tests the 
I IBCD,EBCDIC option. 
I I 
IWWOBCD IEnters built-in function SUBSTR into dictionary. 
I I 
IWWCHNBEG !Creates dictionary entries and values for compile-time constant 
I I pool. 
I I 
IWW[o.10VEIT !Moves Subroutine package into core for use.by BC. 
I I 
IINCLUDE !INCLUDE Processor 
I I 
ILABELS (BC II.ABEL List Processor. 
I I 
IGOTO subroutine IGOTO Statement Processor. 
I I 
IACT Package) !Active/Deactivate Processor. 
I I 
IELSE IELSE Clause Processor. 
L------------------L--------------------------------------------------------------------
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Table BC. Phase BC Initial Scan and Translation 
r-----------------------------------,.---------------.-----------------------------------1 
I f Main Processing! I 
I Statement or Operation Type I Routine I Subroutines used I 
·-----------------------------------+-------------~-+-----------------------------------i 
IRecognizes statement type IPHlSCN I TOKEN, DELETE I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans until next I character IPHlSCN IFINDPC I 
~------------~---------------------+---------------+-----------------------------------~ 
(Processes PROCEDURE statement IPHlSCN ITOKEN, DELETE, IDSRCH, I 
I I IADDSP (FREVAL, OUTPTC) I 
·-----------------------·----------+---------------+-----------------------------------~ 
I Processes labels attached to IPHlSCN IIDSRCH I 
I statement I I I 
·-----------------------------------+---------------+-----------------------------------1 
IEncodes statement into internal IPH1SCN !PARSE, TOKEN, IDSRCH, ADDSP I 
I text I I DELETE, CHECK I 
·-----------------------------------+---------------+-----------------------------------i 
ICleans up after INCLUDE in initial IPHlSCN I None I 
1scan I I I 
·-----------------------------------+---------------+-----------------------------------i 
IBegins statement identification f PH15CN INone I 
I process I I I 
L-----------------------------------~---------------~-----------------------------------J 
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Table BC1. Phase BC Routine/S~broutine Directory 
r-----~-----------T----~--------------------------------------------------------------1 
f Routine/Subroutin~I Function I 
·------------------+--------------------------------------------------------------------~ 
IADCONS IOhtains the dicrionary reference of a constant, enterinq it into the 
I !dictionary if necessary. · 
I I 
IADDSP IAdd~ a processor-created item to the dictionary. 
I I 
IADJCT IAflds a normal item to the end of the appropriate hash chain and 
I lretur.ns the dictionary reference. 
I I 
IADPROC (BF)· !Processes PROCIDURiE statement. 
I I 
I .ASSIGN I Processes assignment statements. 
I I 
ICHEC~ !Checks back for undefined labels and identifiers not declared within 
I jthe block. 
I I 
IDECLAR {BF) .!Declare statement processor. 
I I 
DELETE I Skips over bad text up to the end of a statement, field or 

I procedure. 
I 

DO ( Bt) 100 statement processor. 

OO~E ('RE) 
I 
I ChE:'cks stack for possible THE!~' s or ELSE' s after statement is 
tcompleted. 
I 
!Scans source text, character by character, searching for macro f"INOPC 
!percent character. 
I 
!Obtains the dictionary reference of an identifier, entering it in IDSRCH 
jthe dict:ionary if necessary. 
I 

1·1p· (JJE:) I IF statement processor. 
I I 
IKY~DSR !Checks for single or multiple keywords. 
I I 
IPARSE CB£) jParsPs and qener~tes interpretive macro code for compile-time 
I jex:pressions. 
I I 
I PIF4 I Provides speci..:tl handling for end of included text. 
I I 
t FHlSCN <PEl lftll~in con.trollinq ro11tine for phase. 
I I 
I RE'IURN I Procf'sses RC.TURN statement fer PROC. 
I I 
ISTB3 !Collects labels into label list and identifier statement tyPe on 
I !first two tokens of statement. 
I I 
I t:TMT (BE'.) I Diagnoses statement type anu builds label list. 
l I 
ITOKEN !Returns significant tokens to PHlSCN anil writes out diagnostics for 
I !tokens in error. 
I I 
I OPDI.IN I Generates an update linecount im~truction. 
L------------------i---------------------------------------------~-----------------~---

Note: See also BC Subroutine Package in Table AVl. 
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Table BG. Phase BG Final Scan and Replacement 
r-----------------------------------T---------------T-----------------------------------1 
I !Main Processing! I 
I St.ateroent or Operation Type I Routine I ~;:.ibroutines Used I 
·----·-----------------------------+---------------+--------·---------------------------~ 
I .Ein:il scan for replacements I Pli2SCN I OUTPU'I·, 'l'OK3CN, SRHDIC I 
·-----------------~-----------------+---------------+-----------------------------------~ 
IRecognition of end of text IPH2SCN IOUTPUT, 'l'OKSCN, SRHDIC I 

·-----------------------------------+---------------+-----------------------------------~ 
I P.ecogn:..tion of an identifier I PH2SCN I OUTPUT, TOKSCN, SRHDIC I 
·----------------------------------+---------------+-----------------------------------~ 
IRecogniticn cf macro action IPH2SCN IOUTPUT, TUKSCN, SRHDIC I 
·-----------------------------------+---------------+-----------------------------------i 
I Recoqni ti on of ·~ character I PI!2SCN I OUTPUT, TOKSCN, SRHDIC I 
·-----------------------------------f---------------+-----------------------------------i 
I Recogrd. ti on of other characters I PH2SCN I OUTPUT, TOKSCH, SRHDIC I 
·-----------------------------------+---------------+-----------------------------------~ 
I 'l'enoin.Jtes and cleans up INCLUDE I PH2SCN I OUTPUT, TOKSCN, SRHDIC I 
1h~ndlinq I I I 
·------------------·-----------------+---------------+-----------------------------------~ 
I Re-establist.aes sc3.n at next higher I PH2SCN I OUTPUT, TOKSCN, SRHDIC I 
I level text I 1 I 
·--------··---------------------------+---------------+-----------------------------------~ 
1~erformn replclcement on acti,1ated l:?H2SCN !OUTPUT, TOKSCN, SRHDIC I 
t identifiers I I I 
l-----------------------------------~---------------.L-----------------------------------J 
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Table BGl. Phase BG Routine/subroutine Directory 
r---------~--~---T----~--------------------------------------------------------------1 
IHoutine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ f CLCUT (BJ) I Closes output buffer, and writes out record on SYSUT3. I 
I I I 
ICONVRT !Handles conversions between the three data types used in the I 
I !compile-time processor • I 
I I I 
IDACLN !Terminates INCLUDE text handling and frees text blocks containing I 
I !included text. I 
I I I 
IDAEOB !Re-establishes scan at next higher ievel text. I 
I I I 
IDAEOBF IRecoqnizes and processes end of text condition. I 
I I 
IDAIDEN !Recognizes and processes identifier in text. 
I I 
f DAMAC !Recognizes and processes macro action character. 
I I 
IDAOTHR !Recognizes character and outputs it. 
I I 
IDAPENT IHandles replacement operation for text identifiers. 
I I 
IDAPRTC !Recognizes 3 character and recalls Phase BC if appropriate. 
I I 
I FU~C'IN<BJ) I Bandles built-in functions. 
I I 
IGFTDIC IPicks up a two-byte dictionary reference from scrubbed text, 
I !performs error checking, resolves indirect references, and returns 
I f both relative and absolute address. 
I I 
IINCONT !INCLUDE control routine. Opens DCB, finds member, sets up buffer, 
I land initiates look-ahead read. 
I I 
IINTPRT <BI) I Interprets the mdcro code generated by the Phase I scan. 
I I 
IOUTPT !Handles the output of tokens. 
I I 
IPH2SCN f Scans text blocks. 
I I 
IPOP !Pops the top temporary off the Phase II stack. 
I I 
IPROINV <BI) Special entry point to interpreter for invocation of procedures 
I found in source program text. 
I 
IPUSH 
I 
I PU~~CH (BJ) 
I 
I SYNCH 
1 
ITPEEK 
1 
I ZAASIGN (BI) 

I 
IZACOMP (BI) 
I 
I ZACONCAT (BI) 
I 
I ZACVT (BI) 

I 
I ZALGCL (BI) 

Pushes next available temporary onto the Phase II stack. 

Punches down output .record, in source code, on MACDC:K option. 

Synchronizes linecount, closing buffer if necessary. 

Scans for procedure reference argument list left-parenthesis. 

Performs identifier assignments for INTPRT. 

I Performs all logical comparison operations ~or INTRPT. 
I 
I Performs string concatenations for INTPRT. 
I 
I Converts stack items to required type by 'RETURNS' attribute. 
I 
!Performs all logical operations for INTPRT. 
I I 

IZAPUSH (BI) !Performs stack maintenance for INTPRT. 
L------------------i--------------------------------------------------------------------
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Table BGl. Phase BG Routine/subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IZARITH (BI) !Performs all arithmetic operations for INTPRT. I 
I I I 
I ZA'IRAI (BI) I Handles transfers from included text to including text. I 
I I I 
)ZATRAN (BI> !Performs all transfer operations for INTPRT. I 
I I I 
IZJSUES (BJ) IBuilt-in function SUBSTR. I 
L------------------~~-------------------------------------------------------------------J 
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Table BM. Phase SM Diagnostic Message Determination an3 Printing 
r-----------------------------------T---------------T-----------------------------------1 
I · · I Main Process in9 I I 
I Statement or Operation Type I Routin~~ I Subroutines Used I 
·-----------------------------------+--------------~+-----------------------------------~ 
IDetermines whetner error messages IXA I None I 
I are to be printed I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans ~rror me~sage text skeletons IXA8 IXA50, XA70, XA90, XA110, ZUPL I 
I anJ prints them out. I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table BMl. Phase BM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~---------.;._-------·+-------------------------------------------------------------------~ 
IXA !Determines whether error messages are to be printed. 
I I 
fXAO ISets severity code. 
I I 
IXAOl 1£stablishes which message types to suppress. 
I I 
IXAl counts number of error chains to be processed. 
I 
l~A2 PUts out messages if there are no diagnostics. 
I 
f XA4 Prints out "COMPILER DIAGNOSTIC MESSAGES". 
I 
IXA7 First scan of message chains. 
I 
IXA8 Scans error message text skeletons and prints them. 
I 
IXA9 (BN) Scans to head of next non-empty chain. 
I 
IXA12A Selects and prints header for messages of given severity. 
I 
IXA30 (QN) IGets next entry in message chain. 
I I 
IXA.32 (8N) tnuildG up first part of message in buffer. 
I I 
IXA35 (EN) !Accesses message skeleton. 
I I 
\XA40 (SN) !Puts out completed message. 
I I 
IXASO (BN) IMoves message text to print buffer. 
I I 
IXA70 (BN) !Converts binary statement number to character representation, and 
I lmoves it to print buffer. 
I I 
IXA90 (SN) tconverts binary numeric value to character representation and moves 
I lit to print buffer. 
I I 
IXA110 (BN) !Moves identifie~ from dictionary entry to the print area. 

I I . 1· a IZUPL !Prints a ine on SYSPRINT ata set. 
L------------------~---------------------------------------------------------------~----
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Table BW. Phase BW Clean-up Phase 

r-----------------------------------T---------------.-----------------------------------1 
I !Main Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
IResets all tables and IIEMBW I None I 
tcommunications region cells to the I I I 
f value required by the compiler I I I 
I proper I I I 
L-----------------------------------~---------------L-----------------------------------J 
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Chart 02. Read-In Logical Phase Flowchart 
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.•. 
Al •. •••••A2••• ••••••• 

• • 118 •. • 118-CHAR BX• 
• • CHAkACTFR •. YES •-•-•-•-•-•-•-•-• 

*. SET • •-------->* CONVERT TO * 
•. OPTION • • • 60 CHARACTER • 

•. .• • SET • .. i :~ ___________ ::::::::i· ...... . 
•••••Bl•••••••••• 
• lST PASS CI• ·-·-·-·-·-·-·-·-· :AJffis~O~EMo~g : 
•INTERNAL CHARS • 

""""I"""" 
•••••Cl•••••••••• 
•MAl<E DICT ENTRY• 
•FOR LABELS AND • 
• CHECJI FOR • 
• LOGICAL END • 
• OF PROGRAM • 

""""I"""" 
••.•••Dl•••••••••• 
• 2ND PASS CL• ·-·-·-·-·-·-·-·-· • SCAN TEXT TO • 
•ANALYZE SYNTAX • 
• OF STATEMENTS • ........ r ...... 

. .. 
El •. •••••E2•••••••••• • • ANY • • • 3RD PASS co• 

• • ALLOCATE •. YES •-•-•-•-•-•-•-•-• 
•. ~~~k~~~tNi~~;· •------->:A~tME~iN~2x : 

•. • • • OF STATEMENTS • .. i :'.: _______ :::::] ...... . 
... 

Fl •. •••••F2•••••••••• 
• • ANY • • • llTH PASS cs• 

• •STREAM I/O •. YES •-•-•-•-•-•-•-•-• 
•. OR FORMAT • •-------->• SCAN TEXT TO • 

•STATEMENTS.• •ANALYZE SYNTAX • 
•. • • • OF STATEMENTS • 

.. i :~-------==:]········ 
•••••Gl•••••••••• • STH PASS CV• ·-·-·-·-·-·-·-·-· *MAJIE CHAINS OF • 

=~it~~!!J?~.: 

L>:01: •• . . .... 



Chart BX. Phase BX overall Logic Diagram 

. ... . . 
: A2 : .... 

BAl BAlA l <----------;;------------------------------------ ---------- -----
• •• • •."1 • • • • • • • •• • •••••A2•••••••••• . . . . 
• Rb:AD AtlD • • SCA~ FIRST • -->: c~l~o~St :-------->: T~~P~i;:~t ! . . . . ...... ··~:=:::: _______ ::::::] ....... . 

• •. BA70 
Bl •. •••• •B2• •• ••••• • • 

.• •. • REl\D ONE. • 
, • NEAR •. YES • RECORD • 

•. END OF • •-------->* AHEAD AND •---
•. RECORD • • • TACK IT ON • fl •. . . . . . . . . . ............... . 

i" 
Cl ... •• BA2~'~::~2 .. • ••••••• . . . . . . 

• • START •. YES • SET • 
•. OF COMMENT • •-------->* APPROPRIATE •---

•.OR STRING.• • SwlTCH ON • fl .. . . . . . . .. . ............... . 
i" 

Dl • • • •. BA2hf:~g2 .. •••••••• . . .. . . 
• • END •. YES • SET • 

•. OF COMMENT • •------->• APPROPRIATE •---
•, O'R STRING.• • SWITCH OFF • . . . . . . .. . . . ............... . r 

.•. BAS • •. 
El •. E3 •. •••••Ell•••••••••• .• . . . . . . . . 

, • POSSIBLE •. YES • • IN •. YES • • 
• • •P~rog=DOR • •. •---------------------------------> • • • • o~O:~:~G • • • •-------->: IGNORE :---fl 

• .COMl'IA. • *· • * * • .. .. .. . . . ............... . 
1· 1· 
.•. • *• BAll 

Fl •. F3 •. •••••Fii•••••••••• • * *• • • •. • REPLACJ:; • 
• • END •. NO • • • • OPERATOR •. YES • BY • 

•. 01" • •---->• A2 • •. KEYWORD , •-------->• OPERATOR •---
•. RECORD • • • • •, , • • SYMBOL • .. . . .... . . . . . . . . . • •. . . . ............... . 

. .., i ... J"" . . . .. .. 
•••••Gl•••••••••• G3 •. Gii •. •••••G5•••••••••• 
• WRITE • • • *• • • • • • • 
• ON • • • •. YES • • FOLLOWED •. YES • REPLACE • 
• BACRING • •, PERIOD • •-------->•. BY. PERIOD • •-------->• BY • 
• STORE • •. • • • • • • • COLON • . . •. .. .. . . . . ................. .. . . .. . . . ............... . 

j l. <: _____________________ _j NO L>: ·:;·: .... 
• •. BABO • • • • •. 

Hl •. •••••H2••• ••••••• H3 •. Hll •. •••••HS•••••••••• . . .. . . . . . . . . .. . . 
• • NEXT •. YES • ADJUST • • • •. YES • • FOLLOWED •, NO • • 

•. RECORD • •-------->• TEXT •---1 •. COMMA • •-------->•. BY A , •-------->• IGNORE • 
•. 1'LREADY • • • IN CORE • •. • • •. PERIOD • • • • 

•. IN .• • • •. .• •. • • • • .. . . ................. . .. • •. . . ················· 
• NO • • • • • NO • YES l 
1 : A2: j 1 ->:•:;•: .... . . .... 

• •. .•. BA20 .•Jl •... :••••J3•••••••••: .•J" •... :••••JS•••••••••: 
NO • • IS •. • • • • FOLLOWED •. 1'10 • REPLACE • 

---•. IT LAST • • • IGNORE • •, BY A • •-------->• BY 
· •. RECORD , • • • •. DIGIT • • • SEMI-COLON . . .• . . . . . . . . .. . . ................. .. . . . ............... . 

·~ I ·~ I 
L>:~i: ·. i j ~ . . .... . ... .... . . . . 

• A2 • • A2 • 
• • •••••Kii•••••••••• • • .... . . . . . . 

• IGNORE •---->* A2 • . . . . . . .... ................. 
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Chart CI. Phase CI overall Logic Diagram 

NOTE: 

CONTROL IS PASSED DIRECTLY FROM PHASE AA IF 
RSTART 118-CHARACTER SET OR COMPILE-TIME PROCESSOR 

•••••Al••••••••••IS NOT SPECIFIED . . 
• MAIN SCAN • 
• OF TEXT • . . . . ................. 
: :::: l->l<--------------------------------------------------------------

• •• POPLST Bl •. •••••B2•••••••••• 
• • TEST •. • INS:CRT LABELS • 

• FOR LABEL OR•. YES • AND/OR PREFIX • 
•. PREfIX • •-------->• OPl'IONS IN • 

•, OPl'IONS • • • DICTIONARY • .. . . . . 
. . i~~--------~::::::r ....... 

PROC,EN~i···~•BEGIN •••••c2•••••••••• 
, • TEST •. • INCREASE • 

• • FOR BLOCK • • YES • BLOCK AND/OR • • • 
•. HEADING • •------->• LEVEL COUNT •---->• E2 • 

• • STATEMENT. • • BY 1 • • • .. . . . . . ... .. .. . ............... . 
r 
.•. .•. imo .•. 

01 • • D2 •• •••••D3••• ••••••• 011 •• 
• • •, • • •. • DECREASE • • • TEST •, 

• • TEST •. YES • • TEST •. YES • BLOCK ANO/OR • • • IF LEVEL •. NO 
*• FOR • •------->•. FOR .•-------->• LEVEL COUNT. •-------->•. COUNT IS .•---

•. REYWORD .• *· 'END' • • • TRANSFER'END' • •. ZERO • • 
•. • • •. • • •TO OUTPUT TEXT • •. • • 

STID 

.. .. .. . . ................. . .. . 
l. NO : ·::· :->1· NO i· n.s .... 

• •. STAT2 .•. El •. •••••E2•••••••••• Ell • . 
• • TEST •. • • •••• • • *· 

, •FOR NULL OR•. YES • TRANSFER • • • • • ENO •. YES 
•. ASSIGNMENT • •------>• STATEMENT TO •---->• Bl • •. OF INPUT • •---i 

•. STATEMENT. • • OU'l'PUT TEXT • /\ • • •. • • .. . . . . .... •. . . .. .. ................. . .. . 
l
• NO 

1
. N~ :~k;: .. 

BA DST! • 
•••••Fl•••••••••• •••••Fii•••••••••• . . . . 

ASSIGN 

• SKIP • • DELETE THE • 

r
--• TO NEXT • • LAST 'J:.ND' • 

• SEMI•COLON • • • . . . . 
: ·:~· ;············ .. ·· _______________________________ ::::::]····· ... .... 
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Chart CL. Phase CL.overall Logic Diagram 

TEST FOR: 

s~~ta~l.L DECLARE, 
=~Tfl'~8ti~i 

SCNA 

.... . . 
• B2 • . . ·1:: __________________________________ _ 
... 82 •. •••••B3•••••••••• . . •. . . 

• • TEST •. YES • PROCESS • 
•.FOR SPECIFIC • •-------->• THE • 

•, KEYWORDS , • • STATEMENT • .. .. . . •. . . . ............... . 
1
• NO l •••• 

->= F2 : . . .... . .. C2 •, •••••C3•••••••••• . . •. . . 
• • TEST FOR •. YES • MARX THE • 

•. I/O STATEMENT.•-------->• I/O PHASES • 
•. • • • AS 'WANTED' • . . . . . . 

"I~ ........ r ..... 
D2 •. •••••03•••••••••• 

•• •• TEST •••• YES : STI=IMRTO : 
•. FOR OTHER • •-------->• OUTPUT TEXT •---

•STATEMENTS.• • WITHOUT • 
•. .• • CHl!lCKING • 

•. . . ················· r . •. 
E2 •. 

NO'l'E: 

. . . . 
• • TEST FOR • , YES 

•. END OF • •---1 •. PROGRl'M .• •. . . .. . . 
• NO ••••• •••• j •CO • • • • Bl• 

• F2 •-> • • . . . .... 
BADST .•. •••••F2•••••••••• F3 •. •••••Fii••• ••••••• 

: SKIP TEXT TO : • •' • TEST • • •. YES : TRANSFER : 
:K~'Cai5°l-~M\t :-------->•... • il~~· .•. ·-------->:,5sMi~1E~m : . . .. .• . . ••••••••••••••••• ··1·=o ········1········ 

.... . ... . . . . 
: B2 : : F2 : .... . ... 
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Chart co. Phase co overall Logic Diagram 

SCAN2 • •. DBCL • •. 
1!1 •. B2 •. •••••Bl•••••••••• .. .. . . .. . . 

, • TEST •. YES , • TEST POii •, YES • DBLITE • 

•. DECLAllE ,• •. .• • • .. . . .. . . . . .. ... .. .. . ............... . !
->•. POii .•-------->•. LABBt(S) • •-------->• 'IHE LABBL(S) • 

••• •NO •NO 1 

:.::.: l l<--------------
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C1 • •. •. ECD=••••C2•••••••••• 
, • •, • CHIC~ SYNTAX • • •• • 

• • 'IEST • • YES • or • • • 
•, FOii , •-------->• DICLAllATION •---->• B1 • 

•.ALLOCATE , • • 011 • • • 
•. , • • ALLOCATION • ••• • .. .. . ............... . 

1.~ 
.•. CALLOl' 

D1 •. •••••D2•••••••••• . . .. . . 
, • TEST •. YES • l'llCCESS • 

•. POii • •-------->• CALL •---
•. CALL , • • STATEMENT • II .. .. . . .. . . . ............... . 
r 
.•. SCANT 

E1 •. •••••E2•••••••••• 
, • •, • TllANSPEll • 

•:•ro11Tla~ or•:.~~----->: ~A~ftP:r.Ji : __ _ 
• •• ~RCGllA~··• : TJPoclit~UT : .. .. . ............... . 

• YES 

l .... 
•CS • ->• B2 • . . 
•••• 



Chart cs. Phase cs overall Logic Diagram 

NOTE: 

INPUT FROM PHASE CL IF PROGRAM 
~EM~A~~lUMif~RE. CALL 

SCNA 
82 

• r:~--------------:::::::::::::::::---1 .. . . . . 
• • •. YES • PROCESS THE • 

•. TEST • •-------->• STATEMENT •---•. . . . . "' •. . . . . . . . . . ............... . r 
.•. FORMAT C2 •. •••••C3•••••••••• . . •. . . 

•: • 1fgirJ¥~ •: • .!~~----->: i~~f¥8LU¥ =---•. . . . . "' •. .. . . .. . . . ............... . 
i~ 

.•. TRTSC 02 •. •••••D3•••••••••• . . . . . . 
• • 'IEST FOR •. NO • TRANSFER • 

•. END OF • •-------->• STATIMBKT TO •---
• PROGRAM • • OUTPUT TEXT • .. .• . . •. . . . ............... . 

• YES 

l .... 
•CV • ->• B2 • . . .... 
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Chart CV. 

110 

Phase CV overall Logic Diagram 

TEST FOR: 

ENTRY, PROC, 
~fg£:A£CALL, 

. ... . . 
• 82 • . . . r :: __________________________________ _ 

SCNA .•. SCNZ 
B2 •. •••••B3•••••••••• . . .. . . 

• • TEST •. YES • PROCESS • 
•. FOR • •-------->• LABEL(S) • 

•.LABELIS) .• • • .. .. . . . . . . ·················· • NO j 
1 <-----------------------

• •. POAl C2 •. •••••C3•••••••••• .• •. . . 
NO • • TEST •. YES • PROCESS • 

--•. FOR PREFIX • •-------->• PREFIX • 
•. OPTIONS • • • OPTIONS • .. .. . . 

.. :~----------==:=i'"''''' 
.•. POCl 

02 •. •••••D3•••••••••• 
• • TEST • • • FORM THE • 

• • FOR CHECK •. YES • NECESSARY • 
•. AND NOCHECK • •-------->• PSEUDO •---

•. LISTS • • • STATEMENT • .. .. . . .. . . . ............... . r 
.•. CHAIN E2 •. •••••Eli•••••••••• 

• • • • • SLOT THESE • 
• • •. YES • STATEMENTS • ->• • TEST • •--------------------------------->• INTO THE • 

• • • • f\ • RELEVANT • 
•. .• • CHAibiS • 

•. •. ~o ••••••••1•••••••• 

l ...... 
• •. CREICON • J2 • 

F2 •. •••••F3•••••••••• • • 
• • TEST •. • SURROUND • • • • • 

• • FOR AN •. YES • THE ON-UNIT • 
•.ON-STATEMENT • •-------->• BY A •-----

•. .• • PROC-END • .. .. . . .. . . . ............... . r 
.•. END3 G2 •. •••••G3•••••••••• . . .. . . 

• • TEST •. YES • PROCESS 
•. FOR • •-------->• END 

•. 'END' • • • .. .. . . .. . . . ............... . 
• NO 1 
1 .···· . 

• •. • B2 • 
H2 •. • • .• .. . ... 

• • TEST •. YES 
•. FOR END OF • •---l •. PROGRAM .• .. . . .. . . 

• NO ••••• •••• l •EG • • • • Al• 
• J2 •-> •• . . . .... 

TRTSC 
•••••J2••········ . . .... 
• TRANSFER • • • 
• STATEMENT •---->• B2 • 
• WITHOUT • • • 
• CHECKING • •••• ••••••••••••••••• 



Table BX. Phase BX 48-Character Set Preprocessor 
r-----------------------------------T--------------~-----------------------------------1 I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ ITranslates keyword table to IBAOO !None I 
linternal code and initializes I l I 
·-----------------------------------+----------------+-----------------------------------~ 
IReads a record IBAl IZURD (AA) I 
~----------------------------------+---------------+-----------------------------------~ 
I Scans text l BAJ.A I None I 
t-----------------------------------+---------------+-----------------------------------i 
IBandles operators and keywords lBAS INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IReplaces operator keywords IBA11 INone I 
·-----------------------------------+---------------+-----------------------------------~ tReplaces comma-dot by semi-colon IBA20 INone I 
i where applicable I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Deals with quote marks I BA25 I None I 
t-----------------------------------+---------------+-----------------------------------i 
IMaintains parenthesis level count IBA30 INone I 
·-----------------------------------+---------------+-----------------------------------~ 
I Replaces period-period by colon I BA40 I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IProcesses a slash IBASO !None I 
t------------~---------------------+---------------+-----------------------------------i 
!Reads one record ahead in case of IBA70 !None I 
I need I I I 
t-----------------------------------+---------------+-----------------------------------i 
IRestores the situation when a read IBA80 INone I 
lahead has taken place I I I 
t-----------------------------------+---------------+-----------------------------------i 
tPuts out converted text and IBA90 IZUBW I 
toriginal text onto backing store I I I 
L-----------------------------------1.---------------~-----------------------------------J 
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Table CA. Module CA Read-In conunon Block 1 
r-------------------------------------------T-------------~----------------------------, 
I Function I Subroutines I 
~-------------------------------------------+-------------------------------------------i 
IProvides subroutines conmon to all five IACONST, DECINT, EXP, EXPAND, EXPLST, IDENT,I 
lpasses of the read-in phase IMVCHAR, OPTOR, SCONST, SINGLE, SQUID I 
L-------------------------------------------~-------------------------------------------J 

Table CA1. Module CA Routine/Subroutine Directory 
r------------------.,.--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IACONST IChecks for a valid arithmetic constant. I 
I I I 
IDECINT IChecks decimal integer. I 
I I I 
IEXP IDiagnoses expressions. I 
I I I 
IEXPAND IExpands iterations of string constants and picture characters. I 
I I I 
IEXPLST IChecks for a list of expressions separated by commas but enclosed in 
I I parentheses. 
I I 
IIDENT IChecks for a valid identifier. 
I I 
IMVCHAR IMoves text from one address to another. 
I I 
fOPTOR !Checks for an operator and replaces the two-byte operators by 
I lone-byte codes. 
I I 
ISCONST IChecks for a valid string constant. 
I I 
I SINGLE fDiagnoses a single expression in parentheses. 
I I 
ISQUID IChecks for a valid subscripted and qualified identifier. 
L------------------i--------------------------------------------------------------------
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Table cc. Module cc Read-In ConDDOn Block 2 
r-------------------------------------------T-------------------------------------------1 
I Function I Subroutines I 
·-------------------------------------------+----------~--------------------------------i IProvides subroutines connon to all five ICHAR, CHECK, KEYWD, MESAGE, NONEX, I 
lpasses of the read-in phase INULINS, OP'l'EST, PICT, PREC, SOFLOW I 
L-------------------------------------------~-------------------------------------------J 

Table cct. Module cc Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------i ICBAR IDiagnoses the CHARACTER and BIT data attributes. 
I I 
ICHECK ITests the top entry in the stack. 
I I 
IKEYWD IIdentifies keywords and hands back the replacement character to the 
I I caller. 
I I 
IMESAGE IProvides a diagnostic message. 
I I 
INONEX IChecks stack for non-executable statements • 

. I I 
INULINS !Inserts null statement in output text. 
I I 
IOPTEST ITests the output string and moves text to the output. 
I I 
IPICT IDiagnoses a picture. It uses a TRT table set up for the purpose. 
I I 
IPREC !Diagnoses the precision, and the attributes and format items which 
I 1use it. 
I I 
ISOFLOW IBumps stack pointer and checks for stack overflow. 
L------------------~--------------------------------------------------------------------

Table CE. Modules CE, CK, CN, and CR Read-In Keyword Block 
r-------------------------------------------T---------~--------------------------------1 
I Function I Subroutines I 
·-------------------------------------------+-------------------------------------------i IProvides tables of keywords in internal JNone I 
tcode, together with replacement code. I I 
INo functional code exists in these modules.I I 
IRefer to Appendix B for details of keyword I I 
I tables. I I 
L-------------------------------------------i-----------..------------------------_.;.. ______ J 
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Table CI. Phase CI Read-In First Pass 
r----------------------------------T----------------'T-----------------------------------i I · I Main Processing I I 
I Statement or Operation Typ~ I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------. 
IControls main scan, identifies IRSTART IASSIGN, BADSTl, BEGIN, DO, I 
lstatements, and analyzes some in I IELSE, BUMP, END, EOP, ERROR, IF, I 
!detail I ION, POPLST, PROC, READ, SIGRVT, I 
I I ISTAT2, STRING, plus those I 
I I I subroutines contained in modules CAI 
I I land cc I 
L-----------------------------------L---------------L-----------------------------------J 
Table Cil. Ph~se CI Routine/Subroutine Directory 
r--------------~--------------------------------------------------------------, I Routine/Subroutine I Function I 
~------------------+-----------------------------------------------------------------~ IASSIGN (CG) IDiagnoses an assignment statement. 
I . I 
IBADSTl IRecovers from failure to recognize a statement type; skips to next 
I I semi-colon. 
I I 
IBEGIN (CG) IChecks the BEGIN statement and makes an entry in the first pass 
I I stack. 
I I 
IBUMP IAdvances the input Data Pointer (DP), skips blanks, if any, forcing 
I I source text to be read into storage as necessary. 
I I 
)DO (CG) !Checks the DO statements and makes an entry in the first pass stack. 
I I 
IELSE (CG) !Unstacks an IF compound statement. 
I I 
IEND (CG) IProcesses three different types of END statements; PROCEDURE-BEGIN; 
I IDO; iterative DO. 
I I 
IENTRY !Processes ENTRY statement. 
I I 
IEOP IProcesses end-of-program marker, and returns to compiler control in 
I larder to load next pass. 
I I 
IERROR (CG) IBandles false starts on possible statements. 
I I 
IIF (CG) IScans the IF statement and makes entry in first pass stack. 
I I 
ION (CG) IDiagnoses the ON statement and makes entry in first pass stack. 
I I 
IPOPLST IRemoves prefix options from the text and places them in the 
I I dictionary. 
I I 
I PROC I Scans the PROCEDURE and ENTRY statement and makes an entry in the 
I I first pass stack. 
·I I 
IREAD IReads source text into storage, translating it into internal code, 
I lexcept for character strings; removes comments; prints source 
I I listing and prefix options. 
I I 
IRSTART IControls the first pass scan. Enters statement labels into the 
I I dictionary. 
I I 
ISIGRV'l' (CG) I Scans SIGNAL and REVERT statements. 
I I 
I STAT2 (CG) I Handles all other statements. 

lsTID lstatement identifier routine. 
I I 
ISTRING (CG) IScans character .strings. 
L------------------L------------------------------------------------------------------
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Table CL. Phase CL Read-In Second Pass 
r-----------------------------------T---------------,.-----------------------------------, I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines used I 
1-----------------------------------+---------------+-----------------------------------i I scans for statements handled in I SCNA I BUMP, DELAY, DSPLAY, DO, FREE, I 
I this pass, analyzing them in I I GOTO, ITDO, LABEL, PROC, RETURN, I 
ldetail. Skips over other statements! ITRTSC, plus those subroutines I 
I I I contained in modules CA and cc I 
L-----------------------------------~---------------L-----------------------------------J 

Table CLl. Phase CL Routine/Subroutine Directory 
,.------------------T--------------------------------------------------------------------1 
fRoutine/Subroutinel Function I 
·------------------+--------------------------------------------------------------------i IBUMP Increments the input Data Pointer CDP), skipping over blanks, I 
t obtaining a new text block if necessary. I 
I I 
IDELAY Processes DELAY statements. I 
I I 
IDSPLAY Processes DISPLAY statements. I 
I I 
IDO Processes DO statements. I 
I I 
IEOP Processes end-of-program marker, and releases control to phase co or 
I cs, or CV (CO and cs are optional phases). 
I 
IFREE Processes FREE statements. 
I 
IGO~~ Processes GOTO statements. 
I 
IITDO Processes iterative DO statements. 
I 
ILABEL Diagnoses LABEL attributes. 
I 
IOPTION Handles OPTIONS attribute on PROCEDURE or ENTRY statements. 
I 
IPROC (CM) fAnalyzes PROCEDURE attributes and options, and completes the 
I ldiagnosis of PROCEDURE and ENTRY statements. 
I I 
IRETURN IProcesses RETURN statements. 
I I 
ISCNA IMain controlling routine of this pass. 
I I 
ITRTSC f Skips over all other statements. 
L------------------i-------------------------------------------------------------------
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Table co. Phase co Read-In Third Pass 
r-----------------------------------T--------------.,.-----------------------------------1 , I Main Processingf 1 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
1scans for DECLARE, CALL, and ISCAN2 IATTLST, BUMP, CALLOP, DECL, DEFIND,f 
fALLOCATE statements. Analyzes I IDIMS, ENTRY, ENVMNT, EOP, I 
f syntax of attributes by calling I IGENRIC, LABEL, LIKE, USES, IVLIST, I 
fappropriate subroutines I land those subroutines contained in I 
I I lmodules CA and CC I 
L-----------------------------------L---------------L-----------------------------------J 

Table col. Phase co Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IATTLST f Processes an attribute list. (Recursive) 
I I 
IBDCL !Processes DECLARE or ALLOCATE statement. 
I I 
IBUHP IAdvances Data Pointer CDP), obtaining new input block if necessary. 
I I 
ICALLOP (CP) IChecks CALL statements and options. 
I I 
IDECL I Processes the DECLARE and ALLOCATE statements. 
I I 
IDEFIND ICh~cks the DEFINED attribute. 
I I 
I r.n:s f J::xamines the dimension specifications. 
I I 
I.ENTRY IChecks the ENTRY attribute. 
I I 
I ENVM~T (CF) I Removes environment information from the text and inserts it into 
I lthe dictionary. 
I I 
f FOP Processes the end-of-program marker, and releases control. 
I 
IGE'NRIC Processes the GENERIC attribute. 
I 
IIVLIST (CP) Processes the INITI~.L attribute. 
I 
IIABEL (CP) Analyzes LABEL attribute. 
I 
ILIKE Processes the LIKE attribute. 
I 
I PSQUID (CP) Checks for a. qualified subscripted identifier· in parenthesis. 
I 
f REFER (CP) IChecks the REFER attribute. 
I I 
I SCAN2 I scans for DECLARE, .CALL, or ALLOCATE statements, moves others to the 
I loutput strinq unaltered. 
I I . . 

1 
. 

f SCANT IMoves text to semicolon without a teration. 
I I . 
f USES IDeletes the now obsolete USES and SETS attributes from text. 
L------------------L-------------------------------------------------------------------_J 
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Table cs. Phase CS Read-In Fourth Pass 
r-----------------------------------T---------------'T-----------------------------------1 
I f Main Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
IControls main scan and identifies ISCNA IEOP, FORMAT, GET, LIST, OPEN, I 
11/0 statements for further analysis! IREAD, TRTSC, plus those subroutinesf 
I I tcontained in modules CA an1 cc I 
L-----------------------------------i---------------~-----------------------------------J 

Table CS1. Phase cs routine/Subroutine Directory 
r-------------------T--------------------------------------------------------------------1 
IRoutine/Subroutinel Function I 
·------------------+--------------------------------------------------------------------~ 
I I I 
IEOP !Processes end-of-program marker and releases control. I 
I I . I 
IFORMAT (CT) !Processes the FORMAT statement and format lists. I 
I I I 
IGET CCT) !Processes GET and PUT statements. I 
I I I 
ILIST Processes data lists. I 
I I 
IOPEN (CT) Di.3.gnoses OPEN a.nd CLOSE statements. I 
I I 
IREAO Checks th~ syntax of RECORD I/O statements READ, WRITE, REWRITE, andl 
I DELETE. This routine also checks for permissible combinations of I 
I these statements. I 
I I 
I SCNA Main scan of this pass. I 
I I 
l'I'RTSC Skips over all statements other than I/O, moving them to the output I 
J text. I 
L------------------i--------------------------------------------------------------------J 
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Table CV. Phase CV Read-In Fifth Pass 
r-----------------------------------T---------------r-----------------------------------1 I . IMain Processing! I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
!Identifies statements for which it ISCNA I CALLIN, CHAIN, DECL3, DOJ, END3, I 
!roust build chains I IENTRY3, EOP, POA1, PROC3, TRTSC, I 
I I land those subroutines contained in I 
I I !modules CA and cc. I 
L-----------------------------------i---------------L-----------------------------------J 

Table CVl. Phase CV Routine/Subroutine Directory 
r--·----------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------t 
ICALLiN (CW) IMakes up the CALL chain. 

' 1 I CHAIN I Forms chains. 
I I 
f CHiC~ON IChecks the fifth pass stack for ON entry, in order to insert 
1 IPROC-END statements round the ON unit. 
I I 
IDECL3 IChains the DECLARE statement to the appropriate PROC or BEGIN 
I I statement. 
l I 
ID03 IMakes a stack entry for DO block. 
I I 
jEND3 !Checks the fifth pass stack. 
I ... I 
jENTRY3 !Makes an entry in the ENTRY chain. 
1 I 
1EOP (CW) IProcP.sses end-of-program marker, and releases control. 
i I . 
IILA-BSN (CW) creates pseudo-assignment statements for initial labels. 
I 
JPOAl Analyzes prefix options in greater detail. 
I 
IPCCl Processes check lists. 
I 
IPROC3 Makes an entry in the PROCEDURE-BEGIN chain. 

' jSCWA Main controllino routine of the pass. 
I 
ISCNZ Extracts statement number for label entry. 
I 
ITR'ISC Skips over statements not required for analysis in this phase. 
I . 
L------------------~--------------------------------------------------------------------J 
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Chart 03. Dictionary Loqical Phase Flowchart 

•••••Al•••••••••• 
•INITIALIZN EG• ·-·-·-·-·-·-·-·-· •SET UP HASH TAB• 
•' INSERT TABLE • 
•ENTRIES IN CHNS• ....... T ....... 
•••••Bl•••••••••• 
•CREATE DICT ENT• 

:r>~ t~t ~~;M!: 
:A~p~Eru~a1my: 

·······1······· 
•••••c1•••••••••• 
•DECL PASS 1 EI• ·-·-·-·-·-·-·-·-· •SCAN DECL CHAIN• 
•PREPARE ATTRIBS• 
•FOR NEXT PHASE • ·······1····· .. 
•••••Dl•••••••••• 
•DECL PASS 2 EK• ·-·-·-·-·-·-·-·-· •SCAN DECL CHAIN• 
•MAKE ENTRY FOR • 
•EACH DEC VARIAB• ·······1······· 
•••••E.1••········ •COMMUNICATNS EP• ·-·-·-··-·-·-·-·-· •SET LATE PHASES• 
•WANTED OR UNWTD• 
• ACC TO FLAGS • ·······1······· 
•••••Fl•••••••••• 
•SCAN ER'l' TYPE 1 • 
•CHN MAXING ENT • 
•TYPE 2 I 3 DICT• 
• ENTS FOR DATA • 
•TYP RET BY PROC• ·······1······· 
•••••Gl•••••••••• 
• SCAN CALL • 
• CHAIN MAKING • 
•DIC Elft'RIES FOR• 
•EXTERNAL ENTRY • 
• MAM ES • ·······T······· 

... 
Hl •. •••••H2•••••••••• 

.• DOES •. •LIKE EW• 
• • PROGRAM •. YES •-•-•-•-•-•-•-•-• 

• .COllTAIN LIKE • •------->•SCAN LIKE CHAIN• 
•.ATTRIBUTE. • • EX PA NI> ALL • 

•. • • •LIKENED STRUCTS• 

· · i :~ __________ ::::::r······ 
.•. Jl •. •••••J2•••······· 

• • •. •ALLOCATE EY• 
• •ALLOCATE OR•. YES •-•-•-•-•-•-•-•-• ·i;r" w~m~· ·------->:gnL~ f"m: 

· ·.. . . · · :i~~.nmu~: 

i,~ ____________ ___I 
•••••Kl•••••••••• •••••K2•••••••••• 
•CONTEXT FA• • MAKE DICT • 
•-•-•-•-•-•-•-•-• • ENTRIES FOR • 
•SCAN TEXT. MAKl':•------->•CONSTl\NTS USED •-----
•ENTRY FOR COND • •IN THE PROGRAM • 
• NAMES ' FILf.S • • • ................. . ............... . 

•••••A3•••••••••• 
•BCD-DICT REF FE• ·-·-·-·-·-·-·-·-. -->• CHANGE BCD TO • 
• DICTIONARY • 
• REFERENCES • . ............... . 

l 
•••••83•••······· •CHECI< Fl• ·-·-·-·- ·-·-·-·-. •CHECJ< VALIDITY • 
• OF DICTIONARY • 
• REFERENCES • ·······T······· 

... 
Cl •. •••••C4•••••••••• 

.• SETS •. •ATTRIBUTES FR• 
• • OR USES •. YES •-•-•-•-•-•-•-•-• 

•.ATTRIBUTE IN • •-------->•PROCESS 1.>t:TS ' • 
•. PROGRAM • • • USES LIS'l'S IN • 

•. • • •THE DICTIONARY • 

.. i :~---------==]····· ... 
•••••Ill•••••••••• •uN FO• ·-·-·-·-·-·-·-·-· :co~~~¥il ~Ai1' : 
• ON-CONDITIONS • 

·······T······· 
•••••E3•••••••••• 
• REPLACE BY AN • 
•ERROR STATEMENT• 
• ANY STATEMENT • 
•CONTNG A DUMMY • 
•DICT REFERENCE • ·······T······· 

. •. F3 •. •••••F4•••••••••• 
• • ANY •. •PICTURE FQ• 

• • PICTURES •. YES •-•-•-•-•-•-•-•-• 
•. IN THE • •-------->•CHECI< VALIDITY • 

•. PROGRAM • • • OF PICTURE • 
•. .• • CHAIN • .. i ~----------~::::::i· ...... . 

•••••G3•••••••••• •HOUSEKEEPING FT• ·-·-·-·-·-·-·-·-. •CHAIN VARIABLES• 
*OF EACH STORAGE• 
•CLASS ' CONSTS • ·······T······· 
•••••H3•••••••••• 
• UNCOMMON • 
• PICTURE AND • 
•DIMEllSION TABLE• 
• DICT. ENTRIES • . . 
·······T······· 
•••••J3••········ •••••JI!••········ • 211D FILMRGE FV• • PROCESS • 
•-•-•-•-•-•-•-•-• • ADJUSTABLE • 
•AFTER ALLOCATE •-------->• EXTENTS ON • 
• PROC OR BEGIN • •BASED VARIABLES• 
• STATEMENTS • • • 

........ ::::::~--------=::::::i ....... . 
.•. 

K3 •. •••1<11••········· .• ATR •. 
• • OR XREF •. YES • PRINT ATR 

•. LISTING • •--------> ANl>/OR XREF 
•.REQUIRED • • • LISTING .. . . • ... 

• NO 

l .... 
•Oii • ->: a1. • .... 

. .............. . 
l ... . •04 • ->: Bl•• .... 
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Chart EG. Phase EG overall Logic Diagram 

120 

•••••Al•••••••••• . . 
• INITIALIZE • 
• HASH TABLE • . . . . 

~: ...... T ...... 
•••••Bl•••••••••• 
• IN LABELS • 
•IN CHAINS,• 
•C GFOR • 
• IPLE • 
• DEFINITION • 

CA7"""'T"""' 
•••••Cl•••••••••• . . 
• SCAN • 
• PROC-BEGIN • 
• CHAIN • . . .... 
::::::··1········· : .~~.: . . .... 

•••••A4•••••••••• . . . . 
• ENTRY . . . . ............... . 

l •••••e11•••••••••• 
• MOVE • 
• SUBROUTINES • 
• INTO SCRATCH • 
• CORE • . . 
········r ...... 
••••ell••••••••• 

• RELEASE • 
• CONTROL • . . ............... 

• Dl •-> ! 
• • • CAPROC CFORP CTYPBL Dl *. •••••D2• •• ••••••• •••••03•••••••••• •••••Dll•••••• ••• • •• •• •DS• • • • • • • •• • 

• • •. • • • SCAN FORMAL • •SCAN ATTRIBUTE • • CHAIN • 
• • •. YES • GENERATE • •PARAMETER LIST • • LIST. CREATE • • VARIOUS 

•. PROC .•------->• ENTRY TYPE 1 •-------->• AND CREATE •-------->• ENTRY TYPE 2 •-------->• ENTRY DICT 
•. • • • • • F.P. TYPE 1 • • FOR THE • • ENTRIES • 

•. • • • • • ENTRIES • •S'IATEH.EN'I LABEL• • • ·1:0 ................. ................. ................. .. ...... 1········· 
.•. CASA El •. •••••E2•••••••••• •••••E3•••••• •••• •••••ES•••••••••• 

• • •. • • • • • UPDATE • 
• • •. YES • CREATE • • CHAIN • • HAPSTACI< IN • 

•. BEGIN • •------->• ENTRY TYPE 1 •-------->• ENTRY TYPE 1 "' • SCRATCH • 
•. • • • • • • • STORAGE • .. .. . . . . . . . . [:~;i;.. ...... .... ....... . ..... ··1·· .. ..... . ... ····1· ....... . 

=••• • TYPW 
NOTE: •••••F3•••••••••• •••••PS•••••••••• . . . . 
GOES TO PHASE EP • UPDATE • • SCAN • 
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• YES 

i .... . . 
• 02 • . . .... 
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CCGSOO :••••A2•••••••••: 
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• SOURCE TEXT • . . . . .... 

~;~::::::r...... <ro'2 : f : ______ _ 
:····~~~:·~; .... : : .... 83••••·····: 
• NEXT ENTRY • • CONTINUE • 
• IN DECLARE • • SCAN OF • 
• CRAIN • • DECIARATIOfl • . . . . ...... ··i:::::~: _______ ::::::::i· ...... . 

c2. •. •. ccn-~,;g~~•••••••• 
• • TEST •. • REPLACE • 

• • FOR •. YES • PARENTHESES • 
•. FACTORED • •-------->• BY SPECIAL •---

•ATTRIBUTES.• • CODES FOR • II 
•. • • • LATER PHASES • •. . . . ............... . 
r 

CCGSAT • •. 02 •. •••••D3•••••••••• 
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•. TEST • •-------->• ATTRIBUTE TO •---

•. • • • ASSIST LATER • II 
•. .• • PMSES • .. . . . ............... . r 

• •. GENTRY E2 •. •••••E3•••••••••• 
• • TEST • • • KEEP A COUNT • 

• • FOR •. YES • OF THE • 
•. ENTRY OR .•-------->•PARENTHESES TO •---

•. GENERIC • • •ASSIST FACTORED• 
•. .• •ATTRIBUTB SCAN • .. . . . ............... . r . •. 

F2 • • 
• • TEST • • 
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; i"' 

G2 •. 
1,·. CSGSOO • •. 

I .•TEST•. 
1 NO • • FOR END •. 
~--•. 01" DECLARE .• 

•. CHAIN .• .. . . .. . . 
• YES 

l .... 
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• FllSS CCNTllOL • 
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~·~~ ..... T ...... 
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• SCAN CHAIN • 
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.•. SCANll • •. 
Cl •. •••••c2•••••••••• C3 •. .. .. . . . . . . 

• • END •. NO • SCAN CHAIN • • • END •. YES • • 
•. OP CHAIN • •-------->• OF DECLARE •-------->•. OP CHAIN • •---->• Bl • 

•. • • • STATEMENTS • •. • • • • .. . . . . .. . . . ... .. . . ................. . .. . 
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• LIST • . . ................. 
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am• 1 •••••.J3••········ • MAJCL • _________________ : Dliff¥ ~I : 
• IDENTIFIER • • • ................. 
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•••••Bl•••••••••• •••••B2•••••••••• •••••Bl•••••••••• ell •. ••••• ... -,• •••••••• 
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• ENT.RY TYPE 1 • • fIRST LABEL • • 3 IF NOT • •. • • • :;r.x'T L;.!;t;L 
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• OP' START OF •<----------------------------------•. ENTRY CHAIN , •--------H ITEM IN CHAIN •-------->•. FRCCI.CUiU , • 
• CALL CHAIN • • • • • • • • • • • . . .. . . . . •. . . ;:;;:;::1········· .... • ................. . · 1~:;~:;·: . . . . .... . ... 
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Fl •. •••••Fii•••••••••• •••••E"i•••••••••• CONTROL PASSED TO 
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~~I JI rn8f~8~ioN~~> 
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•. • • • REFERENCE • • • ...... ·1 ;.. ...::: .... T...... .. ............. .. 
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EWBECN 
•••••Al•••••••••• 
• INITIALIZE. • 
• GET SCRATCH • 
• STORAGE AND • 
• FIRST IT1''Jll IN • 
• LIKE CHAIN • ................. 
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• FOR STRUCTURE • 
• WITH SAME BCD • . . ................. 
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• • THIS A •. NO • SET UP ERROR • • STRUCTURE • • • 'IHIS 1' •. NC • TC 'I!IIS PClNT • 
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INPUT FROM PHASE EP Ok 
IEMEY PHASE EW (OPTIONAL) •••••Al•••••••••• . . 

• REVERSE • 
• Si'CO!'II: FILE • 
• POI;l'?ERS • . . 

ut:······r······ 
•••••Bl•••••••••• 
• SCA" PROC • 
• ANO D~LARE; • 
• CHAI"S FOR • 
• ALLOCATE • 
• STllTEMENTS • 

__ ::~:::r······ 
.•. IEMEX 

••Cl •. • • :••••C2•••••••••: 
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•• •-------->•·t?¥H~R~iT~.· •------->•VARIABLE'S D.E.• . . •. .. .. .. 
·······r .. ···· ·r· ·l~: ________ ::::=r······ 

J::Y2l••••El•••••••••• E2° •. •. •••••E3•••••••••• 
• IF ITEM IS • • • •. • • 

=~~fil'~f 6~Hf~I<: -~~.: • OFE~~XT •: • : A~gp~~Mfl =-----------------------------
• ALLOCA'rE WITH • •. .• •IN TEXT BY D.R.• 
• DECLARATION • •. • • • • ········1········· .. i~:!!i;.. . ............... . . . .... 

DICBLD •••••Fl•••••••••• 
• MARE llEW DICT • 
•ENTRY FOR EACH • 
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• [;£(; LARATION • 
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NOTE: 

D.E • ., DICTIONARY ENTRY 
D,R, • DICTIONARY REf'El<El~CE 
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CEJ2 
•••••Al•••••••••• 
• MOVE BYTE • 
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• 'l'O • 
• OUTPUT AREAS • . . ·::::···1········· . . 
• r.1 •-> . . .... 
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•·i~AkAP7~·· •Dt~LARAT~~N• : • •. . . . . . . . ............... . 
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•=* EOP •;.~~---->•:• FIRST •:.!!~----->= "bVAJlo8i!fi : 
•. • • •. • • • POJ:NTER • .. . . •. .. . . .. .. .. .. . ............... . 
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········c:::::: __ _ 

CBJCSN 
•••••Gl•••••••••• 
• SAVE • 
• STATEMEN'l • 
• NUMBER. SKIP • 
• RES'? or 'BRTRY • • • ••••••••••••••••• 
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• YES • NO • YES • YES • • •• 
l----------------------> l ______________________ > l------------------------> I : DS : 

~ . . . .... . ... 
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• A3 • . . .... 

GETSCR FOlA ! 
•••••A2•••••••••• •••••A3•••••••••• 
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• STACI< • •. • • • • ................. ··.·~ ·······T······· 

1 ... •••••H3•••••••••• Hll •. •••••II'>•••••••••• . . . . .. . . 
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• STACJt • LOW • • CONST.Mil' •. HIGH • CONSTANT IN • 
• EMTllY •<------•. WITH NEXT • •-------->• SLOT IN STACK •--1 
• DOWN ONE • •. STACI< .• • FOLLOWING • 
• PLACE • •.ENTRY.• • CURREN'l' ENTRY • .................. .. . . . ............... . 

j
• SAME :*;;•: .... 

POERR2 •••••K2•••••••••• 
•••• • SOURCE • 

• • • E.llROR. • 
• Cl •<---• WRITE • 
• • • DIAGNOSTIC • .... . . ................. 
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CY CR DB •••••G2•••••••••• 
• PROCESSES • 
• PICTURE • 
• CHARACTERS • 
• CR, DB • • • . ............... . 

CYSS •••••H2•••••••••• . . 
• PROCESSES • 
• PICTURE • 
•CHARACTERS 6, 7 • . . ................. 
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Chart FX. Phase FX overall Logic Diagram 
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Table ED. Phase ED, Initialization 

r-----------------------------------r-------~-------r------------------------------~----1 I I Main Processing I · 1 
I statement or Operation Type I Routine t Subroutines . Used I 
~-----------------------------------+---------------+--------------------------------~-i f Sets up routines in scratch storagefSETUP f None I 
I for phase EL I I I 
L-----------------------------------J._--------------L-----------------------------------1 

Table EDl. Phase ED Routine/Subroutine Directory 

r------------------T-----------------------------------~--------------------------------, 
f Routine/Subroutinet Function I 
~------------------+--------------------------------------------------------------------1 I EVENT I I 
f TASK I I 
ICELL f Routines for processing declared attributes. These set up I 
fBASED f information in the attribute collection area of scratch core, I 
IPOINTER tfor reference by CDICEN, etc., in phase EL. I 
I OFFSET I I 
L------------------i--------------------------------------------------------------------1 

Table EG. Phase EG Dictionary Initialization 

r-----------------------------------r---------------r-----------------------------------, 
I IMain Processingl I 
I statement or operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
!·Hashes labels I CA.l\l I CBASH, CBCDL2 I 
~----------------------------------+---------------+--------------------------------..;..-i I PROCEDURE-BEGIN chain ICA7 I None I 
·-----------------------------------+---------------+----------------------------------~~ I EEGIN I CA8A I None . I 
~-----------------------------------+---------------+-----------------------------------t 
IPROCEDURE ICAPROC ICANATP, CFORP I 
~-----------------------------------+---------------+-----------------------------------~ IENTRY ICA10 ICANATP, CFORP I 
~-----------------------------------+---------------+-----------------------------------4 IFonnal parameters ICFORP ICHASH, CBCDL2 · I 
~----------------------------------+---------------+~----------------------------~~---~ 
I Attribute list ICANATP I CAPREl, CATCHA, CATBIT, CATPIC I 
~-----------------------------------+---------------+-----------------------------------i I creates entry type 2 entries for I CTYPBL I ENT2F, CDEFAT I · 
I labels I I I · 
L-----------------------------------L---------------1.-----------------------------------J 
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•Table EGl. Phase EG Routine/Subroutine Directory 

fib~~i~;;~ub;~~~i~;r------------------------------;~~~i~~------------------------------, 

~---------~------+--------------------------------------------------------------------~ f CAAl Scans label table and hashes labels. 
I 
f CANA~P Processes attribute list. 
I 
f CAPROC Processes PROCEDURE statements. 
I 
f CAPRE1 Processes precision data. 
I 
f CATBIT Processes BIT attribute. 
I 
f CATCHA Processes CHARACTER attribute. 
I 
f CATPIC f Processes PICTURE attribute. 
I I 

l

llCA6 fScans the PROCEDURE-BEGIN chain for the relevant statements, and 
f sets bits in Dictionary entries for optimization options on 
f PROCEDURE and BEGIN statements. 

I I 
f CA8A f Processes BEGIN statements. 
I I 
fCA10 f Processes ENTRY statements. 
I I 
f CBCDL2 f Traverses the hash chain looking for entries with the same BCD as 
I lthat just found. 
I I 
fCDEFAT f Completes data byte for entry type 2 entries by default rules. 
I I 
fCFORP f Processes formal parameter lists. 
I I 
fCHASH f Obtains an address in the hash table for an identifier. 
I I 
f CTYPBL f Creates entry type 2 entries for labels. 
I I 
f ENT2F ' tcreates or copies second file statements. 
I . I . 
fTYPW f SCans ENTRY chain. 
I I 
f OPTNl (EF) f Checks containing block options, for inheritance. 
I I 
f OPTN2 (EF) f Processes procedure options. 
I I . 
fOPTN3 (EF) f Performs post processing, makes STATIC DSA decisions. 
I I . 
IATTRBT (EF) f Processes POINTER, OFFSET, and AREA attributes. 
L------------------i--------------------------------------------------------------------1 

136 



Table FI. Phase EI Dictionary Declare Pass One 

r-----------------------------------T--------------~-----------------------------------1 
I IMain Processing! I 
I Statement or Operation I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans DECLARE statement ICCGSO !None I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans text ICCGS2 !None I 
t-----------------------------------+---------------+-----------------------------------i 
!Processes structure level ICCGSCM !None I 

t-----------------------------------+---------------+-----------------------------------~ 
IFactored attribute, left ICCFLP ICFPMCR I 
I parenthesis I I I 

t-----------------------------------+---------------+----------------------------------~ 
!Factored attribute, right ICCFR? INone I 
I parenthesis I I I 
~-----------------------------------+---------------+-----------------------------------i 
I Oata following DEFINED attribute I CCDEF I NEWBLK, CTXTRM I 

t-----------------------------------t---------------+-----------------------------------~ 
I POSITION I POSIT I None I 
t-----------------------------------+---------------+-----------------------------------i 
I CHARACTER, BIT I CHABIT I CTXTRM I 
t-----------------------------------+---------------+-----~----------------------------~ 
I PICTURE ICATPIC I None I 
t-----------------------------------+---------------t-----------------------------------~ 
I Ln<E I LIKE I None I 
t-----------------------------------+---------------+-----------------------------------i 
I KEY I KEYED I None I 
·-----------------------------------+---------------+-----------------------------------~ I Dimension I CDDIMS I CTXTRM, AST, TOMENE, ERRORB I 
t-----------------------------------+---------------+-----------------------------------i I Precision I CDPREC I ERRNEG, SCLBIG I 
·-----------------------------------+---------------+-----------------------------------~ 
I INITIAL I EJINIT I CECON, EHINIT I 
t-----------------------------------+---------------+-----------------------------------~ 
IINITIAL CALL IINCALL ICTXTRM I 
t-----------------------------------+-------------~-+-----------------------------------i 
I OFFSET I OFFSET I CTXTRM I 

·-----------------------------------+---------------+-----------------------------------~ 
I E.ASED I BASED I PTVEXP . I 
t-----------------------------------+---------------+-----------------------------------i 
I AREA I AREA I CTXTRM I 

L-----------------------------------L---------------L-----------------------------------J 
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Table Ell. Phase EI Routine/Subroutine Directory 

1;~~~1~;;;ub;~;;1~;r------------------------------;~~~i~~------------------------------i 

~------------------+--------------------------------------------------------------------~ IAREA IProcesses AREA attribl.lt~s. 
I . I 
IAST IDeals with the case of• dimension bounds mixed with non -• bounds. 
I I 
IBASED (EH) IEntry point in OFFSET routine, at which second file statement is 
I f made. 
I I 
ICATPIC IProcessas PICTURE attributes. 
I I 
ICCDEF IProcesses data following DEFINED attribute. 
I I 
fCCFLP IProcesses factored attributes (left parenthesis>. 
I I 
ICCFRP f Processes factored attributes <right parenthesis). 
I I 
ICCGSCM IProcesses structure level. 
I I 
ICCGSAT IAttribute routine selector. 
I I 
ICCGSE IScans DECLARE chain. 
I I 
ICCGSOO f Scans text. 
I I 
ICCGS2 IScans source text. 
I I 
ICDDIMS (EJ) f Processes dimension attributes. 
ICDPREC (EJ) IProcesses precision attributes. 
I I 
ICECON (EH) IMakes a dictionary entry for a constant unless one has already been 
I · lmade. Returns the dictionary reference of the constant entry. 
I I . 
f CFPMCR IObtains more storage for the factored attribute table. 
I I 
ICHABIT f Processes CHARACTER and BIT attributes. 
I I 
ICSGSOO IDetects end of DECLARE chain. 
I I 
ICTXTRM ITests for space in current text block and obtains new block if . 
I I necessary. 
I I 
IEHINIT (EH) IProcesses the INITIAL attribute except for the initialization of 
I I label variables and INITIAL CALL. 
I I 
IEJINIT (EJ) IProcesses INITIAL attribute and LABEL with a label-constant list. 
I I 
IERRNEG IDeals with the case of a negative precision specification. 
I I 
IERRORB IDeals with the case of lower dimension bound declared greater than 
I I the upper bound. 
'------------------~--------------------------------------------------------------------
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Table Ell. Phase EI Routine/Subroutine Directory <cont'd) 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Fwiction I 
~------------------+--------------------------------------------------------------------4' 
I I 
f GENTRY f Keeps a count of parentheses in GENERIC and ENTRY processing. 
I I 
IINCALL (EJ) !Processes INITIAL CALL attributes. 
I I 
f IVROOM <EH) Checks if there is space in scratch stor~ge for another entry. If 
I not, it makes a dictionary entry and chains it to the previous one 
I or to the C8 in text as required. 
I 
IIVPUTL (EH) 

I 
I 
I 
IIVPUTC (EB) 
I 
IIVPUTO (EH) 
I 
I 
I KEYED 
I 

Places a dictionary reference in the 'initial list' for a label 
constant. If the constant is not known, a dummy reference is 
inserted. 

Places a dictionary reference in tne 'initial list' for a constant. 

Places the dictionary reference of zero in the 'initial list' for a 
negative or imaginary replication factor. 

Processes KEY attributes. 

ILIKE !Processes LIKE attributes. 
I I 
INEWBLK !Obtains new text block. 
I I 
fOFFSET (EH) IProcesses OFFSET attributes. 
I I 
IPOSIT !Processes POSITION attributes. 
I I 
IPTVEXP (EH) f Entry point in OFFSET routine, at which secondfile statement is 
I tmade. 
I I 
ISCLBIG IDeals with the case when a precision specification for fixed-point 
I f data is declared too large. 
I I 
f SECON !Creates a dictionary entry for a constant provided the appropriate 
I f entry has not been already made. 
I I 
fSETS f Processes USES and SETS attributes. 
I I 
ITOMENE f Deals with the case when ~he number of dimensions declared is 
I !greater than 32. 
L------------------i---------------------------------------------------------------~----
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Table EL. Phase EL Dictionary Declare Pass Two 
r-----------------------------------~--------------T-----------------------------------1 
I · I M.ain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~----~------------------------------+---------------+-----------------------------------i 
IScans chain of DECLARE statements ICGENSC ICDCLSC I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans each item of DECLARE ICDCLSC IATLSCN, BCDPR, CDFLT, CDICEN, I 
tstatement I ICDIMAT, DCIDPR, INTLZE, POSTPR, I 
I I I SELMSK I STRPR I 
t-----------------------------------+---------------+-----------------------------------i 
IInitializes each identifier IINTLZE IDCIDPR I 
I declared I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IProcesses factor brackets and levellDCIDPR ITEMSCN, BCDPR I 
I numbers I I I 
t----------------~----------------+---------------+----------------------------------~ 
IScans for next level number ITEMSCN ICDATPR I 
t-----------------------------------+---------------+-----------------------------------i 
IProcesses BCD of identifier IBCDPR IBCDISB, CHASH, SELMSK I 
t-----------------------------------+---------------+-----------------------------------~ 
IHashes BCD of identifier ICB~SB INone I 
t-----------------------------------+---------------+--~--------------------------------~ 
!Scans list of attributes following IATLSCN ICDATPR I 
I identifier I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IApplies_ factored attributes ICDFATT ICDATPR I 
~-----------------------------------+---------------+-----------------------------------i 
!Applies implicit attribute IIMPATT INone I 
t-----------------------------------+---------------+--~--------------------------------~ 
IAttributes controlling routine ICDATPR ICDAT40, CDAT41, CDAT42, CDAT43, I 
I I ICDAT44, CDAT45, CDAT48, CDAT49, I 
I I ICDAT4A, CDAT4B, CDAT4C, CDAT4D, I 
I I ICDAT4F, CDAT54, CDAT55, CDAT56, I 
I I ICDAT57, CDAT58, CDAT59, CDAT60, I 
I I ICDAT61, CDAT62, CDAT63, CDAT64, I 
I I ICDAT69, CDAT6A, CDATB4, CDATB8 I 
L-----------------------------------i---------------1.-----------------------------------J 
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Table ELl. Phase EL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IATLSCN ISCans the list of attributes following the identifier. 
I I 
IBCDISB !Checks for multiple declarations, etc. 
I I 
IBCDPR !Processes BCD of identifier. 
I I 
f CDATPR (EK} !Attribute controlling routine. 
I I 
ICDAT40 (EK} !Processes DECIMAL attribute. 
I I 
ICDAT41 (EK} !Processes BINARY attribute. 
I I 
ICDAT42 <EK} !Processes FLOAT attribute. 
I I 
ICDAT43 (EK) Processes FIXED attribute. 
I 
ICDAT44 (EK) Processes REAL attribute. 

' ICDAT45 (EK) Processes COMPLEX attribute. 
I 
ICDAT46 (EK) Processes precision attributes. 
I 
ICDAT48 (EK) Processes VARYING attribute. 
I 
ICDAT49 (EK) Processes PICTURE attribute. 
I 
ICDAT4A (EK} Processes BIT attribute. 
I 
ICDAT4B (EK) Processes CHARACTER attribute. 
I 
ICDAT4C (EK) Processes FIXED DIMENSIONS attribute. 
I 
ICDAT4D (EK) Processes LABEL attribute. 
I 
ICDAT4F (EK) Processes ADJUSTABLE DIMENSIONS attribute. 
I 
ICDAT58 (EK) Processes ENTRY attribute. 
I 
ICDAT59 (EK) Processes GENERIC attribute. 
I 
ICDA'!'5A (EK) I Processes BUILT-IN attribute. 
I I 
ICDAT60 (EK) I Processes EXTERNAL attribute. 
I I 
I CDAT61 (EK) I Processes INTERNAL attribute. 
I I 
I CDAT62 (EK) I Processes AUTOMATIC attribute. 
I I 
ICDAT63 (EK) I Processes STATIC attribute. 
I I 
ICDAT64 (EK) I Processes CONTROLLED attribute. 
I I 
ICDAT69 (EK) I Processes INITIAL attribute. 
I I 
ICDAT6A <EK) !Processes LIKE attribute. 
L------------------~--------------------------------------------------------------------
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Table EL1. Phase EL Routine/Subroutine Directory (cont'd) 
r-~----------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ I CDAT'6B (EK) I Processes DEFINED ATTRIBUTE. I 
I I I 
ICDAT6C (EK) IProcesses ALIGNED attributes. I 
I I I 
ICDAT6D (EK) IProcesses UNALIGNED attribute. I 
I I I 
ICDAT70 (EK) IProcesses AREA attribute. I 
I I 
ICDAT88 (EK) IProcesses POS attribute. 
I I 
ICDCLSC IScans each item of DECLARE statement. 
I I 
ICDFATT (EM) IApplies factored attributes. 
I I 
f CDFLT (EM) Applies default attributes. 
I 
ICDICEN (EM) Constructs dictionary entry. 
I 
ICGENSC (EM) Performs phase initialization and scans chain of DECLARE statements. 
I 
f CHASH (EM) Hashes BCD of identifier. 
I 
IDCID1 Main scan routine. 
I 
IDCIDPR Processes factor brackets and level numbers. 
I 
IECHSKP (EK) Initializes and passes control to Module EM. 
I 
IIMPATT (EM) Applies implicit attributes. 
I 
IINTLZE Performs initialization for each identifier declared. 
I 
IPOSTPR I Post-processor. 
I I 
ISCAN4 (EM) !Scans chain of DECLARE statements. 
I I 
ISELMSK I Selects correct test mask to be initialized. 
I I 
ISTRPR !Processes inheriting of dimensions in structures. 
I I 
ITEMSCN IScans ahead for next level number. 
L------------------i-----------------------------------------------------------------~--
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Table EP. Phase EP Dictionary Entry III and Call 

r------------~~--------------------T---------------,.-----------------------------------1 I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~------------~~--------------------t---------------+-----------------------------------i 
IScans for PROCEDURE entries type 1 IENTRY3 I None I 
·-----------------------------------+---------------+-----------------------------------~ IFollows chain of ENTRY statement IEPL40 INone I 
I entry type 1 entries from a I I I 
IPROCEDtf~E entry type 1 I I I 
~---------------------------------+---------------+-----------------------------------~ IExamines all labels belonging to anlLBPROC INone I 
tentry type 1, constructing an entryl I I 
ltype 2 or 3, if necessary I I I 
·-----------------------------------t-------------~-t-----------------------------------i 
IFollows CALL chain in text making IEPL290 INone I 
f dictionary entries for entry pointsl I I 
·-----------------------------------+---------------t-----------------------------------i 
IExamines the first character of an ICDIMAT INone I 
lidentifier and sets a flag I I I 
!indicating the range in which it I I I 
I lies I I I 
·-----------------------------------+---------------+-----------------------------------~ fApplies default rules ICDFLT I None I 
~-----------------------------------+---------------+-----------------------------------i IGiven an identifier calculates its ICHASH INone I 
toffset in the hash table I I I 
~-----------------------------------+---------------+-----------------------------------i 
1constructs a dictionary entry ICDICEN I None I 
·-----------------------------------+---------------+-----------------------------------i I Sets address slot to zero or the I FNDEND I None I 
lend of the dictionary I I I 
·-----------------------------------+---------------+-----------------------------------i 
1constructs list of numbers of knownlBLDST2 INone I 
I blocks I I I 
~-----------------------------------+---------------+-----------------------------------i I Built in function name ISCANBF I None I 
L--------~------------------------~---------------1.-----------------------------------J 
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Table EPl. Phase EP Routine/Subroutine Directory 
r------------------T------------------------------~-------------------------------------1 
I Routine/Subroutine I Function I 
·-------------~---+--------------------------------------------------------------------~ 
IBLDST2 !Constructs list of numbers of known blocks. 
I I 
f CDICEN !Constructs dictionary entry. 
I I 
ICDIMAT ISets flag for default routine. 
I I 
ICDFLT IApplies default rules. 
I I 
ICHASH Calculates offset in hash table for given BCD. 
t 
lEN'!'RY3 Scans ENTRY chain for PROCEDURE state11ients. 
I 
IEPL20 First entry in entry type 1 chain. 

' f EPL40 Scans ENTRY chain for ENTRY statements type 1. 
; 
IEPL75 Return point from LBPROC routine. 
I 
IEPL100 Processes new entry label. 
I 
IEPL290 Scans CALL chain. 

' IEPL340 Searches built-in function table for BCD of identifier. 
l 
f EPL360 Blanks out BCD in text. 
I 
IEPL600 Scans the CALL chain. 
I 
IFNDEND Sets address slot for label. 
I 
ILBPROC Processes labels of PROCEDURE or ENTRY statements. 
I 
IPHSINT Initialization of phase. 
I 
IPHSMRK Marks later modules as •wanted' or 'not wanted'. 
I 
!SCANBF Checks for built-in function name. 
L------------------i------------------------------------------------~-------------------
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Table EW. Phase EW Dictionary LIKE 
r-----------------------------------T---------------T-----------------------------------1 I !Main Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
1scans LI:KE chain IEWBEGN IEWCOPY, EWELDM, EWINCH, EWONDM I 
·-----~---------------------------+---------------+-----------------------------------~ 
IUpdates hash chain for new entry IEWHSCN !None I 
t-----------------------------------+---------------+------------------------------------. 
ICalculates start of structure data IEWVART !None I 
lfrom start of variable information I I I 
t-----------------------------~-----+---------------+-----------------------------------~ 
!Changes error entry to base elementlEWCHEN INone I 
t-----------------------------------+---------------+-----------------------------------~ 
!Copies dimension table entry and IEW2FNT IEWNWBK I 
!second file statement I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table EWl. Phase EW Routine/Subroutine Directory 
..------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------i 
IALIGN (EV) !Provides correct alignment of base elements in likened structure. I 
I I I 
IBASED (EV) !Inserts or deletes defined slot, where only one structure is based. I 
I I I 
ICESCN !Scans dictionary to find entry corresponding to BCD in text. 
I I 
IEWBEGN IScans LIKE chain. 
I I 
IEWCBEN !Changes error entry to base element. 
I I 
IEWCOPY !Copies dictionary entry into scratch storage. 
I I 
IEWDCCY (EV) 1copies initial dictionary entries and associated second file 
I tstatements, etc. 
I I 
IEWELDM !Copies entry into scratch storage with dimension data removed. 
I I 
IEWELTS ITests whether the likened structure is dimensioned. 
I I . 
IEWEND !Handles transfer of control to next.phase. 
I 1 
IEWERNC !Processes erroneously •1ikened• major structure. 
I I 
IEWHSCN IUpdates hash chain for new entry. 
I I 
IEWINCB !Completes entry copy and places it in dictionary. 
I I 
IEWNOLK !Tests whether original structure is dimensioned. 
I I 
IEWNWBK <EV> IObtains new dictionary block and terminates current one in use. 
I I 
IEWONDM ICopies entry into scratch storage, inserting dimension information. 
I I 
IEWORDM !Processes dimension information in original structure. 
I I 
IEWSTRT ITests validity of likened structure. 
I I 
IEW2FNT (EV) tcopies second file statement and associated dictionary reference. 
L---------~~----~--------------------------------------------------------------------
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Table EY. Phase EY Dictionary ALLOCATE 
r-----------------------------------T---------------.-----------------------------------1 
I · I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans text for explicitly IIEMEX IEY14 I 
lpointer-qualified based variables I I 1 
·-----------------------------------+---------------+-----------------------------------~ 
ICopies dictionary entries for IEY14 IHASB, ATPROC, DICBLD, STRCPY I 
lexplicitly qualified based I I I 
I variables I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ISecond file pointers. Scans IIEMEY IATPROC, DICBLD, HASH, STRCPY I 
IALLOCATE statements I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ICompletes copied dictionary entry IATPROC with IMOVEST I 
lfor an allocated item lsecond entry I I 
I I point ATPROD I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Controls ATPROC and ATPROD routineslSTRCPY IATPROC, ATPROD I 
I for each member of a structure I I I 
L-----------------------------------.1.---------------1.-----------------------------------J 

Table EY1. Phase EY Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
IATPROC/ATPROD CEZ>IComplete copied dictionary entry for allocated item by including I 
I tattributes from ALLOCATE and second file statements. I 
I I I 
IDICBLD !Collects attribute given for an identifier and copies its dictionary! 
I tentry. I 
I I 
IEY16 !Processes ALLOCATE statements. 
I I 
IEY17 !Processes identifier in ALLOCATE statement. 
I I 
IEY21 !Processes major structures. 
I I 
IIiASH IHashes BCD of identifier to obtain its dictionary reference. 
I I 
IIE~EX !Scans text for explicitly pointer-qualified variables. 
I I 
IEY14 ICopies dictionary entries for explicitly qualified based variables. 
I I 
IIEMEY IScans second file, reverses pointers. · Scans ALLOCATE statements. 
I I 
IMOVEST CEZ) ICopies second file statement and associated dictionary entry. 
I I 
ISTRCPY IControls ATPROC and ATPROD for each member of structure. 
L------------------~--------------------------------------------------------------------
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Table FA. Phase FA Dictionary Context 
r------------~--------------------T---------------,.-----------------------------------1 
I !Main Processing! I 
I Statement or Operation Type I Routine I Subroutines used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text ICE30 ICENDTS, CETRAN I 
t-----------------------------------+---------------+-----------------------------------~ 
IReorders subscripts; makes ICEID ICESCN I 
I dictionary entry for file and event I I I 
I variables I I I 
t-----------------------------------+---------------+-----------------------------------i 
fidentifies keywords ICEKYWD ICEKEND, CEKEOB, CEKEOP, CERON, I 
I I I CEKPRC, CEKSND I 
t-----------------------------------+---------------+-----------------------------------i 
!Scans dictionary ICESCN ICESTUC, CEYES, CFPDER, CFPDR2, I 
' I I CHASH I CE3XX I 
t-----------------------------------+---------------+-----------------------------------~ 
!Makes dictionary entry for ICFPDR2 ICDFLT, CDICEN, CDIMAT, CEONCK I 
I variables I I I 
t-----------------------------------+---------------+-----------------------------------~ 
!Scans dictionary entry for ICECON ICHASH I 
!constants and makes new entry, if I I I 
I necessary. I I I 
·-----------------------------------+---------------+-----------------------------------i 
IScans PICTURE chain entry and makeslCEPICT INone I 
lnew entry, if necessary. I I I 
L-----------------------------------~----------------1.-----------------------------------J 
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Table FAl. Phase FA Routine/Subroutine Directory 
r-~----------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function t 
~------------------+--------------------------------------------------------------------~ 
I CDE'LT Determines default attributes for identifier. I 
I I 
ICDICEN Constructs default dictionary entry for identifier. I 
I I 
ICDIMAT Determines default scale for identifier. t 
I I 
ICEBNK Transfer point for zero or blank. I 
I I 
ICECON (FB) Scans dictionary entry for constants. I 
I 
ICEDWAX Subscript prime text marker. 
I 
ICEID IReorders subscripts and makes dictionary entries for files and event 
I I variables. 
I I 
ICEINT ITransfer point for constant routine. 
I I 
ICEISUB f Transfer point for iSUB. 
I I 
ICEKCEN f Transfer point for CALL to get over chain. 
I I 
ICEKDCL IRemoves SN from DECLARE statements. 
I I 
ICEKE?ID f Processes END keyword. 
I I 
ICEKEOB IProcesses end-of-block marker. 
I I 
ICEKEOP f Bandles end-of-program marker, or start of second file. 
I I 
fCEKEY ITransfer point for keyword. 
I I 
ICEKIDO ITransfer point for iterative DO. 
I I 
ICEKON f Processes ON keyword. 
I I 
ICEKPFR f Transfer point for picture format item. 
I I 
ICEKPRC f Processes PROCEDURE keyword. 
I I 
ICEKSN IMoves SN, etc., to output stream. 
I I 
ICEKSND f Processes start of second file statement. 
I I 
ICEKYWD f Identifies keywords. 
I I 
ICELP ITransfer point for left parenthesis. 
I I 
ICENDTS IEnd of text block in output file routine. 
I I 
ICEONCK f Makes entry for programmer-named ON condition. 
I I 
ICEPFDR fMakes dictionary entry for variables. 
I I 
ICEPICT (FB) IScans picture chain entry. 
I I 
ICERP f Transfer point for right parenthesis. 
I I 
ICESCN f Scans dictionary. 
I I 
ICESMCL IHandles semicolon. 
I I 
ICESTUC IPoints at next entry in structure chain. 
L------------------~--------------~--------------~-------------------------------------
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Table FAl. Phase FA Routine/Subroutine Directory (cont'd) 
r------------------T---------------------------------------------------------· ·----------, 
I Routine/Subroutine I Function 1 

·------------------+--------------------------------------------------------------------
ICETRAN !Translates keyword into transfer instruction. 
I I 
ICEYES !Compares structure levels. 
I I 
ICE2L Transfer point for second level marker. 
I 
ICE30 Controlling scan of text. 
I 
ICE31 Tests for end of block. 
I 
ICE32 Moves one byte to output stream. 
I 
ICE300 Switches to appropriate routine. 
I 
ICE3XX compares identifier in text with entry in dictionary. 
I 
f CFPDER (FB) Makes dictionary entry for ordinary identifier. 
I 
ICFPDR2 (FB) Makes dictionary for formal parameter. 

' ICHASH IHashes identifier. 
I I 
ICHASHC !Hashes constant. 
I I 
f IEMFA !Initializes phase. 
L------------------i--------------------------------------------------------------------

Table FE. Phase FE Dictionary BCD to Dictionary Reference 
r-----------------------------------T---------------,.-----------------------------------1 
I !Main Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ IScans text ICE30 l'CENDTS, CETRAN I 
~-----------------------------------+---------------+--~--------------------------------~ IScans dictionary ICESCN ICESTUC, CEYES, CFPDER, CFPDR2, I 
I I I CHASH, CE3XX I 
~-----------------------------------+---------------+-----------------------------------~ I Checks for array, function, or I CELP I CE"?NCT I 
f pseudo-variable if left parenthesisl I I 
f is found I I I 
·---------------------------·--------+---------------+-----------------------------------~ fTests for end of text block ICENDTS ICEKEND, CEKIDO, CEKPRC I 
1-----------------------------------+---------------+-----------------------------------i IIdentifies keywords ICEKYWD ICEKEOB, CEREOP I 
~-----------------------------------+---------------+-----------------------------------~ IMakes dictionary entry INone ICDFLT, CDICEN, CDIMAT I 
L-----------------------------------.1.--------------~-----------------------------------J 
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Table FE1. Phase FE Routine/Subroutine Directory 
r------------------T---------------------------------------------------------~----------1 
IRoutine/Subrou~inel FUnction I 
~------------------+--------------------------------------------------------------------1 ICDFLT IApplies default rules. 
I I 
ICDICEN IConstructs dictionary entry. 
I I 
ICDIMAT ISets flag for default routine. 
I I 
ICEFNCT Tests validity of function reference in text. 
I 
ICEREND Processes END keyword. 
I 
ICEREOB Processes end-of-block marker. 
I 
ICEI<EOP Processes end-of-program marker, or start of second file. 
I 
ICEKIDO Processes iterative DO keyword. 
I 
ICEKPRC Processes PROCEDURE keyword. 
I 
ICEKYWD Identifies keyword. 

' I CELP Checks for array,· function, or pseudo-variable if left parenthesis 
I is found. 
I 
ICENDTS !Tests for end of text block in output file. 
I I 
ICESCN ISCans dictionary. 
I I 
ICESTUC !Points at next entry in structure chain. 
I I 
ICETRAN !Translates keyword into transfer instruction 
I I 
ICEYES ICompares structure levels. 
I 1 
ICE30 IControlling scan of text. 
1 I 
ICE3XX tcompares identifier in text with dictionary.entry. 
I I 
ICFDICN (FF) IMakes dictionary entry. 
I I 
ICFPDER IMakes dictionary entry for statement with ordinary identifiers. 
I I 
ICFPDR2 IMakes dictionary entry for formal parameters. 
I I 
ICBASB ICalculates offset in hash table for given BCD. 
L------------------i--------------------------------------------------------------------
Table FI. Phase FI Dictionary Checking 
r-----------------------------------T--------------~-----------------------------------1 I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·---------------~-------------------+---------------+-----------------------------------. IScans text ICESTRT ICEKEYW I 
~-----------------------------------+---------------+-------------------------------~---~ !Identifies keywords ICEKEYW ICEKEOB, CEKEOP, CEKIDO, CEKSN I 
·-----------------------------------+---------------+----------------------------------~ I Checks GOTO statement references I CEGOTO I None I 
·-------------~--------------------+---------------+----------------------------------~ IConverts GOTO to GOOB, if necessarytCEGOB INone I 
·-----------------------------------+---------------+-----------------------------------i IChecks file references ICEFILE INone I 
·-----------------------------------+---------------+-----------------------------------~ IChecks data list items for validitylCEDTCK !None I 
L-----------------------------------L--------------~-----------------------------------J 
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Table PI1. Phase FI Routine/Subroutine Directory 
,.------------------y--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ ICECMBR ITests value of previous second level marker. 
I I 
ICEDDOL IProcesses function names used as control variables for DO groups. 
I I 
ICEDOND IProcesses end of iterative DO groups. 
I I 
ICEDREF ITests whether dictionary reference needs to be checked. 
I I 
ICEDTCK IChe~ks data list items for validity. 
I I 
ICEFILE IChecks file references. 
I I 
ICEFNMR IProcesses function markers. 
I I 
ICEGOB IConverts GCYI'O to GOOB, if necessary. 
I I 
ICEGOTO IChecks GOTO statement references. 
I I 
ICEISUB IProcesses iSUBs. 
I I 
ICEJUMP IBwnps scan pointer over dictionary reference. 
I I 
ICEI\END Processes END statements. 
I 
ICEREOB 
I 
ICEKEOP 
I 
ICEKEYW 
I 
f CEKIDO 
I 
ICEKON 
I 
f CEKSN 
I 
ICELRCT/CERPCT 

' ICEOOPS 
I 
ICEPRBG 
I 
ICERFMT 
I 
ICESMCL 
I 

Processes end-of-block marker. 

Processes end-of-program marker. 

Identifies keywords. 

Processes iterative DO keyword. 

Processes ON statements. 

IProcesses statement number. 
I 
IProcess left and right parentheses. 
I 
IChecks validity of keywords in the text. 
I 
IProcesses PROCEDURE and BEGIN statements. 
I 
IProcesses remote format references. 
I 
IProcesses semicolons. 
I 

ICESTRT IControlling scan of text. 
L------------------~--------------------------------------------------------------------
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Table FK. Phase FK Dictionary Attribute 
r-----------------------------------T---------------,.-----------------------------------1 I f Main Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----~-----------------------------+---------------+-----------------------------------i I Scans attributes area for SETS I FOlA I None I 
I lists I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans SETS list IF02 INone I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses constants ICONPRO f None I 
~--------~--------------------------+---------------+-----------------------------------i 
f Processes identifiers ICESCN ICESTUC, CE3XX, CHASH I 
L-----------------------------------L---------------L-----------------------------------J 

Table FR1. Phase FK Routine/Subroutine Directory 
r------------------,.--------------------------------------------------------------------1 f Routine/Subroutinel Function I 
~-----------------+-------------------------------------------------------------.-------~ f CEIDLP f Scans qualified name. 
I I 
ICENQUL f Processes unqualified name. 
I I 
f CESCN f Processes identifier. 
I I 
f CESTUC !Finds address of next structure in chain. 
I I 
ICE3XX fcompares current BCD with BCD in hash chain. 
I I 
f CBASH tcalculates offset in hash table for given BCD. 

lcMPERR 'Provides termination error action. 
I I 
ICONPA I Inserts constant in ordered stack. 
I I 
JCONPRO IProcesses constants. 
I I 
IENDFO IReleases control. 
I I 
IFOERR2 IDiagnoses constant greater than 255. 
I I 
IFOlA 1scans attribute tidy-up area. 
I I 
IF02 f Scans SETS list. 

I I 1 d" . IF04 f Comp etes SETS 1ct1onary entry. 
I I . 
IGETSCR f Obtains scratch storage. 
L------------------..1.--------------------------------------------------------------------1 
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Table FO. Phase FO Dictionary ON 

r-----------------------------------T--------------~-----------------------------------1 IMain Processingl 1 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans input text for ON, SIGNAL, IFKMVIT IBEFTRN, CENDTS, QP I 
land REVERT statements I I I 
~-----------------------------------+---------------+-----------------------------------~ IMoves second file from input text IF2 ICENDTS, BEFTRN I 
lblock to output text block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
l~akes dictionary entries for ON- IFKDCEN ILABCD I 
!conditions found in ON, SIGNAL, andl I I 
IREVERT statements I I I 
~-----------------------------------+---------------+-----------------------------------~ IExamines BCD of file entries IMVSIG ICENDTS I 
lreferenced in ON, SIGNAL, and I I I 
IREVERT statements1 scans previous I I I 
tentries for ON conditions I I I 
~-------------.~--------------------+---------------+-----------------------------------~ 
IProcesses CHECK and NOCHECK list. IBEFCHL ICENDTS, LABCD I 
~-----------------------------------+---------------+-----------------------------------i 
!Creates dictionary entries for INOMOVE IQP I 
!condition prefixes I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table Fol. Phase FO Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i IBEFCHL !Processes CHECK and NOCHECK list. 
I I 
IBEFTRN IReplaces statements containing dummy dictionary references by error 
I tstatements, and generates error message. 
I I 
fCENDTS f Requests a new text block for output. 
I I 
IFKDCEN IMakes dictionary entries for ON conditions found in ON, SIGNAL, and 
I IREVERT statements. 
I I 
IFKMVIT IScans input text for ON, SIGNAL, and REVERT statements. 
I I 
IFRNOCK Processes CHECK and NOCHECK lists. 
I 
IFRPROC 
I 
IFP010 (FP) 
I 
I 
IF2 
I 
ILABCD 
I 
I 
IMVSIG 
I 
I 
INOMOVE (FP) 
I 
IQ3 
I 
IQP 
I 

Scans input text for ON, SIGNAL,·and REVERT statements. 

Chains initial label statements and makes second file dictionary 
entries for each label array initialized in this way. 

Moves second file from input text block to output text block. 

Creates a dictionary entry for each label constant and each entry 
label mentioned in a CHECK list. 

Examines BCD of file entries referenced in ON, SIGNAL, and REVERT 
statements: scans previous entries for ON conditions. 

creates dictionary entry for condition prefix. 

Processes condition prefixes changed in current block. 

Determines which condition prefixes require dictionary entries. 

IR8 Moves statement to output buffer. 
L------------------~--------------------------------------------------------------------
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•Table FQ. Phase FQ Dictionary Picture Processor 
r-----------------------------------T--------------~-----------------------------------1 I · IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines used I 
~-----------------------------------+---------------+-----------------------------------i 
tcontrols scan of PICTURE chain; ICYBR3 ICYEK, CYFIND, CYTABL I 
I initializes I I I 
·-----------------------------------+---------------+-----------------------------------i 
IPicture character 9 ICYNINE INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IPicture characters s, $, +, -. ICYSDPM tNone I 
·-----------------------------------+---------------+-----------------------------------i 
I Picture character V I CYV I None I 
·-----------------------------------+---------------+-----------------------------------~ 
I Picture character E I CYE I CYC21 I 
·-----------------------------------+---------------+-----------------------------------~ 
IPicture character K (CYK ICYC21 I 
·-----------------------------------+---------------+-----------------------------------i 

llPicture characters CR, DB ICYCRDB INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IPicture characters 1,2,3 ICYOTT INone I 
·-----------------------------------+---------------+-----------------------------------i 
I Picture character P I CYP I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IPicture character Z ICYZ !None I 
·-----------------------------------+---------------+-----------------------------------~ 
!Picture character * ICYAST INone I 
·-----------------------------------+---------------+-----------------------------------i 
!Picture character Y ICYY INone I 
·-----------------------------------+---------------+-----------------------------------~ 
I Picture character G I CYG I None I 
·-----------------------------------+---------------+-----------------------------------i 
IPicture characters 6, 7, 8, H ICYSSEH tNone I 
~-----------------------------------+---------------+-----------------------------------i 
I Picture character M ICYSTM I None I 
·-----------------------------------+---------------+----------------------------------~ 
I Picture character F I CYF I None I 
·-----------------------------------+---------------+----~-------------------------------i 
IConverts integer constants to scalelCYC97 ICYCONV I 
I factor I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Calculates scale factor ICYFNT I None I 
L-----------------------------------~---------------L-----------------------------------J 
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Table FQl. Phase FQ Routin~/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
IRoutine/subroutinel Function I 
·------------------+--------------------------------------------------------------------~ 
ICYAS'I Processes picture character •. 
I 
ICYBR2 

' ICY.BR3 
I 
ICYCO~V 

I 
ICYCPB:3 
I 
ICYCRDB 
I 
ICYC21 
I 
ICYC97 
I 
ICYE 
I 
ICYEK 
I 
ICYENDD 
I 
ICYF 
I 
ICYFIND 
I 
ICYFNT 
I 
ICYG 
I 
ICU 
I 
ICYNINE 
I 
ICYOTT 
I 
ICYP 
I 
ICYSDPM 
I 
ICYSS 
I 
ICYSSEH 
I 
ICYZTM 
I 
ICYTABL 
I 

Identifies picture character. 

Controlling scan of PICTURE chain. 

Converts integer constant to scale factor. 

Processes picture characters slash (/), comma<,>, point <.>, and B. 

Proces3es picture characters CR, DB. 

Adjusts data to terr:iinate picture before illega.l character. 

!Converts integer constant to scale factor. 
I 
!Processes picture character E. 
I 
!Completes entry for correct picture. 
I 
IReleases control at end of picture chain. 
I 
!Processes picture character F. 
I 
I Obtains code for next charactex· in picturt!. 
I 
ICalculates scale factor. 
I 
IProcesses picture character G. 
I 
IProcesses picture character K. 
I 
IProcesses picture character 9. 
I 
Processes picture characters 1,2,3. 

Processes picture character P. 

Processes picture characters s, $, +, -

Processes picture characters 6,7. 

ProC":esses picture characters 8,H~ 

ProcPsse~ picture character M. 

code tabl•~ for picture characters. 

ICYV IProcesses picture character v. 
I . I 
ICYY IProcesses picture character Y. 
I I 
ICYZ IProces~e~:; picture character z. 
L------------------~------------------------------------------------------------~--------
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Table F'l'. Phase FT Dictionary Scan 

r--~--------------------------------T---------------T-----------------------------------1 
I IMain Processingl I 
I Statement or Op~ration Type I Routine I Subroutines nsed I 
~------------·---·--------------------+---------------+-----------------------------------~ 
I Scans second file I J\.Cl · I None I 
·-----------------------------------+---------------+-----------------------------------~ 
I Scans dictio::iary I Bl I None · I 
~-----------------------------------+---------------+-----------------------------------~ 
IData variables IDATVA.~ INon~ I 
·-----------------------------------+---------------+-----------------------------------~ 
IEvent or label variables IEVLABV INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IDimension attributes IFO INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain IG2 I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain IG3 !None I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans CONTROLLED chain IGEl INone I 
·-----------------------------------+---------------+-----------------------------------~ 
1sets dope vector required bit IPlh I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 1 entries IQA4 I None I 
·-----------------------------------+---------------+~----------------------------------~ 
!ENTRY type 2 entries IQA3 IPROPIC I 
·-----------------------------------+---------------+-----------------------------------~ 
IENTRY type 3 entries IQA2 !None I 
·-----------------------------------+---------------+-----------------------------------~ 
IEN'IRY type 4 entries IQX INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IEN~RY type 5 and 6 entries IQA1 IPROPIC I 
·-----------------------------------+---------------+-----------------------------------~ 
I Constants I CONST I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IStructures ISTRUCT IAJDMRT, MKDMTB, MVTXT I 
L-----------------------------------~---------------1.-----------------------------------J 
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Table FT1. Phase FT Routine/Subroutine Directory 

r------------------r--------------------------------------------------------------------1 
1aoutine/Subroutine1 Function I 
1------------------+--------------------------------------------------------------------~ 
IACl Scans seco!ld file. 
I 
IAC2 
I 
IAF3 
I 
IAJDMRT 
I 
I 
I Bl 
I 
IBIA 
I 
I CONST 
I 
IDATVAR 
I 
IEVLABV 
I 
I :FO 
I 
I FU"l.IN 
I 
I 
IGEl 
I 
IG2 
I 
IG3 
I 
IMKDMTB 
I 
IMVTX'f 
I 
f PROPIC 
I 
l:?lA 
I 
IQAl 

' IQA2 
I 
IQ.A3 
I 
IQM 

' IQX 
I 
l:3TRUCT 
I 

Detects second file statement marker. 

Points relevant dictionary entry at statemP.nt. 

Modifies second file statements to initialize dope v~ctors for base 
elements, rather than for the containins structures. 

Scans dictionary. 

Initializes dictionary scan. 

Processes constants. 

Processes data variables. 

Processes event or label variables. 

Processes dimension attributes. 

Moves initial label statement to the second file, collecting 
together all statements for the same array. 

Scans CONTROLLED chain. 

Scans· AUTOMATIC chain. 

Scan~ STATIC chain. 

Creates dimension tables. 

I~ves text blocks. 

Extracts precision data from picture tables. 

Sets 'dope vector required' bit. 

?recesses E~TRY type 5 and 6 entries. 

ProcP.sses ENTRY type 3 entries. 

:?rocesses ENTRY type 2 entries.· 

Proc•?sses ENTRY type 1 entries. 

Processes ENTRY type 4 entries. 

Processes structures. 

ITRVECT Transfer vector for appropriate chaininq routine. 
l------------------i--------------------------------------------------------------------
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Table FV. Phase FV Dictionary s~cond File Merg~ 

r-----------------------------------T---------------T-----------------------------------1 
I IMain Processinql I 
I Statement or Operation Type I RoutinE" I S11bro11tines Used I 
~-------------------·----------------+---------------+-----------------------------------~ 
I Reverses second file pointers; I IEMFV · I DATCPY, D£FMOV, OEFTST, F2MOVE, I 
1scans text for block heauing I IMOVE I 
tstatements; allocates statements I I I 
land refe~ences to dynamically I I l 
1 defined data I I I 
~-----------------------------------+---------------+-----------------------------------~ 
\Excmines ADF references in second IDEFCOM !None I 
lfile; completes defined item I I I 
ldictionn~y entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetects dictionary references whichlDEFTST INcne I 
I refer to dynamically defined data I I I 
~----------------------------------+---------------+-----------------------------------~ 
IE..J:amines dictionary ref•~rences and IDATCPY I F2MOVE, MOVE I 
trooves any associated second file I I I 
lstntements to tnc output string I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Inserts dictionary reference of I FVPTR I None I 
tpointer in associated based I I I 
I vari.able entry I I I 
~--------·---------------------------+---------------+-----------------------------------~ 111rt)cesses adjustable '3ic:tents on I FVADV I None I 
IDa~ed arrays I I I 
~--------- .. -·--------------------------+---------------+----------------------------------~ 
!Processes adjustable lengths on IFVSDV tNone I 
lbased strings I I I 
L-----------------------------------~---------------~-----------------------------------J 
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Table FVl. Phase FV Routine/Subroutine Directory 
r----------------~T--------------~---------------------------~-----------------------1 
1Routine/3uhroutinel Function I 
·------------------+--------------------------------------------------------------------~ 
IDA~CPY 1Move$ second fil~ statements associated with dictionary reference to 
I 1output string. 
I I 
IDEFCOM <Fw) tExamines Am: references in second file; completes defined item 
I ldictionary entry. 
I I 
IDEFMOV I Modifies text references to dynamically defined data. 
I I 
IDEFTST IDetects dictionary references which refer to dynamically defined 
I I data. 
I I 
IFVO IScans second file reversing pointers. 
I I 
IFV9 !Initializes text scan. 
I I 
I i'VlO I Scans text. 
I I 
IFV16 !Releases control. 
I I 
I FV18 I Pr•)cesses ALLOCATE statements. 
1 I 
IFV19 !Processes PROCEDURE statements. 
I I 
I FV20 I Proces~>es BEGIN statements. 
I I 
IFV34 I Scans AUTOMATIC chain. 
I I 
lFVPTR I Inserts D.R. of pointer in associated based variable entry. 
I I 
IFV~DV !Processes adjustable extents on based array. 
I 1 
I ~'\,SDV ) Frocesses adjustable lengths on based. s+-.rings. 
1 1 
I F2MOVE I Moves second fih~ stat~ment to 01Jtput string. 

' i IIEME'V !Cont.rolling scan of Hecond file: invok~!; pr\°">cessing routines. 
I I 
I MOVE I ~oves text from input string to output t'trinq. I 
L---------~-------i------------------------------------------------------------~------J 
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•.rable FX. Phase ·FX Dictionary Attributes- and Cross Reference 
r-----------------------------------T---------------T-----------------------------------1 I , IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
fScans STATIC chain for all items fFXOOOO · IFX0010 I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans PROCEDURE-BEGIN chain l,FX0100 IFX0010, FX0101, FX0105, FX0120 I 
·-----------------------------------+---------------+------------~----------------------~ 
fScans CONTROLLED chain for IFX0170 I None I 
f non-parameter DECLARED, CONTROLLED I I I 
I dictionary entries I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans parameter list from PROCEDUREIFX0101 IFXOOlO I 
I and ENTRY statements I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Sorts BCD of variables and create-s I FXOOl 0 I None I 
lentries in scratch text storage I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fScans circular chain of ENTRY l~X0105 IFX0101 I 
f statement dictionary entries I I I 
f associated with a particular I I I 
I PROCEDURE statement I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Scans AUTOtl.iATIC chain associated I FX0120 I FX0010 I 
lwith particular PROCEDURE or BEGIN I I I 
I block I I I 
·-----------------------------------+---------------+-----------------------------------~ 
t Prints heading line for tables I FXHD I ATTMOV I 
I according to options specified I I I 
·-----------------------------------+---------------+-----------------------------------~ 
1scans sorted chain of identifiers fFXPRNT IFX0299 I 
·------------~----------------------+---------------+--------~--------------------------~ 
fDetermines attributes of a given IFX0299 fATTMOV, FXBCD, FXDCL:~, FXEND, I 
f identifier if the ATR option is I fREFMOV I 
I specified I I I 
r---------~------------------------+---------------+-----------------------------------~ 
1scans the chain of references for alREFMOV IFXDCLN I 
I given identifier <if XREF is I I I 
I specified) and prints them in I I I 
I external decimal form I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Converts EBCDIC of particular I ATTMOV I None I 
I att.ribute to required external formt I · I 
I and Jr;oves it to print area I 1 I 
·-----------------------------------+---------------+-----------------------------------~ 
f Prints BCD of identifier having IFXBCD INone I 
t converted it from internal form to I I I 
I external form I I I 
·---------~-----------------------+---------------+-----------------------------------i 
}Converts an internal binary nWl'her IFXDCLN l~one I 
I to external decimal form and moves I I I 
fit to print buffer I I 1 
·-----------------------------------+---------------+---------------------------~-------~ 
IFrees all scratch tex~ storage and IFXEND INon~ I 
t releases control to next phase I I I 
L-----------------------------------~---------------1.-----------------------------------J 



Table FXl. Phase FX Routine/Subroutine Directory 

r------------------T----------------------------------------------~--------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------i 
IATTMOV (FY) Converts EBCDIC data to required form, moves data to print area. 
I 
IFXBCD (FY) 
I 
I 
I FXDCLN (FY) 
I 
IFXEND (FY) 
I 
IFXHD (FY) 
I 
I FXPRNT (FY) 
I 
IFXOOOO 
I 
FX0010 

FX0030 

FX0100 

FX0101 

FX0105 

FX0120 

IFX0170 
I 
I 
IFX0250 
I 
IFX0299 
I 
I 

Moves identifier BCD to print area, determines options to be 
printed. 

Converts binary number to external BCD, moves it to print area. 

Frees scratch storage, releases modules, releases control. 

Prints heading line for table according to options specified. 

scans sorted chain of identifiers. 

Scans STATIC chain. 

Sorts BCD of variables and creates entry in text for each item. 

Tests for end of STATIC chain. 

tscans PROCEDURE-BEGIN chain. 

Scans parameter list from PROCEDURE and ENTRY statements. 

Scans circular chain of ENTRY statement dictionary entries 
associated with a particular PROCEDURE statement. 

scans AUTOMATIC chain associated with particular PROCEDURE or BEGIN 
block. 

Scans CONTROLLED chain for nonparameter DECLARED CONTROLLED 
dictionary entries. 

scans text, making chain of references to each dictioary entry. 

Determines attributes of a given identifier if the ATR option is 
specified. 

IREFMOV (FY) Moves the references to an identifier to the print buffer and 
I prints. 

L------------------~--------------------------------------------------------------------
•Table Fl. Module Fl Compiler Control 

r------------------------------------r---------------T-----------------------------------1 
I IMain Processingl I 
I Function I Routine I Routines Used I 
·-----------------------------------+---------------+-----------------------------------~ IChecks whether syntax check should IIEMF1 IZABORT,ZUPL,RLSCTL I 
I terminate compilation I I I 
f Entry to the operating system: I I I 
I None I I I 
L-----------------------------------L---------------L-----------------------------------J 
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Chart 04 • Pretranslator Logical Phase Flowchart 

.•. 
Bl •. •••••B2•••••••••• 

.• •. •DCBS GA• 
.• FILE •. 1ES •-•-•-•-•-•-•-•-• 

OR OPEN .•-------->• CREATE • 
•.CONSTANT .• • DCBS AND OCBS • .. .. . . 

'-i~~-~~-----~:~~:i········ 
.•. 

Cl •. •••••C2•••••••••• 
.• I/O •. •I/O MOD GB• 

.•STMNTS AND •. 1ES •-•-•-•-•-•-•-•-• 
•. 2ND LEVEL .•-------->• MODIF1 • 

•. MARl<E'S .• •110 PARAMETERS • .. . . . . 
·-i~~: ______________ ::::::::i········ 
... 

Dl •. •••••D2•••••••••• 
• • ANY •. •f!A'ICHl GI<• 

• • FIJJICTI ON •. YES •- •- •- •- •- •-•-•-• 
•. REFERENCES .•-------->• CHECK • 

•.CR OFT=l .• • PARAMETEll • 
•. .• • MATCHING • ··.·:o ········i········ 

... 
E2 • • 

• • AN1 •. 
NO .• FUNCTION •. <----------------•. llEFERENCES .• .. .. .. . . .. .. 

r~ 
•••••F2•••••••••• •••••F3•••••••••• 
• GO• •MATCH2 GP• ·-·-·-·-·-·-·-·-· ·-·-·-·-·-·-· -·-· • PllE-PROCBSSCR •--~---->• SECOND CBBCl • 
• FOR GP • • ON PARAMETEllS • • • • • 

<~-~--~~--~::~~~~:~-~_____::~::::i········ ... 
Gl •. •••••G2•••••••••• 

.• •. •CHECK LIST GU• 
.• ANY •. YES •-•-•-•-•-•-•-•-• 

•. CHECI< .•-------->• PROCEED CHECIC • 
•. lISTS .• • CONDITION • 

•. • • • STMNTS • 

'·i~~:-------~~---~:::::i········ ... Hl •. •••••B2•••••••••• .• •. •STRUCTS BF• 
• • S'JRUCT •. 1ES •-•-•-•-•-•-•-•-• 

•. ASSIGNMBNTS .•-------->• PROCESS • 
•OR EXPRESS-• • STRUCTOlll • 

•.IONS .• • ASSIGNMENTS • 

'·i~~~----~----~~:::i········ ... J1 •. •••••J2••········ 
.• •· •ARRAYS HIC• 

.• ARRAY •. YES •-•-•-•-•-•-•-•-• 
•. ASSIG1'MBNTS .•-------->• PROCESS • 

•OR EXPRISS-• • ARRAY • 
•.IONS .• • ASSIGNMENTS • 

·-i~~-------~---~::~:::r··· .. ··· .•. 
1<1 •. •••••K2•••••••••• 

.• •· •ISOBS BP• 
• • ANY •· 1ES •-•-•-•-•-•-•-•-• 

•.ISUB DBPINED .•-------->• PROCESS I'IEMS • 
•. ITEMS • • • DBPIUD • 

•. .• • USING ISOBS • 

··.L·~... ·········1··::::·· 
•05 • •OS • 

>• A1 • ->• Al • • • • • •••• • ••• 
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Chart GA. Phase GA overall Logic Diagram 

ILOOOO --;~~~~~-----i 
•••••Al•••••••••• •••••Al•••••••••• 
• • • FILENAME TO • 
• • •SKEY,£'I'ON DCLCB • 
•INITIALIZATION • •CHANGE SYSPRI;'I'• 
• • • TO IHESPRT • . . . . 

--=::::::r...... ·······r ...... 
IL0100 • •. ILOl 18 • •. 

Bl •. B3 •, . . . . . . . . 
• • END OF •. YES NO • • ANY • • 

•.STATIC CHAIN .•---1 ---•. ATTRIBUTES • • . . . . •. . . .. . . •. .. •. .. . ... 
i 00 

=:~: '"'"' i "' 
••••-Cl•••••••••• •••••Cl•••••••••• . . . . 
• GET NEXT • • CHECK ATTRIBS • 
• ENTRY IN • • AND MAXE OPEN • 
• STATIC CHAIN • • CONTROL BLOCK • . . . . ·······T······· ········1········· 

.•. Dl •. •••••Dl•••••••••• 
• • •. • MOVE OCB INTO • 

, • FILE • • YES · • APPROPRIATE • 
•. CONSTAHT , •---------------------------- • PART Of OCLCB • 

•. 108) • • • SKELETOll • .. . . . . •. .. . ............... . 
. C ::::::---->! ... 

·*El *·•. :••••E3•••••••••: . •E4lS •. *· :••••ES•••••••••: 
NO • • •. • GET ENVMNT • • • COBOL IN •. YES •SET COBOL .FLAG • 

---•. ATTRIBUTES • • • STRING •-------->•. ENVMNT • •-------->• ON IN ATTRIB • 
fl •. 198) • • • (MAY BE NULL) • •. STRING • • ENTRY • .. . . . . . . . . . •. . . ................. •. . . . ............... . 

lLOl '° j Y'5 ,£gfnV' r----------------------[--------------------1 
•••••Fl•••••••••• •••••F3• ••••••••• . . . . 
• CHECK ATTRIBS • •CHECK AND PLACE• 
• AND MAKE OPEN • • IN SKELETON • 
• CONTROL BLOCK • • DCLCB • . . . . 
...... ··1::=:::~ ___________________________ ::=::=i ....... . 
•••••Gl•••••••••• 
• MAKE DICT • t___: cm~y~~ : 
• STATIC EHl'RY • . . ................. 
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Chart GB. Phase GB Overall Logic Diagram 

•••••At•••••••••• . . 
• INITIALIZE • 
• TEXT POINTERS • 
• LOAD IEMGJ • . . .... 
;:;;:;::1········· : ·~1~.: 
•••• NO 

A
6 •••••Bl•••••••••• B2 • • • •. Ali 83• • • •. Ali Bii • • • •. Ali 85 • • •. . . . . .. . . . . . . . . . . . . 

: SCAN TEXT =-------->•:. s~~~~iNT ·:.~~------>•:. s~~~~NT ·: .~~------>·:· ST~~~ENT • : .~~------>•:.Oil ~~~ifn ·:. 
• • •. • • •. .• •. • • •.STATEMENT.• . . .. .. .. .. .. .• . . .. ................. .. . . •. . . . . . . • ... 

A<:::: AfORMT i YES f" J "' J m 

•••••C2•••••••••• C3 •. Cll •. CS •. 
• FORLST • • • •. • • •. .• •. 
•-•-•-•-•-•-•-•-• NO • • *• .• •. NO NO • • •. 

-----------------• SCANS FORMAT • i-----•. COBOL FILE • • •. COBOL FILE • •---i<----•. COBOL FILE • • • LIST (SEE F3) • •. .• •. • • •. • • .... . . .. . . .. .. . . . . . . ................. •. .. . .. • • .. . 
" !•j::: _________________ :~------ i<::___ i ,., ::~::: i m 

•••••Dt•••••••••• D2 •. •••••D3•••••••••• •••••Dll•••••••••• •••••OS•••••••••• 
•SCAN STATEMENT • • • •. • DELETE • • MAP/CCIPY • • WRITC: • 
• SKIPPING DATA • YES • • GET OR •. •-•-•-•-•-•-•-•-• •-•-•-•-•-•-•-•-• •-•-•-•-•-•-•-•-• 
•SPECIFICATIONS •<--------•. PUT .•<--1 • DELETE • • CCMPARE •---1 • COMPARE PL/I • 
• TRA&lSMITTING • •.STATEMENT.• • STATEMENT • •STRUCTURES IMAP>• •AND COBOL MAPS • 
• OTHl:.R OPTIONS • •. • • • • • COPY INSERT • •INSERT BUY/SELL• 

········1········· ··1·. ~o : • D:· = ········r······· _____ ::::::::········· = ·:;· = ········r······· . ..... . ..... . ..... . ..... 
• •. .•. • Bl • • Bl • 

El •. E2 •. • • • • . . •. .. •. .... .... . ... 
• • •.NO .• END •.NO • • 

•. OPTIONS • •------->•. OF TEXT • •---->• Bl • 
•. SKIPPED • • •. .• • • .. .• •. . . . ... . ... . . .. . . . ... 

• F3 • . . .... j. YES IJ~; .. . . .... 
•••••Fl•••••••••• . . FORLST ! 
• RETURN TO • ---->• SCAN FOR • 

f\ •SKIPPED OPTIONS• 1 • • •••• 
:•F:·~•••••••1••••••••• =.;!.: 
.... l 

.•. LAB178 
Gl •. •••••G2• •••••••• 

.• •. • FORLST • 
• • FORMAT *• YES •-•-•-•-•-•-•-•-• 

•. OPTION • •------->• SCANS • 
•. • • .•. • : F?~~~TF~JST : .. . . . ............... . 

i NO ::~::<-1 NO 
.•. SCAN2 •• 

Hl •. H2 •. .. . . . . •. • * DATA •. YES • • DOES •. 
•. EDIT OR • •------->•. I'I CONTAIN • • 

•. LIST • • /\ •. ITDO • • .. . . l •. .. . . . . . ... 
l
• NO :•H:•: 

1
. YES .... 

• •. LLDOIT Jl • . •••••J2••········ • • •. • OUTPUT PRIOR • 
--~~.: ~F sTf~~MENT •: • :s~~'ITaN¥HINV. : 

• • • • • REPLACE IT BY • 
•. • • • SEMI-COLON • 

* • r;ES ••••••••1••••••••• 

.... . . • Bl • MKROOM 
• • •••••K2•••••••••• 
•••• • MAKE ROOM • 

•IN OUTPUT TEXT • 
• AND INSERT •---1 • END STATEMENT • . . ................. 
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. ... . . 
• H2 • . . .... 

•••••F3•••••••••• •••••FS•••••••••• . . . . 
• SCANS • • OU'IPUT AND • 
• FORMAT LIST • • RETURN • 
• • • lSEE C2) • . . . . 
;::;:;::1········· ········~1········ 
• •••• • NO YES 

G3 • • • •. Gii •. F6A GS• • • • . . .. .• •. . . . . 
• • ITERATION •. NO • • RIGHT •. YES • • END • • 

•. FACTOR • •-------->•. PARENTHESIS • •------->•. OF FORMAT • • 
•. .• •. • • •. LISTS • • .. . . . . .. •. . . •. .. .. . . • ... r · r 

•••••H3•••••••••• •••••HS•••••••••• 
• • • UNSTACK • 
• OUTPUT BUY • • DICTIONARY • 
• AND TEMP • • REFERENCE • 
•ITDO STATEMENTS• • OF TEMP • . . . . .. ..... r...... FS m"'""T""" 

J3 • . •••••Jll••········ •••••J5••········ 
.• DOES •. • • • • 

• • LEFT •. NO • OUTPUT • * OUTPUT ANO 
•. PARENTHESIS • •-------->• FOLLOWING •-------->• SELL TEMP 

•. FOLLOW • • • FORMAT ITEM • • STATEMJ::NTS .. . . . . . . 
•. • ·~s ••••••••••••••••• ••••••••1•••••••• 

l : ·:;·: 
•••••K3•••••••••• • • 
• STACK • •••• 
• DICTIONARY • • • 
• REFERENCE •---->• F3 • 
• OF TEMP • • • . . .... ................. 



Chart GR. Phase GK overall Logic Diagram 

•••••Al•••••••••• . . 
• INITIALIZE • 
• TEXT POINTERS • 
• !TC. • . . 
;::::~::1········· . . 
•••• BASCAN 

•••••Bl•••••••••• 
: s~I~~· : . . .., ........ r .... .. 

!
---------------->: B~CO~L : 

•••••C1••········ BAPVM c2· • •• BATST3 cl· •• •. 
• SIT 'BUILT-_ • .• IS •. • • •. 
• IN GENERIC' • YES • • PSEUDO- •. YES .• PSEUDO- •. 
: ¥llril. :<-------• .•. Y~nn¥tf .• ·•<--------• .•. vm~ .• · • 
• • •. .• •.FOUND.• ................. .. .. . ... . r 

BAP'M .•. 
•••••D2•••••••••• D3 •. 
: ¥fi~!'fJolN : YES • •. ;UICTION • • •. 
•GENERIC AND/OR •<--------•. MAIUtER • • 
• BUILT- IN • • • FOUND , • 
• FUNCTIONS • •. • • ·······1······· ··.·~ 

~ ... ,.......... ,)... '""'WI •• ,, ........ .. . . . . .. . . 
• • • • STOP •. YBS • OU'IPUT • 

-------------->•PUSH DOWN STACK• •. MAIUtlR • •------->• ARGUMENT • 
• • •. FOUND .• • • . . •. .. . . 
········1········· ··1· -~ ;:::;::1········· .... 

BAP'~'I .. •r2•••••••••• F3° •... BADELM Fii .•... :• .. •FS .... •••••: 

:JfL...POril'iEHsi°: • • • •EM> OF • • •. NO • • • • l~s • ' •. NO • OUTPUT • 
• AND SETS LIST • •. TEXT • •---1 •. DELIMITER A .•------->• END-LIST • 
•FOR NON-BUILT- • •. .• •. COMMA , • • MARl<ER • 
• IH FUNCTIONS • •. • • • • • • • • ................. .. .. •. . . . ............... . 

•GP • • Bl • • • ->• B1 • • • • • GS •-> . . .... . . .... . ... 
· 1 •l Yff •• • •••• • 

1
. YES •••• l 

••••*61••········ BALPO G2. •• •• ~H••G••········· ARGm••Gs•••······· 
: : HO • • • • DOfS • • •. : ADD ONE '1'0 : : A&l~T.,J~ : 
: ARGHO • O :<-----•· •. ~ .• ·• : ARGHO : : ffl~I8t : 
• • • • • • • • • POP UP STACI< • ••••••••1•••••••• • .• ·;ES •••~••••••••••••• ••••••••1•••••••• 

.... 1 .... . . . . 
: GS : BAC:tli .. a2.......... : Bl : 
•••• • ARGN0•1 • •••• 

• OU'l'PD'l' PRIOR • : TEXT,riUfIE• : • ..mt AMI> COONT• 

-=·····1:::=:: _____________________ _ 
•••••J2••········ 
!°TJi~~fi!''l': 
:sr~,,EA:¥n : ·······T······· 

BARGFH BARESC • •. BANORM •••••1<1•••••••••• IC2 •. •••••JCl•••••• ... • •• •••Kii•••••••• •• 
!°21&111IG~AllJP6 : YES • •A ·~to;· •. NO :sETAri~TER: : (SCAN FROM : ...... 

TO END or *<-------·· WITH NO • ·-------->• ARGtltlD'1' IH ·------>• START OF ·---->• Bl • 
ARGUMENT • •.ARGUME11'1'S. • • SOURCE TBXT • • ARGUMENT) • • • . . .. .. . . . . . ... ········1········ ... ·· ................. . ............... . 

.... . . 
• Fii • • • &au. 
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Chart GP. Phase GP overall Logic Diagram 
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.... . ... . . . . 
• Al • • H) • . . . . ·r· ·~·· 

EXSCAN,Ml • •. o 1 YES 
Al •. All• ••• Ar,• · •• .. .. . . . . . . • . 

• • PARAMETER •. YES • • URAM •. NO • • IS •. 
• •• ~ESCRJPTlO~•. •-------->•. •. SCAV'R • •. •-------->•. •. A~g~rf~T . 

0 
• • .... .. .. . . .• . . . . 

: B1 : •. • • •. • • • • • • · .... · r i"' i"" 
ES1 1 ES2 l EX36 1 M211 • •. .•. • •. 

•••••Bl•••••••••• •••••B2•••••••••• Bl •. Bii •. 1!5 •. 
• • • CREATE A • • • •. • • • • • • DO • • 
• SCAN TEXT • • CHAMELEON • NO .• IS •. NO • • lS •. NO • • PAR ANIJ •. 

-->• FOR ARGUMIMT •<--------• AGGRBGAT! •<--------•. ARGU!INT • • r--•. ARGUMENT • • 1--•. AKG AGGREGATE. • 
: LIST •: : DUMMY : •.•~CA AR••.• •. • ~CAL,foR • •. • •s1~~~g=~~. • ................. ................. .. .. .. . . • .. . 

1 
• YES • ••• • Yi.S • • •• • Yl::S 
I : Hl : : Hl : I '6 • • • • ~ .... .... .... . ... . . . . 

.•. • El • • .J 3 • 
Cl •. • • • • . . .. .... . ... 

• • END •. YES 

BSlO 

• , OF TEXT • •---1 .. .. .. . . .. . . 
• NO ••••• 

1 :Gx1: • ••••• 
• • • Dli •-> . . . 

•••• 
· Dl ·•·.. BSll D2 .•... M16 01 .•... CCP?tf,~~~••••••••u 

• • IS • • • • •. • • • • • CREATE SCALAR • 
• • lTEM •. NO • • JS •. YES • • PARAMETER •. YES • DUi-!MY OF • 

•. BUlLT-lN • •----->•. ARGUMENT • •-------->•. DESCRlPTlON • •-------->• PARAMETER • 
•.FUNCTION • • •A CONSTANT.• •. • • • TYPI. • 

BSll 

• El •-> ~ . . .... 
····i··;;: ····1·:0· .... :~··1··~· : ....... i ....... : 

•••• • • TESTC .•. .•. • Bl • 
.•El •... • •E2 •. •. :••••El•••••••••: • •••• • 

YES • • lS •. NO • • IS •. YES • CRUTE SCALAR • • • <--•. ARGUMENT • •------->•. ARGUMENT • •--i • CHAMELEOK •---->• Bl • 
•.CONSTANT • • •EXPRESSION.• • DUMMY • • • .. .. .. .. . . . ... .. .. •. .. . ............... . • lno : •:;•: 

• • .... .•. . .. 
Fl •. F2 •. 

M2 .. .. . . .. 
NO .• BUILT-IN •. NO .• PARAMETER •. <--•. FUNCTION • "<-------•. DESCRIPTION • • .. .. .. .. .. . . .. .. ·r.. ·r .. 

• •. Mii .•. .•. .•. MlO 
Gl •. G2 •. G3 •. Gii •. •• •••GS••u ...... 

• • IS •. • • •. • • • • • • IS •. • ARGUMENT • 
NO .• ARGUMENT •. .• PARAMETER *• NO • • IS •. KO .• ARGUMENT •. NO •IS A PARTIALLY • <--•. AK ENTRY • • •. SCALAR • •-------->•. ARGUMENT • •-------->•.UNSUBSCRIPTED.•-------->• SUBSCRIPTED • 

•. ·• •. .• •. SCALAR .• •.AGGREGATI:.• • AGGREGATE • .. .. .. .. .. .. .. . . . . .. .. .. . . .. . . .. . . . ............... . 
: •::• :->l• YES 1. YBS : •:;• :->!• <:::______ 1. YES l .... . ... 
•••••Hl••········ a2···.. M12,~1:.Hl••········ CRECJtS,Mli: .. ••••• CHCJ(Sl,l!is··· •• 
• • .• •. • • .• 00 •. .• DOES •. 
• ERROR • 110 • • ARGUMENT •. • WARNING • • • AGGltBGATE •. NO NC • • REDUCED • • 

---• MBSSAGE •<-------•. SCALAR • • • MESSAGE • •. STRUCTURES • •---

1
<----•. ARGUMENT • • 

• • •. • • • • •. MATCH • • •.STRUCTURE.• 
• • •. .• • • •. .• •.MATCH.• ................. ·1;.. ;:~~:;:r...... ·r.. :::::: ·r .. 

CRCltT ~~···.. COP??tl~l~.......... CHBCKT .Jli·•·.. CHECKT .Js·•· •• 

• • • °ARG AND•.•. YES : 91Lt~ : KO • • • • J~A • • •. NO • •. • oi~A • • •. 
•. PAR SAME .•---1 • DUMMY Of • -----•. 'IYPIS • • r--•. TYPES • • •.DATA TYPE.• • PAJIAJGTER • •. MATCH • • •. MATCH • • 

•. .• • DATA TYPE • •. .• •. .• .. .. ................. .. .. . .. • 
1
. NO : ·::·: I <----------------------_j YES : ·:;·: 1· YES . . i I\ • • •••• •••• • ••• • • 

•••••1<2•••••••••• : Bl : Zlll!~~•l<S•••••••••• 
• • • ••• • CONSTRUCT • 
• WARNING • • A REDUCED • 
• MESSAGE • • DCPE VECTOR 
• • • FOR ARG . . . . ........ r .. ..... --------------------------_____ ::::: ::] ....... . 

•••• . . 
• Dli • . . 
•••• 



Chart GU. Phase GU OVer~ll Logic Diagram 

.... . ... . . . . 
• A1 • • A2 • . . . . 
T. .llSCAN T. 

•••••Al•••••••••• •••••A2•••••••••• 
• GET SCRATCH • • • 
• STORAGE FOR • • • 
• CHECK TABLE. •-------->• SCAN TEXT • 
• INITIALISE • • • 
• TEXT POINTERS • • • ................. .. ..... T ....... 

. •. 
B2 •. . . . . 

• • END •. YES 
•. OF TEXT • •---1 •. . . •. . . . ... . . . . . . 

• NO ••••• : C3 : l ::x~: ··1·· 
ATST3 • •. • ASTMT AEND T ASPECL AENDHO ASC 

c2 •. •••'•c3•••••••••• ••••'ell•••••••••• •••••c!'I••••••••• • 
• • •. • HOUSEJCEEPitlG • • UFDATE CHECK • • SET PCSW FOR • 

.:· S'[ATEMENT ·:.!~----->=FOR ~~bETC. =-------->= PR~85~ &~~IN =-------->:rc~~Hi~E~¥:ci- : 
•, • • •IF-SWITCH ONCE • • STATEMENTS • •PROCESS SIGNAL • 

•••• •. • • • • • • • OR CALL STMTS • . . .. . . ................. ................. . ............... . 
•Dl• •NO j 
• ·1···. 1 (::· :--1 .... 

AFM ATESTll • •. BSCAN ASCL 
•••••D1 •••••••••• D2 • • •••••DI!•••....... • ••• •05• ••••••••• 
• CALLA • • • •. • • • CALLI! • 
•-•-•-•-•-•-•-•-• YES .• FUNCTION •. • • •-•-•-•-•-•-•-•-• 

r
--•SIGNAL CHECKED •<-------•. MARKER • • • SCAN TEXT •<--------•SIGNAL CHECKED • 

• ARGUMENTS • •. • • • • • STATEMENT • 
• RESET PMPTR • •. • • • • • LABEL • ! •:;• ~·••••••••••••••• • · 1·. ~o ••••••••i••••••••• ••••• ••• • ••••• •• • 

.... 
ABGNDO ATESTS • •. BTEST3 • •. 

•••••El•••••••••• E2 •. •••••E3•••••••••• Ell •. . . . . .. . . . . .. 
• SET • YES • • ELSE •. NO • Otn'PUT • YES • • • • 
• IF-SWITCH •<-------•. OR • •---1 • PR!X:IDillG •<--------•. STATEMENT • • 
• TWICE • • • THEN • • • STATEMENT • • • • • . . •. .. . . .. . . 
••••••••i•••••••• • .• · • ! ·::· ! ••••••••1••••••••• • ·1· ·;o 

.... . ... . . 
• C3 • BPC BSTHT • •. BTESTll • •. 
• • •••••F2•••••••••• F3 •. Fii •. •••••r5••••••••• • 

• ••• •••• • GO TO • • • •. • • •. • CAL LB • 
• • • PSEUDO-CODE • YES .• IS •. NO .• FUNCTIOtl •. YES •-•-•-•-•-•-•-•-• 
• A2 •<----• ROUTINE TO •<--------•. PCSW • • ---•. MARKER • •----,---->•SIGNAL CHECKED • 
• • • CHECK THIS • •. SET • • •. • • • FUNCTION • 
•••• •STATEMENT TYPE • • • • • V • ' ' • : • • • ~~~~ • • • • • •: ................. ·1:. ::~::: ··.·· .. j 

• •. BENTON .•. 
G3 •. G5 •. . . .. .... .... . . • . 

• • IS •. YES • • • • NO • • PCSW •. 
•. FMPTR • •---->• Dl • • Oii •<----•. AND f'MPTR • • 

•. SET • • • • • • /\ •. BOTH • • 
•. • • •••• •••• •.RESET.• •. .. . ... 

~ADO r ]"' 
•••••H3•••••••••• •••••HS•••••••••• 

• •••;;;;•~•••• • • DOWNDATE • • SET FMPTR IF • 
• CALLA/CALLB • : CHJgfi jAftLE : : Ar~ tf g~Mms : 
• • • STATEMENT • • CHICKID. SCAN • 

• •• • • •• • • •• • • •• • • • FROM MARKER • 

l 
................. . ............... . 

l . ..... ___________ j 
->• D1 • • • .... 

CALLI F • • • CALLBA • •. CALSTM Jl •. ••••OJ2••········ J3 • . •••••Jll•••······· 
.• •. • RESZ'l' If'SW. • • • •. • RE-COPY • 

• • IS •. YES • OUTPUT DO • • • WAS IT •. NO • STATEMENT • 
•. lFSW .•-------->• STATEMENT. •-------->•. CALLS • •-------->• FROM • 

•. SET • • • GET END-FLAG • •. .• • SOURCE TEXT • 
•. .• • OR ENDSW • •. .• • • .. . . ................. .. .. . ............... . 

• NO • YES j 

l c....... l<----------~~-----
•••••Jt3••········ 
• Otn'PUT • ••••Jtq••••••••• 

---------------------------------------->= am~~ !-------->= RETURN : 
• STATEMENT • • • . . .............. . ................. 
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. ... . . 
• A2 • . . .... 

MR MRTRT ! <------------~~~;~-----:::------------------------
•••••Al•••••••••• •••••A2•••••••••• A3 •. . . . . .. .. . ... 
: TmT~~~Ls =-------->= SCAN TEXT :-------->•:\~if&~WT ·:.!~>: E2 : 
• • • • •.STATEMENT.• • • . . . . .. .• .... ................. ................. . .. . i NO 

LSGET . •. 
B3 •. .. •. . ... 

• • ITEM IN •. YES • • 
•.PUT STATEMENT.•---->• G2 • 

•DATA SPBCN,• • • .. .. . ... .. .. 
i" NO 

LS21 c3·•·.. c11' •. . . .. . . .. 
YES • • STRUCTURE • • NO , • END • • YES 

•DATA SPBCN, • •. • • .. . . .. . . .. .. . ... . . ..... 
•llK • 

. ... . . 
• DS • . . 

[

----------------•. IN GET STMT • •-------->•. OF TEXT , •---i 

•• ~1· T. 
LS23 , •. SAEND/SA73 ~ 

•••••Dl•••••••••• 02 •. •••••OS•••••••••• 
• • , • •. • OU'IPUT END • 
• EXPAND • YES , • IS IT •, • STATEMENTS • 
• STRUCTURE •<------•. GET DATA • • • AND SELL • 
• ITEM • •, LIST • • • TEMPS IF • 
• • •. • • • NECESSARY • ········i········ ..... ·1· ·~ ········1········· 

i : E2 =-> •••• • • . . .... 
• A2 • SADRAB SA79 • •. 
• • •••••E2•••••••••• •••••Ell•••••••••• ES •. 
•••• •BUILD UP STACK • • • • • ARE •. 

• FOR STRUCTURE • • RESET • YES , • TllERE • • 
•UNTIL FIND BASE•<---------------------------------•SOURCE POINTER •<--------•.MORE ELEMENTS.• 
• ELEMENT, BUY • fl. • TO START • • • • • 
•'IEMPS IF NEEDED• • • •. • • ········1········· ................. ·· 1 ·NO 

.... . . 
SA20 • •. SA32 • A2 • 

F2 •. •••••F3•••••••••• • • 
• • IS •, • OUTPUT BASE • • u • 

• • SOURCE •. NO • ELEMENT AND • 
•, POINTER AT • •-------->• REPLACE IT IN • 

•. START , • •SOURCE TEXT BY • 
*• .• • NEXT ITEM • .. . . . ............... . 

• YES j 
;;;->l<-----------

•••••G2••········ . . .... 
•SCAN STRUCTURE • • • 
• EXPRESSION •<---• G2 • 
: OR STATEMENT : • • •• • • • • •• ....... T....... :.~:.: 

SAOP , •, , •·, BYNll l H2 •. H3 •. •••••HS• •••••••• 
, • •, • • • • . • BACKSPACE • 

• • •. YES • • HAS •, NO •OUTPUT POINTER • 
•, STRUCTURE , •-------->•, STACK BEEll , •-- • TO START OF • 

•. • • •. BUILT , • • THIS SCALAR • 
• , , • •. • • • ASS IG'NMENT • •. . . .. .. . ............... . r r I., 

J 2 , •, • • SA36 Jl, •, • • BYN}. •••Jll ••• •••• ••• BYNl 3 JS• • • • 

NO • •' • BMD • • •. • • • •BY NAME• • * • YES : SEARCH FOR : • * • • • • * • 
--•. OF EXPRN , • •. ASSIGNMENT .•-------->• BCD-MATCHING •-------->•. FOUND • • 

•, OR STMT , • •.STATEMENT.• • BASE ELEMENT • • • • • .. . . .. .. . . .. . . •. .. .. . . ................. . .. • 
.. ( l .. 0 r 
: OS : SAX}.f;;K3•••••••••• •••••KS•••••••••• 

• •• • • CHECK ITEM • • OUTPUT • 
•AGAINST PATTERN• • BCD-"'.ATCHING • 
: ou~~T~¥KAND :---!<------------------------------: Ef~~~NT : 
•REPLACE BY NEXT• • • ................. . ............... . .... . . 

• G2 • . . .... 
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r 
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.• IS •. .• •. • • 

• •IT I/O LIST•. YES • • IS IT •. NO • SEARCH FCR • 
•. OTHER TRAN .•------->•. INPUT .•-------->• FIRST ARRAY • 

•. GET • • •.STATEMENT.• • IN EXPRESSION • 
•.DATA .• •. .• • • . . .. .. . . . ............... . r .... 

. .. 
El •. .. •. 

NO .• IS I'l' *• 
--•. ASSIGllMENT • • 

•.STATBMBNT.• .. .• .... 
j.=_ _____________________ _ 

ARRASS • •. AADOP 
Fl •. •••••F2•••••••••• •••••F3•••••••••• ••••• F •••••••••• •••••FS•••••••••• 

. •·•Tail A • · •. YES ! 8J~Gfm=~g : : ~M~T ! : 0~ : :Clf~.,iAPt~RY: 
•. PSEUDO- • •----->• AND WHB'l'HER •-------->• OPERAND •-------->• IC FOR •-------->• AND GENERATE • 

•.VARIABLE • • • VALID • • CARRAY CR • •EACH IMBNSION • •BOY STATEMENTS 
•. .• • • • SCALAR) • • * • 

·-~~====~;_;;;-==-~=~:::=~-----~==:=::::::: _____ ::::::::i········ 
AAMULA .•. AA3 Gl •. •••••G2•••••••••• 

• • IS •. • CBECIC OTHER • 
• • THIS A •. YES •PSEUDO-VARIABLE• 

•. MULTIPLE • •------->• TO LEFT • 
•ASSIGNMENT.• • OF EQUALS • 

•.ARROW.• • • 

. ·1· ~-------=:::J ........ 
ARR EXP AETRT SLMCG FRETMP •••••el•••••••••• •••••H2•••••••••• •••••H3•••••••••• •••••Hll•••••••••• •••••HS•••••••••• 
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• ••• . . 
• A2 • . . .... 

u•sCAN 1 <------------------------. :-. ------------------------1 NO 

INII••••Al••········ .... •••••A2••········ A3 • • l'.11 •• •. 

: INITIALIZE : : SCA:I : • • • • DEFI!IED • • •, !IC • • '• ENO •' •. HS 
• TEXT •------->• SOURCE •-------->•. SUBSCRIPT • •-------->• • OF • •---i 
• POINTERS • • TEXT • •. ~l'.RKER • • •. TEXT • • . . . . .. . . •. .• ................. ................. .. .. . .. . 

••••Cl••••••••• . . 
• SUMOVE • . . ............... 
: ·:;· =->l . . .... 

SU SCAN 
•••••Dl•••••••••• • • • SCAN TEXT • 
• OF SUBSCRIPT • • • . . ........ r ....... 

• •. DERCUR 
El •. •••••E2•••••••••• . . .. . . 
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•. SUBSCRIPT • •------->•PARAMETER STACK•-----

•. MARKER .• • • .. .. . . .. . . . ............... . r 
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•. • • •TO ISUB NUMBER • 
'·,·~ ........ !" ...... 

•••••G2•••••••••• 

~-:;;;-->i "" . ::~;: 
•••••B3•••••••••• . . 
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•SUBSCRIPT LIST • . . .... 
;:;;:;::1•••••••• • : •cl•~.: 
·• . .... 

DETEHQ • •. DENGUB .•. DEEND2 cl •. c11 •. •••••cs•~·••••••• 
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• : • ~u~~~mT • : .:~~----->•: :N f~~~R o;:. ~~------>= uu~ ~~~~ts OF : 
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):~ '• ,j· ;ES ••••••••1•••••••• • 

• cs • 
• • •••••Oii•••••••••• •••••OS•••••••••• 
•••• • • • SUMOVE • 

•SET DICT REFCJ:; • •-•-•-•-•-•-•-•-• 
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• OF TEMPS • • SUBSCRIPT . . . 
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;)EGBDl .•. 
Ell •. 

.• ANY •. •••• 
• • MORE •. YES • • 

•.SUBSCRIPTS IN.•---->• C3 • 
•. SECOND • • • • 

•.LIST ,o •••• . ... 
• NO 

D.ooNE 1 •••••Fii•••••••••• 
•SET POINTER TO • 
•START vF FIRST • 
•SUBE".CRIP'I LIST.• 
• OUTPUT REFCE • 
• OF BASE AR~Y • . ............... . 

;;..~;-->] 
• OUTPUT • •••• 

•••••Gii•••••••••• 
• SUMOVE • 

• DICT REFCE • • • 
• OF TEMP OR •---->• 01 • 
• SUBSCRIPT • • • . . .... 

. ................ . 
. .. 

• • Hl o • o • ••••H2••••••••• 
.• END •. YES • 

•.OF SUBSCRIPT • •------->• RETURN .. .. . . •. . . . . ............. . .. . . 
• NO 

! <----------· · · · . . 
• 01 • . . .... 

·-·-·-·-·-·-·-·-. • OU'IPU'I • 
:s~fig~~r' isfi~s : . ...... T ....... 

. .. Hll •. •••••H5•••••••••• 
.• ANY •. • o 

YES • • MORE •. NO • vUTPUT SJ::LL • 
---·.SUBSCRIPTS IN.·-------->• ST,TEIU.u'r 

•• FIRST • • • FOR TE:Mrs 
•.LIST ,o • ··.·· ....... T ....... 

DEl"f.T~ .• • 
:••••J11•••••••••: • • J'\, ... s •. •. 
• POP Ul• • 'ff Li • • 'l'HI:; A •. 
• PARAMETER •<--------•. CALL t'R\IH • • 
• STACK • •. SUf.iOVE: • • . . . . . . 

---------------------------------------------------------::::::::j•••••••• •. J. ~o .... . . 
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Table GA. Phase GA DCLCB Generation 
r-----------------------------------T---------------T-----------------------------------1 I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
1---------------~------------------+---------------+-----------------------------------~ 
IScans STATIC chain IILOlOO IIL0110, IL0120 I 
·-----------------------------------+---------------+-----------------------------------~ IGenerates DECLARE control block IIL0110 ICHKATT, IHEENV I 
I entry I I I 
·-----------------------------------+---------------+-----------------------------------~ IGenerates OPEN control block entry IIL0120 ICHKATT I 
L-----------------------------------'---------------_J.-----------------------------------J 

Table GA1. Phase GA Routine/Subroutine Directory 
r-----------------~--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+-------------------------------------------------------------------~ ICHKATT IChecks attributes and creates control words. I 
I I I 
IIBEENV IChecks environment options, and inserts them into DECLARE control I 
I I blocks. I 
I I I 
IILOOOO IEntry point from compiler control. I 
I I 
IIL0100 ISCans STATIC chain. 
I I 
IL0110 IGenerates DECLARE control block entry. 

I 
IL0114 !Test point for environment entry. 

I 
IL0115 !Return point from environment processina. 

I 
IL0117 !Processes file attributes entry. 

I 
IL0118 !Branch point of SYSPRINT file found. 

I 
IL0120 !Generates OPEN control block entry. 

I 
IIL0200 IReleases control. 
L------------------~--------------------------------------------------------------------
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Table GB. Phase.GB Pretranslator I/O Modification 
r-------------------~-------------y---------------r-----------------------------------1 I ' IMain Processing! I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ IRerooves all second level markers IThroughout· INone I 
I I phase I I 
·-----------------------------------+---------------+-----------------------------------~ !Reorders options to put EDIT, DATA IA8 ISCNS, SCAN2 I 
tor LIST last I I I 
·-----------------------------------+---------------+-----------------------------------~ !Moves DO specifications to precede ISCAN2 ILLDOIT I 
I relevant list in data lists., adds I I I 
I END statements I I I 
·-----------------------------------+---------------+-----------------------------------~ !Expands iteration factors in formatlFORLST !None I 
I lists I I I 
·-----------------------------------+---------------+-----------------------------------~ !Checks for use of COBOL files in IA4 !LOCATE, READ, WRITE, DELETE, MAP, I 
IREAD, WRITE, and LOCATE Statements I ICOPY, STSCAN I 
L-----------------------------------L---------------i-----------------------------------J 
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Table GB1. Phase GA Routine/Subroutine Directory 

r----------~------T--------------------------------------------------------------------1 I Routine/Subroutine( Function I 
~-----------------+--------------------------------------------------------------------~ 
lAFOR~T (Processes FORMAT statements. 
I I 
fA4 fCbecks for use of COBOL files in READ, WRITE, and LOCATE statements. 
l I 
IA6 (Scans source text for GET and PUT statements. 
I I 
(AS (re-orders options to put EDIT, DATA, or LIST last. 
I I 
fA21 (Scans GET or PUT statement for data specification. 
I I 
ICOPY (GC) (Copies a structure and places the copy on the COBOL chain. Sets up 
I (text skeletons. 
I I 
f DELETE (GC) (Removes an offending I/O statement and inserts an error statement in 
I f the output text. 
I I 
IFORLST !Expands iteration factors in format lists. 
I I 
IF2 tcreates and buys integer temporary. 
I I 
IFS IScans and outputs format item~ 
I I 
IFSA !Sells temporary. 
I I 
IF6 ITests for end of format list. 
I I 
I F6A I Tests for end of format specification. 
I I 
I F6B I outputs end of format specification. 
I I 
IF7 (Scans format list. 
I I 
ILAB17B f Processes format list in GET or PUT statement. 
I I 
f LLDOIT fMoves DO specifications to precede relevant list in data lists, adds 
I IEND statements. 
I I 
tLOCATE {GC) (Checks for the use of a COBOL file, and puts ·out a warning 
I I diagnostic. 
I I 
IMAP (GC) tcompares the PL/I and COBOL and PACKED(NONSTRING) mappings of ~ 
I I structure. · 
I I 
JMK~OOM IProvides space in a statement in new source file. 
I I 
f MR IInitializes text blocks and pointers, and obtains scratch ·storage. 
I I 
fREAD (GC) f If a READ IGNORE is encountered, no action is taken. If a READ SET 

· I I is encountered, a warning diagnostic is given.. If a READ INTO for a 
I f structure is encountered, PL/I and COBOL mappings are compared. 
I I 
fSCAN2 f Scans option list for end of option or statement, expands DO 
f f specifications, and changes certain function markers into 
I f pseudo-variable markers. 
I I 
f SCNS (Scans option list for end of option or statement. 
I I 
f STSCAN (GC) f Stores the dictionary reference of the file and the INTO/FROM 
I lvariable. and sets flags. 
I I 
I I 
I WRJ:TE < GC > I For structures, the PL/I and COBOL mappings are compared. I 
·L--~--------------~------------~-------------------------------------------------------J 
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Table GK. Phase GK Pretranslator Parameter Matching 1 

r--~--------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ IScans source text for function IBASCAN · ICPSTMT, CRSTMT t 
I markers I I I 
·-----------------------------------+---------------+-----------------------------------~ IProcesses function. puts out IBAFM ISCANRP I 
I reference and initial code bytes I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IProcesses arguments IBALOOP IADDTGT, SCNCRP I 
·-----------------------------------+---------------+-----------------------------------~ !Checks numbers of arguments IARGNOQ !None I 
L-----------------------------------~---------------~-----------------------------------J 

Table GKl. Phase GK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 

·------------------+--------------------------------------------------------------------~ IADDTGT IAdds data to output text. I 
I I I 
1ARGNOQ !Checks number of statements. I 
I I I 
IBABT3 ITests for STOP marker. I 
I I I 
IBACALQ IOUtputs function and first bytes of argument list. I 
I · I I 
IBADELM ITests for end of argument list. I 
I I I 
IBAFM IProcesses function, puts out reference and initial code bytes. I 
I I I 
IBAFST ILocates SETS list and parameter list for function. 
I I 
IBALOOP IProcesses arguments. 
I I 
I BALPQ I Tests whether argument list is present. 
I I 
IBAMORE !Accesses next argument in list. 
I I 
IBANORM ISets STOP marker to scan argument. 
I I 
I BAPVM I Examines pseudo-variable. 
I I 
IBARECQ ITests for nested function reference. 
I I 
IBARGFN IOUtputs warning message. 
I I 
IBASCAN !Scans source text for function markers. 
I I 
IBASTOP toutputs argument. 
I I 
ICPSTMT IAdds closing bytes of a statement to output text. 
I I 
ICRSTMT IAdds first bytes of a statement to output text. 
I I 
ISCANRP 1scans argument list. 
I I 
ISCNCRP !Scans argument. 
L------------------~--------------------------------------------------------------------
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Table GO. Phase GO Preprocessor Parameter Matching 2 
r-----------------------------------T---------------,.-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I subroutines used I 
·-----------------------------------+---------------+-----------------------------------~ 
IInitialization and scratch core IPMATCH IPOLYMV I 
tutilization for Parameter Matching I I I 
12 I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table GOl. Phase GO Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IPMATCH IGeneral initialization and scratch core utilization for Parameter I 
I IMatching 2. I 
I I I 
IPOLYMV IMoves the routines POLYl, POLY2, POLY3, POLY4 and POLYS into scratch! 
I !storage <see Table GP}. I 
L------------------i--------------------------------------------------------------------J 
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Table GP. Phase GP Pretranslator Parameter Matching 2 

r----------------~------------------T-~-------------r-~---------------------------------i I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
·----------------~---------------+-·~---------;----+----------------------------------~ !Scans text for procedure and IBSl IADDTT, STKINF, UNSTCK I 
I function calls I I I 
·-----------------------------------+--------~------+----------------------------------:-i IExamines argument lists for IBS4 . IEXSCAN, Ml, M4, M16, SCANFR I 
I expressions I I · I 
·-----------------------------------+---------------+-----------------------------------i ICreates temporaries for scalar IM16 IADDTT, COPYTP. MKDCEN, SETBUY I 
I expressions and constants . I I I 
·----------------------------------+---------------+-----------------------------------i I Creates temporaries for array I E2 I ADDTT., CHCKBl, COPYTP. MKDCEN. I 
I expressions I I SETBUY I 
·-----------------------------------+---------------+-----------------------------------~ I Creates temporaries for partially I E3 I ADDTT,, CHCKBll•: COPYTP, MKDCEN, I 
I subscripted array expressions .1 1 SETBUY I 
·-----------------------------------+-------------~-+-----------------------------------~ ICreates special temporaries for · IEX16 IADDTT, BS2, CHCKB4, CHECKT, COPYTl, I 
!partially subscripted arrays I l~CEN, STKINF. UNSTCK, Zll. I 
I I I SETBUY, SETMT I 
1-----------------------------------+-------~-------+----------------------------------i !Checks single arguments <except IM4. ICBECKT, M16 I 
!structures> with parameter I I I 
I descriptions I I I 
·-----------------------------------+---------------+-----------------------------------i IChecks single structure arguments IMS ICBECKS, CSTTMP I 
·-----------------------------------+---------------+-----------------------------------~ ICreates temporaries for structure IM21 ICSTMP2, MKDCEN, CHCKB4, SETMT, ( 
I expressions I IADDTT I 
·-----------------------------------+---------------+-----------------------------------~ I Creates temporaries for partially I Z22 I BS2,· ADDTT I 
tsubscripted structure I I I 
·-----------------------------------+---------------+-----------------------------------i 1compare the two arguments of the IPOLYl, POLY2. IBS2 I 
I POLY function and create I POLY3., POLY4'• l· I 
I temporaries if the arguments are I POLYS I I 
I not both floating and do not have · 1 I I 
lthe same scale and precision I I I 
·-----------------------------------+---------------+----------------~------------------~ · t creates special dictionary entries .I M37 I None I 
I for generic entry labels used as I· I I 
I arguments I I I 
L---~-------------------------------~---------------A.-----------------------------------J 
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Table GP1. Phase GP Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
fADDTT (GR) IAdds text to output block. 
I I 
f BS1 I Scans input text. 
I I 
fBS2 !Scans input text. 
I I 
IBS4 !Examines argument lists for expressions. 
I I 
f BS10 !End-of-program routine. 
I I 
IBS33 fTests for constant argument. 
I I 
f CBCRBl (GR) !Compares the bounds of argument and parameter arrays, and creates 
I !new dimension tables for temporary arrays. 
I I 
f CBCRB2 (GR) ICompares the bounds of argument and parameter arrays where the 
I targument is partially subscripted, and creates new dimension tables 
I lfor temporary arrays. 
I I 
ICBCRB3 (GR) !Creates a new dimension table from a parameter description. 
I I 
f CHCRB4 (GR) !Creates new dimension tables for partially subscripted array and 
I I structures. 
I I 
f CBCRSl (GR) !Compares the structuring of argument and parameter structures. 
I I 
I CBECRB (GR) !·Compares the bounds of argument and parameter arrays. 
I I 
ICHa<:RS (GR) ICompares structuring and data types of argument and parameter 
I I structures. 
I I 
ICHECKT (GR) f Compares data types of arguments and parameters. 
I I 
ICOPYTP (GR) fCreates a temporary dictionary entry from a parameter description. 
I I 
f COPYTl (GR> fCreates a temporary dictionary entry for a partially subscripted 
I f array from a parameter description. 
I I 
ICSTTMP/CSTMP2 (GQ)fCreate temporary structure dictionary entries. 
I I 
IEXSCAN (GQ) 1scans expressions for arrays and structures. 
I I 
IEX16 (GQ) creates temporary arrays for partially subscripted array arguments. 
I 
IEX36 (GQ) Creates a chameleon dictionary entry. 
I 
f E2 (GQ) creates temporaries for array expressions. 
I 
f E3 (GQ) creates temporaries for partially subscripted array expressions. 
I 
IMRDCEN (GQ) Makes dictionary entries. 
I 
f Ml CGQ) Examines argument expressions. 
I 
IM2 (GQ) Examines single arguments with parameter descriptions. 
I 
f M4 (GQ) Compares single arguments with parameter descriptions. 
I 
IMS (GQ) Examines structure arguments. 
I 
IM6 CGQ) f Tests for structure parameter. 
I I 
IM10 (GQ) !Processes subscripted variable argument. 
L------------------~---------------------------~---------------------------------------J 
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Table GP1. Phase GP Routine/Subroutine Directory (cont'd) 

r-~~---------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IM12 CGQ) 1creates a warning message. 
I I 
f M13 (GQ) f Gets BUY text. 
I I 
IM14 (GQ) f Processes scalar argument. 
I I 
f M16 CGQ) f Creates temporaries for scalar expressions and constants. 
I I 
fM21 (GQ) f Creates temporaries for structure expressions. 
I I 
IM22 (GQ) f Processes data item parameter. 
I I 
IM23 (GQ) !Processes label parameter. 
I I 
IM24 (GQ) ICreates a structure temporary. 
I I 
IM37 (GQ) !Creates dictionary entries for generic entry labels which are 
I f arguments. 
I I 
IM41 (GQ) IError routine. 
I I 
1~44 CGQ). !Processes dimensioned scalar argument. 
I I 
IPOLYl, POLY2, ICheck the arguments to the POLY function and generate code to buy 
IPOLY3, POLY4, !temporaries, if the arguments are not both floating and do not have 
POLY5 Call in GO) the same scale and precision. 

SCANFR 

SETBUY (GQ) 

SETMT (GR) 

STRINF 

TESTC 

IUNSTCR 
I 
IZ11 (GR) 
I 
I 
IZ22 (GR) 

Scans for matching parentheses. 

Inserts skeletons to buy temporaries in the output text. 

Sets temporary dictionary references in MTF compiler functions for 
arcay and structure bounds. 

Stacks information on encountering nested functions. 

Tests for constant argument. 

unstacks information. 

Generates text to set up the dope vectors of partially subscripted 
array temporaries. 

!Generates text to assign the structure subscripts of partially 
1subscripted structures .t:.._o temporaries, and then. to set up the dope I 

I !vector for the partially subscripted structure temporary. 

L------------------~--------------------------------------------------------------------
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Table GU. Phase GU Pretranslator Check List 
r-----------------------------------T---------------T-----------------------------------1 
I !Main Processing) I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
1scans statement: checks if IBSCAN !CALL, LIST, MOVE, SUOPQ I 
lprecedin9 SIGNAL statement is I t I 
I needed I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Scans statements: checks if IASCAN INone I 
lfollowin9 SIGNAL statement is I I I 
I needed I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IProvides a SIGNAL CHECK statement ICALL f GENTST I 
~-----------------------------------+---------------+-----------------------------------~ 
!Searches list for checked items ISUOPQ !CALL, LIST I 
L-----------------------------------L---------------L-----------------------------------J 
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Table GUl. Phase GU Routine/Subroutine Directory 
r-----~-----------T---------------------------------------------~---------------------1 
I Routine/Subroutine I Function I 

~------------------+--------------------------------------------------------------------~ 
IABGNDO ISets IF-switch for THEN or ELSE clause. 
I I 
IAFM I Signals checked items in argument list. 
I I 
IASC Tests statement identifier and takes action if necessary. 
I 
IASCAN 
I 
f ASCL 
I 
IASPECL 
I 
IASTMT 
I 
IATEST4 
I 
IATEST5 
I 
IATST3 
I 
IBEHTON 
I 
IBPC 
I 
IBSCA~ 

I 
IBSTMT 
I 
BTEST3 

BTEST4 

BVARNO 

CALL (GV) 

CALLBA (GV) 

CALLEX (GV) 

CALLIF (GV) 

Scans statements; checks if following SIGNAL statement is required. 

Examines statement dictionary entry. 

Examines statement dictionary entry which is not a label. 

Housekeeping for end of statement. 

Tests for argument list. 

Tests for THEN. 

!Tests for end of statement. 
I 
ITest whether argument list contains checked item. 
I 
IProcesses "possible check" statement. 
I 
I Scans 
I 
!Tests 
I 

statement; checks if preceding SIGNAL statement is required. 

whether SIGNAL statement may be needed after statement output. 

!Tests for end of statement~ 
I 
!Tests for argument list. 
I 
!Tests for END statement. 
I 
!Outputs SIGNAL statement for checked item. 
I 
!Tests whether SIGNAL precedes or follows statement responsible. 
I 
!Exit from subroutine CALL. 
I 
tTests whether DO statement must be output. 
I 

ICALSTM (GV) !Re-outputs overwritten statement after DO statement. 
I I 
f CALSYM (GV) IOutputs SIGNAL statement. 
I I 
IGENTST IChecks space in output text block. 

I I . d · !LIST (GV) !Updates and searches list of currently checke items. 
I I 
IMOVE !Moves text from source to output. 
I I 
ISUOPQ (GV) 1searches list for checked items. 
L------------------~--------------------------------------------------------------------
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Table HF. Phase HF Pretranslator Structure Assignment 

r-----------------------------------T---------------T-----------------------------------1 I IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
fScans text for structure assignmentlMR IBYNAME, GENTST, LSTSCN, MOVE, I 
!Statements, regions of nested I INSTSCN, STRASS, STREXP, STRURE I 
f statements, output list l I I 
f expressions, and structure I l I 
lreferences in input lists I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Expands structure assignments and !BYNAME, STRASS,fDVCON, GENTST, LSTSCN, MOVE, I 
fexpressions into a set of scalar fSTREXP, STRURE f NSTSCN, SBGN I 
!assignments or expressions I I I 
tcorresponding to the base elements I I I 
lof the structure operands. Where I I I 
f the base elements are arrays, the I I I 
!corresponding component expressions! I I 
lor assignments are surrounded by I I I 
f appropriately iterating DO groups I I I 
~-----------~-----------------------+----~----------+-----------------------------------~ 
!Scans regions of nested statements INSTSCN !MOVE, NSTSCN, STRASS ! 
lfor structure assiqnments I I I 
~-----------------------------------+---------------+------------------------------------~ 
l~dds text to the output string· f MOVE f GENTST I 
~-----------------------------------+---------------+-----------------------------------~ 
fDetermines space availability in anf GENTST IMOVE I 
toutput text block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Scans function arqument and ILSTSCN f MOVE, NSTSCN I 
f subscript lists I I I 
~-----------------------~-----------+---------------+-----------------------------------~ 
!Constructs DO statements and checksfDVCON f GENTST I 
!bound equivalence I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Constructs subscript lists for ISBGN f GENTST I 
f references to dimensioned structure! I I 
lbase elements I I I 
L-----------------------------------~---------------~-----------------------------------J 
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Table HF1. Phase HF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IBYNAME (HG) IExpands BYNAME structure assignments. I 
I I I 
IBYN1 CHG) ISearches for matching BCDs down to base elements. I 
I I I 
IBYN11 (HG) f Returns to start of current output assiqnment statement. I 
I I I 
IBYN13 (HG) ITest for matching BCOs. 
I I 
IDVCON (HG) IConstructs DO statements, checks bound equivalence. 
I I 
IGENTST IDetermines space in output text block. 
I I 
ILSGET ITests for GET statement. 
I I 
ILSTSCN IScans subscript arguments and subscript lists. 
I I 
ILS21 ITests for structure item in data specification. 
I I 
ILS23 ITests for data-directed data specification. 
I I 
IMOVE IAdds text to output string. 
I I 
IMR 1scans text for structure assignment statements. nested statements, 
I 1output list expressions, and structure references in input lists. 
I I 
IMRBYN ITests for BY NAME assignment statement. 
I I 
IMRTRT IScans source text for structures. 
I I 
INSTSCN 1scans regions of nested statements for structure assignments. 
I I 
ISADRAB (HG) IBuilds up stack to show pattern of structure. 
I I 
f SAE?ID (HG) ITests whether END statements need to be output. 
I I 
ISAOP (HG) IExamines dictionary reference found. 
I I 
ISATRT (HG) 1scans structure expression or assignment. 
I I 
f SAXl (HG) ITests whether item matches the stack pattern. 
I I 
tSA20 <HG) ITests for start of structure expression. 
I I 
ISA32 (HG) fOUtputs base element and replaces it in source text. 
I I 
f SA36 (HG) ITests for BY NAME assignment statement. 
I I 
f SA73 (HG) toutputs END statements. 
I I 
ISA79 <HG> fResets scan pointer to start of expression/assignment. 
I I 
ISBGN JConstructs subscript lists for references to dimensioned structure 
t lbase elements. 
I I 
f STRASS (HG) f Expands structure assignments into DO loops. 
I I 
ISTREXP (HG) !Expands structure expressions. 
I I 
ISTRURE <HG) tExpands structure references. 
L------------------i--------------------------------------------------------------------
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Table HK. Pretranslator Array Assi911ment 

r-----------------------------------T---------------r-----------------------------------1 
I IMain Processingf I 
I statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ I Scans text for array and scalar I MR I None I 
f assignment statements I I I 

·-----------------------------------+---------------+-----------------------------------~ I Scans text for nested array and I MR I NESTAT I 
1scalar assignment statements I I I 
·-----------------------------------+---------------+-----------------------------------i IScans text for array expressions inlMR IARRASS, LSTSCN I 
f I/O lists in GET and PUT statementsl I I 

~-----------------------------------+---------------+-----------------------------------i f Expands arrays into DO loops and IARRASS IFRETMP, MOE, OPTST, SLGCH, SUBSKP I 
lscalar assignments: checks I I I 
f dimensions and bounds I I I 
L-----------------------------------L---------------L-----------------------------------J 

Table HKl. Phase HK Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 

·------------------+--------------------------------------------------------------------i IAADOP (HL) f Examines leftmost operand. 
I I . 
f AAMULA (BL) jTests for multiple assignment. 
I I 
fAA3 (HL) IChecks pseudo-variables. 
I I 
IAETRT CHL) jScans array expression. 
I I 
IARRASS (HL) Expands arrays into DO loops and scalar assignments: checks 
I dimensions and bounds. 
I 
IARREXP (HL) 

I 
IARRIN (HL) 

' I ARROUT (HL) 

I 
f FRETMP 
I 
I 
f LSTSCN 
I 
IMDE 
I 
IMR 
I 
I 
I 
IMREOP 
I 
IMRTRT 
I 
f liESTAT 
I 
f OPTST 
I 
ISLGCH 
I 
f SLMCG 
I 

Generates DO loops and subscripts for array references. 

Entry point for array expressions in input lists. 

Entry point for array expressions in output lists. 

Generates a SELL statement for temporaries bought in the current 
statement. 

Scans I/O lists for possible arr~y expressions. 

Makes a temporary dictionary entry. 

Scans text for array and scalar assignment statements, for nested 
array and scalar assi~nment statements, and for array expressions in 

f GET and PUT statements. 
I 
Tests for end of text. 

scans text. 

scans nested statements. 

Tests any given operand. 

Generates and checks subscript lists. 

Inserts subscripts in expanded array position. 

f SUBSKP Skips a subscript or subscript list. 
L------------------L-----------~-------------------------------------------------------
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Table HP. Phase HP Pretranslator iSub Defining 
r--~--------------------------------y--------------.,------------------------------------1 I IMain Processin9l I 
I Statement or Operation Type I Routine I Subroutines Used I 
~----------------------------------+---------------+-----------------------------------·: 
IScans source text for references IMASCAN IMOVE I 
I defined by isUB I I I 
~-----------------------------------+---------------+-----------------------------------~ IProcesses references defined by IDEFSUB IGENTST, MOVE. SULIST, SUMOVE I 
liSUB I I I 
~-----------------------------------+---------------+-----------------------------------~ 
1scans subscripts ISUMOVE INone I 
I I (in SULIST) I I 
L-----------------------------------~---------------~-----------------------------------J 

Table HP1. Phase HP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IDEDONE IResets pointers to scan first subscript list. 
I I 
IDEEND2 ICreates and buys temporary. 
I I 
IDEFSUB IProcesses references defined by iSUB. 
I I 
IDEGBDl Tests for end of second subscript list. 
I 
IDENEXT Outputs first-list subscript and tests for end of list. 
I 
IDENGUB Tests whether dictionary reference is constant or integer variable. 
I 
IDERCUR Stacks parameters for recursive entry to DEFSUB. 

' IDERETN Returns to MASCAN or SVSCAN. 
I 
IDETEMQ Tests whether second-list subscript is simple dictionary reference. 
I 
IGENTST Checks space in output text block. 
I 
IINIT Initializes text blocks and pointers, gets scratch storage. 
I 
IMASCAN Scans source text for references defined by iSUB. 
I 
IMOVE Moves text from source to output. 
I 
ISULIST Scans subscript lists. 
I 
ISUMOVE Scans subscripts. 
I 
ISUSCAN Scans subscript. 

I · d" b . ISUSUBS Replaces iSUB by correspon ing su script or temporary. 
L------------------i--------------------------------------------------------------------
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•Chart 05. Translator Looical Phase Flowchart 
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Chart IA. Phase IA overall Logic Diagram 
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• Chart IG. Phase IG overall Logic Diagram 
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Phase IK overall Logic D]agram 
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•••••E2•••••••••• . . . . 
•LOAP PHASE IL • . . . . ................. 

l .... •IL • ->• A2 • . . .... 



• Chart IL. Phase IL overall Logic Diagram 

B:IGIL •••••A2•••••••••• ••••Al••••••••• • • 
: ILA2 =----->= IMJllftiIH : . . . . ............... . . ....... T ....... 

•••••B2•••••••••• 
• GIT SCRATCH • 

=~&Alli.tr: 
• IOIRTBR • • • 

""""!"""" 
•••••C2•••••••••• 
• MOVll: ro1'CTION • :scaim1ri°ORAa: • • • • 
~ .... T ....... 

•••••D2•••••••••• •SBT POIM'BRS TO• 
•RHTID PURCTION• 

: ~ii~ : 
• STOJIAGB ARD • 

~:· .... r ...... 
•••••B2•••••••••• • • :I.OM> .11fr>¥PS IM: 

• • • • 

'"""'!"""" 
•••••:r2•••······· • • 
•SBT !21~ TO• 
:mdli&H8c:8B11 : . . 

~~ .... T ....... 
:~:;·~G;·;;.oc;·: 
=~RAdfdOf..!'811: 
•sn POW.u 'l'O • 
• T • •••••••••••••••• 

l .... •IM • 
-~ A2 • • • •••• 
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Chart IM. Phase IM overall LOgic Diagram 
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•••••A2•••••••••• • • 
• LOAD • 
: ~¥~HMr> : • • 
;::;:;::1········· 
• • •••• GNTRID •••••B2•••••••••• 
• SCAN FOR • 
: PJuOCED¥~=· : 
•1wocMo!!L' OR • 
•END OF PR~RAM • ....... T ...... . 

... 
C2 • • 

• • HAS • • 
•• EMO or •• YES 

•,PROGRAM .BEIN , •---1 
•. FOUND .• .. . . .. .. 

l
• NO :ii;: 

•• • 
•••••D2•••••••••• 
• IDIHITl f'Y LOWEST• 
• LBVBL • • nf MVOCATION • 

:er ?~i ~lls: 

;:;;:;::1········· 
• • •••• .•. GNBIFH B2 •. •••••Ell•••••••••• 

• • •. • ACCESS • 
• • IS • • YES • BUILT- IN • 

•. FUNCTION • •---------------------------------->• FUNCTION • 
•.BUILT-IN .• .• TABLE ENTRY • •. .. . . 

~·u· 1~ ·······r·· .. ·· 
•••••r1•••••••••• F2 •. •••••rll•••••••••• 
: "8JMriAftf : YES • •. • IS IT •. •. :CHBClt ARGWIENTS: 
• MEMBER •<-------•.PL/I GBNBRIC • • • FOR CORRECT • 
• DESCRIPTIONS • •. • • • NUMBl!R • . . . .. .. . . 
·······r...... ·r .. ~:····r ...... 
••••~1•••••••••• •••••G2•••••••••• •••••Gii•••••••••• : xoTl~M~ : : IDl:nmMMD : =~BlcC,.tfgl>ftris: 
: AS~ : : ,.~HHfila¥s : : co~d~~iYIF : • • • • • • .. ~·····r······ .. :::····r······ ....... r ..... . 
•••••Bl•••••••••• •••••82•••••••••• •••••Hll•••••••••• : 1~£Mr~ : :oWcif..ft8BLJ,. : : IDl!Ul~MMD : 

: JAv~tan : ->:~roftW1:= : : uTi:•s : 
• • • TltIPLI! • • · . • 

········1········· ········i:==~--------------- ········r······· 
GNFOll , •. • •. GNB08 ••••tJ1•••••••••• J2 •. •••••J3•••••••••• JI! •. ••••tJS•••••••••• 

• CBBClt FOR • • • WAS t, •RESTOU POINTER• • • •. ~ SELECT • 
• ONE AMD ONLY • • • FUNCTION •. YES •TO NEXT LOWBST • • • IS •. YES • RELEVANT • 
: ONE AGRDMENT : •-.~~~fiioN .•. •------->: I~~kT¥bN : •· •• rg~n~~ .•. •-------->: ~=1~1 : . . .. .. . . .. .. . . 
········1········· ··1·~ ········1········ ··.·:a ········1········· .... .... l • • • • GNPM3 • B2 • • E2 • GNB16 •••••IK1•••••••••• •· • • • •••••J<ll•••••••••• •••••J<S•••••••••• 
: o~ ·: •••• •••• :ol~~Mt~gL}N : : oGl~~f : 
: Rf"~E :----- -----:tm.rf8~L~J~ :<--------: Rf~1H~1 : 
t t • TRIPLE • • • ................. ................. . ............... . 



Chart IT. Phase IT. Overall Logic Diagram 

•••••A2•••••••••• . . 
• LOAD MODULE • 
:ArlO INITIALIZE : . . ................. 

J;:: :-> l <-----------------------:::----------------------------------
• • • • • B 2 • • • • • • • • • • B3 •. • • .• HAS •. 
• SCAN TEXT • • • ENO OF •. YES 
• FOR RELEVANT •-------->•. Pl<OGAAM BEEN • •---l 
• TRIPLES • •. R>UllO • • . . . . . . ................. . ... 

• NO ••••• 

~-------------------------J =~:~: ... 
C2 • • 

• o WAS •. •••• 
• • FUNCTION •. NO • • 

•. MARKER • •---->• 92 • 
•. FOUND • • • • •. . . . ... • ... 

: •;;• :->!• YES .... 
PGFUNC • •. PGFNCP •••••02•••••••••• 03 •. •••••Oii•••••••••• . . . . . . . . 

• ALTER • • • WAS IT •. YES • MODI FY • 
• FUNCTION •-------->•. FUR::TION • •-------->• TMPD' S •---
•NESTING STATUS • •. • • • IF NECESSARY • I\ . . •. . . . . ................. •. . . . ............... . 

• NO 

~------------------------1 
. •. 

E2 •. 
•••• • • WILL •. 

• • NO • • IN-LINE •. 
• D2 •<---•. CODE BE • • 
• • II •.GENER/, TED. • .... •. . . .. . . r . •. F2 •. •••••F3•••••••••• 

.• IS •. • • 
• • FUNCTION •. YES • SCAN TEXT • 

•. OPTIMIZABLE • •-------->• FOR BUY/ • 
•. • • • BUYS TRIPLES • .. . . . . _______ ::r :0 ....... T ...... . 

. •. 
G3 • • 

• • WAS • • 
• • NESTED • • YES • • 

•. FUNCTION • •---->• 02 • 
•.DETECTED .• • • •. . . . ... • ... 

i"' 
PGBUYS • •. 

H3 • • 
• • IS •. •••• 

• • TalP. A • • NO • • 
•, CHAMELEON , •---->• B2 • .. .. . . •.. . . . ... .. .. r ~ •••••J3••········ •••••Jll•••••••••• 
• • • DELETE • 
• DELETE BUY/ • • ASSIGNMENT • 
• BUYS TRIPLES •-------->• INVOLVING • 
• • • CHAMELBON • . . . . ................. ..~~····T······· 

•••••Xii•••••••••• 
• DELETE ALL • 
• OTHER • 
• REFERENCES TO •--­
•THIS CHAMELEON • . . ................. 
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chart IX. Phase IX overall Logic Diagram 
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•••••B1•••••••••• • • . . 
• :nu'l'ULIZB • • • . ~ 

.;_=:1=----------•••••c1•········· • • 
• SCAR TEXT POil • 
• IN'l'DBSTING • 
• TRIPLE • • • 
;:;~:;::1········· . . . 
•••• . .. D1 •. •••••D2•••••••••• .. .. . . 

•: • or8L" •:.~---->: di+ ~ : __ 
•. BLOCJt .• • • .. .. . . .. .. .. ............... . r ... Bl •. •••••B2•••••••••• .. .. . . 

• • BllD •. YES •END OP PllOGJUUI • 
•. Ol" TUT • •----->•ULBASB CONTROL•---

1 .. .. . . .. .. . . .. .. . ............... . 
l
• NO =~= •• • 

•••••n•••••••••• • • 
: AP~IATB : 
• ROOT I NB • . . 

~······r······ 

····~1·········· • TEST OPBRARDS • 
• POR • 
•DATA T!PBS AREA• 
• AND POI1'TBR • • • ·······T······· 

.•. 81 •. •••••83••········ ................. . 
• • • • B Ila • • •. YB$ : SBT UP : : DR8f1' .,Kfpi,g : • ••• • • •. oPllllm IR • •------------------>• BRROR llBSSAGE •------>• IR TDT ARD •-->• Dl • 

• •• 
0
DROR

0 
•• • : : : RULIA¥ : • •••• • .. .. ................. . ............... . r ... Jl •. •••••J2••••······ 

.• AU •. • • 
•=*T&m~ •:.~~---->= m8fl't&~SAGB : 

•. RBSULTS • • • ARD ABORT • .. .. . . .. .. . ............... . 
•NO I _______ J •••• L>:xt1·· . . 

•••• 



Chart JD. Phase JD overall Logic Diagram 

INITl 
•••••Bl•••••••••• 
: ~~im~Il¥c. : 
• GBT SCltATCH • 
•CORE FOR STACK • . . ................. 

!<---------------------------------------------------------------------------
SCANT ••••eel•••••••••• 

• SCAN TEXT • 
• FOR CONCAT • 

----• OR PREFIX •<----------------------------• TRil'LBS • . . ................. 
STAJ<OP •••••cs•••••••••• 

•••• • OPERANC * 
• • • STACI< ING • 
• CS •---->• CONTROLLING •<--
• • • RCUTINE CALLS • .... . . . ............... . 

.....,,.., """"' j •••••Dl•••••••••• •••••D2•••••••••• •••••D5•••••••••• 
• • • GBT NEXT • • MOVE RESUL'IS • 
• END or • •BLOCIC I'll CHAIN,. •FRO!! THE STACI< • 

-->• TEXT BLOClt •------->• AND RESET •--- • IN'IO 'IElCT. • 
• • • POINTER • • ABCR'I IF • 
• • • • • STACI< EMPTY • ................. ................. . ............... . 

·'· ...... """" j •••••Bl•••••••••• E2 •. •••••El•••••••••• •••••ES•••••••••• 
• • • • •. • RELEASE • • TEST FLAG • 
• END OF • • • IS THE •. YES • SCRATCH CORE • • BITS WHICH • 

-->• PROGRAM •------->•. STACI< EMPTY • •-------->• AND •---i •CONTROL STACJ<NG• 
. • • •. • • •RETURN CONTROL • • ABORT If • 

• • •. • • • • • STACI< FULL • ................. .. . . ................. . ............... . 
l_ _______________________ l =~:1: 
• NO ••••• j 

• •. OUT V UPTXT 
•••••Fl•••••••••• F2 •, •••••Fl•••••••••• •••••f5•••••••••• . . . . .. . . . . 
• END OF • • • IS •. NO • PUT OUT • • UPDATE TEXT • 

-->• EXPRESSION •------->•. TH!! STACR • •-------->• MBSSAGE • -----------------• POINTEJI JIESET • 
• • •, EMPTY • • • AND ABORT • • TFLAG TO ZERO • . . .. .. . . . . ................. •. .. ................. . ............... . 

• YES fl 

L---------------------------------------------------------------------------J 
CONCAT .•. ••••*Gl•••••••••• •••••G2•••••••••• Gl •. •••••Gll••tt•••••• •••••GS•••••••••: 

: : :ROUTINE CHECRS : • •' • BOTH • '•. YES : ii~~~~Ai~ : : N~fji nPt~· • 
-->: CONCATENATION :------->:OPE~J:¥~I~~CT. :-------->• ••• ~I= .• · ·-------->: t!a~TRE~n!~y :-------->:SE~T~~~AaE~F61 :---. . . . .. .. . . . . ................. ................. .. .. ................. . ............... . r •••••Hl•••••••••• •••••Hl•••••••••• . . . . .... 

• OTHBR RESULT • • ZERO STACK • • · • 
-->• PRODUCER •--------------------------------->• TEMPORARY •---->• CS • • • • • • • . . . . .... ................. . ............... . 

PREFIX .I. .. 
••••e.:rl•••••••••• •••••,:12•••••••••• Jl •. •••••Jll•••••••••• •••••JS•••••••••• 
: : :ROUTINE CHECKS : • •' ~NIMUlC • • •. YES : ANgE~HG~EW : : JgfLRiJII~i6 : 

-->: UNARY PREFIX :------->: o~W.A~~y :-------->•.•.CONSTANT • •• •-------->: DfjTMI=~y :-------->:srlT~~~aE~P62 : . . . . .. .. . . . . ................. ................. .. . . . . ................. j ___ ::::::::r······ 
.... . . 

• cs • 
•••••Kl•••••••••• •••••K2•••••••••• • • . . . . .... 
• INERT • • • 

·->• NOJl-PRODUC'l'IVB•------>• SET TFLAG ON •--------------------------------------------------------
• TRIPLE • • • . . . . •••••••1t••······· ••••••••••••••••• 

Chapter 3: Flowcharts 1 Tables, and Routine Directories 193 



Table IA. Phase IA Translator Stacker 

r--~--------------------------------T---------------T-----------------------------------1 
I IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 1scans source text IESCAN !None I 
~----------------~-----------------+---------------+-----------------------------------~ !Compares transfer vector IEACTNC IECOO to EC10 I 
~---------~------------------------+---------------+-----------------------------------~ 
!Stacks transfer vector IEACTNS IESOO to ES2E I 
~-----------------------------------+---------------+-----------------------------------~ 
!Generates-triples IEGENR IEGENR2, EGENR3, ENEWBL, ENOREP, I 
I I IEREPL, ETRBMP I 
L-----------------------------------~---------------~-----------------------------------J 

Table IA1. Phase IA Routine/Subroutine Directory 
r-------------~---T-------------------------------------------~-----------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IEACTNC !Compares transfer vector. 1 
I I 
IEACTNS I Stacks transfer vector. 
I I 
IECOO to EC10 !Provide comparison action for each operator. 
I I 
IEGENR !Generates triples. 
I I 
IEGENR2 lGenerates triple for top stack operator, with blank first operand, 
I !then deletes the operator from the stack. 
I I 
IEGENR3 !Generates triple with two blank operands. 
I I 
lhNFWBL !Obtains and chains new text block for output, resets output pointer. 
I I 
ENOaEP !Deletes top stack operator, flags new top operand as the result of 

EREPL 

ESCAN 

ESTCAC 

ESOO to ES2E 

the triple just generated. 

Replaces top stack operator by its prime, to indicate end of a list 
of function arguments or subscripts. 

scans source text. 

PlacP.s operand in stack. 

Handle stacking of operators. 

IE~RBMP Increments output point over one triple if end of text block is 
I found. 
L------------------~-------------------------------~------------------------------------
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Table IG. Phase IG Translator Pre-Generic 
r-------~-----~--------------------T---------------T-----------------------------------1 
I !Main Processing! I 
I Statement or Operation Type I Routine I 3uoroutines Use1 I 
·-----------------------------------+---------------+-----------------------------------~ 
!Scans text for BUY aggregate IGS1 IFR, BR, TRFl. GS12 I 
largument dummies, end-of-block, andl I I 
lend-of-program triples I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Obtains next text block IGS12 !None I 
·-----------------------------------+---------------+-----------------------------------~ 
!Transfers text to output block ITRF1 I None I 
·-----------------------------------+---------------+-----------------------------------~ 
ITransfers text skeletons to output ITRF2 IGSl, TRFl I 
·-----------------------------------+---------------+-----------------------------------~ 
!Stacks and unstacks information on IFR, FRP !None I 
tencountering function and function I I I 
I triples I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Inserts assignment statement for IBR 1GS1, TRF2 I 
f aggregate argwnent dummies I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table IG1. Phase IG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IBR !Inserts assignment statements for aggregate argument dummies. I 
I i I 
IBR1 !Transfers point for IGNORE triple. I 
I I I 
IBR2 !Inserts assignment into text. I 
I I I 
IBR3 Makes new dictionary entry for temporaries. 
I 
IBR4 
I 
IFR, FRP 
I 
I 
IGS1 
I 
I 
IGS12 
I 
ITRFl 
I 

Processes second BUY. 

Stack and unstack information on encountering function and ~unction' 
triples. 

Scans text for BUY aqgregate argument dummies, end-of-block, 
end-of-program triples. 

Chains to next text block on enc~untering an end of block marker. 

Transfers text to the output block. 

f TRF2 Transfers text skeletons to the output block. 
L------------------~---------------~----------------------------------------------------
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• Table IK. Phase IK Translator Pre-Generic 
r----------------------------------~T---------------T-----------------------------------1 
I ·· IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i IInitializes phase and obtains text IENTER I None I 
I block storage for routine GNEOP I I I 
I (called by main generic phase), for I I I 
ltranslate table SCTRT used by the I I I 
I expression analyser and for nested I · I I 
I function stack I I I 
·----------------------------~------+---------------+-----------------------------------~ I Moves routine GNEOP, and table I MOVETT 1 None I 
I SCTRT into text block storage I I I 
·-----------------------------------+---------------+-----------------------------------~ ILoads Phase IL and transfers ILOADIL INone I 
lcontrol to it . I I I 
L--------------------.;..--------------.L~--------------L-----------.--~---------------------J 

• Table IL. Phase IL Translator Pre-Generic 
r-----------------------------------T---------------T-----------------------------------1 
I fMain Process~ngl I 
I statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ IInitializes phase, qets scratch IBEGIL INone I 
fstorage·and sets pointer to I I I 
I function table I I I 
·-----------------------------------+-------------~-+-----------------------------------~ 
!Moves function table into scratch IBASROU f None I 
I storage and sets pointer to nested I I I 
I function stack area I I I 
·-----------------------------------+---------------+---------------------------~-------i I Loads modules IM and IN and sets I BEGIN I None I 
I base for expression analyzer code I · I I 
·-----------------------------------+---------------+-----------------------------------i IGets text block storage for use by IGETEXT !None I 
!Phase IM. Sets pointer to it. I I I 
f Moves constants into scratch I I I 
I storage and sets pointer to first I I I 
!constant. Transfers control to I I I 
I Phase IM I I . I 
L-----------------------------------.L---------------.L-----------------------------------J 
Table IM. Phase IM Translator Generic 
r-----------------------------------T--------------~-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
!Selects function for processing IGNFUNC IGNXTRP I 
·----------------------------------.;..+------------r--+-----------------------------------i 
ISelects generic procedure IGNPLIG IGNDRTA, GNXTRP, GNFMID I 
·-----------------------------------+---------------+-----------------------------------~ !Selects generic Library routines; fGNBIFH IGNARID, GNCBEF, GNCACI, GNCTBI, I 
!determines function result I f GNGNCR, GNPRSC, GNSACH, GNSAPC, I 
I . I IGNSBAR, EXPANL, GNSAPR, GNSBRT, I 
I I IGNSFMS I 
·-----------------------------------+---------------+-----------------------------------i 
I selectu chameleon dummy and inserts I GNCHAM I GNXTRP, EXPAHL I 
fit in relevant dictionary entry I I I 
·-------------~---------------------+---------------+-----------------------------------i fControls scan of text -- branches f EXPANL fARITH, LSTl, SUBSPT, ASSIGN I 
Ito processinq routine I I I 
L-----------------------------------.L---------------.L----------------------------~------J 
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•Table IMl. Phase IM Routine/Subroutine Directory 

r---------~-------T--------------------------------------------------------------------1 
l~outine/Subroutinel Function I 
·------------------+--------------------------------------------------------------------~ ·1 ARITH (IN) I Calculates type of result of arithmetic operation <except •• >. 
I I 
fASSIGN (IN) IReturns to calling phase with result. 
I I 
IEXPANL (IN) Controls scan of text -- branches to processing routine. 
I 
f GNARID (Ip) 

I 
I 
I GNBIFH (I?) 

I 
IGNB08 (IP) 

I 
IGNB16 (IP) 
I 
IGNCACI 
I 
IGNCBEF 
I 
f GNCHAM 
I 
f GNCTBI 
I 
f GNDRTA 
I 
f GNEND 
I 
f GNEOB 
I 
IGNEQP 
I 
I GNFMID (IQ) 
I 
(GNFDHC 
I 

Identi!ies argument of built-in function and converts it to valid 
type, if possible. 

Selects generic Library routine~ determines function result. 

Selects relevant family member. 

Sets up result type of a built-in function. 

!Checks and converts a decimal integer. 
I 
!Standardizes argument code byte to a form for generic selection. 
I 
!Selects chameleon dummy and inserts it in relevant dictionary entry. 
I 
!Converts from decimal to binary. 
I 
Analyzes dictionary type. 

Forms pointers and branches to routine GNEOP in text block storage. 

Processes end-of-block marker. 

End of program routine. Frees blocks and releases control. 

Identifies family member. 

Selects function for processing. 

IGNF04 IChecks for nested function situation. 
I I 
IGNF027 1sets up result type of a PL/I function. 
I I 
IGNFM3 (IQ) JReplaces original reference in text. 
I I 
IGNGNCR f General conversion routine. I 
I I I 
fGNL06 (IQ) IForms entry relating to particular invocation. I 
I I I 
IGNPLIG (IQ) IForms table of family member descriptions. I 
I I I 
IGNPRSC (IP) 1selects highest mode, scale and precision of variable argument list.I 
I I I 
fGNSACH !Performs special argument check. I 
I I I 
)GNSAPC !Calculates scale and precision of a function result. I 
I I I 
IGNSAPR !Processes SUBSTR function and pseudo-variable arguments. I 
L-----~---~------~--------------------------------------------------------------------J 
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Table IMl. Phase IM Routine/Subroutine Directory <continued) 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 

~------------------+--------------------------------------------------------------------i 
IGNSBAR !Handles a subscripted argument. I 
I I I 
IGNSBRT (IP) I Examines all three argwnents of SUBSTR and calculates the resulting I 
I ltype exactly. I 
I I I 
IGNSFMS (IP) !Replaces references to SUBSTR in text by a reference to another I 
I lentry givinq detailed information about the arguments. Places a I 
I !description of the resulting string in the text. I 
I I I 
I GNTRID I scans source text. I 
I t· I 
IGNXTRP I Gets next triple. I 
I I I 
ILSTl (IN) !Calculates type and length of result of string operation. I 
I I I 
ISUBSPT (IN) IAdds type of array to stack. I 
L----~--------------i--------------------------------------------------------------------J 

Table IT. Phase IT Post-Generic Processor 

r-----------------------------------T---------------r-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
1scans source text IPGTXSC IPGTOl,PGEOB,PGEOP I 
~-----------------------------------+---------------+-----------------------------------i 
!Analyzes type of function detected IPGFUNC I None I 
·-----------------------------------+---------------+-----------------------------------~ !Completes function handling IPGFNCP IPGNEXT I 
~-----------------------------------+---------------+-----------------------------------t 
IDetects 'chameleon• temporary IPGBUYS IPGBUY I 
treferences and deletes BUY and BUYSI I I 
!triples where possible I I I 
~-----------------------------------+---------------+-----------------------------------i 
IDeletes 'chameleon• reference in anlPGPASS INone I 
I assignment triple and alters the I I I 
I argument triple to indicate an I I I 
I interroediate result I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Deletes all other references to I PGFNCM I PGBYAS, PGSELL I 
I' charoeleon• temporaries where I I I 
I applicable I I I 
L-----------------------------------~---------------i-----------------------------------J 
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Table !Tl. Phase IT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
IPGASS IDeletes 'chameleon' assignments. 
I I 
IPGBYAS !Processes 'Buy Assignment' triples. 
I I 
PGBUY !Processes BUY triples. 

I 
PGEUYS Processes BUYS triples. 

PG1£0B 

PGEOP 

PG!fNCM 

PGFNCP 

PG FU NC 

f PGNEXT 
I 
IPGSELL 
I 
IPGTXSC 
I I 

Deals with End of Text Block conditions. 

Processes end of pr09ram m~rker. 

Replaces 'chameleon' reference by an intermediate result where 
applicable. 

Processes function prime marker. 

Analyzes function, and determines the type of processing required. 

Gets the next triple in source text. 

Processes SELL triple. 

scans text. 

f PGTOl tDetermines action to be taken for a significant triple. 
L------------------i--------------------------------------------------------------------

Table IX. Phase IX Pointer and Area Checking 
r-----------------------------------~--------------r-----------------------------------1 I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+----------~-----------------------~ 
l~ain scan routine f BUMP f TEST,ERASER I 
L----------------------------------~---------------~-----------------------------------J 
Table IXl. Phase IX Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
taoutine/Subroutinet FUnction I 
~------------------+--------------------------------------------------------------------~ 
IBUMP IScan routine. I 
I I I 
f TEBT tTests operands for pointer and area data types I 
I I I 
I ER.,SER I Processes bad statements. I 
L------------------i--------------------------------------------------------------------J 
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Table JD. Phase JD Constant Expression Evaluator 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement of Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ !Initializes phase, gets scratch IINITl !None I 
I etc. I I I 
·-----------------------------------+---------------+-----------------------------------~ I Scans text, for constant triples I SCA.NT I MORTXT, PREFIX, CONCAT I 
·-----------------------------------+---------------+-----------------------------------i !Handles stacking/unstacking of ISTAKOP IUNSTAR I 
I operands I I I 
L-----------------------------------~---------------1.-----------------------------------J 

Table JDl. Phase JD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------i ICONCAT IDetects constant string operands, performs concatenation, makes new I 
I ldisk entry, and puts ref. in a slot for stacking. I 
I I I 
IINITl fGets scratch core for the stack, initializes slots and switches. I 
I I I 
IMORTXT !Gets next text block, resets pointer. I 
I I I 
IOUT IPuts out error message and aborts compilation if stack is not I 
I I emptied. I 
I I . 
IPREFIX IDetects unary prefixed constant, makes new list entry and puts ref. 
I I.in a slot, for stacking. 
I I 
ISCANT jMain scan routine. 
I I 
ISTAKOP !Push down stack handler. 
I I 
ITRYFLAG !Tests if stack is full, and if so, aborts. 
I I 
IUNSTAK !Moves entry from the stack. 
I I 
IUPTXT !Updates text pointer. 
I 1 
!WINDUP !Releases scratch core and returns control to the control phase. 
L------------------~--------------------------------------------------------------------
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Chart 06. Aggregates Logical Phase Flowchart 

•••••Bl•••••••••• •STRUC'1'0RE JI• ·-·-·-·-·-·-·-·-. • STRUCTURE • 
• PREPROCESSOR • . . ....... T ...... . 
•••••Cl•••••••••• •STRUC'l'ORE JX• ·-·-·-·-·-·-·-·-· • STRUCTURE • 
•PROCESSOR SCARS• 
• DA'l'A CRAIN • ·······T······· 

.•. Dl •. •••••D2•••••••••• 
• • •. •DEFINED JP• 

• • ANY •. YES •-•-•-•-•-•-•-•-• 
•. DEFINBD .•----->• DBFINBD 

•. ITEMS • • • CHBCJ< .. . . . . .. .. . ............... . 
•LN?... l •••• 

•07 • •07 • 
>• Al • ->• Al • • • • • .... . ... 
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Chart JI. Phase JI Overall Logic Diagram 

202 

•••••Al•••••••••• . . 
• LOAD IBMJJ • 
• MOVE CONTEMTS • 
• .P.ND RELEASE • • • ........ r ...... 
•••••Bl•••••••••• •••••B2•••••••••• •••••Bii•••••••••• • • • • • • • 'LOAD IEMJlt • • OBTAIN FIRST • • SET • 
• AND IEMJL •------->• CHAIN HEAD • /------------------------------• NEXT CHAIN • • • • • • • . . . . . . ................. ········i:::::___ . . ........ 1··:····· 

... . . 
C2 •. •••••Cl•••••••••• Cll •. . . .. . . . . . . 

• • END •. YES • FORM • • • • • --------------->•, OF CllAIN • •-------•>• NE~ CHAIN •-------->•. LAST CHAIN • • .. . . . . .. .. •. .. . . .. . . .. .. ................. . .. . r r 
•••••Dl• •••••••• •••••o.2•••••••••• •••••Dll .. ••••••••• . . . . . . . 
• SET • • LOOll AT • • GET • 
• NEXT ITEM • •ENTRY ON CHAIN • • COBOL CHAIN • . . . . . . . . . . . . 
........ "!···:::::: ········1········· .. ······1········· 

<-• Dl • • • .... .•. . .. 
•••••El• •••••••• E2 •. •••••E3•••••••••• Ell •. . . . . .. . . . . .. 
• PUT ITEM • NO • • IS •. • RELEASE IEMJI • YES .• END •. : gLtl"~ :<-------• · •. oIR~AgtiA • • · • :AND LOAD IEMJM :<--------•.•.OF CHAIN • •. •<----------------• . .. . .. . . ' .. . . ................. .. .. ................. . .. . 

!
•YES l •••• i•NO 

->:J~l: • .... 
:••••F2•••••••••: :••••Fii•••••••••: :••••FS• •••••••: 

• PUT ITEM • • · MAP • • GET • : g~'H"r : : S'IRUC'IURE : NEXT ITEM : . . . . . . ·······1······· ·······T······· ........ ·1········· 
.•. . .. 

G2 •. Gii •. •••••GS• •••••••• .... .. .. .. .. . - . 
• • NO • • STRUCTURE •. • • •. NO •. PUT STRUCTURE • 
t Dl •<---•. OR ARRAY • • •. ADJUSTABLE • •-------->• ON CORRICT t 
• • A . •. • • •. • • • AUTO CHAI:N • .... .. .. .. . . . . . .. .. .. .. . ............... . 

. C r . 
82 •. •••••Bii•••••••••• . . .. .... . . 

• • •. NO • • •MAllE ENTRY FOR • 
•. ADJUSTABLE • •---->• Dl • •LIBRARY ROUTI.NE•-----------------•. .. . . . . .. .. .... . . .. .. . ............... . 
r 

•••••J2••········ . . 
• MAllE EMTRY • 
• FOR LIBRARY • 
• ROUTIN'E • . . ••••••••••••••••• 

__________ J 



Chart JR. Phase JK overall Logic Diagram 
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e Chart JP. Phase JP overall Logic Diagram 
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Table JI. Phase JI Aggregates Structure Processor 
r-----------------------------------T---------------T-----------------------------------1 
l IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------~-----------------------~ ITo re-order the STATIC AUTOMATIC ISCANA IMAP,MAPA I 
land CONTRO'LLED chains and to I I I 
lprocess structures I I I 
~-----------------------------------+---------------+-----------------------------------~ ITo scan down the COBOL chain for ISCAN IMAP I 
ICOBOL-mapped structures I I I 
t-----------------------------------+---------------+-----------------------------------~ 
fTo transfer items from the COBOL IRECHAN I None I 
lchain to the appropriate AUTOMATIC I I I 
I chain· I I I 
t-----------------------------------+---------------+-----------------------------------~ fTo transfer control from IEMSI to ITERMIN I None I 
IIEMJM I I I 
t-----------------------------------+---------------+-----------------------------------~ fTo map COBOL structures IMAP f NXTRF1,NXTRF2 I 
t-----------------------------------+---------------+-----------------------------------~ I To check non-COBOL structures for I MAPA I None I 
I constant length I I I 
t-----------------------------------+---------------+-----------------------------------~ ITo find the next member of a fNXTRFI I None I 
I structure I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ITo find tne next element of a INXTRF2 INone I 
t structure I I I 
L-----------------------------------~---------------1.-----------------------------------J 

Table Jil. Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ IMAP ITo map COBOL structures 
I I 
IMAPA f To check non-COBOL structures for constant length 
J I 
tNXTRFl f To find the next member of a structure 
1 I 
INXTRF2 ITo find the next element of a structure 
I I 
fRECHAN ITo transfer items from the COBOL.chain to the appropriate AUTOMATIC 
I I chain 
I I 
f SCA~ ITo scan down the COBOL chain for COBOL-mapped structures 
I I 
ISCANA ITo reorder the STATIC, AUTOMATIC, and CONTROLLED chains and process 
I I structures 
I I 
ITETIMIN !To transfer control from IEMJI to IEMJM 
L------------------i--------------------------------------------------------------------J 
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Table JK. Phase JK Aggregates Structure Processor 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
1scans AUTOMATIC, STATIC, and ICHNSCN IADRDV, CHKDEF, MRDVD, MKRDV, I 
I CONTROLLED chains I l PROCDT, PROCST, SETBRF, TERMWS I 
·-----------------------------------+---------------+-----------------------------------~ 
IProcesses DEFINED items ICHKDEF ICMPILl, INOBJ, PROCDT, PROCST, f 
I I ISTBASE I 
~-----------------------------------+---------------+-----------------------------------~ 
!Processes structures (calculates IPROCST ICMPILl, INOBJ, ELSIZ I 
I offsets, multipliers, sizes, I I I 
!alignments and padding; generates I I I 
!object code) I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Processes arrays (calculates IPROCDT ICMPILl, INOBJ, LOADCN, SP54 I 
I roultipliers and generates object I I I 
fcode I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Calculates storage offsets for IPS25 ICMPIL1 I 
I adjustable items in structures I I I 
~-----------------------------------+---------------+-----------------------------------i 
I Calculates storage offsets for I ALVACA I CMPILl I 
I adjustable arrays I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Calculates storage offsets for I ALVACI I CMPILl I 
I adjustable strings I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Generates code to initialize stringlSVARY ICMPILl, INOBJ, IPDV, VOBJC I 
I dope vectors for arrays of varying I I I 
I strings in struct~es I I I 
~-----------------------------------t---------------+-----------------------------------i 
!Generates code to initialize stringlVOBJC ICMPILl, INOBJ, IPDV I 
I dope vectors for varying, I I I 
I non-structured arrays I I I 
·-----------------------------------+---------------+-----------------------------------~ 
I Generates code to calculate the I STBASE I CMPILl I 
lstarting address of storage for I I I 
I overlay defined items I I I 
~-----------------------------------+---------------+---------------~-------------------~ 
!Adds text skeletons to the output ICMPILl f None I 
I stream I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Makes dictionary entries for dope IMKDVD IELSIZ I 
tvector descriptions I I I 
·-----------------------------------+---------------+----------------------------------~ !Makes dictionary entries for recordlMKRDV IMKCNST, CMPIL1 I 
I description vectors I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Generates code to set the address IADRDV IINOBJ, CMPIL1 I 
I in a record description vector at I I I 
I object time I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Calculates the length and alignmentlELSIZ INone I 
lof scalar data items I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Sets offsets for BASED variables !BASED !None I 
L-----------------------------------1.---------------'------------------------------------J 
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Table JKl. Phase JR Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~---------~------+------------------------------------------·--------------------------~ IADRDV (JL) IGenerates addressing code for AUTOMATIC RDVs. 
I I 
IALVACA (JL) ICalculates storage offsets for adjustable arrays. 
I I 
IALVACI (JL) !Calculates storage offsets for adjustable strings. 
I I 
IBASED !Sets offsets for BASED variables. 
I I 
ICBKDEF (JM) !Processes DEFINED items. 
I I 
ICMPILl (JL) IAdds text skeletons to the output stream. 
I I 
IELSIZ !Determines size of storage required for structure base elements. 
I I 
IINOBJ (JL) IInitializes object code statements. 
I I 
IIPDV (JM) !Generates code to set up primary dope vectors. 
I I 
ILOADCN (JL) IGenerates object code to load object registers with constants known 
I lat compile time. 
I I 
IMKDVD !Makes dictionary entries for DVDs. 
I I 
IMXRDV (JM) IMakes dictionary entries for RDVs. 
I I 
INXTREF/NXTRF1 CJMllGets the next structure base reference. 
I I 
IPROCDT (JM) Processes arrays. 
I 
IPROCST Processes structures. 
I 
IPS25 Calculates storage offsets for adjustable items in structures. 
I 
ICHNSCN (JL) Scans AUTOMATIC, STATIC, and CONTROLLED chains. 
I 
ISETBRF (JL) Sets the reference to the current entry type 1. 
I 
SETDVS Sets the dynamic dope vector size for non-adjustable structures. 

SP54 !Calculates base element multiples. 

' STBASE (JM) !Generates code to initialize starting address storage for overlay 
!defined items. 
I 

SVARY (JL) !Generates code to initialize string dope vectors for arrays of 
1varyinq strings in structures. 
I 

TERMWS (JL) !Terminates object code. 
I 

IVOBJC (JL) IGenerates code to initialize string dope vectors for varying, 
I !non-structured arrays. 
L------------------i--------------------------------------------------------------------J 
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Table JP. Phase JP Translator Defined Check 
r--------------------------------T---------------T-----------------------------------1 I ' · . · . · I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines used I 
·----_.---------------------------+--------------+----------------------------------~ IScans DEFINED chain; checks IIEMJP IGETCLS, GETLTH, STRCMP I 
I validity I : I I 
~-----------------------------------+-~-------------+-----------------------------------~ I Checks that two stJ;ucture . I STRCMP I None I 
I descriptions are the same and that I · I I 
I they may be validly overlaid I . I I 
L--------------_.-------------------L __ _. ____________ L-----------------------------------J 

Table JP1. Phase JP Routine/Subroutine Directory 
r-----------------T--------------------------------------------------------------1 IRoutine/Subroutinel Function I 
~-----------------+-------------------------------------------------------------------~ IGETCLS IAnalyzes structure descriptions,· and checks that all elements are of I 
I lthe same defining class. · I 
I I I 
IGETLTH IObtains length of string or numeric field from associated dictionary 
I I entry. 
I I 
f IEMJP IControlling scan of DEFINED chain; checks validity. 
I I 
IJP8 ITests wh~ther defined item is packed~ 
I I 
IJP20 f Tests whether base defined item is adjustable. 
I I 
fJP200 ITests whether item is a structure. 
I l 
IJP540 ITests whether defined item is coded arithmetic. 
I I 
f JP541 1compares base and defined item. 
~ I 
f JP542 ITests whether defined item is dimensioned. 
I I 
IJP543 ITests whether base code is arithmetic. 
I I . . 
f STRCMP ICompares structure descriptions. 
L------------------L--------------__.;.-----~------------------------~----------~---------

Table JZ. Module JZ Compiler Control 
r---------. -----------------------T--------·------~-----------------------------------, 
I · fMain Processingl I 
I · Function I Routine I Routines Used . I 
~----------------------------------+-------------+---------------------------------~ 
IReconstructs the phase directory IIEMJZ IRLSCTL, ZUPL, ZENO I 
lfor the second half of the compilerl I I 
I . I I I 
IEntrv to OS/360: BLDL I · I I 
L----------------------------------L---------------L----------------------------------J 
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•Chart 07. Optimization Logical Phase Flowchart 

•••••Al•••••••••• 
• 07B1 • . . 
""'"!"'"" 

•••••Bl•••••••••• 
• JCA• ·-·-·-·-·-·-·-·-· • U'IILITY ROUT- • 
•INES AND COMMON• 
• DATA SPACE • ........ r ...... 
•••••Cl•••••••••• • xc• ·-·-·-·-·---·-·-· •SCANS TEXT FOR • 

!~tilf'8~-~ii~ .• : 

""""I""'"' 
•••••Dl•••••••••• 
• JtE• ·-·-·-·-·-·-·-·-· •SCAN FOR UNSAFE• 
•VARS AND DO-MAP• 
•TABLE CREATED • 

""""j'"""' 
~ •••••El•••••••••• 

• JCG• ·-·-·-·-·-·-·-·-· •BUILDS USE LIST• 
•AND SUBS/REGION• 
• LIST • 

""""!'"'"" 
•••••Fl•••••••••• • 'KJ• ·-·-·-·-·-·-·-·-· • CREATES SUBS • 
*TABLE FROM SUBS• 
• /REGION LIST • ....... T ....... 
•••••Gl•••••••••• 
• JtN• ·-·-·-·-·-·-·-·-· •INITIALIZATION • 
• AND OFFSET • 
• REMOVAL • ........ r ...... 
•••••Bl•••••••••• 
• JCO• ·-·-·-·-·-·-·-·-· !'mldtlJf~iDE: 
• FILE • ....... T ....... 
•••••Jl••········ • n• ·-·-·-·-·-·-·-·-· • CONSTRUCTS • REMAINS IN S'ICRAGE FOR 
• PSEUDO-CODE • PSEUDO-CODE LOGICAL PHASE 
• TRIPI.ES • 

""""}'"'"" 
····••1••········ • !tU• ••••!12••••••••• --------· . . •DO-LOOP CON'IROL•------>• OB.Ill • 
•OPT P'l'CH TRIPLE• • • 
• REPLACEMEM' • ••••••••••••••• ................... 
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e Chart KA. Phase KA overall Logic Diagram 

KAH LOK KAHULK KAHl'!DR 
:••~1·;~; .. •: ••••A2••••••••• =~~;~~·~;•: :••••AS•••••••••: 
• BUSY. UPDATE • * • • COUNT IF ZERO • • CONVERT USERS • 
• SYSTEM LOCK ·------->• RETURN •<--------· MARK BLOCK • [-----------------·. ASBs· AoL" UTTOE •• • COUNT • • • • UNW.NTED • . . ............... . . . . ................. ................. . ............... . 

KAH~~; .. Bl .. •••••••• ..... B2J:::::::-------------:~1. :~ 
• • •KABULK • • • •. • •••Bii••• •••• •• 
:Po~~ I~ ~:ST =------->:-•-•-•-•-•-•-•-:-------->•: • LAST PRG •: .!~----->: RE'IURN :<----------------
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• • • UNLOCK PRG • • • • • • • . . . . .. . . . ............. . ................. ................. . .. . . 
KAMFRE ••••*Cl•••••••••• •••••C2•••••••••• • • • • ••••C3••••••••• 

* FREE BLOCKS • *CLEAR LOCKS AND• • • 
•USED BY TABLE *------->• RE-INITIALIZE •------->• Rl!:l'URN • 
• • • TCA • • • . . . . .............. . ................. . ............... . 

KAHU~••o1•••••••••• D2" (~--------------:::::::::::::~---1 
• • • • •• • • ••••Dll••······· 
•ALLOCATE SPACE • • . •. YES • MOVE ENTRY TO • • • 
•FOR NEW ENTRY •------->•. BLOC? • •-------->• TABLE •-------->• RETURN • . . .. .. . . . . . . .. . . . . . ............. . ................. •. . . . ............... . 

• .... 
KAH:~!)<l SETZ i-------------------1 

El •. •••••E2•••••••••• •••••E3•••••••••• 
• • •. • POSITION • • • ••••Ell••••••••• 

• • •. SET • POINTER TO • • POSITION • * • 
•• SET OR SETZ? • ·------->• ENTRY ·--- I->• POINTER TO ·------->• RETURN • 

•. • • • IDENTIFIED BY • •START OF TABLE • • • 
•. • • • USERS SA • • • ••••••••••••••• .. .. ................. . ............... . . . .. .... . . 

• • • E3 • 
• Fii •<-1 • • . . .... 
•••• NO 

KAH~;~••Fl•••••••••• l"2 • • • • •••••F3• ••••••••• • • . • •. • • ••••Fii••••••••• 
• POSITION • • • END OF •. YES • LOAD END OF • • • 
•POINTER TO NEXT•------->•. TABLE? • •------->• TABLE RETURN •-------->• RETURN • 
•ENTRY IN TABLE • •. • • • CODE • fl • * • • •. .• • • 1 ••••••••••••••• ................. •. . . . ............... . . . .. . . 

• Fii • . . .... 

KAH UDR •••••cs• •••••••• •KAHULK • ·-·-·-·-·-·-·-·-. • UNLOCK DIRECT • 
• REF. POINTER • . . . ............... . 



e Chart KA. Phase KA overall Logic Diagram <continued) 

MHTXT . •. Gl •. •••••G2•••••••••• . . .. . . 
• • •. YES • POSITION • 

•.SET OR SE'l'Z? • •-------->•CUJIRENT TRIPLE •---------------------------------------· ·--------------------- ---- --
•. .• • POINTER • .. . . . . .. .. . ............... . 

. •. . . 
. •R1 •. •. :••••H2•••••••••: .•H3 •. •. :••••Hit•••••••••: ••••H;••••••••• 

i"° {-;0----------------------------------1 

• • •. YES • POSITION • • • END OF •. YES • LOAD END OF • • • 
•. SCAN • •------->•POINTER TO NEXT•-------->•. TABLE? • •-------->• TABLE RETURN •-------->• JIE'.TUr'~ • 

• • • • • TRIPLE • •. • • • COO! • It. • • .. . . . . •. . . . . . ............. . .. .. ................. . .. • ................ . 
i~ . 

•••••Jl••········ . . 
•UNLOCK CURRENT • 
• ENTRY •---------------------------------------------------------------------------------• . . . ................. 

MINIT 
::;;·u·~::~·: :··i~¥~i:~i;; .. ·: :··;;u~·•~: .. : : .... K4 ......... : .... JCS ........ . 

:mRt8ftull0fl =------>:sc~i~~¥oiiGE: _______ >:s~HtciAR~M~1::-------->:~t:ic~;.8iJ8E!-------->: 1tcA1 : 
• COMM. REGN. • • • • • • • • • . . . . . . . . .............. . ................. ................. ................. . ............... . 
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•Chart l<C • Phase l<C overall Logic Diagram 

•••• . . 
• Al • . . .... 

NXTRP l <------------------------------------
•••••Al•••••••••• 
• • ••••A2••••••••• . . . . . . . . . . .............. . ................. I

->• SCAN TEXT •<--------• KCAl • 

: :~;:o. l ~~!-~~-~!!~!!'~'!-'!r----------------------r------------:::::------i 
•••••Bl•••••••••• •••••B2•••••••••• •••••B3•••••••••• •••••Bii•••••••••• 
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• I'l'CO. • • • • • • • 
• INITIALIZE • • • •SN OR SL. RESET• •CN. SET ON MASK• 
•LISTS ANO STACK• • ENO OF TEXT • • STATEMENT • • • 
• • • • • NUMBER • • • . . . . . . . . 
········1········· ·········l··;;i::· _____ :::::::r······ ·······T······· 

->• Al ·• ~ . . .... .... . . 
• Al • •••••c1•••••••••• • • 

• PUT TRIPLE Il'l • •• • • • • • • 
•MOVE LIST. GET • • • 
• NEXT TRIPLE •<----• Cl • 
• REMOVE IGN • • • . . .... ........ r ....... 

• •. CVENO 
01 • • •••••02••········ . . .. . . 

• • •. NO • ADD MOVE LIST • 
•. CV TRIPLE? • •------->•'IO REORDER LIST• . . . . " . . •. . • 1 • • •·i··;ES :•o;•i•••••••i••••••••• .... 

.•. • •. MOVET 
•••••El•••••••••• E2 •. E3 •. •••••Ell•••••••••• . . . . .. . . •. . . 
• PUT TRIPLE IN • • • IS THIS •. YES • • •. YES • MOVE REORDER • 
• MOVE LIST •<--} •.OUTER ITDO? • •-------->•.ANY REORDER? • •-------->•LIST BACll INTO • * • •. • • •. .• • 'IEXT • . . •. . . .. . . . . 
········1········· :·E:·: ··;e.·:o ··r·~o ········1········ .... j .... . ... . . . . 

EXANAS • Al • • Al • 
•••••Fl•••••••••• •••••F2•••••••••• • • • • . . . . .... . ... 
•GET NEXT TRIPLE• • SET TO SKIP • 
•PUT IN REORDER •<--1 • MOOE • 
• LIST • • • . . . . 
••••••••1••••••••• • • F:• • ••••••••1••••••••• 

: .... : 
••••tGl•••••••••• •••••G2•••••••••• • • • • • ANALYZE • • PUT TRIPLE IN • 
•EXPRESSION TYPE• • REORDER LIST •----------------• . . . . . . . ................. . ............... . 

1 L__________________ ---------------r---------------------... RSCAN 
•••••H2•••••••••• Hl • • 

• • IS •. 
• • DELIMETER •. YES 

•.TRIPLE ITOO? • •---> •. . • 113 ... .. .. .. r 
•••••Jl••········ 
• ASSIGN • 
• EXPRESSION TO • 
• TEMPORARY •-----
• VARIABLE • . . ................. 

. . 
•GET NEXT TRIPLE• -->• • . . . . ........ r ...... 

.•. . .. 
J2 •• J3 • • Jll •• . . .. . . . . . . .. 

• • •. YES • t •. NO • • I'IDO' •. 
•. SllIP MOOE? • •-------->•.ITOO TRIPLE? .•-------->•. TRIPLE? • • .. .. .. .. .. .. .. . . .. .• •. . . •. . . .. . . . ... 

l• NO : •;;• :->j• YES 

1
. YES 

•••• YES 

NO 

112° •. •. •••••K3•••••••••• •••••Kii•••••••••• RS •. .... . . .. . . . . . . .. 
• • NO • • TO BY •. • S'IACK LOOP • • UNSTACK LOOP • • • •. 
• 02 •<---•. TRif>LE? • • !--• STATUS • • S'IA'IUS •-------->•. SllIP MODE? • • . . .. .. . . . . . . . . .... .. . . . . . . .. . . .. . . ................. ................. • .. . 

• YES •••• • NO 

! : Cl : ! ..... .... . ... . . . . 
• El • • Fl • . . . . .... . ... 



e Chart D. Phase KE overall Logic Diagram 

••••Al••••••••• . . 
• JCEBl • . . ............... 

l 
•••••Bl•••••••••• • • •SCAN DICTIONARY• ->: :<--}<--------------------------------------;;-------------------------~-------------------------: ............... : l 

1 
: . B~·: 
• • .... 

YES • NO 

Cl..... •••••c2••········ C3. . • . C&I. . • . ••• •• •cc;• • .. •. . . .. .. . . . . 
• • SCALAR •. YES • MARK DICT. • .• STRUCTURE •. NO • • POINTER •. YES •ADD FCINTEN TO • 

•. VARIABLE • •------->• ENTRY SAFE OR •-------->•. Elfl'RY • •-------->•. VARIAl!LE • •-------->• POINTER LIST • 
•. •, ,•. • : UNSAFE : •. •. • •, • •. • • • •. • : AH!l SE'I FLAG : .. .. ................. .. . . .. . . . ............... . i RO :::}-1 • • 

.•. l<EDEND 
Dl •. •••••D2• •••••••• •••••011•••••••••• 

, • •. • • • CHAIN DO MAP • 
, • ADDR •, YES • MAJCE ENTRY IN • • ENTRIES • 

•, BUILT-IN • •------->• ADDR LIST -------------------------------• STARTING FROM • 
• .PUNC'l'ION , • • • INNERMOST OF • 

•. .• • • • NEST • .. .. ................. . ............... . r ::::>1 """"' '1 Bl •. •••••E2• •••••••• •••••Ell• •••••••• 
• • IN'l'. •. • ADD PROC OR • • • 

• • NON BUILT •. YES • FUNCTION TO • • BUILD DO MAP • 
•.-IN PUNC'l'ION , •------->• PROC LIST AND • •ENTRY FOR PROC'• 

•.OR PROC •• • f\ • SBT FLAG • • OR ITDO' • .. .. . . . . .. .. ................. . ............... . 
J"° DSTC>< 'l 

Pl •, •••••fl•••••••••• •••••Fii• •••••••• 
.• EXT. •. • • • • 

,• NON BUILT •, YES • STACJC • • UNSTACK • 

•.-Ilt PUNC'l'ION .•----- !-----------------• INl'ORMATION • • INFORMATION • •,OR PltOC •• • • • • * .. .. . . . . .. .. ................. . ............... . 
r I... ! .. . 

G1···.. us~~~••G2••········ G3° ·•. Gll 0 

• •• .. .. . . .. . . .. . . 
NO , •TBRMINA'l'IltG•. YES • • , • PJlOC/ •, NC • • PROC' I •, 

---•. DIC'l' Elft'RY .•------>• SCAN TEXT •-------->•. Bl!GIN/ITDO .•-------->•.BEGIN'/ITOO' .• .. .. . . •. .. .. . . .. .. . . .. . . .. .. . ... .. .. ................. .. .. .. . . . . 
• o .f:~-------.-----------o i RO : ,;1~•: 

• G2 • .•. • • Hll •. •••••115• ••• •••• • .... .. . . . . 
• • ITERA'IIVE •, YES • SET FLAGS IN • 

•.DO LOOP SPEC •• •-------->• ITDO TYPE DO • 
•. .• • MAf ENTRY • •. .. . . .. . . . ............... . r ... 

•••••.:J3• •••••••• Jll •. 
:¥az~Tzftill~s: YES ••• :RGUMENT •••• 
•FOR ARGS. SAFE •<--------•. LIST .• 
• OR UNSAPE • •. , • . . . . .. ................. . ... 

i"° .•. 
J<ll • • 

• • •. ••••l<S••••••••• 
NO .• •. YES • • 

-------------------------------•, EOP , •-------->• l<GAl • .. . . . . .. .. . ............. . .. . . . 
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e Chart RG. Phase KG overall Logic Diagram 
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. •. . •. 
••••A1••••••••• .•A2 •... ·*A3 *·.. :••••.~'&•••••••••: 

• • • • •. YES • • 'SUBllG' •. ::-10 • PUT CURR£~rr • 
• KGl!l • I->•. SUBS • ·-------->•. E:lABLF.D • ·-------->•TEXT !IEHPE.ilCF. ·---
• ••••••••••••••• * *• *• .•·* *· *· .• ·• : IN 'CliPttSUB' : 

j 
•. . . .. .. . ............... . 

• •• • NO • YES 

: A2 : l • •••• • l 
llGll'AIN • •••• • ->: .~~.: • • ~------------------------i 

•••••81•••••••••• •••••B2•••••••••• B3 •. •••••Bii•••••••••• 
• INITIALIZE • • • • • •. • • 
•:.CRATCH STORAGE:• • CHAIN TO NEXT • .• ENO OF •. NO • PUT 'NULL' IN o 
•FOR 'USE' STACK•-------->• DO MAP ENTRY •-------->•. DO-MAP • •---1 • 'CUPRSUI!' •---
• ' 'IT::>O/PROC' • • • •. • • • • 
• STACI( • • • •. .• • • ................. ................. .. . . . ............... . 

fl • YES •••• .... l .... l .... . . 
* 0 0 • •J(J • • Cl • 
• Cl •--1 --• B2 • ->• Al • • • . . . . . . .... .... .... . ... . •. . .. 
: .... cl•••••••••: .• c2 •... .•cl •... :··~:~~·:;~;;: .. : 
• RESET FLAGS, • • • •. YES • • CURRSUB = •. 1lC • ENTRY IH • 
• COUNTS, E'l'C. • r->•. SUB' • •-------->•. NULL • •-------->• SUBS/REGION •---
• • •. .• •. .• • LIST. SET • 
• • •. • • •. • • •CURRSUB = NULL • ................. . . . . .. . . . ............... . 

l (:;·: lqo L:;~;;·: .... . . .... . •. 
•••••Dl•••••••••• 02 •. •••••D3•••••••••• •••••Oii•••••••••• 
•COLLAPSE 'URE' • • • •. • DELETE 'USE' • • SJ(IP TO • 
• LISTS FROM • , • •. YES • LIST, SET A • • CORRESPONDING • • • 
•lNNER LOOPS OFF• •. PROC • •-------->•GLOBAL BOUNDARY•-------->• PROC' USING •---->• El • 
•'USE' STACI( (IF• •. • • •AT THIS POINT • • ITt.0' /FROC' • • • 
• · ANY) • •. • • • • • STACK • • •• • 

;::;:;::1········· ··1· -~ ................. ;::;:;::!········· .... . ... 
XGSCAN •*• •••••£1•••••••••• E2 •. •••••El•••••••••• •••••Ell• •••••••• 

:s~g~~ fiJX~ufi~- : . • . • • . • . YES : ~H~iii0~~ : : CORm~~gING : 
• ENT 'DO MAP' •<--- •. ITDO • •-------->• 'SUBS/REGION' •-------->• ITDO' USING • 
•ENTRY FOR TRI- •El fl •. .• • LIST • • ITDO'/PROC' • 
*PLE OF INTEREST• •, • • • • • STAC1< • 

~~"'"I""'"' 'J~ ;:~:;:;........ .. ............. .. 
:••••FA::~ .. ••••: .• n •. •. :•• .. Fl• •••••••: 
• SUBS/REGION • NO • • •. YES • PUT 'NULL' IN • 
•LIST ENTRY FOR • -----•, FNC , •-------->• 'CURJlSUB' • 
• INTERRUPTS • •. • • • o . . .. . . . . ········1········· .. . . . ::::::··········· 

: .::. :<-1 ... Gl •. •••••G2•••••••••• ••••*Gl• •••••••• 
• • • 

0 
•' •. YES :c~°i ~~~Hg£~~ : : PUT CONTROL : 

•· 1:00• PROC'. 0 • •------->: ISN~gsf~s~fST :-------->: .~~~JA~~fcP : 
•. , • •STACI( III!' ANY) • • • •. .. ................. . ............... . 
l
o NO •••• 

• • 
• El •<-1 • • ••• • <;()--------------------1 

Hl .•. •. H2• • *• •••••H3• •••••••• 
.• •. .• •. • CONSIDER • 

• •EXPRESSION •. YES • • WITHIN •. YES • OPERANDS FOR • 
•. TYPE OF , •-------->•. SUB/SUB • •-------->• ENTRY IMTO • 

•. TRIPLE • • •. • • •INVARIANT PART • 
•. .• •. • • •OF 'USE' LIST • •. . . .. . . . ............... . 

1 RO ' ::::::<-! .•. Jl • . ••••OJ2••········ •••••Jl• •••••••• 
• • •. •CCNSlDER OPER- • •MAKI! 'SAFE' OR • 

, •ASSIGNMENT •. YES • AND FOR ENTRY • •'UNSAFE' PARTIAL• 
•. TYPE OF • •-------->•INTO 'ASSIGNED •-------->•REGION BOUNDARY• 

• •• :RIPLE .• •• : Tg;EfA~Is~F : :1:.:!ri~IoaNL!g's" : .. .. ................. . ............... . 
•NO 

l 
.... . . 

: El :<-1 .... . .. 
J(l •• •••••1(2• •••••••• 

• • GET • • • DELETE ' USE' • 
NO • •DATA FNC' • ,· YES • LIST ' MAJ(E • 

!
--•. INON BUILTIN). •-------->•GLOBAL ENTRY Itl• 

•. 0 ~~~~f • •. • : SUBff~GION : •. . . . ............... . .... . . . 
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JWCVAR •••••Fii••········ •• •• ..PROCESS CV OR .. 
•• •CV TRIPLE •• .. . .. .. .. 

~: .. ··r·· .... 
•••••Gii•••••••••• 
••PERl'OIUI LOOP •• 
•• TYPE •• 
• •D•TERllINATION• • .. .. .. .. . ... . . 

• C2 • . . .... 
" 

. ...... T ..... .. 
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•Table KA. Phase KA Resident control Module 
.-------------------------~--------T---------------,.-----------------------------------1 
I ·· IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------~-----~ 
IHandles KTAB BLDC/T operations IKAHBLD IZTXTAB, KAHLOK, KAHULK, ZUTXTC, I 
I . I IKABERR I 
·-----------------------------------+---------------+-----------------------------------~ f Bandles KTAB DR operation IKAHMDR IKAHERR, ZTXTAB, ZALTER, KAHULK I 
·-----------------~-----------------+---------------+-----------------------------------i I Handles KTAB ULDR operation I KAHUDR I KAHULK t 
t-----------------------------------+------~-------+------·-----------------------------i 
!Handles KTAB DEACT operation IKAHDAC IKAHULK I 
·-----------------~-----------------+---------------+-----------------------------------~ 
!Handles KTAB FREE operation IKAHFRE IKAHERR, ZALTER t 
·-----------------------------------+---------------+-----------------------------------i 
!Handles KTAB SCAN operation for IKAHSCN IKABERR, KAHLOK, ZTXTAB, KAHULK I 
I non-text tables I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Handles KTAB SET/SET Z operations IKAHSET IKAHERR, KAHULK I 
t-----------------------------------+---------------+-----------------------------------i 
IPl.ace save area stack, DTCAs aud IKBSTUPCKB) INcnt= I 
I block list table in scratch storage I I I 
L-----------------------------------~---------------1.-----------------------------------J 

•Table KA1. Phase KA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IKABBLD I Handles KTAB BLDC/T operations 
I I 
IKAh~AC I Handles KTAB DEACT operation (non-text tables) 
I I 
IKAHERR !Produces error message and aborts 
I I 
jKABFRE !Handles KTAB FREE operation 
I I 
IKABLOK !Locks a table entry 
I I 
lYAnMD:K !Handles KTAB DR operation (non-text tables) 
I ; 
~ Kil ... iSCll i ·11ci;1rJ1 ... ~~> YTAB SC~N opP.ration <non-text tables) 

' 
jF.AHSET !Handles KTAB SET/SETZ operations (non-text tables> 
I I 
IKAHTXT !Handles all KTAB operations on text tables 
I I 
l.KAHUDR I Handles KTAB ULDR operation 
I I 
jKAHULK !Unlocks a table entry 
I I 
1KB8TUP (KB) tPl~ces save area stack, DTCAs and block list table in scratch 
l 1storage 
L------------------~--------------------------------------~-------------~-------------
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e r_.:iable I<C. Phase KC Do-Loop Specification Scan 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing! I 
I statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+----------~---+-----------------------------------~ I General text scan. I NXTRP · I SC-".N (KA), DOLOOP, ONBLK I 
·-----------------------------------+---------------+-----------------------------------~ I Sets ON mask for OH unit I ONBLl<° I SCAN (KA) I 
·-------------~--------------------+---------------+-----------------------------------~ !Initializes reordering scan after IDO'LOOP ISCAN (KA), EXAN~s, CVE~n. MOVE, l 
IITDO triple . I IMOVER I 
t-----------------------------------+---------------+-----------------------------------~ 
IAnalyzes expression in loop speci- IEXANAS ISCAN (KA>, MOVER, RSCAN I 
I fication I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans for ITDO nested in loop IRSC~N ISCAN (KA), MOVER I 
I specification I 1 I 
t-----------~-----------------------+---------------+-----------------------------------~ !Completes reordering scan at end oftCVEND ISCAN (KA), RSCAN, MOVER, MOVET I 
Jloop specification I I I 
L-----------------------------------~---------------1.-----------------------------------J 

• Table I<C1. Phase KC Routine/Subroutine Directory 
r------------------,.--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
t--~------~~---+--------------------------------------------------------------------~ 
ICVEND ICompletes reordering scan at end of loop specification 
I 1 
l~OLOOP IInitializes reord~ring scan after ITDO triple 
I I 
IEXANAS (Analyzes expression in loop specification 
I I 
IMOVE IPuts triple into MOVE list 
I I 
IMOVER IPuts triple into REORDER list 
I I 
IMOVET l~loves REORDER list into text 
I I 
IMXTRP IGeneral text scan 
I I 
IONBLK ISets ON mask for occurrence of ON unit 
I I 
IRSCAN 1scans for ITDO nested in loop specification 

· 1 I 
ISCAN (KA} IScans text 
L------------------i-------------------------------------------------------------------

•Table KE. Phase KE Dictlonary Scan and DO-Map Build 
r---------~------------------------T---------------,---------------------------------~-1 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used· I 
·-----------------------------------+---------------+-----------------------------------~ IInitialization IKEINIT IKCDS, KESCAN, HTAB I 
·-----------------------------------+---------------+-----------------------------------~ 
IDictionary scan markin~ unsafe IKCDSIN IHTAB, ZDICRF, ZDRFAB, ZDABRF I 
I variables I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans text and passes control to IKESCAN IKTAB I 
f triple processinq routines I I 1 
L-----------------------------------.1---------------~-----------------------------------J 
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•Table KFl. Phase KE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i f KCDSIN !Dictionary scan marking unsafe variables 
I I 
IKECDME ICreates a DO-Map entry 
I I 
IKEDEND !Completes the DO-Map entry 
I I 
f KEERRH IProduces termination error message and aborts 
I I 
IKEINIT I Initialization 
I I 
IKELKOP f SCans list of procedures and pointers 
I I 
f KESCAN tscans text calling triple processing routines 
I I 
I . .KESTCK · I Makes entry in stack 
L------------~---~--------------------------------------------------------------------

•Table KG. Phase KG DO Examine Phase 
r-----------------------------------r---------------,.-----------------------------------1 I I Main Process inq I I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
fMain processing routine IKGMAIN f KGSCAN, KGSRGL, KGSORT, KGUSEN I 
~-----------------------------------+---------------+~----------------------------------i ITests whether an ON-unit could be IKGOTST IKGSRGL I 
I entered as a result of an interrupt I I I 
I occuring at the triple being I I I 
f considered I I I 
~-----------------------------------+---------------+-----------------------------------i ITransfers control to appropriate IKGSCAN f KGERRR I 
I triple routine I I I 
~.-------~---------------------------+---------------+-----------------------------------i 
1considers a variable for entry intolKGUSEL IKGUSEN I 
lthe USE list I I I 
L---------~-----------------------~-------~------~-----------------------------------J 

•Table KGl. Phase KG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 ·I Routine/S~routine I Function I 
~------------------+--------------------------------------------------------------------i IKGDE1T Deletes non-compiler-created temporaries from USE list I 
I I 
·1 KGDELU Deletes unsafe variables from USE list I 
I I 
IKGERRR Produces a termination error message ana aborts I 
I I 
I RGMA IN fw!ain processing routine I 
I I 
IKGNICE Checks that a dictionary' reference is for a real fixed binary scalar 
I integer variable 
I 
IKGOTST Tests whether an ON-unit could be entered from the triple being 
I · considered 
I 
IKGSCAN ITransfers control to appropriate triple routine 
I I 
IKGSORT tsorts the USE list so that invariant variables appear first 
I I 
IKGSRGL IMakes an entry in the SUBS/REGION list 
I I 
IKGUSEL f Considers a variable for entry into the USE list 
I I . 

1
. 

IKGUSEN !Makes an entry i~ the USE 1st 
L------------------~-------------------------------------------~------------------------
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•Table RJ. Phase KJ Subscript Table Build 
r----------------------------------T---------------.-----------------------------------1 

, I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~--------------------------------+--------------+------------------~----------------~ 
ITo build the SUBS TABLE from the IKJSB · IKJSRBXCH, KJSRCBKP, KJSRSOPC, I 
ISubs/Region List and test the loop I IKJSRTDED, ZDRFAB, KTAB I 
!initial, step, and limit for use inl I I 
I BXLE and 3XH code I I I 
L-------------------------------.1.--------------.1.-------------------~---------------J 

•Table RJl. Phase KJ Routine/Subroutine Directory 
r------------------T-----------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ f KJSB !Builds SUBS TABLE from Subs/Region List and tests the loop initial, I 
I f step, and limit, for use in BXLE and BXH code I 
I I I 
IKJSRBXCH !Checks that current loop is optimizable for BXLE, BXH loop control I 
I l~e I 
I I I 
IKJSRCHKP ISets a series of flags stating the attributes of the expression 1 
I lbeinq analyzed 
I I 
IKJSRSOPC ISets a series of flags stating the attributes of a given triple 
I !operand within the context of the expression analysis 
I I 
IKJSRTDED ISets the target DED in the dictionary entry for a constant to be 
I 1used in BXLE/BXB code. If necessary, new data dictionary entries 
I tare created and the reference in text modified. 
I I 
IKJSRUSEL f Searches the given USE list for a given variable 
I I 
IKOUECN ITests a given dictionary entry for a REAL, FIXED, BINARY, SCAIAR, 
I I INTEGER variable, or a BINARY or DECIMAL INTEGER constant 
I I 
IKONICE tTests that a given variable is REAL, FIXED, BINARY, SCALAR, INTEGER. 
I t 
IKOPHSN ITests if a given dictionary reference is: 
I f 1. a variable of precision less than 30 bits or 
I 12. a decimal constant of precision less than 8 digits or 
I 13. a binary constant of less than or equal to 30 bits 
L------------------.1.--------------------------------------------------------------------
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•Table KN. Phase KN Subscript Optimization 

r-----------------------------------T---------------T-----------------------------------1 
I ' I ~ain Processinq I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
tsets up the physical phase KN data IKNINIT IKNCLOF f 
I area, KHDATA in scratch storage. I I I 
IKNCODE, which is a group of lower I I I 
I level subroutines, is also moved I I I 
I into scratch storage. The scratch I I I 
lstorage area is provided by KA. A I I I 
I scan is made of the chain of DO-map I I I 
lentries, and subroutine KNCLOF is I I I 
I called for each to remove off sets, I I I 
I and prepare potentially optimizable I I I 
I subscripts for matching. I I I 
·-----------------------------------+---------------+-----------------------------------~ !Scans the subs entries of the IKNCLOF IKNCOMU, KNHASH, KNANAL, KNOPTY I 
I subs-region table for the loop. It I I I 
I cleans up potentially optimizable I I I 
I co·'.le, removes offsets, accumulatingl I I 
I the total offset in the spare I I t 
I operand of the appropriate subs I I I 
ltriples, and calculates hash valuesl I I 
If or optiroizable COll!A' s. I I I 
·-----------------------------------+---------------+-----------------------------------~ 
'Accumulates hash total and computeslKNHASH f None I 
I hash for specified triple. I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Analyzes the ·type of triple operandlKNANAL f ZDRFAB I 
tand sets a return code value I I I · 
taccordingly. I I I 
~-----------------------------------+---------~-----+-----------------------------------~ 
!Analyzes the type of triple operandlKNOPTY · . IZDRFAB . I 
land sets a return code value I I I 
taccordingly. I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Converts a decimal constant to IKNCOMU IZDRFAB I 
I binary and multiplies it with a I I I 
lgiven tinary value. An option may I I I 
I be specified tc;> allow conversion I I I 
I only of the given decimal constant I I I 
I to binary. I I I 
L-----------------------------------i---------------i-----------------------------------J 

• Table KNl. Phase KN Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
f Routine/Subroutinel FUnction I 
·------------------+---------------------------------------------------~---------------~ IKNANAL !Analyzes type of triple operand and sets a return code value 
I I accordingly. 
I I 
IKNCLOF f Scans subs entries of subs-region table for loop. Cleans up 
I !potentially optimizable code, removed offsets, and calculates hash 
I f values for optimizable COMA's. 

IRNCOMU IMultiplies decimal and binary values. 
I I 
f KNHASH !Accumulates hash total and computes hash for specified triple. 
I I 
IKNINIT !Sets up code and data areas in scratch storage, and scans chain of 
I IDO-map entries, calling KNCLOF to remove offsets. 
I I 
IKNOPTY !Analyzes type of triple. 
l---------~-------~--------------------------------------------------------------------
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• Table KO. Phase KO Subscript Optimization 
r-----------------------------------T---------------r-----------------------------------1 
I IMain Processing! Subroutines u~ed I 
I statement or Operation Type I Routine I I 
~-----------------------------------+------~--------+-----------------------------------~ 
Initialization is performed for thelKOINIT ZLOADX, RELESE, f 
phase. The next DO-map entry in I KTAB (Macro routines in KA), I 
processing sequence is obtained andl KNOPTM, KOBXCH, KPUPDT I 
put in scratch storage. Module KP I I 
and KQ are• loaded, and the I I 
Subs/Region Table is updated from I I 
the patch file. The iterative I I 
specification and DO-map are I I 
checked in order to amend iterativel I 
specification. A subroutine is I I 
called to form a match chain in thel I 
Subs/Region Table, once for I I 

!Transforms and Invariants and once I I 
I for commoning. When end of DO-map I I 
f is reached return is made to I I 
I Compiler control I I 
·-----------------------------------+---------------+------------------------------~----~ 
IThe sindex number for the loop is IKOBXCH IKTAB <~aero routines in KA>, I 
1set to zero. The routine looks at I IKOSNDX, KOPTCH I 
lthe DO-map entry and iterative I I I 
I specification triples and makes a I I I 
I patch over the ITDO and ITD' I I I 
ltriples if BXLE/BXH is to be I I I 
I generated for the loop I I I 
·-----------------------------------+---------------+-----------------------------------~ fThe match chain is processed and IKOMl'CH IZDRFAB, ZDICRF, I 
!entries are made i~ the patch file.I IKTAB (Macro routines in KA), I 
IThe patch entries contain optimized! IKOCVTX, KOSNDX, KOMAKC, I 
tcode for three types of I IKOPTCH, KOMCOM, KOMCHN, I 
f subscript. Patches are also I f KOMOVE, KOSSB3, KOSSB2, KOSSBl I 
f created for the BXLE/BXH code for I I I 
f optimized loop control I I I 
·-----------------------------------+---------------+-----------------------------------.. 
!Creates part of patch for IKOMCOM IKOMOVE, KOPTCH I 
!Transforms and Invariants. It is I I I 
f called from KOMTCH I I I 
~-----------------------------------+---------------+------------·----------------------~ !Makes an entry in the patch file fKOPTCH IKTAB (macro in KA), KOMOVE, KOPCOM 
I from the patch build area. Optionsl I 
tare available to move the patch r I 
Jdata to the patch build area beforel I 
!making an entry in the patch file. I I 
IEntries are chained together if I I 
lthey are to be inserted at the samel I 
(point in text. A PTCB triple is I I 
I placed in text at the point of I I 
linsertion. The overwritten triple I I 
lis placed in the patch I I 
L-----------------------------------1.------~--------~-----------------------------------
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• Table KO. Phase KO Subscript Optimization <continued) 

r-----------------------------------T---------------T-----------------------------------1 I , IMain Processinql I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves the triple to be.overwritten IKOPCOM IKOMOVE I 
I into the patch and moves the patch I I I 
I into the patch file. The symbolic I I I 
I reference of the patch is moved to I I I 
I the P'l'Ctt triple in workspace. The I I I 
I triple in text is then overwritten I I I 
I with PTCB triple I I I 
~----~------------------------------+---------------+-----------------------------------~ 
I The triples pointe·l to by the text I KOMCHN I KTAB <macro routines in KA) I 
I references in the subs/Region Table I I I 
I el.ements in the current match cha in I I I 
I are amended to refer to a value I I I 
I calculated in patch code. The I I I 
I chain is then deleted and all I I : 
I COMA' s processed are marked in the I I I 
f Subs/Reqion Table as dealt with andl I I 
I optimized I I I 
~-----------------------------------+---------------+-----------------------------------~ I Te!3ts the type of triple at the I KNTRTY I none I 
I adtiress given and sets a return I I I 
I co1e accordingly I I I 
~-------~---------------------------+---------------+-----------------------------------~ 
!Moves an item to the next availablelKOMOVE !none I 
I address in the patch build area in I I I 
tscratch storage I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Allocates a sindex register. The IKOSNDX IZUERR, ZABORT I 
I sindex register counter is I I I 
I incremented, the sindex available I I I 
I counter is decremented and the I I I 
I syD1bolic register counter is I I I 
lincreroented I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fThe first part of a subs list, con-IKOSSBS IKTAB <macro routines in KA), I 
tsisting of the SUBS triple and the I IKOSNDX, KOMOVE I 
ICOMA's before the first matched I I I 
I triple, is moved to the patch build I I I 
I area. The SUBS is chanoed to SSUB I I I 
I and a symbolic register number is I I I 
I placed in the second operand. A I I I 
I null value is inserted in the I I I 
I second operand of the COMA triples. I I I 
I All other triples are not moved I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IMoves the last part of a subs list,IKOSSBE IKOMOVE I 
I consisting of tne COMA' s between I t I 
I the last matched triple anJ the I I I 
I SUB' triple, to the patch build I I I 
1area. The SUB' is changed to SSB' I I I 
I and all C~A triples have their I I I 
I second operand set to null value. I I I 
I No other triples are ·move:i I I I 
L-----------------------------------.l.---------------~-----------------------------------J 
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• Table KO. Phase KO Subscript Optimization (continued) 
r--------~------------------------T---------------y-----------------------------------1 
I !Main Processingf I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
fTests whether any operand in a listlKOCVTX. IKTAB <macro routines in KA>, KNTRTYI 
f of triples is a reference to a I I I 
1control variable of the current I I I 
floop I I I 
~-----------------------------------+---------------+-----------------------------------i 
IThe message 'Invalid input type V IKOEROR IZUERR, ZABORT I 
f to optimizing phase KO' is put out I I I 
~-----------------------------------+---------------+-----------------------------------. 
fMoves a subscript list into the IKOSSB3 KOSSBS, KNTRTY, KOMOVE, KOSSBE 
f patch build area changing the I 
fSUBS/SUB' triples to SSUB/SSB'. I 
!All matched COMA expressions are I 
f copied with amendments as follows: I 
I <1> References to the control t 
!variable are replaced by referencesf 
Ito the step. I 
1<2> All additive invariant parts oft 
tthe expression are deleted. I 
IAll unmatched COMA expressions are t 
treplaced by COMA - NULL t 
~-----------------------------------+---------------+-----------------------------------~ 
IA 8Ubscript list is moved to the IKOSSB2 IKNTRTY, KOMOVE, KOMA.KC, KOSSBE, I 
tpatch build area with SUBS/SUB' t tKOEROR, KOSSBS I 
I changed to SSUB/SSB' triples. All I I I 
!matched COMA expressions are copiedl I I 
f except the dictionary references tol I I 
tthe control variable which are I t I 
f replaced by dictionary references I t I 
fto the 'initial' elements. All I I I 
I unmatch.ed COMA expressions are I I I 
t replaced by COMA - NULL I I I 
~-----------------------------------+---------------+-----------------------------------i 
IA subscript list is moved into the IKOSSB1 IKOMOVE, KOSSBE, KOSSBS I 
f patch build area with SUBS/SUB' I I I 
f triples changed to SSUB/SSB' I I I 
I triples. .Hl matched COMA I I I 
f expressions are copied. All I I I 
f unmatched COMA expressions are I I I 
I replaced "oy COMA - NULL I I I 
~-----------------------------------+---------------+-----------------------------------i 
!Produces a binary constant, if it tKOMAKC tKOTSTO, KNTRTY, ZDICRF, KOADDC, I 
tis possible, given as parameters I tKOSUBC, KOMLTC I 
f the dictionary reference of two I I I 
tconstants in the operands of a I I I 
lgiven triple. A dictionary entry I I I 
f is made for the new constant, the t I I 
ldictionary reference of which is ant I I 
f output parameter. A return code I I I 
tvalue is also given indicating I I I 
!whether or not such a constant has I I I 
I been created I I I 
~-----------------------------------+---------------+-----------------------------------i 
IA dictionary entry is obtained fromlKOTSTO IZDRFAB, KNCOMU, KOPREC I 
f the given dictionary reference and I 1 I 
I tested to see if it is for a I I I 
fdecimal or binary integer constant.I I I 
IIf it is, the effective precision I I I 
lis found and the constant is I I I 
lconverted to binary if necessary I I I 
L-----------------------------------.1.---------------'------------------------------------J 
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• Table KO. Phase KO Subscript Optimization <continued> 
r-----------------------------------T---------------r-----------------------------------1 
I ' f Main Processingf I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
fCalculates the effective precision IKOPREC I none I 
lof the binary fullword given I I I 
·-----------------------------------+---------------+-----------------------------------i 
IA binary fullword result is IKOMLTC !none I 
lobtained by multiplying together I I I 
lthe two input binary values I I I 
·-----------------------------------+---------------+-----------------------------------i 
I A .binary fullword result is I KOADDC I none I 
lobtained by adding together the twof I I 
I input binary values I I I 
·-----------------------------------+---------------+-----------------------------------i 
IA binary fullword result is IKOSUBC !none I 
lobtained by the subtraction of the I I I 
f two input binary values I I I 
f-----------------------------------+---------------+~----------------------------------i 
!Converts a decimal constant to IKNCOMU f ZDRFAB I 
!binary and multiplies it with a· I I I 
I ~i ven binary value. An option may I I I 
f be specified to allow conversion I I I 
I only of tlle given decir.ial constant I I I 
Ito binary I I I 
·-----------------------------------+---------------+-----------------------------------i 
fScans the subscript lists of a IKNOPTM fKTAB (macro routines in KA>, I 
IDO-loop looking for matching COMA'sl fKNSECO, KNTRMV, KNCHRG, KNCMPR, I 
tor CO~A - expressions which are I f KNALRG, KNOMAC, KNMKVL, KOMTCH I 
!possible candidates for I I I 
f transforming, movin9 out of the I I I 
I loop as invariants, or commoning I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Forward scans the Subs Table entry IKNSECO !none I 
I <equivalent to a backwards text I I I 
!scan) looking for the first group I I I 
I cf COMA' s that are optimizable as I I I 
I indicated by a switch I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Analyzes the type of triple operandlKNANAL IZDRFAB I 
I and sets a return code value I I I 
I accordingly I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Clears the match chain IKNOMAC IKTAB <macro routines in :KA) I 
·-----------------------------------+---------------+-----------------------------------i 
!Match area code is compared with fKNCMPR IKTAB (macro routines in KA) I 
I text. The start point, finish I I I 
I point 1 and length of matched code I I I 
I is passed back. Only complete I I I 
I COMA' s or COMA - expressions ar~ I I I 
fmatched I . I I 
·-----------------------------------+---------------+-----------------------------------i 
fText between specified triples is fKNTRMV fKTAB (macro routines in KA), I 
f scanned. Cleaned up triples are I IKNTRTY, KNANAL, ZTXTAB, KNCOMU I 
f moved into scratch storage I I I 
L-----------------------------------~---------------1.-----------------------------------J 
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• Table KO. Phase KO Subscript Optimization (continued) 
, r-----------------------------------.,.--------------~-----------------------------------1 

I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
1-----------------------------------+------:---------+----------------------------------.... IA list of dictionary references of IKNMKVL IKNANAL I 
lall variables in operands of I I 1 
ltriples in a scratch work area is I I I 
lmade. The list is terminated with I I I 
la halfword of zeros. A flag is I I I 
lalso set if any of the variables inl I I 
lthe work area are unsafe I I I 
~-----------------------------------+---------------+-----------------------------------i IA check is made to determine if thetKNCBRG I none I 
lgiven region entry is an end regionf I I 
lfor commoning for the matched code I I I 
lin the scratch work area I I I 
~-----------------------------------+---------------+-----------------------------------~ IA check is made for region IKNALRG IKTAB <macro routines in KA), KNCHRGI 
lboundaries between specified I I I 
I subscripts I I I 
~-----------------------------------+-------------~-+-------------------------------~---i IControls the search through the IKPUPDT IKTAB (macro routines in KA>, KPSSUBI 
lpatch file for SSUB triples. and thel I I 
tsubsequent processing of the I I I 
tres~ricted types of expressions I I I 
lfound after the SSUB triples I I I 
~-----------------------------------+---------------+-----------------------------------i IShortened version of phase KJ. IKPSSUB IKTAB (macro routines in KA), I 
IProcesses those triples following al IZDRFAB, KPCBKP I 
ISSUB triple I I I 
~-----------------------------------+---------------+-----------------------------------~ IThe USE list is searched to see if IKPUSEL IKTAB <macro routines in KA) I 
tthe given dictionary reference is I I I 
Jcontained in the list. A return I I 1 
lcode is set depending on the part I I I 
lof the USE list in which the I I I 
lreference is found I I I 
~-----------------------------------+---------------+-----------------------------------i IExamines an operand of a triple andlKPSOPC IZDRFAB, KPUSEL I 
tsets flags in a code byte giving I I I 
lthe information required on the I I I 
toperand during the analysis of the I I I 
texpression within which it occurs I I I 
~--------- --------------------+---------------+-----------------------------------i ITbe operands of triples following alKPCBKP IKPSOPC I 
ISSUB triple are examined to I I I 
ldetermine the type of expression I I I 
lunder consideration I I I 
L-----------------------------------~~--------------L-----------------------------------J 
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• Table KOl. Phase KO Routine/Subroutine Directory 

f ;6~~i~~~~ub;~1~;,-----~-----------~------------;;;~;i6~------------------------------1 
~-------------~---+--------------------------------------------------------------------1 
IKNALRG IChecks region boundaries·between specified subscripts 
I I . 
IKNANAL IAnalyzes type of triple 
I I . . . 
IKNCBRG IChecks for end region for commoning 
I I 
IKNCMPR ICompares code in two matching areas 
I I 
IKNCOMU IMultiplies decimal and binary values 
I I 
IKNMKVL ILists variables in scratch sto~age 
I I 
IKNOMAC IClears the match chain 
I I 
IKNOPTM IScans subscript lists of DO-loop for matching COMA's 
I I 
KNOPTY !Analyzes type of triple 

I 
KNSECO !Scans Subs Table entry for optimizable group of COMA's 

I 
KN'fRMV f Removes offsets, tidies up, and moves code to match area 

I 
RNTRTY ITests triple type 

I 
KOADDC IAdds two binary values 

I 
ROBXCH IChecks DO-loop and patches over ITDO and ITD1 triples 

I 
.KOCV'IX !Tests for reference to control variable 

I 
KO~ROR !Abort~ 

I 
ROINIT jlnitializdtion for physical phase 

I 
IKO~AKC !Creates binary constant 
I I 
IKOMCHN !Amends triples to refer to value in patch 
I I I I<OMCOM I Creates part of patch for transforms and invariants 
I I 
IROMLTC jMultiplies two binary values together 
I I 
IKO~OVF jMoves item to next place in patch build area 
I I I ROMTCH I Proc.esses match chain and makes an entry in patch file 
I I . . 
IROPCOM !Overwrites triple in text with PTCB triple 
I I 
'KOPREC JObtains effective precis~on of binary value 
I I 
IKOPTCH . !Makes an entry in the.patch file 
L------------------~-----------~--------------------------------------------~-----------
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•Table KOl. Phase KO Routine/Subroutine Directory <continued) 
r------------~----T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IKOSBSC IGets next entry from Subs/Region table 
I I 
IKOSNDX IAllocates a sindex register 
I I 
IKOSSBE IMoves last part of subs list to patch build area 
I I 
IKOSSBS IMoves first part of Subs list to patch build area 
I I 
IKOSSBl IMoves a subscript list to patch build area 
J I 
IKOSSB2 )Moves a subscript list to patch build area 
I I 
IKOSSB3 IMoves a subscript list to patch build area 
I 1 
IKOSUBC ISubtracts two binary values 
I I 
tKOTSTO !Tests if dictionary entry is for binary or decimal constant 
I I 
IKPCHKP IChecks operands of triples in SSUB list 
I I 
IKPSOPC ISets a code byte after examining a triple operand 
I I 
IKPSSUB !Processes triples following a SSUB triple in a patch 
I I 
IKPUPDT ISearches patch file for SSUB lists 
I I 
IKPOSEL !Searches USE List for given dictionary reference I ._ _________________ i ____________________________________________________________________ J 
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• Table RT. Phase KT Pseudo-Code Scan 
r-----------------------------------T---------------,.-----------------------------------1 
I , I Ma in Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
ISCINIT Initialization ILAOOOS IUT01,UT02 I 
~-----------------------------------+---------------+-----------------------------------~ 
ISCl search for triple of ILAOOlO IUT01,UT03,UT06,UT07,UT08 I 
I interest I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fSC2 Move current triple then ILA0011 IUT01,UT03,UT06,UT07,UT08 I 
I search I I I 
·-----------------------------------+---------------+-----------------------------------i 
ISC3 Delete current triple then ILA0012 IUT01,UT03,UT06,UT07,UT08 I 
I search I I I 
~-----------------------------------+---------------+-----------------------------------i 
f SC4 Skip current triple - text ILA0020 IUT06 I 
I wanted I I I 
·-----------------------------------+---------------+-----------------------------------i 
f SC~ Skip current triple - text ILA0021 IUT06 I 
I free I I I 
·-----------------------------------+---------------+-----------------------------------~ 
jSC6 Move current triple - text ILA0025 IUT03,UT06 I 
I wanted I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISC7 Move current triple - text ILA0026 IUT03,UT06 I 
I free I I I 
·-----------------------------------+---------------+-----------------------------------i 
1sc10 Symbolic input pointer to ILA0035 IUT01 I 
I absolute I I I 
·-----------------------------------+---------------+-----------------------------------i 
1sc11 Skip pseudo-code - text ILA0040 IUT06 I 
I wanted I I I 
·-----------------------------------+---------------+-----------------------------------i 
1sc12 Skip pseudo-code - text ILA0041 IUT06 I 
I free I I I 
·-----------------------------------+---------------+-----------------------------------i 
f MV2 Move user pseudo-code to ILA0050 f UT04 I 
I contiguous OP I I I 
~-----------------------------------+---------------+-----------------------------------i 
IMV3 Move user pseudo-code to OP ILA0055 IUT04 . I 
·-----------------------------------+---------------+-----------------------------------i 
IMV3A Move user triples to OP ILA0056 IUT03 I 
·-----------------------------------+---------------+-----------------------------------i 
fDV1 Generate dope vector for ILA0070 IUT07,UT10,UT11 I 
I based aggregate I I I 
L-----------------------------------~---------------L-----------------------------------J 
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•Table RT1. Phase KT Routine/Subroutine Directory 
.------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
i------------------+--------------------------------------------------------------------~ 
IDV1 IGenerate dope vector for based aggregate. I 
I I I 
IMV2 f MOve user pseudo-code to contiguous output text. I 
I I I 
IMV3 IMove user pseudo-code to output. I 
I I I 
f MV3A f Move user triples to output. I 
I I I 
ISCINIT IInitialize input and output text blocks. I 
I I 
1sc1 ISearcbes for triple of interest to user as indicated by TRT table. 
I I 
ISC2 IMove current triple to output then search for triple of interest to 
I I user. 
I I 
ISC3 IDelete current triple then search for triple of interest to user. 
I I 
f SC4 ISkip over current triple and mask input WANTED. 
I I 
fSC5 ISkip over current triple and mark input FREE. 
I I 
ISC6 !Move current triple to output and mark input WANTED. 
I I 
ISC7 !Move current triple to output and mark input FREE. 
I I 
ISCB IMove input pseudo-code to output and mark input WANTED. 
I I 
ISC9 tMove input pseudo-code to output and mark input FREE. 
I I 
f SClO Convert symbolic input pointer to absolute. 
I 
1sc11 
I 
ISC12 
I 
IUTOl 
I 
IUT02 
I 
IUT03 
I 
IUT04 
I 
IUT05 
I 
IUT06 
I 
IUT07 
I 
IUTOS 
I 
IUT10 
I 

Skip over input pseudo-code and mark input WANTED. 

Skip over input pseudo-code and mark input FREE. 

Get a new input text block. 

Get a new output text block. 

Move pseudo-code to output. 

Move triples to output. 

f Move text to output. 
I 
f Test for end of block and chain to next block if necessary. 
I 
tconvert dictionary reference to absolute. 
I 
I.Move input pseudo-code to output. 
I 
tset adjustable bound values in a dope vector. 
I 

IUT11 !Convert output text references to absolute. 
L------------------~--------------------------------------------------------------------
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•Table KU. Phase KU DO-loop Control and Merge Patches 

r-----------------------------------T---------------.-----------------------------------1 
I , I Main Processing I I 
I StateJr.ent or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ IThe phase KU control routine. ThislKUMAIN l.MV3A(KT) + all routines in modules I 
lis highest level routine in ·phase I IKU and KV except KVJUMP, KVSSUB, I 
I I IKVSSBP I 
~---------------------------------~-+---------------+-----------------------------------~ 
IPhase initialization IKUINIT f ZLOADW, ZUGC, SCINIT(KT) I 
~-------------------------~--------+---------------+----------------------------~------1 
!Processing initialization performedlKUSETS fnone I 
1 be fore each return to main scan I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPrimary phase scan of text IKUSCNl fSC3(KT), SCl(KT) I 
~-----------------------------------+---------------+-----------------------------------~ 
fSecondary scan of DO-loop IKUSCN2 f SC3(KT>, KVERRS I 
!specification elements only I I I 
·-----------------------------------+---------------+-----------------------------------~ 
II~DO triple test routine. Loops IKUITDO IKVERRS I 
I that are optimizable are detected I I I 
~-----------------------------------+---------------+-----------------------------------~ ICV and •cv triple processing IKUCVAR ISC5(KTl, ZDRFAB, KVERRS I 
I routine I I I 
~-----------------------------------+---------------+-----------------------------------~ !Determination of type of step fKUSTEP IZDRFAB I 
~--------~--------------------------+---------------+-----------------------------------~ fFill in loop control skeleton for IKUSKLl f ZDICRF, MV3A(KT), MV3(KT) I 
I variable ~tep with no sindex I I 1 
l register~ I I I 
~-----------------------------------+---------------+-----------------------------------~ !Fill in loop control skeleton for IKUSKL2 IMV3A(KT), MV3(KT) I 
!variable step with sindex reqi~tersl I I 
~-----------------------------------+---------------+----------------~------------------~ 
IFill in loop control skeleton for IKUSKL3 f MV3A(KT), Mv3(KT) I 
I con~tant ;;;tep I I I 
~----~------------------------------+---------------+-----------------------------------~ 
\Phase finish. Release scratch IKUENDS IZURC, RLSCTL, KVERRS I 
I storage KV and patch file. Return I I I 
I to control I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPatch triple processing routine. IKVPTCH IZTXTAB, MV3A(KT),.KVSSUB, KVERRS I 
fEach patch is located and inserted I IKVITDP, KVSSBP, KVCOMA, KVCOMR, I 
1 • I 1 KVJUMP I 
·-----------------------------------+---------------+-----------------------------------~ 
!Process all COMR triples IKVCOMR fnone 1 
~-----------------------------------+---------------+-----------------------------------~ 
tProcess all COMA triples IKVCOMA f none I 
~---~-------------------------------+---------------+-----------------------------------i 
IProcess JUMP triples. Osed only 1KVJUMP IMV3(KT) I 
I while processing a patch I I I 
~-----------------------------------+---------------+-----------------------------------~ 
f Process SSUB triple. Used only IKVSSUB IZDRFAB, ZTXTRF I 
t while processing a patch I I I 
~-----------------------------------+---------------+-----------------------------------i 
IProcess SSB' triples. Used only IKVSSBP IZTXTAB I 
I while processing a patch I I I 
L-----------------------------------1.---------------L-----------------------------------J 
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• 'rdbl~ KU. Phase KU DO-loop Control and Merge Patches (continued) 
r-----------------------------------T---------------T-----------------------------------1 
I !Main Processingl I 
I State111ent or OpP.ralion Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
!SUBS and ~URO tripl~ processinq IKVSUBS IZDKFAB, ZTXTRF, MV3A(KTl I 
I routine I I . I 
~-----------------------------------+---------------+-----------------------------------~ 
ISUB' triple procP.ssinq routine IKVSUBP IZTXTAB I 
·-----------------------------------+---------------+-----------------------------------~ 
llTD' triple procesninq. Insert IKVITDP IMV3(KT), MV3A(KT) I 
tepilo9ue into text for optimizable I I I 
I loops I I I 
·-----------------------------------+---------------+-----------------------------------~ 1set up phase error message number IKVERRS f ZUERR, ZABORT I 
ldn1 parameters I I I 
·-----------------------------------+---------------+-----------------------------------~ 
tsearch register alias table for IKVALAS I None I 
ISS~B register I I I 
l-----------------------------------~---------------~-----------------------------------J 
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•Table KUl. Phase KU Routine/Subroutine Directory 
r------------------T-----------~------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IKUCVAR Processes CV and •cv triple in optimizable loop I 
I I 
f KOFNDS Phase finish. Neleases KV, scratch storage and patch text 
I 
IKUINIT Initializes phase KU processing 
I 
IKUITDO Detects DO-loops flagged as optimizable 
I 
IKUMAIN Phase KU control routine 
I 
IKUSCNl Primary scan for phase 
I 
IKUSCN2 scan for DO-loop specification elements 
I 
IKUSETS Processing initialization 
I 
f KUSKLl Sets up variable step sindexes available loop control code 
I 
IKUSKL2 sets up variable step no sindexes loop control code 
I 
IKU$Kl3 sets up constant step loop control code 
I 
f KUSTFP Determines type of step 
I 
IKVALAS searches register alias table for SSUB register 
I 
IKVCOMA Processes COMA triples 
I 
f KVCOMR f Processes COMR triples 
I I 
fKVERRS !Processes phase KU errors 
I I 
IKVITDP !Inserts loop control epilogue 
I I 
f KVJUMP f Processes pseudo-code within patches 
I I 
fKVPTCH f Processes PTCH triples by reference to patch file 
I I 
IKVSSDP f Processes SSB' triples occuring within patches 
I I 
f KVSSUB !Processes SSUB triple occuring within patches 
I I 
IKVSUBP f Processes all SUB' triples 
I I . 1 IKVSUBS !Processes SUBS trip es 
L------------------i--------------------------------------------------------------------
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e Chart 08. Pseudo-Code Logical Phase Flowchart 

••••Al••••••••• 

. .. Al •. •••••A&a.•••••••••• 
• • , • • •, •CALLS & fl~:; I'!.• 

.•ANY GLNRIC •. YES •·•·•-•·•·•·•-•-• 
--->•. ARGll4EtlTS , •-------->•PROCt.SS tiE1IEl<I<.0

• 

I\ •, , • • ENTRY NAMt.S t 

• 0881 • . . ...... T ...... 1 •. . • • • (A:•: •·1··~ ••••••••1••••••••• 

•••• .•. . .. 
ill • • • •••• P.Q •••••••••• Bl •. •••••B2•••••••••• 

• • •. •INITIAL LB• 
.:• 3x¥f:tC •:.!~---->=-~~~~·;:t: 

• • ANY •, •CALLS & FNS l'M• 
• • CALLS OR •, YES •-•-•·•·•-•·•- •- • 

• • • • • • • • :oYm~~8¥NI~fAL: 
•. FUNCTIOH • •-------->• PROCf;SS l:ALL & • 

•, . REFER- • • • FN PROCt.D;JRE • 

.. i~~--------=::::r ...... •.ENCES. t • INVOCt.TIONS • ··.·:. ....... T ....... 
.•. 

Cl •. ••••tC2•••••••••• 
, • • • •INITIAL LD• 

• • STATIC •, YES •-•-•-•-•-•-•-•-• 
•••••ell•••••••••• 
•S'IRillG Lii• ·-·-·-·-·-·-·-·-· <----------------•PROVI;JI£ S'IR!HG • •. INITIAL • •------>•COllSTROCT DICT1 • 

•. .• • ENTRIES FOR • • HANCtrn(; • 
• FACILJ'lh.S • . ............... . •. • • •STATIC 1'.'IITIAL • 

·· i~~---------=::::r ...... ... . .. 
DI •. •••••D2•••••••••• Dl . •. •••••1>11••• •••••• • 

.• .• DO •. •, YES =~-f~?~:~l~~-~= .•· "H~DRD~·· •• YES =~~~.~.~~~~-•-~~: 
•. STATBM!N'l'S • •------->•!XPAllD DO LOOPS• •.STRING BOY ING. •-------->•REORDER BUY AND• 

•, , • • • •. CODE .• •SELL S'IA'IE.l<i!.N'!'S• .. . . . . .. .. . . 
. ·1· ~-------~::::J'""' .. i~~------------::::::::r ....... 

. .. 
•••••1:1•••••••••• Bl •. •••••Ell•••••••••• 
!!f!U!t~.~?!~~= , •' • ANY •. •. YES =~~~~~f!r:t •• ~~= 
• CO!IVER'I EXPR- • •. SOBSCRIP'l'S , •------->• COHSTRUCT • 
:~sJ~I~!~~ : •... ..·• :Ps~8~c~~~~sFoR: 

........ 1··· ..... ·· r---------~:::::::i· · · ····· 
•••••Pl•••••••••• •••••Fl•••••••••• 
:!i!l~U!l!'U~: :!M~~m! •. ~~: 
:PR°lfifi~ING: :a.r~HL! : •• rtmmH ••• : :.rmw;~~• ••• : 

1 l ... . .. 
GI • • •••••G2•••••••••• G3 •. •••••Gii•••••••••• 

, •Aft S'l'RI~· •. YES :~~1~~-~~~-~!: .• ; "if'A~bh. YES :~~~.~;~~!;~~-~= 
··~PRl!SSIOMS ••• •------->:co~I~NG : •• D¥s~y+ oi .•-------->• MARE LIB CALL • 

•• •• • PSEUDO-CODE • ·-~~S'l'~ ~.·· :2ES~si~~YD~~is: 

.. i~~-------~::=:r....... .. i~~--------::::::::r· .. ···· 
.•. . .. 

HI •. •••••H2•••••••••• Bl •. •••••Bii•••••••••• 
• • TRAMS •. • MA• • • •. •RECORD-I/O tu• 

• • OR VDIFY •. YES •-•-•-•-•-•-•-•-• • • ANY •. YES •-•-•-•-•-•-•-•-• 
•• •• B~~~IN •• ··-------->: TRA&li~iHsoR : •• RECORD-11'0 • •-------->• MAJCE LIB CALL • 

•• •• • VERIFY l'tJNCT • •• •• •• •• :s~fzMlDRf5g•D: ·· i~~-----:=r..... ·· i :~ _______ ::=:::r ....... 
.•. . .. 

J1 •• •••••J2••········ J3 •• •••••Jll•••······· 
•• .!.~V'"!s· •• -s ··-•.IJ!UD._o-._ vu._._s._ MB·-·· • • ANY • • •S'IREAM-I/O NM• .,., • .....,- .,.. &.. .•S'?RBIUl-1/0,•. YJ!S •-•-•-•-•-•-•-•-• 

•. OR MUL'l'IPLE , •------>• CONSTRUCT • •, OPENJ. OR , •-------->• MAilE LIB CALL • 
•. AS81Gll .• •PSl:ODO-CODE FOR• •·. CL01:1B .• •SE FOR STREAM• 

•, , • • PSEUDO-VARS • •. • • • 0 IEN'IED I/O • . . ................. .. .. . ............... . 
. i~~---~---J i <~------------11-----------
· ·· ... Kl •. •••••JC2•••••••••• JC3 •, •••••JCQ• •••••••• 

NO • •i:ir Iit-Lxri•. YBS =~!~,!!~!~!,!!f_! NO • •i:Y DATA ~it•. YES =~~:~.t~~.~l!~~= 

!
--•. PORCTIONS • •------->• CONSTROCT • !--•,FORMAT LISTS , •-------->• MAI<E LIB CALL • 

~' •. • • '• !f~!~tti~ft~R: •. •. • • '• :1~~A~o~I~~~A : .. .. ................. .. .. . ............... . .... . l .... • • • • 
• A3 • ----------- • 85 • • • • • .... . ... 

• ••• •l:C-,•• •••••••• 
•COKPlLl::f' fll!" Ob• ·-·-·-·-·-·-·-·-· ---->• P;t<J(;E£~ • 

I\ •CCl'P!LEP fN3 & • 

l • Pf.t ULO· W1HlA1lL!.i • . .. ········1······ ... . . 
• t"> • . . .... 

•••••C5•••••••••• 
•ASSIGt;MENT OE• ·-·-·-·-·-·-·-·-. • CCllS'I RUCT • 
•PSlUC:O·CODi: FOR• 
• ASSIGNMENTS • .. ..... T ....... 

.. •••••i::s•••••••••• 
• RELlAS.i:: • 
• U'IILI'IIEs,_ • 

u.~~~!vA~... ! . . .. ..... T ....... 
•••••E5•••••••••• •CONVERSIO.:fS OG• ·-·-·-·-·-·-·-·-. •EXAMINE OPERA·•D• 
• AND !>ETERMIN£ • 
•IF DO''IE IN-LI,ll• 

""""!"'"'" 
.•. 

fS •. .. .. 
NO • • IN-LINE •. 

---•, CONVERSIONS , • 
•. 2N:> PASS • • . . . .. .... r 

•••••GS•••••••••• 
•CONVERSIOllS OM• ·-·-·-·-·-·-·-·-. : IN~mlAl~DE : 
• 2ND ·PASS • ___ :::::::r ..... 

.. . 
HS •. . . . . 

NO , • IN-LINE •. 
---·· • ~~GgrJng"~. · • .. .• . ... r •••••J5••········ •CONVERSIONS OP• ·-·-·-·-·-·-·-·-· 

: IN~frfilA~8DE : 
• 3RD PASS • ___ :::::::r ...... 
•••••JCS•••••••••• 
oCONSTAN'IS OS• ·-·-·-·-·-·-·-·-· *CONVERT CONSTS • 

: xi~M~i~J~I~ : ········i········ . .... 
•09 • 
• A2• .. 

• 

Chapter 3: Flowcharts, Tables, and Routine Directories 237 



Chart LB. Phase LB overall Logic Diagram 

238 

SCAN •••••A2••········ • SCAN TEXT FOR • 

--------------->: Pf~:~ig~' :<-----------------------------------------• . ....... T ....... 
... 

82 •• . . . . 
• • WAS •. YES 

•, EOP TRIPLE • •---

1 •. FOUND .• •. . . .. .. 
!
• NO :~;: 

•• 
SFSCAN • 

•••••c2•••••••••• . . 
:s~~AM¥1L~~: . . . . 

.~::····r······ -
•••••D2•••••••••• DI! •. . . .. .. 
• PROCESS • NO • END OF • 

• • •. CHAIN .• . . .. .. • IDV STATEMENTS • !----------------•: AU'lOMATIC : • 

·······1 .. ····· ··:1·· 
.•. SCAIJTO •••••Bl• •••••••• E2 •. •••••E3• ••••••••• •••••Ell• •••••••• • MAIN • • • WAS • • • • • MAIN • 

•-•-•-•-•-•-•-•-• YES • • ALLOCATE •. NO • SCAN DOWN • •-•-•-•-•-•-•-•-• 
• PROCESS •<-------•. TRIPLE • •-------->• AUTOMATIC •-------->• PROCESS • 
: A~fllJf' : •.••FOUND••.• : CRAIN : : A~~i¥i&r1f' : ................. .. .. ................. . ............... . 

• 

INITIAL PROCESSING .•. 
G2 •. •••*Gl••••••••• .• •. ••••G3••••••••• 

ENTRY • • • IS •. NO • • 
TO MAIN •------->•. INITIAL • •-------->• RETURN • 

• • •. FLAG ON .• • • ............... •. .. . ............. . .. .. r 
.•. ARRB1'T H2 •. •••••H3•••••••••• .. .. . . 

• • IS •. YES • P1¥>CESS • 
•. ITEM AN • •-------->•INITIAL STRING • 

•. ARRAY .• • • .. .. . . .. .. . ............... . 
~~ r •••••J2••········ . . 

: m~mTL-rat : 
• • • • 

~·····1:=~---------
•••••R2••········ 
• OUTPUT • ••• •R3• •• ••• ••• 

: As~la~NT =------->= RETURN : 
• TRIPLES • • • . . .............. . ................. 



Chart LD. Phase LO overall Logic Diagram 

STATIC •••••Ai•••••••••• : ~xrmc: : >: ImftL : 

• • ••••••••••••••••• 

ft"" l 
:····~·······: 
• I~L • • vWI • 
• SftIRG • • • ........ r······ 

• •. GAAl , •, CNS'l'Wlt 
Cl •. •••••C2•••••••••• C3 •. •••••Cl!•••••••••• 

, • IS •, • SCAN • • • IS •. • OBTAIN • 
.:• I¥1iAAN •:.~---->= INITIAL • , • I'l'ZM A •. NO • CORRECT .ENTRY • 

•. ADAY • • • dftt°~ :-------->• • •. P~ll • • • •------>: CON2~AN'l' 
•. ·• • • •. .• • CHAIN • ...... 'T*' ................. _ ·1;.. ... : ...... T ...... . 

•••••Dl•••••••••• •••••D3•••••••••• •••••Dll•••••••••• 
• OBTAIN • • • • MAU SLOT • • CORR£C'1' Blft'RY • • C!i!!WFR'l' '1'0 • • POR • 
• OR • • .. ii!ii MORD • • CONVERTED • 
: CO~tlfl' : : B ARY : : CONSTANT : 

.n:::"'"f"'"" -="'"!"""" ............... .. 
•••••111••········ ····••3••········ • MAU 81.0'1' • • • 

: co~ : : TIL~ :<--------------
• CONSTANT • • Blft'RIBS • • • • • _:::· .... r...... _::: ..... r ...... 
•••••r1•••••••••• "•••r3•••••••••• 
• USBT • • l'OIM • • I. • • *!'l'IAL • 
• • • V SLOT • 
• Y • • TABLE • . . . . """"i'"'"" ................ . 

.•. 
Gl •. .. .. 

NO,• DD •. 
-•. or CJUUtt • •<-------------------------------•. .. .. .• .... 

• YBS 

L •••• •LG • 
>•Al • • • •••• 

Chapter 3: Flowcharts, Tables, and Routine Directories 239 



Chart LG. Phase LG overall Logic Diagram 

240 

. ... . . 
• A3 • . . 

LGOOOO 
•••••Al•••••••••• 
•INITIALIZATION • 

T. 
A3°.... LG~~H,~~2~i ••••••• . . .. . . 

• GET SCRATCH • 
• STORAGE FOR • 
• DO BLOCJ<S • . . • • •. YES • GENE.RATE TEST • • • 

•. WHILE' • •-------->• CODE FROM DO •---->• Bl • 
•. • • • STACK ENTRY • • • 

LGO:::'""l"'""' 
•. . . . . . ... .. . . . ............... . 

• NO 

LG0010 j 
•••••Bl•••••••••• 
• LA • ·-·-·-·-·-·-·-·-· •••••Bl•••••••••• • • 

I
->• USE SCl TO • 

*LOOI< FOR TRIPLE• 
• OF INTEREST • 

: • B~• i***••••1••••••••• 

* RELEASE • 
•SCRATCH STORAGE•---

1 . . . . 
••••••••••••••••• ••••• 

•LS • 
• Al• .... 

.•. LG0013 
Cl •. •••••C2•••••••••• 

• • •. . • PUSH DOWN DO • 
• • •. YES • STACI< AND • 

•. DO • •-------->• INITIALIZE • 
•. .• • NEW STACI< • 

•. .• • ENTRY • .. . . . ............... . 
->= Bl : 

.. . 

l
•NO l •••• 

•. 01 • •. • • • • LGO:~;~;fl2ti~~~:~::; .:•V;A~AR• NIDAB3~L~EMRT* oE•XT~•• •.* !--.::::-.------------------
• • •. YES • STACI< AND • 

•. ITDO • •-------->• INITIALIZE •-------->• AND SET UP •---->• Bl • 
•. • • • NEW STACI< • • Sl<ELETON IN • • • 

•. • • • ENTRY • • STACK ENTRY • •••• •. . . ................. . ............... . 
i" 

• •. LG0012 
El •. •••••E2•••••••••• 

• • •. • GENERATE LOOP • • •• • 
• • DO' •. YES • CLOSING CODE • * * 

•. OR ITDO' • •-------->• AND POP UP •---->• Bl • 
*• • • • DC STACK • • * .. . . . . . ... .. . . . ............... . 

j"° 
• •. LG0015 EXPEVL 

Fl •. •••••F2•••••••••• •••••F3•••••••••• 
• • •. • ALLOCATE • • • 

• • CONTROL •. YES • SYMBOLIC REG • • ANALYZE THE • 
•. VARIABLE • •-------->• FOR LOOP •-------->• EXPRESSION IN • 

• • • • • CLOSE • I\ • ENSUING TEXT • .. . . . . . . 
•·1·. ~o ••••••••••••••••• ••••••••1•••••••• 

•••• . . 
.•. * Bl • 

Gl •. * • . . .. . ... 
• • •. YES 

•. TO, BY • •-------------------------------* • •• .. . . • .. • 

( 
• •. LG00211 • •. CODE2 

Hl •. •••••H2•••••••••• H3 •. •••••Hll•••••••••• 
• • •. • GENERA':.'E TEXT • • • •. • • 

•:* TO~iBb~' *:.:~~----->= ~E~~g1~~ :-------->•I;EJ~v~FPAR;:.:~----->= GENERt~ TEST =---
•. • ~QUALS • •. • : EfP~l~~a~Ri° : •. • ~EPi~I~ •. • : COUNT CODE : .. . . ................. .. . . . ............... . 

l
• NO .L:O 

• • • •. LG0021 • Bl • Jl • . •••••J2•••······· • • 
• • •. •SAVE LOOP ENTRY• •••• 

• • •. YES * AND NEXT • 
•. WHILE • •------->• SPECIFICATION • 

•. • • • LABEL REF IN • 
•. .• • 00 STACK • 

··1·~o ········1········ .... . ... . . . . 
• A3 • • Bl • . . . . .... . ... 



Chart LS. Phase LS overall Logic Diagram 

•••••Al••········ 
• INITIALIZE • 
• WORKSPACE • 
• AND TEMPORARY • 
• DESCRIPTION • 
• STACK • ........... T ....... 
•••••Bl•••••••••• 
• LA • ·-·-·-·-·-·-·-·-. --->• USE SCl TO • 
•LOOK FOR TRIPLE• 
• OF INTEREST • 

""""f'""" 
.•. EOP2 

Cl •. •••••C2•••••••••• 
• • •. • MARK NEXT • 

• • END OF •. YES • PHASES IF • 
•. PROGRAM • •-------->• WANTED Al«l •---1 

•. • • • RELEASE LS • •. .. . . . . . • ................ . 
• NO ••••• 

l :Lx1: .. . 
• •. LBE21 .•. 

01 •• 02 •. . . .. .. .. . ... 
NO .•EXPRESSION •. • • OPERAND •. NO • • 

---•. TYPE TRIPLE • • -->•. CONVERSION • •---->• F3 • 
•. .• •.REQUIRED .• • • •. . . .. .. . ... . . . . • ... 

j• YE• r 
AR ITH • •. CONST 

•••••El•••••••••• E2 •. •••••E3•••••••••• 
• • .• •. • CREATE • 
: 5~M:D : •: • oPi~AND •: .!~!----->= Dl~~N~~ : 
• DESCRIPTIONS • •A CONSTANT.• • TARGET • 
• • •. .• • CONSTANT • . ·······1····· .... . . l'.;. ;:;; :;::1·· ...... . 

•••• CONV'I ARITH2 • •. LBFU 
•••••Fl•••••••••• •••••F2•••••••••• F3 •. •••••Fii•••••••••• 
• • • CALCULATE • • • •. • GENERATE • 
• DETERMINE • • BASE, SCALE • • • •. NC • PS.E;UIIO-CODE • 
•CHARACTERISTICS• • MODE, PREC., • -->•. FIXED POINT • •-------->• FOR FLOAT •---
• OF .RESULT • • Of TARGET • •.OPERANDS .• • EXPRESliION • . . . . .. .• . . ....... T....... . ....... ]......... ··1· ·us ................ . 

. .. 
Gl •. •••••G2•••••••••• •••••G3•••••••••• 

.• •. •SETUP TO• • • 
• • STRING •. NO • GET OBJECT • CALCULATE 

•. TYPE • •----- • TIME • SHIFT P'OR 
•. RESULT • • • WCRXSPACE • • ALIGNMENT 

•. • • • FOR TARGET • • • 

>nl~ ·r.. . .. :~: .... T...... .. ..... 1...... ncl 

•••••Hl•••••••••• •••••H2•••••••••• 113 •. •••••Hll•••••••••• 
• OUTPUT • • GENERATE • • • •. • GENER.II TE • 
• NECESSARY • • ASSIGN TRIPLE • • • FIXED *· 1'10 * PSEUDO-CODE * -->• TRIPLES AND • • OF SOURCE • •. DECIMAL • •-------->• FOR FIXED 
• '1'!.llP • • TC TARGET • •. • * • BINAllY 
• Dt;SCRIPTlONS • • * •. . • • EXPF<ESSION • ... = .. · .. 1:::::=___ ....... T....... ...... ·r.. .. ............. .. 
•••••Jl••········ •••••J2••········ •••••J3••········ • RELEASE • • REVERSE • • GENERATE • 
• TEMPS USED • • SOURCE AND • • ASSIGN TRIPLE • 
• FROM TEMP • • TARGET IN •----- • FOR DECIMAL • 
• STACJI • • TEMP STACK • • SHIFT IF • 
• • • IF NECESSARY • • NEEDED • ........ r .. ···· ················· ........ r ..... . 
•••••Kl•••••••••• •••••J<3•••••••••• •••••J<ll•••••••••• 
• ADD ANY • • GENERATE • • COMMON • 
• RESULT TEMPS • • PSEUDO-CODE • • WORJ<SPACE POR • 

---• TO TEMP • • FOR FIXED •-------->• TEMPS USED •<--
: STACK : : EX~fi~~t~N : : IF POSSIBLL : ................. ______________________________ ::::::::::::::::: _________ ::::::::r········ 

Chapter 3: F1owcharts. Tab1es, and Routine Directories 241 



Chart LV. 

242 

Phase LV overall Logic Diagram 
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Phase MK overall Logic Diagram 
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• CONVR'I • , • •. • • •, • • 
•-•-•-•-•-•-•-•-• • • TARGET •. YES • • TARGET •. !~C • ARI'I!I TO • 
• .INTO TEXT • •. STRING , •-------->•. CHARACTER .•-------->• l!l'I STRING •---
• BLCCK • •. ~· •, STRING • • • C01'VERSI0ll • 
• SEE C3 • *• • • •. , • • • ................. .. .. •. . . . ................ . 

-----------------> 1 c .... · i NO .. CBO i "' 
•••••H2•••••••••• •••••H3•••••••••• •••••HQ•••••••••• 
• INSERT ENTRY • • • • • 
• INTO DICTION- • • CHAR STRING • • ARITH TO • 

: ARJoaiN~~ : : c~~mgN : : CON~HioN : 
• TEXT BLOCK • • • • • ·······T······· ;:;::;~:1········· ········1········ 

: ·::•: • •••• • <-~----------~~:;;::::::c::::::-----------------A-----------
•••• ••••J3••••····· • • 

• • • CHAR TO • 
• RETURN • • ARITH • 
• • • CCN\(gRSION • ............... . . ................. 

I, .. 
1<11' '•. ARA~~•••llS• •••••••• .... . . .. . . 

• • , • SOURCE •. NO • ARITHMETIC • 
• Jtll •---->•. CHARACTER • •-------->• TC ARl'IH • 
• • •. STRING , • • CONVERSIOH • .... . . .. . . . . . . . . ............... . 
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• •.rable LB. Phase LB Pseudo-Code Initial 
r-----------------------------------,.------~--------,.-----------------------------------1 
I ' IMain Processingf I 
I Statement or Operation Type I Routine I Subroutines Used I 
~------------~--------------------+---------------+-----------------------------------~ 

JIScans text for PROCEDURE, BEGIN, ISCAN ISCINIT, SC1, SC3, SC5 (all in I<T), I 
land ALLOCATE triples I ISFSCAN, ENDRTN, MAIN, SCAUTO, I 
I I IAUT012 I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans automatic chain ISCAUTO IMAIN I 
~-----------------------------------+---------------+-----------------------------------~ 
!Processes INITIAL attribute IMAIN ICNSTWK, ARRENT I 
I dictionary items I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses IDV statements IAUT012 IARRENT I 
·-----------------------------------+---------------+-----------------------------------~ 
IProcesses INITIAL arrays IARRENT ICNSTWK I 
l-----------------------------------L---------------4-----------------------------------J 

•rable Lcll. Phase LB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
t--------~---------+--------------------------------------------------------------------~ 
IARRENT (LC) Generates triples and pseudo-code for arrays declared with INITIAL. 
I 
IAUT012 Processes IDV (initial dope vector) statements. 
I 
ICNSTWK creates initialization triples. 
I I 

IENDRTN Releases phase and scratch storage. 
I 
lt/.!Al~ Processes INITIAL attribute dictionary items. 
I 
!SCAN Scans text for PROCEDURE, BEGIN, and ALLOCATE triples. 
I 
ISCAUTO Scans AUTOM.~TIC chain. 
I 
I SF'SCAN Scans through second file statements. 
l------------------~--------------------------------------------------------------------
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Table LO. Phase LO Pseudo-Code Initial 
r-----------------------------------.---------------r-----------------------------------, 
I IMain Processingf I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
f Scans the STATIC chain for any ISTATIC IENDRTN, ARRENT, CNSTWK, I 
lvariable with the INITIAL attributef ILOVNAS, STRADD I 
L-----------------------------------L---------------L-----------------------------------J 

Table LDl. Phase LD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------i 
IARRENT f Processes the initial value string for arrays. 
I I 
ICNSTWK fCreates constant entries for initial values. 
I I 
f CNVERT Converts decimal integer constants used as replication factors to 
I fixed binary. 
I 
IENDRTN Releases the phase and scratch storage. 
I 
IGAAl Scans array initial value string. 
I 
GACJ Makes slot for converted constant for arrays. 

LOVNAS 

STF.TIC 

ST~.DD 

ST0006 

Calculates the equivalent length in bits or bytes of a constant for 
variable or adjustable length strings. 

Scans the STATIC chain. 

Addresses elements of structures. 

Locates initial value list. 

~:>'!0088 I Resets initial value entry. 
I 

S'I·9999 I Makes slot for converted constant for scalars. 
l------------------i~------------------------------------------------------------------
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•Table LG. Phase LG Pseudo-Code DO Expansion 

r-----------------------------------T---------------T-----------------------------------1 I ., IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 

l ~~~~~-:~~:-------------------------~:~~~~---------i~:~-~KT~---------------------------~ I i'or iterative DO triples, pushes I LG0011 I PSHDWN, scs (KT), CVSCAN I 
I down stack and examines control I I I 
I var.iable · I I I 
·-----------------------------------+---------------+-----------------------------------i IPushes down DO stack ILG0013 IPSHDWN I 
·-----------------------------------+---------------+-----------------------------------i 
fFor iterative DO' and DO' triples, ILG0012 f EXPEVL, POPUP I 
I pushes up stack and removes top I I I 
fentry I . I I 
·-----------------------------------+---------------+-----------------------------------i IFor CV triples, reverts to normal ILG0015 IEXPEVL I 
tscan I I I 
·-----------------------------------+---------------+----------------------------------~ t l'·or TO and TO' triples. examines I LG0017 I EXPEVL, TESTOP I 
f argument and assigns to temporary, I I . I 
f if necessary I I I 
·-----------------------------------+---------------+-----------------------------------i 
IFor BY and BY' triples, examines ILG0019 IEXPEVL, TESTOP I 
texpression and determines signs of I I I 
I constan·ts; assigns. variables to I I I 
I t~rriporary I I I 
·-----------------------------------+--..;._-----------+----------------------------------~ 
f For WHILE and WHILE' triples, markslLG0021 ICODE3 I 
f loop as iterative1 generates test I I ·1 
I triples I I I 
~-----------------------------------+---------------+-----------------------------------i 
100 EQUALS triples, assigns ILG0024 ICODE2, TESTOP I 
I expression as a temporary; I I I 
I gen.er ates code to control loop if I I I 
I end of specification I I I 
·-----------------------------------+---------------+-----------------------------------~ 
tsets up control variable text in DOICVSCAN ICVCOPY, PSTYPO, PSTYPl I 
I stack I I . I 
·-----------------------------------+---------------+----------------------------------~ 
I Generates loop control code I CODE2 I CVCODE, DICENT, ·COMPAR, SWI~HP, I 
I I ILMV3AU, LMV3A5, PSTYPO, PSTYPl I 
·-----------------------------------+---------------+-----------------------------------i 
!Tests expression result type and ITESTOP IDICCHN, LMV3AS I 
I assigns to temorary if not constant I . I I 
·-----------------------------------+---------------+-----------------------------------i I ~~oves text from DO stack to output I CVCOOE I LMV3AU I 
L-----------------------------------~---------------~-----------------------------------J 
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Table LGl. Phase LG Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ICODE2 IGenerates loop control code. 
I I 
ICODE3 !Generates loop control' code for WHILE. 
I I 
f COMPAR !Generates triples to test upper limit control expression. 
I I 
f CVCODE !~loves text from DO stack to output. 
I I 
f CVCOPY !Moves input text to DO stack. 
I I 
ICVSCAN tsets up control variable text in DO block. 
I I 
f DICCHN tchains dictionary entries. 
I I 
IDICENT l~akes a dictionary entry. 
I I 
IEXPEVL (Lt:t) IAnalyzes expression to determine result type. 
I I 
ILGOOOO !Initializes phase. 
I I 
ILG0002 !Scans text. 
I I 
ILG0010 I When EOP triple encountered, releases scratch storage and passes 
I !control to next phase. 
I I 
ILG0011 I For iterative DO triples pushes down stack and examines control 
I 1variabl~. 

I I 
ILG0012 tFor iterative DO' and DO' triples pushes up stack and removes top 
I tentry. 
I I 
ILG0013 !Pushes down DO stack. 
I I 
ILG0015 !For CV triples reverts to normal scan. 
I I 
IIG0017 I For TO and TO' triples, examines argument and assigns to temporary 
I lif necessary. 
I I 
ILG0019 For PY and RY' triples, examines expression an1 determines sign of 
I constants. Assigns variables to temporary. 
I 
ILG0021 
I 
I 
LG0022 

LG0024 

LMV3AU 

LMV3A5 

PC PUP 

For WHILE and r..JHILE' triples, marks loop as iterative and generates 
text triples. 

When W!IILE' triple encountered, branches to generate comparison 
triples. 

For DO EQUALS triples, assigns expression to a temporary: generates 
code to control loop if at the end of specification. 

Moves triples to output. 

Moves one triple to output. 

Removes item from DO stack. 

IPSHDWN Pushes down DO stack and initializes new stack entry. 
I 
IPSTYPO/PSTYP1 Test pseudo-variable argument type. 
I 
f SWITCHP Changes DO stack text markers. 
I 
ITESTOP Tests expression result type and assigns to temporary if not 
I Lconstant. 
L------------------~--------------------------------------------------------------------
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• 'rdble LS. .Phase J.s Pseudo-Code Expression Evaluation 
r-----------------------------------T--------------.,------------------------------------1 
I ., . I M~in Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ f Scans text and branches to ILBO IARITH, FUNCT, LZZl, MOVEPC, I 

I lprocessing routines; marks phase LWI ISCAN <KT), STRING, SUBSPT I 
I and releases control to next phase I I I 
·---------------~-------------------+---------------+-----------------------------------~ 
ICalculate~ result type and IARITH, ARITH2 IADDSTK, ASSIGN, CONVT, DICDES, I 
lgenerates pseudo-code for +, -, •, I IEXPONT, GENRPD, GETADX, GETFR, I 
I/, prefix +, prefix -, compare I IGETGR, MOVEPC, RELSTK, SETCPX, I 
loperators, and ADD, MULTIPLY, and I I STRING, SWOP I 
I DIVIDE functions I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ICalculates result type for string ISTRING ILZZl, ~OVEPC, STALRG I 
I operators I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IInserts symbolic register in ISUBSPT IADDSTK, DICDES I 
I Dubscript triple and stacks result I I I 
·-------------------------~--------+----------__:---+-----------------------------------~ 
!Inserts workspace description in IFUNCT IADDSTK, ARITH, DICDES, GETFR, I 

llTMPD triples after function, and I IGETGR, SCAN(KT> I 
I stacks result. Stacks arguments I I I 
I tor ADD, MULTIPLY, and DIVIDE I I I 
I functions. Adds pseudo-variable I I I 
I mdrkers to stack I I I 
·-----------------------------------+---------------+-----------------------------------i 
ICalculates results types and IEXPONT IADDSTK, ARITH2, CONVT, GETADX I 
tgenerates pseudo-code f Jr •• I IMOVEPC, STALRG, SWOP I 
I operator. Generates calling I I I 
I sequences to library subroutines I I I 
I for complex arithmetic I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Calculates target type and ICONVT IADDSTK, ASSIGN, GETFR, MOVEPC, I 
lgenerates assignment triple for I ISTALRG I 
lconversio~; sets dictionary entriesl I I 
lfor constants I I I 
·-----~-----------------------------+---------------+-----------------------------------~ 
I Interchanges operands; optionally I SwOP I GE'l'P..DX, GETFR, GETGR I 
I loads first operand I I I 
·-----------------------------------+---------------+------------------~----------------~ 
!Obtains free floating or fixed IGETFR. GETGR IGETADX, STAI.RG I 
I arithmetic register; stores it, if I I I 
I necessary I I I 
·-----------------------------------+---------------+-----------------------------------i I Adds items to, and releases items I ADDSTK, RELSTK I None I 
I from intermediate result stack I I I 
·-----------------------------------+---------------+-----------------------------------~ I Generates calling sequence for ISETCPX I EXPONT, GETADX I 
I complex • and / operators, I I I 
I supervises complex arithmetic I I I 
~-----------------------------------+---------------+-----------------------------------~ 

)!Inserts TMPD triples after zero ILZZl IRELSTK, SCAN<Kr> I 
I operands I I I 
L--------------··· ---------------·-----.1.--------------J..-----------------------------------J 
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Table LSl. Phase LS Routine/Subroutine Directory 
r------------------T------------:---------------~---------------------------------------1 I Routine/Subroutine I FUnction I 
·------------------+------------~-------------------------------------------------------~ IADDSTK (LT) l~dds items to intermediate result stack. 
I I . 
IARITli/ARITH2 (LT) I Calculate result type ·and generate code for +, - , •, /, pref ix +, 
I lprefix -, compare operators, and ADD, MULTIPLY, and DIVIDE 
I I functions. 
I I 
IASSIGN IGenerates an assignment triple and TMPD in the output text. 
I I 
ICOHST I Sets up dictionary entry for constant operand. 
I I 
ICOliVT ICalculates target type and generates assignment triple for 
I I conversion. 
I I 
IDICDES IConstructs operand description from dictionary entry. 
I I 
IEOP2 IMarks phases wanted/not wanted and releases control. 
I I 
IF.XPONT (LU) ICalculates result type and generates pseudo-code for •• operator, 
I land generates calling sequence to Library subroutines for complex 
I I arithmetic. · 
I I 
IFCTDES I Inserts workspace description in TMPD triples after function, and 
I · I stacks result. 
I I 
IFUNCT IInserts workspace description in TMPD triples after function, and 
I tstacks result. Stacks arguments for ADD, MULTIPLY, and DIVIDE 
I I functions. Adds pseudq-variable markers to stack. 
I I 
IFXCl (LT) IGenerates fixed binary pseudo-code. 
I I 
1·GENRPD IGenerates pseudo-code for packed decimal operations. 
1· I 
IGETADX (LT) ISets up address of pseudo-code instruction. 
I I . . 
IGETFR/GETGR CLT> IObtain free floating or fixed arithme~ic register: store it, if 
I I necessary. 
I I 
ILBO tscans text and branches to processing routines. 
I I 
ILBE21 (LT) ITests for operand conversions and constants. 
I I 
f LBFL1 (LT) IGenerates floating pseudo-code. 
I I 
ILZZ1 I Inserts TMPD triples after zero operands. 
I I 
I MOVEPC I t'.oves pseudo-code to output text. 
I I 
IPSI. IAdds pseud~variable marker ·to stack. 
I I 
IRELSTK (LT) IReleases items from intermediate result stack. 
I I 
I SETCPX (LU) I Generates calling sequence for complex • and / operators: supervises 
I lcomplex arithmetic. 
I I 
ISTALRG IGenerates pseudo-code to store all arithmetic registers currently inl 
I I use. I 
I I I 
ISTRJ:NG tcalculates result types for string operators. I 
I I . I 
ISUBSPT llnserts symbolic register in subscript triple and puts result in I 
I I stack. I 
I I . . . I 
ISWOP IXnterchanges operands and optionally loads first operand. I 
L--------~~-----i--------------------------------------------------------------------J 
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•Table LV. Phase LV Pseudo-code String Utilities 
r-----------------------------------T---------------T-----------------------------------1 I ., I Main Processing I t 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
IInitializes module; releases ISTRUTO INone I 
I control to next module I I I 
r-----------------------------------+---------------+-----------------------------------~ I IConverts data item to string; ISTRUT1 ISC~N (RT), STRUT2 I 
I calculates string length I . I I 
r-----------------------------------+---------------+-----------------------------------~ 
IPrcduces a string dope vector ISTRUT2 I None I 
I description from a standard string I I I 
I description I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table LV1. Phase LV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
r------------------+--------------------------------------------------------------------~ 
ILSUT17 Tests whether string length is greater than 256, and if necessary 
I generates fixed length calling sequence. 
I 
ILSUT22 Tests whether string dope vector result is required. 
I 
LSUT26 Generates any assignment and TMPD triples. 

LSUT27 

STUTO 

ST.RUTl 

STW.U'I2 

Sets up assignment and TMPD triples. 

Initializes module; releases control to next module. 

Converts data item to string type; calculates string length. 

Produces string dope vector description from standard string 
description. 

ZS~U~1 ITransfer vector to STRUTl. 
I 

IZSTUT2 ITransfer vector to STRUT2. 
L------------------~--------------------------------------------------------------------
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•Table LX. Phase LX Pseudo-Code String Handling 
r-----------------------------------T---------------r-----------------------------------1 
1. I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------1 I I Initializes phase, scans text and IBEGI~ IFUNPT, SCAN (KT), STROP, I 
fbranches to processing routines; I f SUBSPT, TMPDT I 
f releases control to next phase I I I 
~-----------------------------------+---------------+-----------------------------------i I !Processes TMPD triples. ArithmeticfTMPDT IGETMPD, MOVSEL, RELSTK, SCAN (KT) I 
ltype TMPDs are ignored. String I ISET~.J>D I 
ITMPDs are replaced by the top item I I I 
lfrom the string stack I I I 
~-----------------------------------+---------------+-----------------------------------1 
IProcesses function and function IFUNT IADDSTK, DICDES, GETADS, GET~-PD, I 

I largument triples. Arithmetic type I IMOVEPC, RELSTR, SCAN (KT), SETMPD, I 
f functions are ignored. Dictionary I ISTROP I 
tentries are created for the resultsl I I 
lof string type functions. A I I I 
f library calling sequence is I I I 
I generated for the BOOL function I I I 
1using the mechanism for packed bit I I I 
f cperations. The result I I I 
f descriptions are added to the I I I 
I string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 

If Processes subscript triples. fSUBSPT fADDSTK, DICDES, SBGNOR, SCAN (KT) I 
f Arithmetic type subscripts are I I I 
f iqnored. A symbolic register or I I I 
f workspace offset is added to stringl I I 
f type subscript triples and the I I I 
f string description is added to the I I I 
I string stack I I I 
~-----------------------------------+---------------+-----------------------------------1 
IProcesses string operations CONCAT,ISTROP IADDSTK, DICDES, GETADS, GETADX, I 
fAND, OR, NOT and comparisons with I IGETMPD, MOVEPC, MOVSEL, RELSTK, I 

I lstring type operands. For simple I fSCAN(KT), STRUT(LV), ASSIGN, I 
I cases, in-line pseudo-code is I I GETWS4, GETWSB, SBG?~ER, SBGNR I 
l9enerated; otherwise calling I I I 
f sequences to the library are I I I 
f generated. The results are added I I I 
f to the string stack. I I I 
L-----------------------------------~---------------1.-----------------------------------J 
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Table LXl. Phase LX Routine/Subroutine Directory 
r------------------T---------~----------------------------------------------------------1 I Routine/Subroutine I · Function I 
t------------------+--------------------------------------------------------------------~ IADDSTK IAdds strings to the intermediate string result stack. 
I I . . 
I I 
IADSTR (LY) 1constructs dope vector and string descriptions from a given 
I )descriptor which may describe either a string, or its dope vector. 
I I 
I ASSIGN I Gener.ates an assignment triple and associated TMPDs in the output 
I I text. 
I I 
IBEGIN fMain controlling routine for phase. 
r I 
IDXCDES IConstructs operand description from dictionary entry. 
I I 
f FUNPT f Processes result returned by functions. 
I I 
I FUHT I Processes funtion and function· ·argument triples. 
I I 
f GETADS/GETADX IConstruct address part of pseudo-code instruction. 
I I 
IGETMPD IConstructs operand description from TMPD triples. 
I I 
IGETWS4 f Allocates 4 bytes of aligned workspace. 
I I 
f GETWS8 IAllocates 8 bytes of aligned workspace. 
I I 
f LB ITerminates phase at end of program. 
I I 
I LIB1 I.Generates Library calls for string operations. 
I I 
f LIL2 CLY) !Generates pseudo-code for NOT operation. 
I I 
ILIL3 CLY) IGenerates pseudo-code for concatenation operation. 
I I 
ILIL6 CLY) f Generates pseudo-code for comparison operation. 
t I 
ILIL8 CLY) f Generates pseudo-code for AND/OR operation. 
I I 
fL11 f Generates pseudo-code to convert to string. 
I I 
f MOVEPC f Moves pseudo-code from buffer to output text. 
I I 
f MOVSEL IMoves SELL triples to output text. 
I I 
IMVC1/MVC2(LY> ICreates MVC instructions. 
I I f RELSTK IRemoves strings from the intermediate string result stack. 
I I 
ISBGNER IGets next even-odd pair of symbolic registers. 
I I 
f SBGNOR f Gets next symbolic register. 
I I 
f SBGNR IGets next symbolic register. 
I I 
f SETMPD f Constructs TMPD triples from description. 

lsTROP IProcesses string operations CONCAT, AND, OR, NOT, and comparisons 
I f with string type operands. 
I I 
f SUBSPT f Processes subscript triples. 
I I 
fTMPDT f Processes TMPD triples. 
I I . 
ITS tsets flags for triple types. 
L------------------i-----------------------------------------------------------~--------
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•Table ..,.A. Phase MA Pseudo-code Translate ·and Verify Functions 
r----------------------------------T---------------r-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·--------~------------------------+---------------+-----------------------------------i IScans source text IPhase KT (SCAN)ISC1(KT) I 

·-----------------------------------+--------------+-----------------------------------i I Function marker triple <FNC) I FUNC I SC2 <KT>, SC3 <KT), scs (KT) I 
I processor I I I 
·------------------------------~----+------~--------+-----------------------------------i I Double coma triple (FNCM) ·processor I SDCOM. I SC2 (KT), SC3 (KT), scs <KT) I 
·-----------------------------------+---------------+-----------------------------------i IFunction prime triple (FNC') ISFNPM ISC5(KTl I 
I processor I I I 
·-----------------------------------+---------------+-----------------------------------i ITRANSLATE function processor ITV1~A ITV31A, TV11 I 
·-----------------------------------+---------------+-----------------------------------i tcreates compile time table ITV11 · ITV13A, TV31A I 
·~----------------------------------+---------------+-----------------------------------i IConverts constant from internal to ITV13A INone I 
texternal form and vice versa I I I 
·-----------------------------------+---------------+-----------------------------------1 llnitializes VERIFY compile time ITV15A ITV13A I 
I table I I I 
t-----------------------------------+---------------+-----------------------------------i IVERIFY function floating table ITV17A IMV3(KT) I 
tbuild I I I 
·-----------------------------------+---------------+------------------~----------------i IPseudo-code build for VERIFY ITV18A IMV3(KT) I 
I function I I I 
·------------------------..;.-~---+--------------+-----------------------·------.-----i 
IFloating table build for TRANSLATE ITV21A IMV3(KT) I 
·---------------------------------..;.+-----------~---+----------------------~------------i 
I TRANSLATE function in line code ITV22A I MV3 (KT) I 
·-----------------------------------+---------~-----+-------------~---------------------i IVERIFY function processor ITV24A ITV11, TV31A · I 
·-----------------------------------+-~-------------+--------------------~--------------i 
I Tests for duplicate character I PTTRAN I ERROR I 
I constant I I I 
·-----------------------------------+---------------+-------~---------------------------i 
I Floating table search · 1 TV31A I None I 
·-----------------------------------+---------------+----------7------------------------i ILibrary calling sequence generator ITV35A IMV3(KT), TEMPW I 
·-----------------------------------+----~----------+-----------~---------------------i IUpdates function dictionary ITV38A INone I 
I reference I I I 
·-----------------------------------+---------------+----------------------------------i IObtains workspace ITEMPD INone I 
L------------------------------.1.---------------.1.----------------------------------J 
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•Table MAl. Phase MA Routine/Subroutine Directory 
r---------~-------T--------------------------------------------------------------------1 
I Rolilt.ine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IERROR f Produces error message 
I I 

FUUC I Processes f11nction marker triple (FNC) 
I 

PTTRAN Tests for duplicate character constant 

SDCOM Processes double coma triple (FNCM) 

SFNP~ Processes function prime triple (FNC') 

TEMPD Obtains workspace 

'l'EMPW Gets temporary workspace 

ITVlOA Processes TRANSLATE function 
I 
l'IV11 creates compile time table 
I 
ITV13A fConverts constant from internal to external form and vice versa 
I I 
l'1Vl5A IInitializes VERIFY compile time table 
I I 
ITV17A !Builds VERiFY function floating table 
I I 
ITV18A IBuilds pseudo-code for VERIFY fwiction 
I I 
ITV21A IBuilds floating table for TRANSIATE 
I I 
JTV22A l~RANSLATE function in line code 
I I 
fTV24A !Processes VERIFY function 
I I 
fTV31A !Searches for floating table 
I I 
ITV35A !Generates library calling sequence 
I I 
ITV38A !Updates function aictionary reference 
L------------------~---------------------------------------------------~----------------
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•Table MB. Phase MB Pseudo-code Pseudo-Variables 

, r-----------------------------------,----------------T-----------------------------------1 
I lMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ I I Scans sou:.:.ce text I MBOOOf I SCl (KT) I 
1---------------------------------+------------·--+-----------------------------------~ 
IPSI operator; starts new entry in IMB0011 I SWITCH I 
lstack for pseudo-variable I I I 
t---------------------------------+---------------+----------------------------------~ 
IPSI' operator; completes stack IMB0012 ISWITCH, TARGET I 
tentry and oenerates code for data I I I 
I list items I I I 
~-----------------------------------+--------------+---------------------------------~ 
!Assign completes stack and rescans IMB0013 IDRFTMP, MMV3A5, MVTMPD, OUTMPD, I 
l9roup of assignments, putting I ITARGET I 
ltarget descriptions out in correct I I I 
)sequence; generates code for I I I 
tpseudo-variables in stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Multiple assign; pla.ces only target I MB0014 I MVTMPD I 
ldescriptors in stack I I I 
~----------------------------------+---------------+-----------------------------------~ 
!Constructs pseudo-variable stack IMB0020 IMVTMPD I 
I entry I I I 
~-----------------------------------+---------------+----------------------------------~ 
!Places temporary descriptor in IOUTMPD IMMV3A5 I 
toutput I I I 
1------------------------------------+--------------+-----------------------------------~ 
!Gets temporary workspace for ITARGET IGETWKS I 
tpseudo-variable, if necessary I I I 
L-----------------------------------L---------------L-----------------------------------J 
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Table MB1. Phase MB Routine/Subroutine Directory 
r-~----------------T-----------------~--------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IDRFT~P ~akes temporary descriptor from a dictionary reference. 
I 
IGETWRS 
I 
IMB0001 
I 
IMB0004 
I 
IMB0010 
I 
I 
IMB0011 
I 
IMB0012 
I 
I 

Obtains workspace to accommodate a variable of given type. 

Scans source text. 

Multi-switch for triples of interest. 

On reaching end-of-text marker, releases remaining block, and 
releases control of phase. 

PSI operator; starts new entry in stack for pseudo-variable. 

PSI' operator; completes stack enery and generates code for data 
list items. 

IMB0013 ASSIGN; completes stack and rescans group of assignments, putting 
I target descriptions out in correct sequence, generates code for 
I f pseudo-variable in stack. 
I I . 
IMB0014 IMultiple ASSIGN; places any target descriptors in stack. 
I I 
IMB0020 !Constructs pseudo-variable stack entry. 
I I 
f MB1310 IResets input pointer to start of sequence of ASSIGNS. 
I I 
IMB1311 IRescans ASSIGNS and associated TMPDS from stack in reverse order. 
I I 
f MB1316 ITests for end of stack. 
I I 
f MB1318 f Tests for pseudo-varaible TMPD. 
I I 
f.MB1320 f Generates code for pseudo-variable. 
I I 
f MMV3A5 f Moves one triple to output. 
I I 
IMVTMPD !Places temporary descriptor in stack. 
I I 
f OUTMPD f Places temporary descriptor in output string. 
I I 
f SWITCH IChanges scanning table. 

:TARGET lobtains temporary workspace for pseudo-variable, if necessary. 
L------------------~--------------------------------------------------------------------
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•Table MD. Phase MD Pseudo-Code In-Line Functions 
r----------------------------------T---------------T-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I · Routine I Subroutines Used I 
·-------------------------------+------·---------+-----------------------------------~ I IScans text IPhase· KT (SCAN>INone I 
1-----------------------------------+---------------+----------------------------------~ 
I Builds up function stack I LFARIN I None I 
·-----------------------------------+---------------+-----------------------------------~ I Builds up argument stack I LFCOK I l-.one I 
·----------------------------------+---------------+-----------------------------------~ 1 I Moves generated code to output I LF?ot.10VE I MV3 (KT) I 
I block I I I 
·-----------------------------------+---------------+---~-------------------------------~ 
IGenerates in-line code and ILFEOF2 ISNAKE,ROPE I 
llibrary calling sequences I I I 
L------------------------------~-----L---------------L-----------------------------------J 

Table MDl. Phase MD Routine/Subroutine Directory 
r------------------T-------------------------------------------------------------------1 
ILF~RI1 IContinues scan for in-line functions. 
I I 
ILFARIN IBuilds up function stack. 
I I 
ILFCOM IBuilds up argument stack. 
I I 
ILFDR IUnpacks dictionary reference of argument when argument triple found. 
I I 
ILFEOF2 ICalls subroutines to generate in-line code. 
I I 
ILFIGN !Removes triple from text if inside an in-line function. 
I I 
ILFSPEC IBranches if IGNORE triple or not an in-line function. 
I I 
IROPE IGenerates code for STRING function. 
I I. . 
I SNAKE I Generates code for ADDR £unction. . 

L------------------L---------------~----------------------~-------~---------------------
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•Table ME. Phase ME Pseudo-Code In-Line Functions 
r-----------------------------------T---------------T-----------------------------------
1 ' • I Main Pro:essingl 1 
I Statement or Operation Type I Routine I Subroutines used I 
~-----------------------------------+---------------+-----------------------------------~ I !Scans and moves text IPhase KT (SCAN>ISC1,SC2,SC3,SC5,MV3 I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ISFUNC IZDRAOF I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs result TDB and branches ISFNPM IMS4,MS5,MSB,RTAA,RTAB,INDEX, I 
Ito routines for INDEX, UNSPEC, I IILUNSP,EVENT,ZDRAOF,STATUS I 
I COMP LET I ON, and STATUS I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDeletes current triple ISIGN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
fBuilds up argument stack ISDCOM · IZDRAOF I 
·-----------------------------------+---------------+-----------------------------------~ 
IInspects arguments and branches to IMSB IRTB,RTC,RTD,RTE,RTF,RTG,RTH I 
tappropriate subroutine I I I 
L-----------------------------------~---------------'------------------------------------J 

Table M'El. Phase ME Routine/Subroutine Directory 
T------------------T---------------------------------------------------------------------1 
I :Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
EVENT Generates in-line code for COMPLETION function. I 

FINISH 

ILUNSP 

INDEX 

MSB 

Passes control to the next phase. 

Generates in-line code for the UNSPEC function. 

Generates in-line code for optimizable invocations of the function 
INDEX. 

calls subroutines to generate in-line code. 

MSG IResets current flag and continues scan. 
I 

IRLC~OF IReleases module and passes to next phase. 
I I 
IRTAA fGenerates in-line code when the result is in a register by name, and 
I lthe second argument is constant. 
I I 
f RTAB IGenerates in-line code when the result is in a register by name, and 
I lthe second argument is variable. 
I I 
IRTB f Generates in-line code for the case when the first argument is an 
I f aligned bit string, and the second and third arguments are both 
I f constant. 
I I 
f RTC f Generates in-line code in the case when the first argument is a 
I !character or aligned bit string, the second argument is constant and 
I lthe third variable. 
I I 
IRTD f Generates in-line cOde when the first argument is a character or 
I laligned bit string, the second is constant and the third is not 
I I present. 
I I 
IRTE !Generates in-line code when the first argument is a packed bit 
I tstring, and the second is constant. 
I I 
IRTF f Generates in-line code when the first argument is a character 
I tstring, and the second and third are both variable. 

I 
t 

i------------------~--------------------------------------------------------------------
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Table MEl. Phase ME Routine/Subroutine Directory (continued) 
T------------------T--------------------------------------------------------------------1 
IRoutinP./Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
IRTG IGenerates in-line code ~hen the first argument is a character 
I f string, the second is variable, and the third in not present. 
I I 
IRTH IGenerates in-line code when the first argument is a bit string, and 
I lthe second is variable. 
I I 
ISBERR Error routine. 
I 
ISBGNER 
I 
ISBGNOR 
I 
f SBGTNR 
I 
ISCAN 
I 
ISCINIT 
I 
ISDCOM 
I 
ISFHPM 
I 
ISFUNC 
I 
ISIGN 
I 
I STATUS 
I 
f STRUT2 
I 
ISUBl 
I 
I 

SUB3 

SUB4 

SUBS 

SUB6 

ISUB7L 
I 
ISUB7R 
I 
ISUB9 
I 
IZDRAOF 
I 

Gets the next even register and sets the even/odd bit on. 

Gets the next odd register and set= 'he even/odd bit on. 

Gets the next available symbolic unassigned register. 

Scans for the next triple of interest. 

Initializes pointers and text blocks. 

IBuilds up argument stack. 
I 
IGenerates in-line code. 
I 
IBuilds up function stack. 
I 
IDeletes current triple. 
I 
IGenerates code for STATUS function. 
l 
IConstructs a string dope vector. 
I 
IGenerates code to place the address of the first argument plus a 

into a symbolic register. lliteral offset 
I 
IGenerates a ST and DROP instruction, optionally followed by a MVI 
I instruct.ion. 
I 
f Constructs a dictionary entry for the constant JJ, and generates an 

MVC instruction. 

Generates two STH instructions, followed by a DROP instruction. 

Generates an RX instruction to operate on a TDB by a register, 
optionally followed.by an instruction to drop any register used in 
addressing the TDB item. 

Generates SR, SLDL, OR instructions. 

Generates SR, SRDL, OR and DROP instructions. 

Calculates correct values for ~LEN, IOFF and Y. 

IConverts a dictionary reference to an absolute address. 
I 

I 
I 
I 
I 
I 
I 
I 
I 

1 ZURCOF I Releases scratch core. I 
i------------------i-------------~------------------------------------------------------J 
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• Table MG. Phase MG Pseudo-Code In-Line Functions 1 

r-----------------------------------T---------------T-----------------------------------1 
I I M~in Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·---------~-----------------------+---------------+-----------------------------------~ I IScans text IPHASE KT (SCAN)INor.e I 
·-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM I None I 
·-----------------------------------+---------------+-----------------------------------~ I IMove generated code to output ILFMOVE IMV3 (KT) I 
I block. I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code ILFEOF2 IABBFLL, ABBFLS, ABSFB, ABSFD, I 
I I IALLOC2, CEILB, CEILD, CEILL, I 
I I ICEILS, CMPLXB, CMPLXD, CMPLXL, I 
I I ICNASTR, CNVINT, CONJGB, CONJGD, I 
I I ICONJGL, CONJGS, ERRFUN, FLOORB, I 
I I I FLOORD, FLOORL I FLOORS, Il.fAGB, I 
I I IIMAGFD, IMAGL, !MAGS, REALB, I 
I I IREALFD, REALL, REALS, SBGTNR, I 
I I ITRUNCB, TRUNCD, TRUNCL, TRUNCS, 1 
I I (UNSPEC, UTTEMP I 
L-----------------------------------~---------------1.-----------------------------------J 

Table MG1. Phase MG Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IABBFLL !Generates in-line code for ABS function with long floating-point 
I iargument. 
I 
IABBFLS 
I 
I 
IABSFB 
I 
IABSFD 
I 
IALLOC2 
I 
ICEILB urn> 
I 
I 
ICEILD (MH) 

I 
I 
ICEILL (Mo) 
I 
I 
ICEILS (MH) 
I 
I 
ICMPLXB 
I 
I 
ICMPLXD 
I 

Generates in-line code for ABS function with short floating-point 
argument. 

Generates in-line code for ABS function with fixed binary argument. 

Generates in-line code for ABS function with fixed decimal argument. 

Generates in-line code for ALLOCATION function. 

Generates in-line code for the CEIL function with fixed binary 
argument. 

Generates in-line code for the CEIL function with fixed decimal 
argument. 

Generates in-line code for CB~L function with long floating-point 
argument. 

Generates in-~ine ~vue for the CEIL function wi~h short 
floating-point argument. 

Generates in-line code for COMPLEX function with fixed binary 
argument. 

Generates in-line code for COMPLEX function with fixed decimal 
argument. 

I 
ICMPLXL Generates in-line code for COMPLEX function with long floating-point! 
I argument. I 

\cNASTR constructs assignment triple and associated TMPDS. I 
I d · 1 · . . f · a b" 1

1 
I CNVIN'I· Converts a ec1ma integer constant to .. ixe 1nary. 
L------------------i--------------------------------------------------------------------J 
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Table MGl. Phase MG Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 IRotitine/Subroutinel · Function I 
~------------------+---------------------------------------------------------------------~ ICONJGB IGenerates code for the CONJG function with fixed binary arguments. 
I I 
ICONJGD f Generates in-line code for the CONJG function with fixed decimal 
I I arguments. 
I I 
ICONJGL Generates in-line code for the CONJG function with long 
I floating-point arguments. 
I 
ICONJGS 
I 
I 
IERRFUN 
I 
f FLOORB (MH) 
I 
I 
IFLOORD (Md) 

I 
I 
-I FLOORL Olli) 
I 
I 
IFLOORS (Md) 

I 
I 
IIMAGB 
I 
I IM..1'GFD 
I 
I 
IMAGL 

IMAGS 

LFARIN 

LFARil 

LFCOM 

ILFDR 
I 
ILFEOF2 
I 
ILFEOF3 
I 
I 
ILFIGN 
I 
ILFMOVE 
I 
ILFSPEC 
I 

Generates in-line code for the CONJG function with short 
floating-point arguments. 

Aborts if Phase IM discovers an error in a function. 

Generates in-line code for the FLOOR function with fixed binary 
argument. 

Generates in-line code for the FLOOR function with fixed decimal 
argument. 

IGenerates in-line code for 
lfloating-point argument. 

the FLOOR ·function with long 

I 
!Generates in-line code for 
lfloating-point argument. 

the FLOOR function with short 

I 
I Generates in-line code for IMAG function with fixed binary argument. 
I 
I Generates in-line code for IMAG function with fixed decimal 
I argument. 
I 
Generates in-line code for IMAG function with long floating-point 
argument. 

Generates in-line code for IMAG function with short floating-point 
argunient. 

Builds up function stack. 

Continues scan for in-line functions. 

Builds up argument stack. 

Unpacks dictionary reference of argument when argument triple found. 

calls subroutines to generate in-line code. 

IDepending on start of argument list. branches to produce in-line 
tcode. 
I 
I Removes triple from text if inside an in-line function. 
l 
IMoves generated code to output block. 
I 
IBranches if IGNORE triple or not an in-line function. 
I 

IREALB IGenerates in-line code for REAL function with fixed binary argument.I 
L------------------i-----------------------------------------~--------------------------J 
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Table MGl. Phase MG Routine/Subroutine Directory (cont'd} 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+-------------------~------------------------------------------------~ 
IREALFD Generate in-line code for REAL function with fixed decimal argument. 

· 1 
IREALL 
I 
I 
I REALS 
I 
I 
ISBGTNR 
I 
ITRUNCB (MH) 

I 
I 
ITRilllCD (MB) 
I 
I 
ITRUNCL (Mil) 

I 
I 
I TRUNCS om> 
I 

.. 
-. . ' 

Generate in-line code for REAL function with long floating-pain~ 
argument. 

Generates in-line code for REAL function with short floating-point 
arguroent. 

Get next ava.ilable symlx>lic register. 

Generates in-line code for the function TRUNC with fixed binary 
argument. 

Generates in-line code for the TRUNC function with fixed decimal 
argument. 

Generates in-line code for the TRUNC function with long 
floating-point arguments. 

Generates in-line code for the TRUNC function with short 
floating-point argument. 

I 
IUNSPEC (MH) Generates in-line code for the UNSPEC function. 

f uTTEMP Gets a required amount of temporary work space. 
L------------------~------------------------------------------------------------;..._ _____ _ 
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•Table MI. Phase MI Pseudo-Code In-Line Functions i 

r-----------------------------------T---------------T-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ I I scans text I P.i:IASE KT (SCAN) I ~one I 
·-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN I None I 
·-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM INone I 
·-----------------------------------+---------------+-----------------------------------~ I IMove generated code to output blocklLFMOVE IMV3 (KT) I 
·-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code ILFEOF2 IMAXB, MAXD, MAXL, MAXS, MINB, MIND,! 
I l IMINL, MINS, MODB, MOOD, MO~L, MODS,I 
I I IROUNDB, ROUNOD, ROUNDL, ROUNDS I 
L-----------------------------------.1.---------------L-----------------------------------J 

Table MI1. Phase MI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
ILFARIN IBuilds up function stack. 
I I 
I Li'COM I Builds up argument stack. 
I I 
ILFEOF2 ICalls subroutines to generate in-line code. 
I l 
ILFMOVE IMoves generated code to output block. 
I I 
IMAXB/MIUB (MJ) IGenerate code for MAX/MIN function ~ith fixed binary arguments. 
I I 
IMAXD/MJ.ND (MJ) tGenerate.in-line code for MAX/MIN function with fixed decimal 
I I arguments. 
I l 
IMAXL/MINL (MJ) IGenerate in-line code for MAX/MIN function with long floating-point 
I I arguments. 
I I 
IMAXS/MINS (MJ) IGenerate in-line code for MAX/MIN function with short floating-point 
I I arguments. 
I I 
IMODR (MJ) IGenerates in-line code for MOD function with fixed binary arguments. 
I I 
IMODD (MJ) lGenerates in-line code for MOD function with fixed decimal 
I I arguments. 
I I 
IMODL (MJ) !Generates in-line code for MOD function with long floating-point 
I I arguments. 
I I 
IMODS (MJ) !Generates in-line code for MOD function wi~h short floating-point 
I I arguments. 
t I I 
IROONDB IGenerate in-line code for ROUND function with fixed binary argument.I 
I I I 
JROUNDD IGenerates in-line code for ROUND function with fixed decimal I 
I I argument. I 
I I I 
IKOUNDL IGenerate in-line code for ROUND function with long floating-point I 
I I arguments. I 
I I I 
IROUNDS !Generate in-line code for ROUND function with short floating-point I 
I I arguments. I 
L~----------------~--------------------------------------------------------------------J 
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•Table MK. Phase MK Pseudo-Code In-Line Functions 3 
r-----------------------------------T------------- ·-T-----~----------------------------1 
I IMain Processinql I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ I IScans text !PHASE KT (SCAN>INone I 
~-----------------------------------+---------------+-----------------------------------~ 
!Builds up function stack ILFARIN INone t 
·-----------------------------------+---------------+-----------------------------------~ 
tBuilds up argument stack ILFCOM I None I 
·-----------------------------------+---------------+-----------------------------------~ I !Move generated code to output blockf LFMOVE IMV3 (KT) I 
~-----------------------------------+---------------+-----------------------------------~ 
!Generates in-line code ILFEOF2 IDIM, HBOUND, LBOUND, LENGT, SIGNFB,f 
I I ISIGNFD, SIGNL, SIGNS, FREBIF I ._ __________________________________ i ______________ -1, ___________________________________ J 

Table MK1. Phase MK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
IDIM Generates code for DIM function. 
I 
IFREBIF Generates code for FREE function. 
I 
IHBOUND Generates code for HBOUND function. 
I 
f LBOUND Generates code for LBOUND function. 
I 
ILENGT Generates code for LENGTH function. 
I 
ILFARIN Builds up function stack. 
I 
ILFCOM !Builds up argument stack. 
I I 
ILFEOF2 !Calls subroutines to generate in-line code. 
I I 
ILFMOVE !Moves generated code to output block. 
I I 
f SIGNFB !Generates code for SIGN function with fixed binary argWTient. 
I I 
ISIGNFD IGenerates code for SIGN function with fixed decimal argument. 
I I 
ISIGNL I Generates code for SIGN function with short floating point a.rgument. 

:SIGNS 'Generates code for SIGN function with short floating point argument. l __________________ i ___________________________________________________________________ _ 

288 



• Table ML. Phase ML Pseudo-Code Calls and Functions 
r-------------------------------~----r---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i I !Scans text IPHASE KT (SCAN>INone I 
·-----------------------------------+---------------+-----------------------------------1 I Identifies argument of procedure I FPFNAR I None I 
I invocation I I · I 
·-----------------------------------+---------------+-----------------------------------~ ISelects generic built-in function IFPBIF IFPARDl I 
·-----------------------------------+---------------+-----------------------------------~ fSelects PL/I generic entry name IFPGAR IFPARD2, FPARD3, GNSECO I 
L-----------------------------------J._--------------L-----------------------------------J 

Table MLl. Phase ML Routine/Subroutine Directory 
r------------------T-------------------------------------------------------------------1 IRoutine/Subroutinrt Function I 
~------------------+---------------------------·-------------------------------------~ IFPAOl Scans for next argument. 
I 
IFPARDl Obtains parameter descriptions relating to built-in function 

arguments. I 
I 
FPARD2 

FP.ARD3 

FPBIF 

Obtains succ~ssive parameter descriptions relating to the entry 
description of a PL/I generic procedure. 

Obtains and stacks full parameter description of a PL/I generic 
procedure. 

Selects generic built-in functions. 

FPEPCO IConstru~ts an entry parameter. 
I 

FPFNAF IIdentifies arguments of procedure invocations. 
I 

FPGAR tselects PL/I generic entry name. 
I 

GNFM2 f Replaces generic reference testing for uniqueness. 
I 

IGNSECO IMakes entry in stack of parameter descriptions. 
L------------------~-------------------------------------------------------------------

•Table MM. Phase MM PseuJo-Code Calls and Functions 
r------------------------------------r---------------T----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I RoutinP. I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ I IScans text ·tPHASE KT (SCAN)INone I 
.-----------------------------------+---------------+-----------------------------------1 tscans list, counts arguments and ICFCALL ICFARID, CFFBIR, CFFDVS, CFMVTR, I 
)identifies storage class I ICFMVCD I 
·-----------------------------------+---------------+-----------------------------------~ IRescans list and generates calling ICFCFSS ICFARHA, CFCALP, CFBIFH, CFMLBR, I 
f sequence for library routine I fCFMVCD, CFNEST, UTTMPW, CFAlFl, I 
I I I BASED I 
L-----------------------------------~---------------L-----------------------------------J 
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Table MMl. Phase MM Routine/Subroutine Directory 

r---------~------T--------------------------------------------------------------------1 I Routine/Subroutine I · Function I 
·------------------+--------------------------------------------------------------------~ IBASED (MO) IGenerates relocation code for based variables. 
I I 
IBEGIN IInitializes phase. 
I I 
ICFALFl (MO) IPlaces address of invoked routine at the head of its argument list. 
I I 
ICFARBA IGenerates calling sequence. 
I I 
ICFARID (MO) ICounts argwnents and sets STATIC/AUTO flag. 
I I 
ICFBIFH IFurther built-in function identification with relevant parameter 
I tsetting~ 
I I 
ICFB04 IRestores previous environment. 
I I 
ICFB021 ITests nature of function found. 
I I 
ICFB036 IRestores pointer to start of invocation. 
I I 
ICFCALL jScans lists, counts arguments, identifies storage class. 
I I 
ICFCALP ICompletes calling sequence and, if necessary, generates code to 
I I initialize dope vector. 
I I 
ICFC03C ITests for nested function. 
I I 
ICFCFSS !Rescans list and generates calling sequence for Library routine. 
I I 
ICFEXIT l~Tansfer vector after first scan. 
I I 
ICFFBIR I Identifies built-in functions, sets parameters for calling sequence 
I I generation. 
I I 
ICFFDVS (MN) !Reserves output text area for generation of code to initialize dope 
I 1vector when a function returns a string. 
I I 
f CFL06 IGenerates code to set up result dope vector. 
I I 
ICFL043 IGenerates code to place result address in argument list. 
I I 
JCFMLBR (MN) IGenerates code to move a skeleton parameter list which is greater 
I lthan 256 bytes. 
I I 
ICFMVCD !Generates pseudo-code into the output text block. 
I I 
ICFMVTR !Generates triple into the output text block. 
I I 
ICFNEST IHandles a nested situation. 
I I 
ICFY007 ISets parameters to produce special calling sequences. 
I I 
IUTTMPW (MN) IAllocates one word of workspace. 
L------------------~--------------------------------------------------------------------
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• Table MP. Phase MP Pseudo-code BUY Reorder 

r-----------------------------------T---------------,.-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines used I 
·-----------------------------------+---------------+-----------------------------------~ I I Main scan routine for phase f MPl I SCAN(XT), ZDRFAB, ZTXTRF, ZUERR I 
L-----------------------------------L---------------L-----------------------------------J 

•Table MPl. Phase MP Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ IUTOS f Adds SELL dictionary reference to SELL list if not already there. 
I I 
IMP1 Main controlling routine for rearranging BUY and SELL statements 
I involved in obtaining VDAs for adjustable length string temporaries. 
I 
IMP3 
I 
IMP4 
I 
IMP~A 
I 
IMPS 
I 
I 
IMP23 
I 
IMP26 
I 
IMP27 
I 
IMP28 
I 
IMP29 
I 
IMP30 
I 
IMP31 
I 
IMP86 
I 
IMP87 
I 
IMPS 
I 

Processes EOP triple. Releases control of phase. 

Processes BUYS triple. 

Processes BUYX triple. 

Continues text scan if not string or arithmetic data, or not 
structure. 

continues scan of text. 

Processes BUYS triple. 

Processes BUY ASSIGN triple. 

Processes BUY triple. 

Processes SUBSCRIPT triple. 

Processes ASSIGN triple. 

Accesses top stack entry. 

Tests triple for BUYX, and processes. 

Scans for BOYS, BUY, and SELL triples. 

Processes SELL triple. 

llSCAN(:KT) fGeneral scan routine. 
I I 
IZDllFAB !Converts dictionary reference to absolute address. 
I I 
IZTXTRF IChan9es absolute address to a text reference. 
I I 
IZUERR IMakes error message entries. 
L------------------L---------------:-----------------------------------------------------
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•Table MS. Phase MS Pseudo-Code subscripts 
r-----------------------------------"T---------------,.-----------------------------------1 I IMain Processingl I 
I Statement or Operation Type I° Routine I subroutines Used I 
1-----------------------------------+---------------+-----------------------------------i 
IScans text ISBSCAN INone I 
~-----------------------------------+---------------+-----------------------------------~ ICalculates element offset ISBSTIH ISBASS, SBCOBI, SBGNOR, SBMVCD, I 
I I ISBNEST, SBSUBP, SBSUDV, SBXOP, I 

I I I IUTTEMP, SBOPT, SBFSUB, UTTMPH I 
~-----------------------------------+---------------+-----------------------------------i 
IChecks subscript range ISBSBRN INone I 
L-----------------------------------L---------------L--~--------------------------------J 
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• Table MS1. Phase MS Routine/Subroutine Directory 

r-----------------T-----------~-----------------------------------------------------1 
I Routine/Subroutine I Furlction I 

~----------------+------------------------------------------------------------------1 
ISBASS Updates scan pointer over an assigmnent. 
I 
I SBCOBI (M'I') Converts subscript to binary integer. ·,.f 

I 
I ISBCOMR (MT) Handles COMR triple 

I 

I 
SBERR (MT) Puts error message into dictionary. 

SBFSUB 

SBGNOR (MT) 

SBMVCD (MT) 

SB NEST (MT) 

SBOFFS (MT) 

SB OPT 

SBSBRN (MT) 

SB SCAN 

SBSTIB 

SB SU BI 

SBSUBP (MT) 

SBSUDV 

SBSOS 

SBS06 

SBS002 

SBS029 

SBS059 

SB TR ID 

SCAN(KT) 

IUTTEMP (MT) 
I 

Tests the FIRST flag setting if it is not already set, and exits 
unless FIRST was unset on entry 

Allocates an odd symbolic register. 

Generates pseudo-code and moves it into output text block. 

Handles nested subscript situation. 

Handles OFS triple 

Calculates element offset in optimizable cases. 

Checks subscript range. 

~ranches to KT for scan. 

Generates code to calculate element offset. 

Saves array name. 

Handles end of subscript list. 

Generates code to set up the dope vector of an array of adjustable 
strings. 

f Generates code to multiply subscript by multiplier. 
I 
ICompiles code to convert to fixed binary. 
I 
IChecks for occurrence of subscript. 
I 
IGenerates code to multiply subscript by 4 or 8. 
I 
IGenerates multiply halfword code modifications 
I 
IScans for comma, subscript prime, or subscript triple. 
I 
IControlling scan of text. 
I 
IAllocates workspace. 
I 

llUTTMPH(MT) IGets two bytes of storage on a halfword boundary I 
L---------------.1.-------------------------------------------------------------J 
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•Table NA. Phase NA Pseudo-Code Branches. ON, Returns 
r-----------------------------------T---------------,.-----------------------------------1 
I IMain Processinql I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 

I ~=~~:~~=~~=~-~~~:-~=~~~-------------t~~=~=:---------t~==~=:-~~:~------------------------~ tscans text for next triple of INASCl, NASC2, 1sc1, sc2, SC3 Call in KT> I 
!interest to user INASC3 I I 
·-----------------------------------+---------~-----+-----------------------------------~ 
!Processes STOP statements ISTOP INAUTl I 
~-----------------------------------+---------------+-----------------------------------~ 
jProcesses EXIT statements IEXIT INAUTl I 
~-----------------------------------+---------------+-----------------------------------~ 

I ~:=~======~:-~=~~===---------------t=:-------------t~~~:~~-~~~:=~~-~~~:~=~-~~:~:=------~ IProcesses ON triples ION INAUTD, NAUT6, NAUT16, SCS(KT) I 
~-----------------------------------+---------------+-----------------------------------~ 
!Produces Library call at end of IPROCP, BEGINP INAUTl I 
leach PROCEDURE or BEGIN block in I I I 
tsource text I I I 
~-----------------------------------+---------------+-----------------------------------~ I !Proces~es RETURN triples IRETURN INAUTl I 
·-----------------------------------+---------------+-----------------------------------~ 
!Processes function RETryR~J INA3002 INAUTB, NAUTCA, NAUTl, NAUT12 I 
!statements for one data type I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Processes function RETURN state- INA3013 INAUTA, NAUTB, NAUTCA, NAUTD, NAUTF,1 
troents for more than one data type I INAUTl, NAUT7, NAUT8, NAUT9, NAUT11,I 
1 I INAUT12 I 
~-----------------------------------+---------------+-----------------------------------~ 

11 Processes GOTO triples I GOTO I NAU'l'D I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes GOLN triples I GOLN I NAU'IJ I 
;-----------------------------------+---------------+-----------------------------------~ 

1r;;~~;;~~~ :~~~~~~;~~i~;-----------t~~~~-~--~~~~~-~i~~~i~~~~~~in:~~~--~-1 
I I I NAUT10, NAUT21 I 
~-----------------------------------+---------------+-----------------------------------~ 

11 Processes REVE~T triples I REVERT I NAUTD, SC5 (KT) . I 
L-----------------------------------~---------------~-----------------------------------J 
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• Table NA1. Phase NA Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
IEXIT IProcesses EXIT statements. 
I I 
IGOOB IProcesses GOOB triples. 
I I 
IGOTO f Processes GOTO triples. 
I I 
IGOLN IProcesses GOTO label number (GOLN) triples. 
I I 
IIF IProcess~s IF triples. 
I I . 
INAINIT Initializes text blocks. 
I 
INASC1/NASC2/NASC3 
I 
INAUTA 
I 
I 
INAUTB 
I 
INAOTCA 
I 
INAUTD 
I 

Scan text·for next triple of interest to user. 

Generates pseudo-code to test switch value at RETURN (function 
value) statement for more than one data type. 

Generates assignment triple to RETURN function result. 

Generates assignment triple set up by NAUTB. 

Generates indicated pseudo-code. 

f NAUTF Generates pseudo-code to branch to EQU value. 

L------------------~--------------------------------------------------------------------
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•Table NAl. Phase NA Routine/Subroutine Directory (cont'd) 

r------------------T--------------------------------------------------------------------1 I Routine/ Subroutine I . Function I 
~------------------+--------------------------------------------------------------------~ 
INAUT1 Generates call to indicated library routine. 
I 
I NAUT2 
I 
I 
INAUT5 
I 
INAUT6 
I 

NAUT7 

NAUT8 

NAUT9 

NAUT11 

NAUT12 

NAUT16 

I 
I 
f NAlJTl 7 
I 
I NA rJ'I'l B 

1 
I NAU'l.'21 

I 
I 
I NA1100 
I 
I NA1140 
I 
INA3002 
I 
JNA3005 
I 
INA3013 
I 
INAC3003 
I 
INA8010 
I 
INA8012 
I 

I IOH 

' IPROCP/BEGINP 

' I RETURN 

Moves indicated pseudo-code, deletes current triple, continues text 
scan. 

Makes dictionary entry for indicated library routine. 

Updates current symbolic register value. 

On entry, register BR points at an entry label dictionary entry. On 
normal exit from the routine, register BR points at the next label 
dictionary entry. Abnormal exit indicates that there are no further 
labels on the current PROCEDURE or ENTRY statement. 

Bump EQU* value for branch pseudo-code item. 

Bump return switch value to be used for current entry label. 

For current entry label, generate appropriate EQU* pseudo-code item. 

Conv~rts current label dictiqnary reference to an absolute address. 

converts dictionary reference of triple second operand to absolute 
address, loads address into register BR. 

!Makes 
I 

dictionary entry for maximum negative number. 

lf.t'!akes indicated dictionary entry. 
I 
!Generates pseudo-code to compare source bit string, making library 
!comparison routine dictionary entry, if necessary. 
I 
!Tests for SNAP. 
I 
jUsing NAUTD, generates code for ON-units. 
I 
!Processes function RETURN statements for one data type. 
I 
!Outputs assignment triple. 
I 
I Processes function RETURN statements for more than one data type. 
I 
Generates pseudo-code for branch and mask, labels. 

converts ID to bit-string. 

outputs pseudo-code. Compares bit-string to zero. 

Processes ON triples. 

Produce Library call at end of each procedure in source text. 

Processes RETURN triples. 

' IREVERT Process~s REVERT triples. 
I I 
ISIGNAL !Processes SIGNAL triples. 
I I 
ISTOP !Processes STOP triples. 
I I 
IZSTUTl I String utility in Phase LV to provide a dope vector for a specified 
I I string. 
L------------------~--------------------------------------------------------------------
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•Table NG. Phase NG Pseudo-Code Operating System Services 
r-----------------------------------T--------------~-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+-------------~-+-----------------------------------~ IProcesses ALLOCATE statements for IALOCAT ICALIB, FALUTl I 
I based variables I I I 
t--------~------------------------+---------------+-----------------------------------t 
IProcesses DELAY statements IDLAY ICALIB, INTEG, SCAN (KT) I 
t-----------------------------------+---------------+-----------------------------------i IProcesses DISPLAY statements IDSPY ICALIB, CHAR, ENDLST, I 
' I I SCAN (KT) • STORAD I 
·-----------------------------------+---------------+-----------------------------------~ 
!Processes FREE statements for basedlFREE ICALIB, FALUTl I 
I variables I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IProcesses WAIT statements IWAIT ICALIB,INTEG,SCAN(KT),OPLAST 1 
L-----------------------------------~---------------~-----------------------------------J 

• Table NGt. Phase NG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I FUnction I 
·--~---------------+--------------------------------------------------------------------~ 
ICALIB IGenerates part of calling sequence and makes dictionary entry for 
I ILibrary routine. 
I I 
ICHAR (NH) IConverts a given argument to character string. 
I I 
fDLAY !Processes DELAY statements. 
I I 
IDSPY !Processes DISPLAY statements. 
I I 
IDSPY3 !Tests that operand is character variable. 
I I 
IDSPY~ jMakes dictionary entry for parameter list. 
I I 
IDSPYlO !Scans for REPLY option. 
I I 
IENDLST Complet(~S pardmeter list and makes dictionary entry for it. 
I 

I IFALUTl 
I 
I 
1 
IINTEG (NH) 

I 
I INGO 

I 
IOPLAST 
I 

Examines aryu.~ent of ALLOCATE or FREE statements to see if variable 
is based and forms RDV in workspace to prepare for call to the 
library. 

Converts a given argument to an integer. 

Scans to next statement. 

Builds up parameter list in workspace. 

ISTORAD Stores an address in a parameter list. 
L------------------~--------------------------------------------------------------------
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• Table NJ. Phase NJ Pseudo-Code RECORD I/O 
r-----------------------------------,---------------,.-----------------------~-----------, 
I I M~in Processing I · I 
I Statement or Operation Type I Routine I subroutines used I 
·-----------------------------------+---------------+----------------------~------~-----i f IInitialize Phase NJ by calling in ISTRTNJ IZLOADW (AA), SCINIT (KT), SC1 (KT) I 
!block NK and initializing SCAN I I I 
I utility I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Initializes switches and flags to INUSTAT ITXTEST I 
!indicate start of new statement. I I I 
!Determines RECORD-oriented I/O verbl I I 
land goes to appropriate routine I I I 
·-----------------------------------+-------~-------+-----------------------------------~ 

llGets next triple of interest, ISCNOPT fSC3 (KT), TXTEST, SCAN01, CMPERR I 
I converts to internal code a~d I ITXTERR, ZABORT <AA> I 
!selects the appropriate routine to I I I 
!process it I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Processes FILE option of RECORD- IFILOPT ITXTARG, DYNMPL, LAONLY, STDROP, I 
!oriented I/O by placing dictionary I ICMPERR, TXTERR, WRKSPC, MVPSCD, I 

llreference of FILE Declare DCB in I IZTXTRF (KT), SYMREG, MV3 (KT) I 
lthe appropriate slot of the I I I 
!parameter list. The parameter listl I I 
f is in STATIC if file constant, I I I 
!WORKSPACE if file parameter I I I 
·-----------------------------------+---------------+----------~-----------------------~ !Establishes the record dope vector IINTFRM f TXTARG, CMPERR, DYNMPL, IAONLY, I 
I (RDV) for the triple operand and I I STDROP; LAOSM2:, CRDV, : TXTERR, I 
lplaces the address in the second I IZABORT (AA), WRKSPC, MVPSCD, TXTRF,I 
Islet of the parameter list unless I ISYMREG, ZDRFAB (AA), CALLIB, I 
lthe operand of the INTO triple is I IZDICRF (AA), REFRDV, SCALAR, I 
IA varying string, in which case it I IPNTRDR, BSDRDV I 
!places the address of the string I I I 
jdope vector of the operand in the I I I 
f second slot in the parameter list. I I I 
L---~-------------------------------L-------------~-1-----------------------------------J 
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s Table NJ. Phase NJ Pseudo-code RECORD I/O (cont• d) 

..-----------------------------------r--------------"""'T-----------------------------------1 I I Main Process in9 l I 
I Statement or Operation Type I Routine I Subroutines Used I 
1-----------------------------------+---------------+----------------------------------~ 
IProcesses the operand of the ILOCOPT ITXTARG, ZDICRF, PNTRDR, ~CAI.AR, 
ILOCATE triple by establishing the I LOCRDV, CMPERR 
IRDV for the triple operand and I 
lplacin9 this address in the second I 
lslot of the parameter list. It I 
testablisbes the pointer qualifier I 
tof the based variable and saves I 
lthis, either to be used, or to be I 
toverwritten by the operand of a SETI 
ltriple. It establishes a compiler I 
llabel and puts this in the third I 
tslot of the parameter list in ordert 
Ito tell the library where to I 
treturn, so that code assiqnin9 the I 
f pointer value returned in the RDV I 
Ito the saved pointer operand is I 
tavoided. It then initializes the I 
lbased variables just allocated I 
·-----------------------------------+---------------+-----------------------------------i I Processes KEYTO option of RECORD- IKYTOPT ITXTARG, SCALAR, DYNMPL, LAONLY, I 
Joriented I/O by verifying that its I ISTDROP, NXTMPDI ZSTUT2 (STRUT2 in I 
I arg-ument is a character string, I I LV) , LAOSM2, LAOSM1, TXTERR, I 

l ltben placing it in the appropriate I IZDRFAB <AA>, scs (KT), WRKSPC, I 
lparameter list slot, which may be I IMVPSCD, MV3 (KT), SYMREG I 
I in STATIC or WORKSPACE I I I 
·--------------·--------------------+---------------+-----------------------------------~ IProcesses the ~EY or KEYFROM ~ptiontKEYOPT ITXTARG, SCALAR, DYNMPL, LAONLY, I 
tof RECORD-oriented 1/0 by I ISTDROP, NXTMPD, ZSTUTl (STRUTl in I 
1convertin9 the argument to a I ILV), LAOSMl, LAOSM2, TMPSEL, TXTERRI 
I character string if it is not I I I 
I already a character string and I I I 
lplacing the result in the I I I 
I appropriate parameter list slot: I I I 
I this is either in STATIC or I I I 
I WO.aKSPACE I I I 
·-----------------------------------+---------------+-----------------------------------~ IProcesses the IGNORE option of IIGNOPT ITXTARG, SCALAR, CINTEG, DYNMPL, I 
IRECORD-oriented I/Oby first I ILAONLY, STDROP, MVPSCD, WRKSPC, I 
tchecking that the argument is a I IMVTRPL, LAOSM1, ZDRFAB (AA), I 

llscalar and then converting to a I ICMPERR, TMPREF, NXTMPD, MV3A <KT), I 
lbinary fixed integer if it is not I IWRRSPC, SYMREG, MV3 (KT) I 
I already a binary fixed integer. I I I 
I The address of the argument is I I I 
lplaced in the appropriate parameterl I I 
llist slot in STATIC or WORKSPACE I I I 
·-----------------------------------+---------------+----------------------------------~ !Processes the event option of IEVTOPT ITXTARG, DYNMPL, LAONLY, STDROP, I 
IRECORD-oriented I/Oby checking I INXTMPD, TMPREF, TXTERR, WRKSPC, I 

llthat the argument is a scalar EVENTI IMVPSCD, ZTXTRF (KT), SYMREF, I 
tvariable and placing its address inl IMV3 <KT) I 
I the appropriate parameter list I I I 
I slot. The parameter list is either I I I 
I in STATIC or WORKSPACE, depending I I I 
I upon the storage class of the ·I I I 
I argument. I I I 
L-------------------------------~-------------.1. ... -------------------------------..J 
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• Table NJ. Phase NJ Pseudo-Code RECORD I/O (cont'd> 
r-----------------------------------~-------------~-----------------------------------, I fMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
f Processes the pointer operand of a ISETOPT f TXTARG, SCALAR, NXTMPD, DYNMPL, I 
f SET triple. If part of a READ I f TMPREF, STDROP, TXTERR I 
f statement, the address of the I I f 
f pointer variable is placed in the I I I 
I second slot of the parameter list. I I I 
f If part of a LOCATE statement, the I I I 
tpointer operand overwrites the I I I 
f pointer taken from the based I I I 
f variable in the LOCATE statement, I I I 
f to be used in the pointer I I I 
f assignment code produced by ENDIO. I I I 
~-----------------------------------+---------------+--~--------------------------------i fAt end of I/O statement, places IENDIO IZDICRF <AA>, LAONLY, IAOSMl, 
fREQUEST_CODE (i.e. IODEF) in sta- I fCALLIB, MVPSCD, ZTXTAB (AA), SELL, 

I ftic constant chain, puts STATIC I f SC3 (KT) SYMREG, TMPREF, 
f parameter list in STATIC chain. I ZDRFAB, MVTRPL, RCBCMN 
f Creates external Library calling I 
f sequence for RECORD-oriented I/O I 
statement as follows: I 

I 
I EPRM 

LA 1, PARM.LIST I 
L 
BALR 
EPRM 

15, RECORD.IO.LIBRARY.ROUT 
14,15 

If there is a WORKSPACE parameter 
list, it updates the MVC or 
parameter list from STATIC to 
WORKSPACE. It checks whether a 
LOCATE statement is being 
processed, for which it generates 

tpseudo-code to assign the pointer 
!value from the RDV to the pointer 
!variable and to initialize the 
f REFER variable of a self-defining 
f structure. It generates an 
f allocate triple to indicate 
f possible initialization of TASK 
f and/or EVENT variables, and a 
tcompiler label triple to mark the 
fend of initialization code for the 
llibrary. It generates any SELL 
f triples accumulated throughout the 
f statement on SELL chain. It 
f cancels the RECORD-oriented I/O 
f option triple codes from the SCAN 
f TRT interest table. It gets the 
f next triple of interest and goes tof 
f NUSTAT to process as a new I 
f statement. I 
L-----------------------------------.L---------------1.----------------------------------_J 
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•Table NJ. Pbase NJ Pseudo-Code RECORD I/O (cont'd) 

r-----------------------------------,---------------r-----------------------------------, ' I - IMain Processingl I 
I Statement or Operation 'l'ype I Routine I Subroutines Used I 

·-----------------------------------+---------------+-----------------------------------i ll:ndicates presence of NOLOCR INLKOPT INone I 
I option. I I I 
1-----------------------------------+---------------+-----------------------------------i llDelete the SELL triple encountered ISELL routine fZDRFAB <AA>, MV3A (KT) I 
lduring scan of RECORD-oriented lat SVSELL or I I 
I 1:/0 statement but puts dictionary I TMPSELL entry I I 
lreference in the SELL chain so thatlpoint I I 
ISELL triple can be regenerated at I I I 
tend of l:/O statement I I I 

·-----------------------------------+---------------+-----------------------------------i IAt end of program, releases own IPRGEND IRLSCTL I 
I modules and turns control over to I I I 
lnext requested phase. I I I 
._________ . --------------------1---------------1.----------------------~------------J 
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Table NJl. Phase NJ Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I - Function I 
~------------------+--------------------------------------------------------------------~ IBSDRDV(NK) IEntry point to CRDV routine which marks it as processing a based 
I tvaria~le in an INTO or FROM option. 
I I 
ICALLIB ICreates pseudo-code to call library routine; indicates call in 
I ldictionary if not previously noted. 
I I 
ICINTEG fChecks whether argument is a binary fixed integer. 
I I 
fCMPERR IIndicates compiler error and ABORT, error code in HOLD register. 
I I 
ICRDV (NK) fConstructs a record dope vector (RDV) entry in WORKSPACE. If the 
I ldope vector descriptor bit is on, then the routine generates a 
I llibrary call to generate the RDV. If the variable has static 
I lextents and is not a string, the RDV is constructed from information 
I lin the RDV dictionary entry. If the variable is a string, then the 
I IRDV is constructed from its string dope vector. 
I I 
IDEFER f Indicates compiler error in the case of a deferred feature not 
I f detected by earlier phase. 
I I 
IDELETE f Establishes DELETE code as REQUEST_CODE. 
I I 
IDYNMPL (NK) !Establishes a parameter list in workspace if one is not already 
I testablished. Calculates workspace offset to particular slot 
I !requested. Establishes a symbolic working register. Establishes 
I f skeleton pseudo-code for LA, ST, and DROP of register into workspace 
I I offset. 
I .1 
f ENDIO f Handles operations at end of I/O statement. 
I I 
IEVTOPT f Processes EVENT option. (Not implemented in second version.> 
I I 
f FILOPT IProcesses .FILE option. 
I I 
f IGNOPT f Processes IGNORE option. 
I I 
IINTFRM !Processes INTO/FROM option. 
I I 
IREYOPT !Processes KEY or KEYFROM option. 
I I 
f LAONLY (NK) outputs pseudo-code for LA into symbolic work register of a 
I dictionary reference without any off set modifiers. 
I 
I LOCRDV ( NIO 

I 
I 
f KY'rOPT 
I 
I LAOSM1 ( N~O 
I 
I 

Entry point to CRDV routine which marks it as processing a based 
variable of a LOCATE statement. 

Processes KEYTO option. 

Establishes pseudo-code for a LA instruction into a symbolic work 
register with the address of WORKSPACE and a literal offset which is 
pointed to the argument register. 

I 
ILAOSM2 (NK) f Generates LA pseudo-code in which both base and offset are in 
I f registers. 
I I 
IMVPSCD (NK) !Puts pseudo-code assembled in pseudo-code area into output text 
I I block. 
I I 
fMVTRPL (NK) !Invokes SCAN utility to move generated triples into output text 
I I block. 

:NLKOPT I Indicates presence of NOLOCK option. 

L------------------~--------------------------~----------------------------------------
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Table N.ll. Phase NJ Routine/Subroutine Directory <cont'd) 

r----------------r--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+------------~-------------------------------------------------------. INUSTAT IHandles operations at start of new statement. 
I I 
INXTMPD IInvokes SCAN utility to get next triple, which is checked to see if 
I lit is a 'l'MPDJ if not, it is an error. 
I I 
I PN'l'RDR I Establishes the seven-byte pointer information slot in a BASED 
I lvariable dictionary entry. 
I I 
IPRGEND f Releases control to next phase at end of program. 
I I 
IRCBCMN ICommons the dictionary entries of request code blocks. 
I I 
IREAD f Establishes READ code as REQUEST_CODE; establishes parameter list 
I I size. 
I I 
IREFRDV (NK) IEstablisbes the address of the RDV dictionary entry in the ARG 
I lregister when given the data variable dictionary address in INDXl. 
I I 
IREWRIT IEstablishes REWRITE code as REQUEST_CODE. 
I I 
ISCALAR IConfirms that dictionary code byte refers to scalar item; ascertains 
I lwhether item is a constant. 
I I 
ISCANOl IIndicates compiler error in the case of a deferred feature not 
I I detected during Read-In. 
I I 
ISCNOPT IGets next triple of interest. branches to appropriate routine. 
I I 
ISCRBOP ISearches options, inserts RECORD-oriented I/O option entries into 
I ISCAN TRT interest table. 
I I 
ISELL (NK) IGenerates SELL triples for all dictionary references in the SELL 
I I chain. 
I I 
ISTDROP (NK) 1outputs pseudo-code to ST contents of symbolic work register into 
I lparameter list slot in workspace set up. by DYNMPL, and the drop of 
I lthe symbolic register. 
I I 
ISTRTNJ IInitializes phase. 
I I 
ISYMREG (NK) IEstablishes symbolic work register. 
I I 
ITMPREF (NR) IGenerates the appropriate LA pseudo-code to load the address of the 
I ltemporary described by TMPD. 
I I 
ITMPSEL (NK) IAdds temporary entry to SELL chain for generation of SELL triple 
I I upon completion. 
I I 
ITXTARG IProcesses second argument of triple. If dictionary reference, 
I testablishes absolute address in INDXl. Returns to LR if zero, i.e., 
I ITEMP, LR+4 if dictionary reference. If null, indicates compiler 
I I error. 
I I 
ITXTERR lwrites error message. 
I I 
ITXTEST tconverts function code of triple interest TRT table to internal key, 
I I and invokes PRGEND if end of program is indicated. 
I I 
IUNLOCK IEstablishes UNLOCK code as REQUEST_CODE. (Not implemented in secondl 
I I version.> I 
I I I 
IWRITE IEstablishes WRITE code as REQUEST_CODE. I 
I I I 
IWRKSPC (NK) IEstablishes the requested workspace area, starting on fullword I 
I I boundary. I 
L-------------.L--------------------------------------------------------J 
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•Table NM. Phase NM Pseudo-Code Executable I/O 

r----------------------------------,----------------,------------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines used I 
·---------------------------------+---------------+-----------------------------------~ IProcesses GET and PUT statements IGET I INSERT, STORAD, INSTFL, GENPC, I 
I I IGENTR, MVTRSP, ENDLST, CALIB, I 
I I ICHAR, INTEG, UTTMPW, SRCERR, I 

I I I ISCAN (KT), STRUTl (LV), STRUT2 (LV)I 
~-----------------------------------+---------------+-----------------------------------~ IProcesses OPEN and CLOSE statementslOPEN IINoERT, STORAD, INSTFL, GENPC I 
I I IGENTR, MVTRSP, ENDLST, CALIB, I 
I I I CHAR, INTEG, UTTMPW, SRCERR, I 

I I I ISCAN (KT), STRUTl (LV), STRUT2 (LV) I 
L---------------------------------~---------------1-----------------------------------J 

Table NMl. Phase NM Routine/Subroutine Directory 
r-----------------T---------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+-------------------------------------~-----------------------i ICALIB <NN) !Generates part of calling sequence and makes dictionary entry for 
I ILibrary routine. 
I I 
CHAR (NN) IConverts a given argument to character string. 

I 
ENDLST (NN) ICompletes parameter list and makes dictionary entry for it. 

I 
GENPC (NN) 1Moves pseudo-code to output. 

I 
GENTR (NN) IMoves generated triples to output. 

I 
GET IProcesses GET and PUT statements. 

I 
GETOO IInitializes switches for GET/PUT. 

I 
I. GET2 0 I PAGE opt ion. 
I I 
IGET85 !Processes end of I/O statement. 
I I 
I INSERT (NN) IInserts dictionary reference in parameter list. 
I I 
IINSTFL (NN) IInserts file reference in parameter list. 
I I 
IINTEG <NN) IConverts a given argument to integer. 
I I 
IMVTRSP (NN) IMoves data and format list triples to output. 
I I 
INMR1 IBegins scan for triples of interest. 
I I 
IOPEN IProcesses OPEN and CLOSE statements. 
I I 
IOPENOO IInitializes switches for OPEN/CLOSE. 
I I 
ISRCERR <NN) !Makes error dictionarr entry. 
I I 
ISTORAD (NN) !Generates pseudo-code to store symbolic register in parameter list. 
I I 
IUTTMPW (NN) IObtains temporary workspace. 
L------------------~------------------------------------------------------------------
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•Table NT. Phase NT Pseudo-Code Data and Format 
r-----------------------------------T---------------,.-----------------------------------, I I Main Processing I I 
I statement or Operation Type I Routine I subroutines Used I 
~-------------------------------~---+----------------+-----------------------------------i !Initializes phase, obtains scratch INTOOOO INone I 
I storage I I I 
~-----------------------------------+---------------+-----------------------------------i I tscans text INT0003 INT0011, NT0014, NT0017, NT0021, I 
I I , t NT0023, NT0024, SC2 (ICT) I 
·-----------------------------------+---------------+-----------------------------------~ !Collects remote format items and INT0011 INone I 
I saves until end of block I I I 
·-----------------------------------+---------------+-----------------------------------~ IAssociates remote format items withlNT0014 INTUT10 I 
I data list i teins I I I 
·------------------------------~--+---------------+-----------------------------------. IMakes entries for Library routines INT0017 INTUT20 I 
trequired for EDIT-directed I/O and I I I 
tcopies skeletons for phase NU into I I I 
I scratch storage, then releases I t I 
I phase I I I 
·-----------------------------------+---------------+-----------------------------------~ !Identifies type of data list item INT0021 INone I 
land enters the type code in a list I I I 
·------------~--------------------+---------------+-----------------------------------~ !Associates format and data list INT0023 INTUT10 I 
litems and marks INCLUDE matrix I I I 
·--~--------------------------------+---------------+-----------------------------------. IIdentifies type of format list itemlNT0024 tNone I 
I and enters the type code in a list I I I 
·-----------------------------------+---------------+-----------------------------------i ISets bits in INCLUDE matrix to INTUT10 tNone I 
trepresent STREAM I/O conversion I I I 
trequirements at execution time I I I 
·-----------------------------------+---------------+-----------------------------------. tMakes dictionary entry for Library INTUT20 I None I 
tRoutine I I I 
L-----------------------------------1.---------------~-----------------------------------J 

Table NT1. Phase NT Routine/Subroutine Directory 
r------------------T-----------------------------------~--------------------------------1 
tRoutine/Subroutinet Function I 
·------------------+--------------------------------------------------------------------i INTOOOO !Initializes phase, obtains scratch storage. 
I I 
INTOOOl IInitializes phase address slots. 
I I 
INT0003 tscans text. 
I I 
INT0011 tcollects remote format items. 
I I 
NT0014 !Associates remote format items with data list items. 

NT0017 

NT0021 

NT0023 

NT0024 

NT1700 

INTU'l'lO 
I 

I . 
!Makes entries for Library routines for EDIT-directed I/O. 
I 
!Identifies types of data list items. 
I 
!Associate~ format and data list items. 
I 
IIdentifies types of format list items. 
I 
INo EDIT-directed I/O, therefore no scan pass. 
I 
tsets bits in INCLUDE matrix~ 
I 

INTU'l'20 IMakes dictionary entry for Library routine 
L------------------i-------------------------------------------------------------------_J 
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•Table NU. Phase NU Pseudo-Code Data and Format Lists 
r-----------------------------------T--------------~-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ IGenerate Library calling sequences INU0022 IINSERT,UT24,UT11,UT23 I 
lfor data items in DATA-directed I/OI I I 
I statements I I I 
·-----------------------------------+---------------+-----------------------------------~ IGenerate Library calling sequences INU0023 IINSERT,UT11,UT25,UT14,UT23,UT09 I 
lfor data items in LIST-directed I/OI I I 
I statements I I I 
·-----------------------------------+---------------+-----------------------------------~ IGenerate code for data items in INU0024 IUT09,14 I 
!EDIT-directed I/O statements I I I 
·----------------------------------~+---------------+-----------------------------------~ I !Scan text INU0002 ISC1(KT), SC2(KT>, SC3(KT) I 
·-----------------------------------+---------------+-----------------------------------~ IGenerate Library calling sequences INU0029,NU0030 IUT15,UT18,BCDCNV,UT10 I 
lfor format list items INU0033,NU0037, I I 
I INU0050 I I 
L-----------------------------------~---------------1-----------------------------------J 

Table NU1. Phase NU Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+-------------------------------------------------------------------~ IBCDCNV <NV) !Convert decimal constant to binary. 
I I 
IINSERT IAdd an entry to an argument list. 
I I 
INU0002 <NV> !Scan text. 
I I 
fNU0022 !Generate Library calling sequence for DATA-directed data list item. 
I I 
INU0023 f Generate Library calling sequence for LIST-directed data list item. 
I I 
INU0024 (NV) !Generate cards for EDIT-directed data list item. 
I I 
INU0029 (NV) !Generate Library call for A or B format item. 
I I 
INU0030 (NV) I Generate Library call for E or F format item. 
I I 
INU0033 (NV) !Generate code for R format item. 
I I 
INU0037 (NV) !Generate Library call for P format item. 
I I 
INUOOSO (NV) IGenerate Library call for X, PAGE, SKIP, LINE, C, or COLUMN format 
I I item. 
I I 
IUT09 IMake dictionary entry for constant in EDIT or LIST list. 
I I 
IUT10 !Convert a constant entry to one of specified type. 
I I 
IUT11 !Generate Library calling sequence passing argument list. 
I I 
IUT14 IGenerate code for intermediate result items in EDIT and LIST data 
I I lists. 
I I 
f UT15 f Make dictionary entry for FED or DED. 
I I 
IUT18 (NV) IGener~te an assignment triple. 
I I 
IUT23 f Generate Library call code. 
I I 
IUT24 !Construct symbol table dictionary entry. 
I I 
fUT25 f Set bit in the INCLUDE matrix. 
L---------~------~--------------------------------------------------------------------J 
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•Table OB. Phase OB Pseudo-Code Compiler Functions 

.--------~---~-------------------.,.---------------,.-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----~-----------------------..;._--+---------------+----------------------------------.... llScans text for BUY, BUY ASSIGN ISTl ISCAN (KT) I 
tstatements and compiler function I I I 
land compiler pseudo-variables <see I I I 
I Appendix D. 8 > , and transfers to I I I 
tappropriate routine I I I 
1-----------------------------------+---------------+-----------------------------------~ 11 Replaces MTF compiler functions I MTFR 1 BUFIZE, FRSTOP, SC3 (KT) I 
I (Appendix D. 8) by pseudo-code move I I I 
lcharacter instructions, adjusting I I I 
I the target field to controlled or I I I 
ltemporary type 2 workspace where I I I 
I necessary I I I 
·-----------------------------------+---------------+----------------------------------.... 11 Replaces ADV compiler functions I ADVR I SC3 (KT) I 
I (Appendix D.8) by pseudo-code I I I 
linstructions to load specified I I I 
I eleJDent of a dope vector into a I I I 
I register I I I 
·-----------------------------------+---------------+----------------------------------.... I I Replaces SDV compiler functions I SDVR I SC3 (KT) I 
l<Appendix D.8) by instructions to I I I 
I load the maximum length from a I I I 
lstring dope vector into a register I I I 

1-----------------------------------+---------------+----------------------------------.... 
l lReplaces compiler pseudo-variable IST4 IBUFIZE, STACK, MV3A (KT), FRSTOP, I 
ltriples and compiler assignment I IDROPRG, USTACK, SCS (KT) I 
I triples by pseudo-code instructions I I I 
lwhich store the value assigned in I I I 
I specified part of dope vector I I I 

·-----------------------------------+---------------+-----------------------------------~ llReJllOve BUY, BUY ASSIGN, and SELL IST8, ST10, ST7 1sc2, SC3 (both in KT) I 
I statements for scalar I I I 
tnon-adjustable temporary variables I I I 
I from the text, and allocate storage I I I 
tin the pseudo-code workspace for I I I 
I the temporaries I I I 
·-----------------------------------+---------------+-----------------------------------i !Generates code to drop a symbolic IDROPRG I None I 
lregister, or mark a literal I I I 
lregister not wanted I I I 
L-----------------------------------.1.---------------1.-----------------------------------' 
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• Table OB. Phase OB Pseudo-Code CompilPr Functions (continued) 
r-------------------------~--------T---------------T---------------------------~------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Determines whether the target FRSTOP SETDVF 
dictionary reference of MTF 
function, or ADV or SDV 
pseudo-variable is controlled or a 
terr.porary type 2. If it is, the 
dictionary reference is replaced by 
the dictionary reference of the 
controlled or temporary type 2 
workspace, with the appropriate 
offset, if the target is a 
structure base element 
Stack and unstack the information STACK, USTACK None 
specifying the target field of 
coropiler pseudo-variable assignment 
~-------------------------------~--+---------------+-----------------------------------~ 
ICalculates the offset of the dope ISETDVF INone I 
lvector of a structure base element I I I 
I from the start of the structure I I I 
ldope vector I I I 
~-----------------------------------+---------------+-----------------------------------~ 

llPlace triples from the source text IBUFIZE ISCS (KT) I 
lin an internal buffer. I I I 
L-----------------------------------~---------------1.-----------------------------------J 
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Table OBl. Phase OB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 

. IRoutine/Subroutinef Function I 
~------------------+-------------~------------------------------------------------------~ 
IADVR f Replaces ADV compiler functions by pseudo-code instructions to load 
I lthe specified element of a dope vector into a register. 
I I 
IAT7 f Generates pseudo-code. 
I I 
f AT8 Replaces operand by workspace reference. 
I 
IBUFIZE 
I 
IBYS 
I 
IBY19 
I 
f DROPRG 
I 
I 
IFRSTOP 
I 
I 
IMTFR 
I 
I 
SDVR 

SETDVF 

STACK/US TACK 

STl 

ST4, ST6 

Places triples from the source text in an internal buffer. 

Tests length of string. 

Processes string temporary (dope vector only>. 

Generates code to drop a symbolic register or mark a literal 
register not wanted. 

Replaces the target field of MTF function or compiler 
pseudo-variable by controlled workspace where necessary. 

f Replaces MTF compiler functions by pseudo-code move character 
I instructions. 
I 
f Replaces SDV compiler functions by pseudo-code instructions to load 
lthe maximum string length into an object register. 
I 
Calculates the off set from the start of a structure dope vector to 
the dope vector of a particular base element. 

Stack and unstack information specifying target field of compiler 
pseudo-variable assignment. 

Scans text for BUY and BUY ASSIGN statements, compiler functions, 
and compiler pseudo-variables. 

Replaces compiler pseudo-variables and compiler assignment triples 
by pseudo code instructions to set the assigned expression, 
converted if necessary in the specified part of a dope vector. 

f ST7,ST8,ST10 fRemove BUY, BUY ASSIGN, and SELL statements for fixed scalars from 
I f the text, and allocate space for the temporary variables in the 
I lpseudo-code workspace. 
L------------------i--------------------------------------------------------------------
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~able OD. Phase OD Pseudo-Code Ansi9nment 

r-----------------------------------T---------------T------------------------------------1 
I !Main Processing! I 
I Statem@nt or Operation Type I Routine I Subroutines Used I 
~-------------------------------~---+---------------+-----------------------------------~ 
IGet block of scratch core ISCRCOR !None I 
~----------------------------------+---------------+-----------------------------------~ I Move routines, constants and tables I MOV'l'AB I None I 
Ito block I I I 
L-----------------------------------~---------------L-----------------------------------J 

Table OD1. Phase OD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~-----------------+--------------------------------------------------------------------~ I SCRCOR I Obtains block of scratch corf.?. I 
I I I 
I MOVTAB I Moves routines, tables and constants into scratch core. I 
L---------------·---~----------------------------------.--------------------------------J 
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Table OE. Phase OE Pseurlo-code A.ssignment 
r-----------------------------------T---------------.-----------------------------------1 I p .. :ain Processingl I 
I Statement or OpE.>ration Type I Routine I Subroutines Used I 
~--------~------------------------+---------------+-----------------------------------~ 
fGenerates pseudo-code for IASSOO f ASCOO, ASCDOO, ASDROP I 
f assignroent triplP.s I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Generates Library calling sequenceglALLOC, FREE, ICALIB I 
lfor ALLOCATE, FREE, 3UY, and SELL IBUY, or SELL I I 
f triples I I I 
L-----------------------------------~---------------L-----------------------------------J 

Table OEl. Phase OE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
f ALLOC (OF) Processes ALLOCATE tr.iples. 
I 
IASCOO 
I 
f ASCDOO 
I 
IASDaoP 
I 
f .ASFBOO 
l 
IAS~"DOO (OF) 

I 
IASFLOO 
I 
IASLOO 
I 
IASPOOO 
I 
IASAROO 
I 
l~~SSOO 

I 
IASS032 
I 
IASTROO (OF) 
I 
IBUY (CF) 

I 
ICALIB (OF) 

I 
f ENABLE 
I 
f FREE (OF) 
I 
IGENCNV 
I 
IGEHRXO 
I 
IGENSSO 
I 
IGETDES 
I 
IRMNDX 
I 
ISBGTNR 
l 
ISELL (OF) 
I 

Inserts target types for consta11ts. 

Controls assignment of real and complex data. 

Drops symbolic registers. 

Generates code for fixed binary assignments. 

Generates code for fixed decimal assignments. 

lGenerates code for floating-point assignments. 
I 
!Generates code for label assignments. 
I 
!Generates code for pointer/offset assignment. 
I 
I Generates library calling sequence for area assiqnrnent. 
I 
f Processes assignment triples. 
I 
!Tests for special assignment triple. 
I 
f Generates code for string and numeric field·assignments. 
I 
IProcesses BUY triples. 
I 
!Generates Library calling sequences. 

' IEnables for SIZE prefix option. 
I 
!Processes FP.EE triples. 
I 
IGenerates convert macro instruction. 
I 
IGenerates RX instruction. 
I 
!Generates SS instruction. 
I 
I Obtains operan.d description. 
I 
!Removes index from operand. 
I 
lObtains next symbolic register. 
I 
!Processes SELL triples. 
I 

I SPASS (OF) I Proce::;ses npecial assignment triples. 
L------------------~------------------------~-------------------------------------------
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•Table OG. Phase OG Library Calling Sequences 
r-----------------------------------T---------------T-----------------------------------1 
I I ~ain Processing I I 
I Statement or Operation TypE> I Routine I subroutines Use<l I 
~---------------------------------+-.--------------+-----------------------------------~ 
IScans triples and takes action on ITRSCAN IEOBIN,TSCSNO,TSCCLB,TSCPRC,F'MTOOl, I 
!their values I ITSCEOP,TSC~P2,JSCJMP,MOVITM,MOVOUT I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans pseudo-code deleting IGNORE f PCSCAN ICNVFND,MOVITM,MOVOUT I 
litems and detecting CONVERT items I I I 
~----------------------------------+---------------+-----------------------------------~ 
IExamines fields of CONVERT, and IIEMOH IMJG201,IEMOI,CODCAL I 
ldetermines whether the conversion I I I 
tis to be done in-line I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IGenerates Library calling sequence l~_JG201 f MJG203,MJG204,MJG298 I 
·-----------------------------------+---------------+-----------------------------------~ 
!Generates in-line code for selectedlIEMOI IBITODI,FDTOFB,FIBFLT,DECFLT,PICHAR I 
I conversions I I I 
·----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code for picturesf IEMOL ISILCON, MOVOU1· I 
tcontaining not more than four of I I I 
I the insertion characters (/ , • I I I 
I blank), if the target field is I I I 
!fixed decimal, fixed binary, float I I I 
ldecin.al or float binary I I I 
L-----------------------------------L---------------L-----------------------------------J 
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•Table OGl. Phase OG Routine/Subroutine Directory 
r--~--------------T--------------------------------------------------------------------1 I Routine/Subroutine I _ Function I 
·------------------+--------------------------------------------------------------------~ I EOBIN Entered when an end of input block markf~r is detected. 
I 
ITSCSNO 
I 
ITSCCLB 
I 
ITSCPRC 
I 
I 
IFMTOOl 
I 
ITSCEOP 
I 
ITSCEP2 
I 
ITSCJMP 
I 
I 
IMOVITM 
I 
IMOVOUT 
I 
ICNVFND 
I 
I 
IMJG201 (OH) 
I 
ICODCAL (OH) 
I 
IMJG203 (OB) 
I 
IMJG204 (OB) 
I 
IMJG298 (OJ:i) 
I 
IBITODI (OI) 
I 
IFDTOFB (QI) 

I 
IDECFLT (OI) 
I 
IFIBFLT (OI) 
I 
IPICHAR (OI) 
I 
I SILCON (OL) 
I 
I 

Pr.oce33es SN, SN2, and SL triples. 

Processes CL triples. 

Processes PROC, PRoc1, BEGIN, and BEGIN1 triples, and sets np counts 
for work space requirements. 

Handles the workspace requirements for FORMAT and FORMAT LIST. 

Processes EOP triple. 

Processes EOP2 triples and terminates phase. 

When a JUMP triple is found the routine sets up a counting ~echanism 
and enters PCSCAN. 

Moves from input an item which spans blocks. 

Moves an item to the output block. 

When a CONVERT is found passes control to IEMOH and outputs 
pseudo-code generated on return. 

Generates pseudo-code to call the Library conversion package. 

Given a DED generates a code byte used by the in-line conversions. 

Generates pseudo-code to point registers at data. 

Generates pseud~-code to call Library conversion module. 

Sets bits in include card matrix. 

I Generates in-line code for binary to d·ecimal conversion. 
I 
I Generates in-line code for decimal to binary. conversion. 
I 
I Generates in-line code for decimal to float conversion. 
I 
I Generates in-line code for fixed binary to float conversion. 
I 
I Generates in-line code for picture to character string conversion. 
I 
IGenerates in-line code for pictures containing not more than four of I 
lthe insertion characters (/ , • blank), if the target field is I 
lfixed decimal, fixed binary, float decimal or float binary I 

I I conversion. I 
L------------------~--------------------------------------------------------------------J 
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Table OM. Phase OM In-line Data Conversions 
r-----------------------------------y---------------y-----------------------------------1 
I IM~in Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
!Scans text for CNVC macros ITEXTSC !None I 
·-----------------------------------+---------------+-----------------------------------~ 
f Passes control to code generation ICNVCDE IPACK,UNPACK,EDIT,EDMK I 
I routines I I I 
L-----------------------------------i---------------i-----------------------------------J 

Table OM1. Phase OM Routine/Subroutine Directory 
r------------------y--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ 
ICNVCDE !Passes control to the in-line code generation routines. 
I I 
IEDIT !Generates conversion code, based on the ED instruction, for FIXED 
I IDEC to PICTURE conversion which includes punctuation and/or zero 
I tsuppression. 
I I 
ED~K !Generates conversion code, based on the EDMK instruction, for FIXED 

IDEC to PICTURE conversion which includes a drifting sign. 
I 

P}.CK (ON) !Generates conversion code, based on the PACK instruction, for 
I PICTURE to FIXED OEC conversion when the picture contains only 9's 
land V, and has only external sign or edit characters. 
I 

PTNGEN !Generates the editing constant or mask used by the ED or EDMK 
lin-line instructions. 
I 

TEXTSC !Scans text for CNVC macros. 
I 

!UNPACK (ON) !Generates conversion code, based on the UNPK instruction, for FIXED 
I IDEC to PICTURE containing only 9's and v, and with only external 
I lsign or edit characters. 
L------------------i--------------------------------------------------------------------
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Table OP. Phase OP Further In-line Conversions 

r-----------------------------------T---------------T-----------------------------------1 I I Main Processing I I 
I Statement or Opera.tion Type I Routine I Subroutines Used I 
·-------------~--------------------+---------------+-----------------------------------~ 
IInitialize and perform test scan tolTEXTSC ICNVCDE I 
I search for convert macros I I I 
·-----------------------------------+---------------+-----------------------------------~ 
tExamine convert macro and select ICNVCDE IBNTOBT,BTTOBN,FLTOBN I 
troutine to 9enerate in-line code I I I 
L-----------------------------------.1.---------------L--~--------------------------------J 

Table OP1. Phase OP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IBNTOBT !Generate in-line code fer conversion from fixed binary to bit stringl 
I I I 
IBTTOBN !Generate in-line code for conversion from bit strinq to fixed binaryl 
I I I 
IFLTOBN !Generate in-line code for conversion frore float binary to fixed I 
I I binary I 
L------------------~--------------------------------------------------------------------J 
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Table OS. Phase OS Constant Conversions 
r-----------------------------------T---------------.-----------------------------------1 
I · !Main Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·---------------------------------+---------------+-----------------------------------~ 
!Scans constants chain for double ISCANl IPOOLSC, SCN010, STPTST I 
I word constants I I I 
~---------------------------------+---------------+-----------------------------------~ 
IScans constants chain for single ISCAN2 IPOOLSC, SCN010, STPTST I 
I word constants I I I 
~----------------------------------+---------------+-----------------------------------i 
!Scans constants chain for unalignedjSCAN3 jCONVRT, IADENT, SCN010, STPTST I 
I constants I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Scans through constants chain for ISCAN4 ICONVRT, STPTST I 
!all constants used to initialize I I I 
I STATIC storage I I I 
~-----------------------------------+---------------+-----------------------------------i 
!Sets up parameter and branches to ICONVRT IARARD, ARBTD, ARCHD, CHARD, ERROUT,I 
lthe correct conversion routine I IIACONV, IASTRN, IHEVFA, IHEVFB, I 
I I IIHEVFC, IHEVFD, IHEVFE, IHEVKF, I 
I I IIHEVKG, IHEVPA, IHEVPB, IHEVPC, I 
I I IIBEVPD, IHEVPE, IHEVPF, IBEVPG, I 
I I IIHEVPB, UPAA, UPAB, UPBA, UPBB, I 
I I IVSAA, VSCA, VSDA, VSEA, ZEROPT I 
L-----------------------------------~---------------~--------~--------------------------J 

Table OS1. Phase OS Routine/Subroutine Directory · 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+----------·---------------~------------------------------------------~ IARARD !Handles the linking of routines required for any arithmetic to 
l jarithmetic conversions <corresponding Library module IHEDMA). 
I I 
IARBTD IAs above for arithmetic to bit conversion (corresponding Library 
I !routines IBEDNB). 
I I 
IARCBD Arithmetic to charactP.r CIBEDNC). 
I 
I CHARD 
I 
ICONVRT 
I 
IERROUT 
I 
IIACONV 
l 
IIADENT 
1 
l 
IIASTRN 
1 
JIBEVFA (OT) 
I 

Character to arithmetic (IHEDCN). 

Sets up parameters and branches to correct conversion routine. 

Hanales the output of error messages for the conversion routines. 

Handles conversion to arithmetic type. 

Mak~s dictionary entry in the constant pool, generating a new 
constant pool block if necessary. 

Handles conversion to string type. 

Converts radix long floating-point binary to packed decimal 
intermediate.. 

I 
IIBEVFB COT) (ConvertR long precision floating-point number to fixed binary. 
I I 
IIHEVFC (OT) jConverts long floating-point number to floating-point variable. 
I I 
IIHEVFD (OT) !Converts fixed point binary integer with scale factor to long 
I I precision floating-point intermediate. I 

I I fl · · umb f ·t· d . . I IIHEVFE (OT) !Converts oat1ng-po1nt n er o speci ie precision 
I I floating-point. I 
L------------------~--------------------------------------------------------------------J 
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Table 051. Phase OS Routine/Subroutine Directory (cont'd) 

r------------------T--------------------------------------------------------------------, I Routine/Subroutine I . Function I 
t------------------+------__:------------------------------------------------------------~ IHEVKF (OU) !Converts packed decimal intermediate to decimal fixed or 

I floating-point numeric field with specified precision. 
I 

IBEVKG (OU) !Converts packed decimal intermediate to a sterling numeric field, 
lwith specified precision. 
I 

IHEVPA (OT) IConverts packed decimal intermediate to long float. 
I 

IBEVPB (OU) IConverts packed decimal intermediate to an F format item. 
I 

IBEVPC (OU) Converts packed decimal intermediate to an E format item. 

IBEVPD (OT) 

IHEVPE (OT) 

IBEVPF (OT) 

IBEVPG (OT) 

IHEVPB (OT) 

LDCONP 

IPOOLSC 
I 
I 
I 
I 
f SCAN1 

' ISCAN2 
l 
ISCAN3 

' ISCAN4 
I 
I 
ISCN010 
I 
I 
I 
ISTPTST 

' IUPAA (UPAB) (OT) 
I 
I 
IUPBA (UPBB) (OT) 
I 
IVSAA (OT) 

I 
IVSCA (OT) 

I 
IVSDA (OT) 
I 

Converts packed decimal intermediate to a decimal integer with 
specified precision and scale factor. 

Converts an F or E format item to packed decimal intermediate. 

Converts a decimal integer with specified precision and scale factor 
to packed decimal intermediate. 

Converts binary fixed or floating-point constant to long precision 
floating-point. 

IConverts bit string constant with up to 31 significant bits, to 
lfloating-point with long precision. 
I 
!Points to head of constant chain. 
I 
!Given a converted constant in scratch storage, scans the existing 
lpool for an identical entry. If such an entry is found, the pool 
!offset and dictionary reference of the entry is moved into the 
ldictionary entry for the constant. 
I 
f SCans constants chain for double word constants. 
I 
I Scans constants chain for single word constants. 
I 
Scans constants chain for unaligned constants. 

Scans constants chain for constants used to initialize static 
storage. 

controls the calling of the conversion routine CONVRT and pool scan 
routine POOLSC and, if required, IADENT. Also handles the case of a 
constant given in internal form. 

Checks for the end of the constant chain. 

Produces zero real (imaginary> part for CAD <corresponding Library 
module IHEUPA). 

Produces zero real (imaginary) part for numeric field (IHEUPB). 

Convert from bit string to bit string (IHEVSA). 

convert from character string to character string (IHEVSC). 

Convert from character string to bit string (IHEVSD). 

IVSEA (OT) convert from character string to pictured character string (IHEVSE>.1 
I I 
IZEROPT Produces a zero real or imaginary part for a constant given in I 
I internal form. I 
'--------~-------~--------------------------------------------------------------------J 
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e Chart 09. Storage Allocation Logical Phase Flowchart 
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Table PA. Phase PA DSAs in STATIC Storage 
r-----------------------------------T---------------T-----------------------------------1 

' I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans Entry Type 1 chain for blockslPADSA IDSASIZ,DVSIZE I 
I eligible for STATIC DSAs I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes a dictionary entry for each IDICENT !None I 
ISTATIC DSA I I I 
~----------------------------------+---------------+-----------------------------------~ ISorts STATIC chain (called from PD)ISCSORT INone I 
·-----------------------------------+---------------+-----------------------------------~ I Scans STATIC chain for INTERNAL I ARRSCN I None I 
larrays; calculates number of I I I 
lelements for those arrays needing I I I 
linitialization. Allocates storage I I I 
lfor arrays and, if necessary, for I I I 
I secondary dope vectors I I I 
'-----------------------------------.l.---------------1-----------------------------------J 

Table PAl. Phase PA Routine/Subroutine Directory 
r-----------------~--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IARRSCN IScans STATIC chain for INTERNAL arrays~ allocates storage for arrays! 
I land secondary dope vectors <called from PH). I 
I I I 
IDICENT IMakes a dictionary entry for each STATIC DSA. I 
I I I 
IDSASIZ !Calculates size of DSA excluding Register Allocator Workspace. I 
I I I 
IDVSIZE IScans AUTOMATIC chain for variables requiring dope vectors, and I 
I I calculates size of dope vectors. I 
I I I 
IPADSA IDetermines eligibility of a block for a STATIC DSA. I 
I I I 
ISCSORT ISorts STATIC chain (called from PD). I 
L--------------.1.------------------------------------------------------------~-------J 

Chapter 3: Flowcharts, Tables, and Routine Directories 329 



Table PD. Phase PD Storage Allocation Static 1 
r--------------- -·---------------·---T--------------~----------------------------------1 
I IMdin Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
I Reverses second file dictionary I PD I NXBLCK I 
I pointers I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ISorts STATIC chain ISCSORT (in PA) INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for simple, !STATIC ISDSAl I 
!non-structured, non-external items I I I 
~----------------------------------+---------------+-----------------------------------~ 
I Allocates dope vectors for all I DVALOC I None I 
!non-external items I I I 
·----------------------------------+---------------+-----------------------------------~ 
IAllocates 4-byte addressinq slots; ITVALOC ISTRCDV I 
1calculates control section sizP. forl I I 
tall external items I I I 
·-----------------------------------+---------------+----------------------------------~ 
IAllocates storage for constants. ICONALC !None I 
L-----------------------------------..1.---------------L----------------------------------J 

Table PD1. Phase PD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
IHoutine/Subroutinel Function I 
·------------------+-------------------------------------------------------------------i 
ICONALC !Allocates storage for constants. 
I I 
IDVALOC Allocates dope vectors for all non-external items. 
I 
INXBLCK Obtains next text block. 
I 

PD scans text file and reverses second file pointers. 

SDSAl Allocates a 4-byte address slot for each STATIC DSA. 

SC SORT Sorts STATIC chain. 

STATIC Allocates storage for simple, non-structured, non-external items. 

ST~CDV Allocates relative offsets of structure member dope vectors. 

1·v~LOC F!llocates 4-byte addressing slots: calcnlates control section size 
for all external items. 

L------------------i---------------------------~---------------------------------------
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Table PB. Phase PB storage Allocation static 2 

r-----------------------------------T---------------r-----------------------------------1 I I Main Processing I I 
. I Statement or Operation Type I Routine I Subroutines Used I 

·------ --------------------+---------------+-----------------------------------i f Scans AUTa4ATIC chain; allocates IPBSCAN f AU'l'04, SKDVl., SDNT3, STRSCN, f 
f dope vector I f TEMPDV I 
.-----------------------------------+---------------+-----------------------------------1 f Scans CONTROLLED chain ICONSCN f AUT04, SKDV1. STRSCN I 
·----------------------------------+---------------+-----------------------------------i fAllocates storage for skeleton fSKARGL f None I 
fargwaent lists appearing in STATIC I I I 
f chain I I I 
·-----------------------------------+---------------+----------------------------------.... IScans STATIC chain for INTERNAL fARRSCN (in PA) f None f 
I arrays; calculates number of I I I 
lelements for those arrays needing I I I 
f initializin9. Allocates storage I I I 
lfor arrays and. if necessary. for I I I 
f secondary dope vectors I I I 
·-----------------------------------+---------------+--~--------------------------------i f Scans STATIC chain for INTERNAL ISTRALO f None I 
f structures. calculates number of I I I 
f elements in structured arrays I I I 
f needing initializing. Calculates I I I 
f size of storage for all structures I I I 
I and bUJl\PS location counter. I I I 
L---------------------------L--------------.1.--...--------------------------------J 
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Table PB1. Phase PB Routine/Subroutine Directory 

r~-----------~---T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
·------------------+-----------------~--------------------------------------------------t IARRSCN (in PA) f Scans STATIC chain for INTERNAL arrays; allocates storage for arrays 
I f and secondary dope vectors. 
I I 
fAUTEND f Tests for end of AUTOMATIC chain. 
I I 
fAUT04 f Calculates size of dope vectors for dynamic temporaries and 
I f CON'l'ROLLED variables. 
I I 
fCONSCN f Scans CONTROLLED chain. 
I I 
f CSCN2 f Tests for end of STATIC chain. 
I I 
IEND513 f Stores STATIC location counter and releases control. 
I I 
f PBSCAN f SCans AUTOMATIC chain; allocates dope vectors. 
I I 
f PBSl fGets next item in chain. 
I I 
f SKARGL IAllocates storage for skeleton argument lists appearing in STATIC 
I f chain. 
I I 
ISKARGl !Allocates storage required. 

lsRDVl lcreates skeleton dope vector dictionary entries for non-structured 
I !variables in AUTOMATIC and CONTROLLED storage. 
I I 
IS~ENT3 !Constructs skeleton dope vector dictionary entries for function 
I ·I values. 
I I 
ISTRALO !Calculates number of elements in structure arrays to be initialized; 
I !calculates size of storage for all structures. 

I I . . . f · ISTRSCN !Creates skeleton dope vector dictionary entries or structures in 
I IAUTOMATIC and CONTROLLED chains. 

ITEMPDV lcreates skeleton dope vector dictionary entry for temporary 
I tworkspace. 
L------------------i----------------------------------~--------------------------------
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able PL. Phase PL Storage Allocation Symbol Table and DEDs 

-----------------------------------,.---------------,.-----------------------------------, IMain Processin9I I 
statement or Operation Type I Routine I Subroutines Used I 

-----------------------------------+---------------+-----------------------------------~ Allocates STATIC storage for all IIEMPL IBCSCAN, CCSCAN, CNSCAN, SCSCAN I 
symbol tables and DEDS I I I 
·-------- --------------------+---------------+-----------------------------------~ Scans STATIC chain for symbol and ISCSCAN IDEDALl, STRSCN, SYMTAB I 
DBD variables I I I 
r-----------------------------------+---------------+----------------------------------~ iScans CONTROLLED chain for symbol ICCSCAN IDEDALl, STRSCN, SYMTAB I 
f and DED variables I I I 
r--------~-----------------------+---------------+-----------------------------------~ 
!Scans PROCEDURE block chain of IBCSCAN IACSCAN, DEDALl I 
IEN'l'RY type 1 entries I I I 
~-------------------------------. ---+---------------+-----------------------------------~ !Scans AOTCMATIC chain for symbol IACSCAN IDEDAL1, STRSCN, SYMTAB I 
land DED variables I I I 
~------------~---------------------+---------------+-----------------------------------~ IScans chain of members of ISTRSCN IDEDALl, SYMTAB t 
I particular structure for symbol and I I I 
t DED variables I I I 
·-----------------------------------+---------------+-----------------------------------~ IAllocates storage for symbol tableslSYMTAB IDEDAL2 I 
~-----------------------------------+---------------+--~-----~--------------------------~ !Allocates storage for DEDS IDEDAL <two INone I 
I lentry points: I I 
I I DEDALl, DEDAL2) I I 
L--------------------------.l.---------------L----------------------------------J 

Table PL1. Phase PL Routine/Subroutine Directory 
.--------------,-----------------------------------------------------------------, I Routine/Subroutine I Function I 
·-----------+--------------------------------------------------------------~ IACSCAN !Scans AUTOMATIC chain for symbol and DED variables. 
I I 
IBCSCAN tscans procedure block chain of ENTRY type 1 ·entries. 
I I 
ICCSCAN tscans controlled chain for symbol and DED variables. 
I I 
ICNSCJ\N tscans constants chain for DED variables. 
I I 
IDEDAL1 (PM) IAllocates storage for DEDs. 
I I 
l~EMPL IAllocates STATIC storage for symbol tables and DEDs. 
I I 
ISCSCAN tscans STATIC chain for symbol and DED variables. 
I I 
ISTRSCN !Scans chain of members of particular structure for symbol and DED 
I tvariables. 
I I 
ISYMTAB (PM) !Allocates storage for symbo1 tab1es. 
L------------------.l.------------------------------------------------------------------
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Table PP. Phase PP Storage Allocation Sort of AUTOMATIC Chain 
r------------~--------------------y--------------~-----------------------------------1 I I Main Processing I I 
1 Statement or Operation Type I Routine I Subroutines Used I 

·-----------------------------------+---------------+-----------------------------------~ 1scans BEGIN-ENTRY for ENTRY type 1 IRAO ISETCB, SCRUBl, SORCH I 
I entries l I I 
~--------- --------------------+---------------+----------------------------------~ IScans AUTOMATIC chain from each ISETCH IEXDT, SRCH2 I 
I ENTRY type 1 entry I I I 
·-----------------------------------+---------------+-----------------------------------~ IAdds ON conditions to first ISC24 INone I 
IAUTOMATIC zone I I I 
·-----------------------------------+---------------+-----------------------------------i IAdds temporaries (type 2) and ISC31 INone I 
lindependent items to first zone I I I 
·-----------------------------------+---------------+-----------------------------------i IAdds dependent items to subsequent ISC44 INone I 
I zones I I I 
~-----------------------------------+---------------+-----------------------------------i IDetermines list of dependencies ISC39 ISCNCHN, SRCH2 I 
lfrom INITIAL attribute I I I 
~-----------------------------------+---------------+-----------------------------------i tDetermines list of dependencies ISC40 ISCNCBN, SRCH2 I 
lfrom DEFINED attribute I I I 
·-----------------------------------+---------------+-----------------------------------~ tnetermines list of dependencies fortsc35 IEXDT, SCNCHN I 
larray bound expressions I I I 
·-----------------------------------+---------------+----------------------------------~ tDetermines list of dependencies fortscso ISCNCHN, SRCH2 I 
!string length expressions I I I 
~-----------------------------------+---------------+-----------------------------------~ !Removes independent item dictionarylSCRUB1 INone I 
treferences upon which items in the I I I 
IAUTOMATIC chain depend. I I I 
L-----------------------------------1---------------1-----------------------------------J 
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Table PPl. Phase PP Routine/Subroutine Directory 

r---------------- T------------~-------------------------------------------------------. I Routine/Subroutine I Function I 

1-----------------+--------------------------------------------------------------------t IEXD'l' f Scans dimensions tables for second file statements with adjustable 
I I bounds. 
I I 
IRAO f Scans BEGIN-ENTRY for entry type 1 entries. 
I I 
I RAl I Tests for end of ENTRY type 1 chain. 
I I 
IRA4 ICreates an AUTOMATIC chain delimiter. 
I I 
IRA7 ITests for end of chain. 
I I 
ISCNCBN IScans current AUTOMATIC chain; determines whether reference belongs 
I Ito it. 
I I 
ISCRUBI IRemoves independent item dictionary references from the stack of 
I f dictionary references upon which items in the AUTOMATIC chain 
I I depend. 
I I 
ISC24 IAdds ON conditions to first automatic zone. 
I I 
ISC31 IAdds ·temporaries (type 2) and independent items to first zone. 
I I 
JSC35 IDetermines list of dependencies for array bound expressions. 
I I 
ISC39 f Detennines list of dependencies from INITIAL attribute. 
I I 
ISC40 IDetermines list of dependencies from DEFINED attribute. 
I I 
I SC44 I Adds dependent items to subsequent zones. 
I I 
1scso fDetermines list of depende.~cies for string length expressions. 
I I 
ISETCBN IScans AUTOMATIC chain from each ENTRY type 1 entry. 
I I 
ISORCH ISorts chain in order of dependencies; creates zone delimiter 
I I dictionary entries. 
I I 
f SRCH2 IScans second file statements for dictionary references of labels, 
I ldata items, and structures, which may belong to the current 
I I AUTOMATIC chains. 
L-----------.1.---------------------.-------------------------------J 
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•Table PT. Phase PT Storage Allocation AUTOMATIC Storage 
r-----------------------------------,.---------------r-----------------------------------, I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
1-----------------------------------+---------------+-----------------------------------i f Scans stacked CONTROLLED chain for f MYNAM IDVSIZE I 
!largest dope vector I I I 
·-----------------------------------+---------------+--~--------------------------------i IInitializes ENTRY type 1 chain scanlDSALOC IMKSTAT I 
tand DSA I I I 
·-----------------------------------+---------------+-----------------------------------i !Allocates slots for ON conditions IDSA4 IMKSTAT I 
1-----------------------------------+--------------+--·--------------------------------i fAllocates storage for workspace andlDSAlO f None I 
lfor DSA addressing vector I I I 
·-----------------------------------+---------------+-----------------------------------i !Scans AUTOMATIC chain and allocateslDSA16 fCOPY, DVSIZE, INITDV, MKSTAT, I 
lstorage.for dope vectors I fSTDVIN I 
·-----------------------------------+---------------+-----------------------------------i I Allocates BUY works pace I DSA1 7 I None I 
·-----------------------------------+---------------+-----------------------------------i !Allocates storage for parameters IDSA19 f None I 
·----------------------------------+---------------+-----------------------------------i fAllocates storage for double fDSA25 INone I 
f precision variables I I I 
·-----------------------------------+---------------+-----------------------------------i !Allocates storage for single IDSA29 INone I 
f precision variables I I I 
·------------~~--------------------+---------------+-----------------------------------i 
I Allocates storage for character I DSA38 I None I 

llstrings and halfword binary I I I 
·---------------------------------+---------------+-----------------------------------i !Allocates storage for bit strings IDSA46 INone I 
~-----------------------------------+---------------+-----------------------------------i !Allocates storage for arrays and IDSA54 ICOPY, INITDV, MKSTAT, SDVCDE I 
tsecondary dope vectors I I I 
·-----------------------------+---------------+-----------------------------------i IAllocates storage for structures IDSA68 f COPY, MKSTAT I 
·-----------------------------------+---------------+----------------------------------..... !Gets VOA and initializes dope IDSA72 ICOPY, INITDV, MKSTAT, STDVIN I 
f vectors for adjustable regions of I I I 
IAUTOMATIC chain I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Allocates storage for DE~INED itemslDSA98 I None I 
L-------------------------------i.---------------.1.--.,..--------------------------------J 
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•Table PT1. Phase PT Routine/Subroutine Directoey 

r-----------r-------------------------------------------------------, I Routine/Subroutine I . Function I 

1-----------------+-------------------------------------------------------------~ ICON'1'1 tscans controlled chain for size of longest dope vector. 
I I 
ICOPY ICompiles code to copy skeleton dope vector into real dope vector. 
I I 
IDSALOC IInitializes ENTRY type 1 chain scan and DSA. 
I I 
IDSA4 IAllocates slots for ON conditions. 
I I 
IDSAS IAllocates standard save area and flag bytes. 
I I 
IDSA10 IAllocates storage and workspace for DSA addressing vector. 
I I 
I DSA16 I scans AUTOMATIC chain and allocates dope vectors. 
I I 
IDSA17 IAllocates BUY workspace. 
I I 
IDSA19 (PU) IAllocates storage for parameters. 
I I 
IDSA25 (PU) IAllocates storage for double precision variables. 
I I 
IDSA29 (PU) IAllocates storage for single precision variables. 
I I 

I IDSA38 (PU) IAllocates storage for character strings and halfword binary. 
I I 
IDSA46 (PU) IAllocates storage for bit strings. 
I I 
IDSA54 IAllocates storage for arrays and secondary dope vectors. 
1 I 
)DSA68 IAllocates storage for structures. 
I I . 
IDSA72 tinitializes dope vectors for adjustable regions of AUTOMATIC chain. 
I I 
IDSA74 IStores pointer to skeleton second file statement. 
I I 
IDSA98 IAllocates storage for DEFINED items. 
I I 
IDSA161 IAllocates storage required for dope vectors. 
I I 
IDSA162 ICompiles code to initialize dope vectors. 
I I 
IDSA952 IGets VDA for this region of AUTOMATIC chain if required. 
I I 
IDVSIZE (PU) IDetermines size of dope vectors. 
I I 
IINITDV fCompiles code to initialize address slot in dope vector. 
I I 
I MKSTAT I Makes a second file statement. 
I I 
IMYNAM IScans CONTROLLED chains. 
I I 
I SDVCDE <PU) I compiles code for secondary dope vectors. 
I I 
I STDVXN I Initializes structure member dope vectors. 
L-----------.L------------------------------------------------------
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Table QF. Phase QF Storage Allocation Prologues 

r-----------------------------------T--------------~-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----~-----------------------------+-~-------------+-----------------------------------i ·I Scans text for statement labels, IQFOOOO IQBEGEP, QBPROL, QEOP, QMOVE, QPROL, I 
IPROCEDURE statements, BEGIN I IQSL I 
!statements, BEGIN END statements, I I I 
land end-of-program marker I I I 
~-----------------------------------+---------------+-----------------------------------~ I Processes statement label I QSL I QMOVE I 
I pseudo-code items I I I 
~-----------------------------------+---------------+----------------------------------~ IFrees text storage at end of phase1IQEOP IQMOVE I 
!releases control I I I 
·-----------------------------------+---------------+--------~--------------------------~ I Creates stereotyped prologue for a I QBPROL I QADJAL, Q!·SKIP, QF0201, QMOVE I 
IBEGIN block requiring a dynamic I I I 
lstorage area I I I 
~-----------------------------------+---------------+----------------------------------~ ICreates stereotyped or special IQPPROL IQADJAL, QFSKIP, QF0201, QMOVE, I 
!prologues for PROCEDURE statements, I fQONPRL I 
I depending on conditions. Processes I I I 
f statement label pseudo-code items I I I 
·-----------------------------------+---------------+-----------------------------------~ ICreates a compiler label marking IQBEGEP IQADJAL, QF0201, QMOVE I 
lthe return from a BEGIN block I l I 
·-----------------------------------+-------------~-+-----------------------------------~ !Creates a prologue for ON block IQONPRL IQADJAL, QFSKIP, Qf'0201 I 
·-----------------------------------+---------------+-----------------------------------~ I Assembles code to initialize DSA I QADJAL I QMOVE1 · I 
ldope vector data areas, and to I I I 
!allocate variable data areas I I I 
·-----------------------------------+---------------+------------~---------------------i !Skips second file statements IQFSKIP !None I 
!following a block heading statement! · I I 
·-----------------------------------+---------------+-----------------------------------i IObtains new buffer and chains it tolQF0201 INone I 
I the previous one I I I 
·-----------------------------------+---------------+----------------------------------~ IMoves input text being skipped fromlQMOVE INone . I 
linput buffer to output buffer I I I 
·-----------------------------------+---------------+----------------------------------~ 
!Moves a second file statement, IQMOVEl IQMOVE I 
!pointed at by PAR1, to the prologue! I I 
lbeing generated I I I ._ __________________________________ i _______________ i __________________________________ _.J 
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Table QF1. Phase QF Routine/Subroutine Directory 

r-----------T------------------------------------------------------------1 I Routine/Subroutine I Function I 

·-----------------+------------------------------------------------------------------i IQADJAL IAssembles code to initialize DSA dope vector, variable data areas, 
I land to allocate variable data areas. 
I I 
IQBEGEP ICreates a compiler label marking the return from a BEGIN block. 
I I 
IQBPROL (QG) ICreates stereotyped prologue for a BEGIN block requiring a dynamic 
I lstorage area. 
I I 
IQEOP IFrees text storage at end of phase; releases control. 
I I 
IQFSKIP (QG) ISkips second file statements following a PROCEDURE or BEGIN 
I I statement. 
I I 
IQFOOOO IScans text for statement labels, PROCEDURE statements, BEGIN 
I lstatements, BEGIN END statements, and end-of-program marker. 
I I 
IQF0201 (QG) f Moves code to output buffer; obtains new buffer if required. 
I I 
IQF0360 ITests for external procedure. 
I I 
IQF0370 f Generates prologue for GET DSA. 
I I 
IQF0570 IGenerates code to copy arqument and target addresses. 
I I 
fQF0625 ITests for entry points. 
I I 
IQF0860 ITests end of chain. 
I I 
f QF1172 ITests end of first region. 
I I 
IQF1194 f Extracts mapping code from second file. 
I I 
IQF1215 ITests for storage required. 
I I 
IQF1511 IRemoves VDA accumulator assignment code .from mapping code. 
I I 
f QMOVE fMoves text from input buffer to output buffer •. 
I I 
f QMOVE1 fMoves second file statement to prologue being generated. 
I I 
f QONPRL (QB) fcreates prologue for ON block. 
I I 
fQPPROL (QG) f creates stereotyped or special prologues for PROCEDURE statements, 
I f depending on conditions. 
I I 
f QSL f Processes statement label pseudo-code items. 
L------------------i------------------------------------------------------------------
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Table QJ. Phase QJ Storage Allocation Dynamic Storage 

r---------------------------------~-T---------------,.-----------------------------------1 
I IMain Processing! I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
fGeneral scan of text for ALLOCATE, IGSl IALLOC, BUY, BUYP, FREE, TRF1. I 
IBUY and FREE statements I I I 
·-----------------------------------+---------------+--~--------------------------------i 
!Allocates items not requiring dope IAL20 IAL15, TRF2 I 
I vector I I I 
~-----------------------------------+---------------+--~--------------------------------i 
I Generates code to move skeleton I MOVEDV I TRF2 I 
ldope vector into workspace for I I I 
tcontrolled variables I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ILooks ahead to reverse pointers forlREVPT IGSl, TRFl I 
IALLOCATE statements I I I 
·-----------------------------------+---------------+------------------------------~----i 
IAllocates storage for controlled IAL28 IGSl, LIBCl, LIBC2, SCANSF, TRF2 I 
I string I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Allocate storage for controlled IAL27 IABOUND, LIBCl, MOVEDV, PREVAL, I 
I array I I SCANSF, TRF2 · I 
·-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for controlled IAL29 IBNDEXP, LIBCl, MOVEDV, NXTREF, I 
!structure I INXTVAR, PREVAL, SCANSF, TRF2 I 
·-----------------------------------+---------------+-----------------------------------~ 
!Loads Library call parameter IFREE ITRF2, TRF3 I 
!register to free allocated storage I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Moves skeleton dope vector for I BUYP I TRF2 I 
I bought temporary I I I 
·-----------------------------------+---------------+-----------------------------------1 
!Buys storage for temporary array IBY14 ISCANSF, TRF2 I 
·-----------------------------------+---------------+-----------------------------------~ 
!Buys storage for temporary IBY13 ILIBC4, NXTREF, NXTVAR, SCAN~F, TRF2f 
I structure I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Places initial value code line for IAL15 INXTRF, SCANSF I 
tcontrolled variables I I I 
·-----------------------------------+---------------+-----------------------------------~ 
ISkips scan register over ISKIPTX IGSl I 
linitialization statements I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Generates code to set a pointer to IPREVAL ITRF2 I 
lthe previous allocation. I I I 
·-----------------------------------+---------------+-----------------------------------i 
!Searches dimension tables for IABOUND ISCANSF I 
f adjustable bound expressions I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IGenerates code for temporary ISTMP ILIBC3, TRF2 I 
tvariables requiring only a dope I I I 
I vector I I I 
L-----------------------------------~---------------~-----------------------------------J 
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Table QJl. Phase QJ Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 1 Routine/Subroutine I Function I 

·------------------+-------------~------------------------------------------------------~ IABOUND (QR) !Searches dimension tables for adjustable bound expressions. 
I I 
IALLOC (QR) IAscertains the type of allocate statement. 
I I 
IAL15 IPlaces initial value code line for controlled variables. 
I I 
IAL20 (QR) IAllocates items not requiring dope vector. 
I I 
IAL27 (QR) IAllocates storage for controlled arrays. 
I I 
IAL29 (QR) IAllocates storage for controlled structures. 
I I 
IBNDEXP IGenerates or extracts code to set the adjustable bounds of 
I I structures. 
I I 
IBUY IAscertains the type of buy. 
I I 
IBUYP IMoves skeleton dope vector for bought temporary. 
I I 
IBY13 )Buys storage for temporary structure. 
I I 
IBY14 IBuys storage for temporary array. 
I I 
IBY15 f Buys storage for temporary string. 
I I 
IFREE (QR) !Loads Library call parameter register to free allocated storage. 
I I 
IGSl IGeneral scan of text for ALLOCATE, BUY, and FREE statements. 
I I 
ILIBC1/LIBC2/LIBC4 !Places the library calling sequence for controlled storage in 
I tsequence in the text. 
I I 
IMOVEDV (QK) IGenerates code to move skeleton dope vector into workspace for 
I lcontrolled variables. 
I I 
I NXTREF <QR> I Obtains the next structure base element reference. 
I I 
INXTVAR (QR) IObtains the next varying array base element reference. 
I I 
IPREVAL (QK) Generates code to set a pointer to the previous allocation. 
I 
IREVPT 
I 
ISCANSF 
I 
ISKIPTX 
I 
ISTMP (QR) 
I 
I 
ITRn 
I 
f TRF2 
I 

Looks ahead to reverse pointers for ALLOCATE statements. 

Places second file statement in the line in the text. 

Skips scan register over initialization statements. 

Generates code to buy storage for temporary variables which only 
require a dope vector. 

Transfers input text to output. 

Adds text skeletons to the output text. 

ITRF3 Adds the Library Calling sequence to the output text. 
'------------------i-----------------~--------------------------------------------------
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•Table QU. Phase QU Alignment Processor 

r-----------------------~----------r---------------,.-----------------------------------1 I IMain Processin<JI I 
I Statement or Operation Type I Routine I subroutines used I 
~-----------------------------------+---------------+-----------------------------------~ ITests pseudo-code instructions for IALIGNQ IALREGQ,MVCMAR,REGENT I 
f misali9ned operands and deduces thel I I 
I correct alignment I I I 
~-----------------------------------+---------------+-----------------------------------i IGenerates a move character (MVC) IMVCMAK IABEOT,NEXREG,OUTEST,PSMOVE,REMOVE, I 
linstruction for a misaligned I ISNEXT,TRANS I 
I operand I I I 
·-----------------------------------+---------------+--.---------------------------------i ISkips a pseudo-code item IT3 ITNEXT I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcess~s the load address (LA) ITLA ITRR I 
lpseudo-code instruction I I I 
·-----------------------------------+---------------+---~-------------------------------~ !Processes the library calling ITLTB IABEOT,T3 I 
1sequence in the pseudo-code I I I 
·-------------------~--------------+------~--------+-----------------------------------~ !Processes the L pseudo-code ITLL IALIGNQ,ALREGQ,OUTEST,PSMOVE,REMOVE, I 
I instruction I f SNEXT,TRANS,TRR I 
·-----------------------------------+---------------+--~--------------------------------i I Processes pseudo-code instructions, ITBT · IALIGNQ,TRRS t 
!other than L and LA, that may have I I : I 
!misaligned operands I I I 
·------------------------------~----+------~--------+------------~----------------------1 !Examines a pseudo-code item and ITRANS IT3,TABS,TDROP,:TEOP,TBT,TLA,TLIB, I 
tpasses control to the appxopriate I ITLL,TRR,TSN I 
!processing routine I . I I 
L------------------~----------------~---------------1.-----------------------------------1 
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•Table QUl. Phase QU Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~---------~-----+--------------------------------------------------------------------1 
IABEOT IOUtputs termination error message. 
I I 
IALREGQ ITests whether or not the register is in the register table. 
I I 
INEXREG !Gets a symbolic register. 
I I 
IOUTEST IGets a new output text block if required. 
I I 
IPSMOVE !Fills current output text block and gets a new one. 
I I 
IREGENT !Makes an entry in the register table for a register that has been 
I I loaded with the address of a misaligned operand. 
I I 
IREMOVE !Copies text into the output text block. 
I I 
f SNEXT IAccesses next pseudo-code item in the source text. 
I I 
ITABS IScans absolute code and copies it onto the output text if necessary. 
I I 
f TDROP IRemoves dropped registers from the register table. 
I I 
ITEOB !At the end of a source text block, moves out the scanned text and 
I lgets the next source text block. 
I I 
ITEOP IAt the end of the program, outputs the remaining text, and releases 
I I control. 
I I 
ITRR !Deletes an assigned register from the register table. 
I I 
ITSN !Updates the statement number slot in the communications region. 
L------------------~------------------------------~-------------------------------------
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Table QX. Phase QX Print Aggregate Length Table 
r-----------------------------------r---------------,.-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ fScan storage chains in dictionary ISCANC IANAGG, PRNTAB I 
If or aggregate entries I I I 
·-----------------------------------+---------------+----------------------------------~ IAnalyze aggregate dictionary IANAGG IANCOB,EXTEN'i',FINALA,FIRSTA,FORMAL, I 
lentries and print table entry I IGETVO,GETSB,MAREN,PRHED,SORTEN, I 
I I IVOPLUS I 
L---------------------------------~---------------L-----------------------------------J 

Table QX1. Phase QX Routine/Subroutine Directory 
r---------------T-------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+------------------~----------------------------------------------~ IANAGG Analyzes dictionary entries for a major structure or non-structured 
I array. 
I 
IANCOB 
I 
I 
I EXTENT 
I 
I 
IFINALA 
I 
IFIRSTA 
I 

Finds original nsjor structure dictionary entry for a COBOL major 
structure. 

calculates length in bytes of a data variable, label, task, event, 
or area. 

calculates address of final basic element of a major structure. 

calculates address of first basic element of a major structure. 

IFORMAL !Calculates length of a non-structured array. 
I I 
IGETVO !Gets virtual origin of a dimensioned variable. 
I I 
IGETSB 1sets pointer to BCD in a dictionary entry. 
I I 
IMAREN !Makes an entry in text block for each aggregate. 
I I 
IPRBED !Prints main heading and sub-heading of table. 
I I 
IPRNTAB !Prints Aggregate Length Table. 
I I 
ISCANC IScans STATIC, AUTOMATIC and CONTROLLED chains in dictionary for 
I !aggregate entri~s. 
I I 
ISORTEN 1sorts text block entry for aggregate so that the entries are chainedl 
I lin collating sequence order of the aggregate identifiers. I 
I I I 
IVOPLUS !Calculates address of first or last element of major structure. I 
L------------------~-------------------------------------------------------------------J 
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•Chart 10. Register Allocation Logical Phase Flowchart 

•••••Al•••••••••• 
:~!~~!.~;~~-•-~= • .... A2 ......... • 
• ES'l'ABLISH •<-------• 10Al • 
•ADDRESSlBlLITY • • • . . .............. . ................. 
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Chart RA. Phase RA overall Logic Diagram 

346 

•••••A1•••••••••• 
• GET TEXT FOR • • •• •A2• •• •• •••• 
• OUTPUT ' • • • 
• INSERTION •<--------• RAAl • 
• FILES. GET • • • 
•SCRA'l'CH STORAGE• ••••••••••••••• 

... """"l"""" 
•••••B1•••••••••• . . 
•SCAN INPUT TEXT• ->: :<--1 <--------------------------------------1..------------------------1..-------------------------

=·······1········= =. B:· = I .... 
• •. ACT6 

C1 •. •••••c2•••••••••• •••••C3• •••••••• 
• • .• • ••• YES hNFOR~~~~N FOR: : ~~hVB~of?A~ ! 

•, PROC/BEGIN • •-------->• PREVIOUS •-------->• BLOCR IN • 
• • • • • PROC/BEGIN • •SCRATCH STORAGE• .. . . . . . . .. . . ................. . ............... . 

i NO :::}-1 
.•. ACT7 

D1 • • •••••D2• •••••••• . . . . . . 
• • •. YES •DOWN DATE STACI(• 

•• PROC I /BEGIN I • ·-------->• IN SCRATCH 
•. • • • STORAGE .. .. . . .. . . . ............... . 

I'° !-iio--------------------------------1 
• •. • • UPSN GENFLP El •. E2 •. •••••E3•••••••••• •••••E4• •••••• •• 

• • • • O~T~~I • • *• YES • •S;ATE- ME:n.•. YES : GENERATE CODE : : GE~RftJ~A~~DE : 
•. STATEMENT .•-------->•.NO. DIAGN RE-.•-------->• TO UPDATE •------->•PREFIX ON-SLOTS• 

• • • • • •. • •. ~~ESTED • •. • :sTATl!MENT SLOT : : : .. .. . . .. ................. . ............... . 
1
• NO • •••• . . 

• •. DRTEST ATD • • • : .:!. :<-1 
F1 •. •••••F2•••••••••• F3 •. •••••Fii• •••••••• 

·• •. • EXTRACT • .• •. • • 
• •PSEUDO-CODE•. YES • DICTIONARY • • • HAS CODE •. YES • GENERATE LOAD • 

•.INSTRUCTION • •-------->•REFERENCES AND •-------->•.BEEN PRODUCED.•-------->• FR<»I STORED • 
•. • • • OFFSETS • •. BEFORE • • • ACDRESS • .. . . . . .. .. . . . . . • ................. •. . . . ............... . • c ACT::::::<-1 M"Y i MO • •. U25 

G1 •. •••• •G2• • •• ••• • t • ••• •G3••••••••• • Gii •. •••••GS• ••••••• • 
•• ·~BSOLUTE• ••• YES :SJ<IP TO END OF : : Plf~~~~y : .• ·~UST COD~· •• YES :M~~~TIB~f8~NG: 

•.CODE MARKER • •-------->•ABSOLUTE CODE • • ADDRESSING •-------->•. BE IN-LINE .•------->• FROM SCRATCH • 
•. • • • • •INSTRUCTIONS IN• •. • • • S'l'CRAGI TO • 

•. • • • • • SCRATCH • •. • • • IN-LINE • .. . . ................. ................. .. . . . ............... . 
. C ...;;:}-1 ..... r 

H1 •. •••••H2• •••••••• •••••H4•••••••••• 
• • • ;ROLOGUE • • •. YES :sTt~fiRjftf~ TO : :ir;.l~N§¥i~~N 

•. INSERTION • •-------->•INSTRUCTIONS IN• • IN INSERTION • 
•. POINT • • •INSERTION FILE • • FILE PROLOG • 

•. • • • • • ELSE IN-LINE • •••• ··1··;0 ................. ········1········· : 81 : .... 
Jl... •. ADD'~~~Jll•••······· •••••JS•I •••••••• 

NO • •••END OF • • •. :G~~Tpg~ : : GENERA'fE LOAD : 
---•. PROGRAM .• • OF CALCULATED •------->• OF ADDRESS 

•. • • • ADDRESS • • STORED .. .. . . . . .. . . ................. . ............... . 
•YES 

l .... 
•RD • ->• Al • . . .... 



•Chart RD. Phase RD overall Logic Diagram 

LIMIT LBUILD •••••A2•••••••••• •••••Al•••••••••• ..... Al.......... :o?~LAtfAs : : SCAN TBXT roa : 
: RD81 : J->:o~INTt8tld- :---ii--ii->:sa.IC'l'ID ITDIS : 
••••••••••••••• •IALIZZ BLOCJ(S • J 1 • • 

l 
................. . ... :················ . i----: .::.: l 

liBC ••• ··•••81••········ ·····r2· •••••••• 83 •. 
: UGI ~ : !ADYN sl&rc~: YES •• ·•BMNCB •· •• 
• Gft 'l'CI •-- •TABLE POR TRIS •<-----•. I1'STRUCTION • • 
• • • llQU VALUB • •. ,• . . . . .. .. ••••••••••••••••• ••••••••••••••••• • ••• ...• i· 1'0 

= .::.:.-, ... 
=~~2;0·~=·: .. c3 • ••• 
• Ilt SLOT IN • YES • • • • 
•TABLE FOR TRIS •<------•. LA .• 
• llQU VALUB • •. • • .... . . .. .. . . ................. . .. . • Al • • 1'0 . ·~··. 1 

,l,YBS LBQU .•. Dl •. •••••D2•••••••••• Dl • . 
• • • , • S'l'OU TUT • • • • • • • ABT • • • RBrDBltCB or • YBS • • • • 

•.~IOOS OS~.•<-----:8~0Ii'fta~ :<-------•... llQU •• ·• .. .. . . .. .. .. .. ................. . .. . r r 
•••••B1•••••••••• Bl •. . . .. .. 
• Sft FIRST • HO • • •. 

• ON • •. ,• 
• :lNDICA'l'OR BIT •-------------------->r•· SIP .• . . .. .. ................. . ... : •:;•: 

1
. YBS 

• • •••• 
LSCAN •••••r3•••••••••• • • • SCAN TABLE or • 

[
--------r>: BOU SLOTS : 

: ·,;· i·······1········· 
•••• 

LFI.t~l••G2• • ••••••• G3 • • '• • : ftlc"' : YBS .•'® • ...;.; •. 
:w0IGRORB~:<----· •• ~fl't OltUllD •••• . . .. .. .................. . ... 

• 1'0 .... l • • 
: Pl :<-1 •••• LPLAG .•. 
•••••B2• •••••••• Bl •. 
: afiiBlcPAJ : YBS , ••mo ODD•.•. • df: AID SBT •<-----•. llORB TIU .• •r ST8ITOP •A •. OltCll .• 

• VALVB OM • l •. . • ... ............. ·1;. 
.•. 

J3 •• .. .. 
-~·:3i8d'mtr:. 

•. OSB ,• .. . . .. .. r 
IMIND .•, •••••Jl2•••······· Jl3 •. • ••••n••·······. :~cm~: YBS •• •• •• •• NO •••••• 

• RPAl -<----• SCRA'l'CB '1'DT •<----•.DD OP TABLB .•-->• Pl • 
• • • · BLOCJ(S • •. .• • • ............... . . .. .. . ... ................. . ... 

• 

Chapter 3: Flowcharts, Tables, and Routine Directories 347 



Chart RF. Phase RF overall Loqic Diaqram 

348 

•••••Al•••••••••• 
•GET TEXT BI.OCR • 
•FOR OUTPUT AND • 
•SCRATCH STORAGE• 
• FOR LISTS • 
• AND STACRS • ................. 
: :::: l->l<-----------------------------------------------------------------

P9I~l1 •• Bl•••••••u• . l.B •••••B5•l.••••••• 
* • • CONSTRUCT • 
• • • COMPLn'&D • 

-->• SCAN TEXT • [-------------->•INSTRUCTION AND•<--
: : : OUTPUT : ....... T....... .. .............. . 

• •. OBREGS c1 •. •••••c2•••••••••• •••••c3•••••••••• •••••ell• •••••••• • • *• • EX'l'RACT • • SCAN RBGISTBR • • • 
• • USING •. YES • REGISTER t • TABLE FOR. • • GENERATE • 
··.I~~l~ioN•·•----·--->: u~~~MDND :----:----->: RJWll~ ! : ~gft~E~ :<---------------

•. , • • BASES • • • • • ··.·;. ................. .. ..... T....... ................. . .. 

.•. LADl 
El •. •••••E2•••••••••• 

.• •. • GET FREE • 
• •ADDRESSING •, YES • REGISTER FROM • 

•, INSTRUCTION .•------->•REGISTER TABLE.•----
•. , • •GENERATE STORE • 

•. .• • IF NONE • .. .. . ............... . r .•. INll 
Fl •. •••••F2•••••••••• 

.• •. • BRING IN • 
• • PROLOG •. YES • ADDRESSING • 

•. INSERTION • •-------->• INSTRUCTIONS •---> •. POINT . • • FROM • 
•. • • •INSERTION FILE • . . . • ................ . 

• NO 

LPROC 
.•. LEND Hl •. •••••H2•••••••••• 

D3• •·.. D5• • • 
• • ALL •. ,• •, 

• : • HHfIIH • : .!~----------------------------->•: • IB"a::8UT • : .~~-
•• .• •. POINT .• .. .. .. .. .. .. . ... i,: __________ l . ~ 

,t, LAO 
B3 •. •••••Bii• •••••••• 

, • •. • LOOK-AHEAD • 
.• ENOUGH •. NO • '1'0 FZND BEST • 

t 
0 

• • Rl:tHIBRs. • 0 •------->: Rf.iBTflt, TO : 
•. .• • FREE IT • ... .. . ............... . 

• YBS 

. [:---------:::::-----> 
Fii •. •••••F5• •••••••• 

.• SOME •. • • 
, • REGifitRS • •. YES • GEMJ:RA'l'E CODS • ------------->• · ~~Lg.0IA0~f · •------:-->: ai8Imfts : 

ADIMOV •••••G3•••••••••• 
: AofiBt~llG : • •••• • 

-->: IN¥QR8ilJ~S :--->: Bl : . . .... 
••••••••••••••••• 

•.STORE.• • • .. .. . ............... . . 

,t •. • UPDATE • •••• 
• •PROC/PROC' • , YES • OR DOWNDATE • • • 

•.BEGIN/BEGIN' , •-------->• STACR OF •---->• Bl • 
•, , • • BLOCJt ENTRIES • /\ • • .. .. . . . ... •. . . . ............... . r 

.•. LDROP Jl •. ••••*J2•••······· 
.• •. • DE E • 

dPRMljl~Oif>RM' •:.!~~---->:R~I ¥iat~ =---
•. • • • A ATCH • 

•. .• • TORAGE • .. . . . ............... . r . •. 
l .•Kl •. • • 

NO .• END •. 
---•. or .• 

•. PROGRAM , • .. . . .. .. 
• YES 

l .... 
•Tl" • ->• Al • . . .... 



Table RA. Phase RA Register Allocation Addressibility Analysis 
r-----~-------------------------"--T--------------~-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type · I Routine I subroutines Used I 
!-----------------------------------+---------------+-----------------------------------~ 
IControls scan of source ILAA IACTl, ACT2, ACTS, ACTS, ACT9, I 
I I IACTlO, ADCBUF, GETSBF I 
·------------~--------------------+---------------+-----------------------------------~ IProcesses RX, RS, or SI IACT3 IADTEST, DRTEST I 
I instructions I I I 
·-----------------------------------+---------------+-------------~--------------------~ IProcesses SS instructions IACT4 IADTEST, DRTEST I 
1----~----------------------------+---------------+-----------------------------------i ICompiles code for start of PL/I IACT15, ACT14, IADCBUF, GENFLP, UPSN I 
I statement: 1. with label, 2. I ACT16 I I 
lwithout label, 3. compiler label I I I 
~-----------------------------------+---------------+-----------------------------------~ I Processes PROCEDURE and BEGIN I ACT6 I ADCBUF 1 
I blocks I I I 
~-----------------------------------+---------------+-----------------------------------~ IProcesses END statements on IACT7 IADCBUF I 
I PROCEDURE or BEGIN blocks I I I 
~-----------------------------------+---------------+-----------------------------------~ IAdds text to output string IADCBUF IGETCBF I 
~------------------~----------------+---------------+-----------------------------------~ 
IAdds text to insertion file IADIBUF IGETIBF I 
·-----------------------------------+----~----------+-----------------------------------~ 
IObtains new source buffer IGETSBF INone I 
1-----------------------------------+---------------+-----------------------------------~ 
IObtains next output buffer IGETCBF INone I 
·-----------------------------------+---------------+-----------------------------------~ IObtains next insertion file buffer IGETIBF INone I 
1------------~~--------------------+-------..-------+-----------------------------------~ 
IExamines dictionary reference in IDRTEST IADINST, DECOMP, SETBLI< I 
I source I I I 
~-----------------------------------+---------------+-----------------------------------~ IProduces recovery code when literallADTEST IADCBUF I 
toffset greater than 4095 is met I I I 
~------------~--------------------+---------------+------------------------------------4 I Creates coded addressing I AD INST I ADCBUF., ADIBUF I 
I instructions I 1 '1 
L---------~------------------------J_--------------L-----------------------------------J 
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~able RA1. Phase RA Routine/Subroutine Directory 
< ,- --~ ·-·-·· -- ,- • - • ., • - - ,. - > --- • - - --

r------------------T--------------------------------------~----------------------------, I Routine/Subroutine I Fwlction I 
~------------~---+----------~-----------------------------------------------------~-~ IACT1 Copies non-special three-byte item to output. 
I 
IACT2 Copies non-special five-byte item to output. 
I 
IACT3 Processes RX, RS, or SI instructions. 
I 
IACT4 Processes ss instructions. 
I 
IACT5 End of block routine. 
I 
IACT6 Processes PROCEDURE and BEGIN blocks. 
I 
f ACT7 Processes END statements on PROCEDURE or BEGIN blocks. 
I 
f ACT8 End of source text routine. 
I 
IACT9 !Action of start of common block of prologue. 
I I 
IACT10 !Action at end of prologue. 
I I 
IACT12 f Copies absolute code to output stream. 
I I 
IACT13 ICreates ADI instruction at prologue insertion point. 
I I 
IACT14 ICompiles code for start of PL/I statement with label. 
I I . 
IACT15 !Compiles code for start of PL/I statement without label. 
I l 
IACT16 jCompiles code for start of PL/I statement compiler label. 
I I 
IADD/ADD2 f Generates store of calculated address. 
I I 
f ADCBUF f Adds text to output string. 
I I 
f ADIBUF IAdds text to insertion file. 
I I . 
IADINST 1creates coded addressing instructions. 
I I 
IADTEST I Produces recovery code when literal offset greater than 4095 is met. 
I I 
IATD f Tests whether previous offset is out of bounds. 
I I 
IDECOMP !Decodes dictionary reference. 
I I 
IDRTEST <RB> f Examines dictionary reference in source. 
I I 
IDTY 1scans step table and generates .addressing instructions. 
I I 
f GENFLP f Generates code to set bits on and off in a prefix ON-slot. 
I I 
f GETCBF f Obtains next output buffer. 
I I 
f GETIBF !Obtains next insertion file buffer. 
I I 
f GETSBF f Obtains next source buffer. 
I I 
I LAA I Scans input text. 
I I 
IL125 f Moves addressing instructions to IN-LINE. 
I I 
f SETBLK f Finds block number of referenced item. 
I I f UPSN fGenerates code to keep the statement number slot in the DSA up to 
I I date. 
L------------------i--------------------------------------------------------------------
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•Table RD. Phase RD Use Determination of all EQUs 

r-----------------------------------T--------------~-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type. I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
finitializes text blocks for tables ILINIT INone I 
·-----------------------------------+---------------+-----------------------------------i 
IScans text ILBUILD ILEQV, LBC, LBAL, LOBR, LEOB, I 
I I ILABS, L3BY'l', LSBY'l', LVARB, I 
I I ILSTAT, L2BY'l', LEOP I 
·-----------------------------------+---------------+-----------------------------------i f Processes EQU items ILEQU f FNDIND I 
·-----------------------------------+---------------+--------------------~--------------i I Processes BC items I LBC I FNDIND I 
·-----------------------------------+---------------+-----------------------------------1 I Processes BAL items I LBAL I LOBR, LSBYT I 
·-----------------------------------+---------------+-----------------------------------1 
IProcesses any other branch item fLOBR IFNDIND I 
·-----------------------------------+---------------+--.---------------------------------i 
fSkips a 2-byte item IL2BYT INone I 
·-----------------------------------+---------------+--~--------------------------------i 
fSkips a 3-byte item IL3BYT f None I 
·-----------------------------------+---------------+--~--------------------------------i 
ISkips a 5-byte item ILSBYT INone I 
·-----------------------------------+---------------+-----------------------------------i 
ISkips a variable length item ILVARB f None I 
·-----------------------------------+---------------+-----------------------------------i I Processes a stat'ement number it.em I LSTAT I None I 
·-----------------------------------+---------------+-----------------------------------i 
I Processes an EOB item I LEOB I None I 
·-----------------------------------+---------------+-----------------------------------i f Scans absolute code f LABS f None I 
·-----------------------------------+---------------+--~--------------------------------i f Finds the indicator byte and text I FNDIND I None I 
lreference of an EQU value I I I 
·-----------------------------------+---------------+-~--------------------------------1 
fEnds table build and passes controllLEOP ILSCAN I 
f to second section I I I 
·-----------------------------------+---------------+-----------------------------------i IScans tables for optimizable EQUs ILSCAN ILFLAG I 
1-----------------------------------+---------------+-----------------------------------i fFlags EQUs in text as optimizable ILFLAG f None I 
L-----------------------------------.L---------------L------------~----------------------J 
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•Table RDl. Phase RD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+------------------------------~-------------------------------------~ IFNDIND Finds indicator byte and text reference of EQU value 
I 
ILABS 
I 
ILBAL 
I 
ILBC 
I 
ILBUILD 
I 
ILEOB 
I 
ILEOP 
I 
ILEQU 
I 
ILFIAG 
I 
ILINIT 
I 
ILOBR 
I 
ILSCAN 
I 
ILSTAT 
I 
ILVARB 
I 
IL2BYT 

scans absolute code 

Process BAL items 

Processes BC items 

Scans text 

Processes EOB items 

IEnds table build and passes control to second section 
I 
IProcesses EQU items 
I 
IFlags EQUs in text as optimizable 
I 
IInitializes text blocks for tables 
I 
Processes any other branch item 

Scans tables for optimizable EQUs 

Processes statement number items 

Skips variable length items 
i 

Skips 2-byte items 
I 
IL3BYT Skips 3-byte items 
I . 
ILSBYT. Skips 5-byte items 
L------------------~--------------------------------------------------------------------
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Table RP. Phase RP Register Allocation Physical Registers 
r------------------------r---------~---------------------------, 
I · IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 

·------------------- ------+---------------+-------------------------------i IControls scan of text IZ9 IADCBUF, ADIMOV, BR1, BR3, BR4, I 
I I I GETNXT' LBAL, LBALR' LBCTR' LEOB, I 
I I ILEOP, LR1, LR3, LR4, LR6, LR7, LR9,I 
I I ILSBIFT, OBREGS I 
·--------------------------------+-------------+---------------------------------i I Processes PROCEDURE or BEGIN I LPROC I None I 
I statement I I I 
1--------------------------------+- ---+--------------------------------. IProcesses end of PROCEDURE or BEGINILEND INone I 
I block I I I 
1------------------------------------+--------------+----------------------------------t IProcesses requests for registers; IOBREGS IBRGUSE, LOAD1, STORE1, S'l'ORE2, I 
lallocates physical registers I IREGUSE I 
t------------------------------+-------------+--------------------------------t ICompiles code to store symbolic ISTORE2 IADCBUF I 
I registers I I I 
·-------- -----------------+-------------+----------------------------------i ICompiles code to store assigned ISTORE1 IADCBUF I 
I registers I I I 
~------- -------------------+-------------+---------------------------------i ICompiles load of physical registerslLOAD1 IADCBUF I 
1--------------------------+-------------+----------------------------t I Compiles load register I LOADRG I ADCBUF I 
~-----------------------------+-------------+-------------------------------i I Expands coded addressing I ADIMOV I ADCBUF I 
I instructions I I I 
~---- -----------+----------+-------------------------t 
I Adds to output buffer I ADCBUF I NOne I 
L---------------------------.L...-----------'-------------------------------J 

Table RF1. Phase RF Routine/Subroutine Directory 
r-------------~---------------------------------------------1 I Routine/Subroutine I Function I 
~---------------+-------------- ----------------------------------t IADCBUF IAdds to output buffer. 
I I 
IADIMOV IExpands coded addressing instructions. 
I I 
IBRGUSE ITabulates use of base register in look-ahead. 
I I 
IBR1 (RB) IProcesses RX branch instructions. 
I I 
IBR3 (RB) IProcesses BCT instructions. 
I I 
IBR4 (RB) IProcesses RR branch instructions. 
I I 
IFRTEST IScans list of free registers to make even-odd pair. 
I I 
IGETNXT IObtains next block. 
I I 
ILAD1 (RB) IProcesses AD1 (addressing> instructions. 
I I 
ILB (RB) IConstructs and puts out completed instruction. 

'----------------~-----------------------------------------------------------
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Table RF1. Phase RF Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I . Function I 
·------------------+--------------------------------------------------------------------~ ILBAL (RB) Processes BAL instructions. 
I 
ILBALR (RB) 
I 
ILBCTR (RB) 
I 
ILDROP (RH) 
I 
ILEND (RB) 
I 
ILEOB CRH) 
I 
ILEOP 
I 
ILOADl 
I 
ILOADRG 
I 
ILPROC (RB) 
I 
ILRl (RH) 

I 
I 
ILR3 (RH) 

I 
ILR4 (RH) 

I 
I LR6 (RB) 

I 
I 
ILR7 (RB) 
I 
ILR9 (RH) 
I 
I 
ILSHIFT (RH) 
I 
IOB560(RG) 
I 
IOB630 (RG) 
I 
IOB895 (RG) 
I 
IP9INIT (RH) 
I 
IOBREGS (RG) 
I 
IREGUSE 
I 
ISTOREl 
I 
f STORE2 
I 
IW4 (~B) 

Processes BALR instructions. 

Processes BCTR instructions. 

Processes DROP pseudo-instruction. 

LOads end of PROCEDURE or BEGIN block. 

Processes epd-of-block marker. 

Processes end-of-program marker. 

Compiles load of physical registers. 

Compiles load register. 

Processes PROCEDURE or BEGIN statement. 

Processes instructions in which first and second operands require 
loading, and the first is altered, e.g., AR. 

Processes floating-point instructions. 

Processes SS instructions. 

Processes instructions where a load of first operand is required, no 
toperands are changed, e.g., ST. 
I 
f Processes SI instructions. 
I 
I Processes 
f and it is 
I 

instructions in which no load of first operand is needed, 
changed, e.g., LA. 

!Processes shift instructions. 
I 
!Tests whether all registers are available. 
I 
IGenerates stores of registers if branch in or out. 
I 
!Generates code to load registers. 
I 
IMain text scan. 
I 
I Processes requests for registers; allocates physical registers. 
I 
ITabulates use of registers in look ahead. 
I 
ICompiles code to store assigned registers. 
I 
f Compiles code to store symbolic registers. 
I 
f F.xtracts ADis at prologue insertion point. 
I I 

f Z9 (RB) 1controlling scan of text. 
L------------------~--------------------------------------------------------------------
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•Chart 11. Final Assembly Logical Phase Flowchart 
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Chart TF. Phase TF overall Logic Diagram 
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NO .• ALL •. YES 

!
--------------------------------------------------------------------•. • ,pft~~!~~.•' •---1 

•. . . . . . . . . .... 
•AA • 
• Hll• .. . 

XA9 •••••El•••••••••• XA2~••••E2•••••••••• El'•.•, XA12A•••Ell••••••••••• 

: GET TO : : LOAD : •••• THU A • • • • YES • Ai~~iR~~E • 
• HEAD OF •-------->• NEXT •-------->•, NEW CHAIN • •--------> SEVERITY 
• CHAIN • • BLOCK • •. , • • HEADER . . . . . . .. ................. ................. .. . . . .............. . 

• NO 

XA30 r----------------------~:~-----------------------~:~------------------------

•••••Gl••• ••••••• G2 •. G3 •. 
• • • • IS •. • • •. •••• 
• GET TO • • • SKELETON •. NO , • END • • YES • • r-->• NEXT ENTRY •-------->•, IN CURRENT • •-------->•. OF • •---->• DI! • 

; • IN CHAIN • •, BLOCK • • • • CHAIN • • • • 
I : ••••••••••••••• : •. • .. • .• •. • .. • .• •••• 

. "1 i· YES L:~·::·: . .. . . . . .... 
• Gl • XA32 • •. 
• • •••••H2•••••••••• H3 •. •••••Hll•••••••••• 
••• • : =~~~*E : • •. • ITHA~T • • •. YES : 

5~ftLEMERENT : 
• TO PRINT •-------->•. A STATEMENT • •-------->• TO PRINT 
• BUffER • •, NUMBER • • • BUFFER . . .. . . . . ................. .. .. . ............... . 

,.,, r ____________________________ [ ______ ~;; ______ j 
., •••••Jl••········ •••••J2••••······ •••••J3••········ •••Jll••········· 

• • • • • BUILD • 

• ~i~~E =------->= M~i~GE =-------->= ~~~A~~ =--------> DIK~o~~c 
SKELETON • • SKELETON • • PRINT • • MESSAGE 

• • • • • BUFFER • ................. ................. . ............... . ........ T ..... 
. .. 

Kii •. 
,• WAS •, •••• 

NO , • THIS •. YES • • 
------------------------------------------------------------------------------•. LAST ENTRY .•---->• Dli • •.IN CHAIN , • • • . . .. . ... .. . . . 



Table TF. Phase TF Final Assembly Pass 1 

r-----------------------------------T---------------T-----------------------------------1 I · IMain Processing( I 
I Statement or Operation Type I Routine I Subroutines Used I 
1-----------------------------------+---------------+-----------------------------------~ 
l3cans text (IL0024 tNone I 
·-----------------------------------+---------------+-----------------------------------~ IAssigns offsets to labels IIL0019 f FINEQl, NEXTSL I 
·-----------------------------------+---------------+-----------------------------------~ IIncrements location counter for (IL0014 f None I 
(machine instructions I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IDetermines code for instructions (IL0020 (FINEQ1 I 
twhich refer to labels I I I 
·-----------------------------------+---------------+-----------------------------------i IInitializes location counter at IILOOlO INone I 
tstart of procedure I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IStores size of procedure and IILOOll (None I 
tresumes containing procedure I I I 
l-----------------------------------L---------------L-----------------------------------J 

Table TFl. Phase TF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------i 
IFINEQl Locates label number table entries. 
I 
ILOOOO Entry point from compiler control. 

IL0003 

IL0010 

.IL0011 

IL0014 

IL0015 

Entry point to scan from initialization routine. 

Initializes location counter at start of procedure. 

stores size of procedure and resumes con'taining procedure • 

Increments location counter for machine ins~ructions. 

Processes the start of prologues. 

IIL0017 Releases control. 
I 
IIL0019 fAssiqns offsets to labels. 
I I 
(IL0020 toetermines code for instructions which refer to labels. 
I I 
tiL0022 f Processes end-of-block pseudo-code item. 
I I 
IIL0024 f Scans text. 
I I 
)NEXTSL IDetermines multiple statement label entries in dictionary. I 
L------------------i--------------------------------------------------------------------J 
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Table TJ. Phase TJ Final Assembly Optimization 
r-----------------------------------T---------------r-----------------------------------1 
I !"Main Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ I Controls phase I ILOOOO I OPTIMA I 
t-----------------------------------+---------------+-----------------------------------~ 
I Maintains location counter for I IL0014 I None I 
lmachine instructions I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IAssigns offsets to labels IIL0019 ICOMRTN, FINEQl, NEXTSL I 
·-----------------------------------+---------------+------·-----------------------------~ 
IDetermines code for instructions IIL0020 IFINEQl I 
lwhich refer to labels I I I 
·-----------------------------------+---------------+-----------------------------------i I Initialize location counter at I IL0010 I None I 
I start of proc.adure I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IStores size of procedure for IIL0011 INone I 
I machine instructions I I I 
t-----------------------------------+---------------+--------------~--------------------~ 
!Reduces number of MVC instructions IIL0027 IOFFSET, OSMRTN . I 
·-----------------------------------+---------------+-----------------------------------~ 
!Determines offset from a given IOFFSET tNone I 
I dictionary reference I I I 
L-----------------------------------L---------------L-------~---------------------------J 

Table TJl. Phase TJ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~-----------------~+--------------------------------------------------------------------~ 
COMRTN !Determines whether further optimization is possible. 

I 
FINEQ1 ILocates label number table entries. 

I 
ILOOOO Controls phase. 

IL0003 

ILOOlO 

IL0011 

IIL0012 
I 
IIL0014 
I 
IL0019 

IL0020 

IL0024 

IL0027 

IL1001 

IL1101 

NEXT SL 

Entry point to scan loop from initialization. 

Initializes location counter at start of procedure. 

Stores size of procedure and resumes containing procedure. 

Processes 10achine instructions, etc. 

Maintain8 location counter for machine instructions. 

IAssiqns offsets to labels. 
I 
!Determines code for instructions which refer to labels. 
I 
!Gets pseudo-code item length and updates text pointer. 
I 
Elides MVC instructions. 

Evaluates new ADCON needs. Sets location counter to zero. 

Restores content of containing procedure. 

Looks for equivalent statement labels. 

IOFFSET (TK) Determines offset from a given dictionary reference. 
I 
IOPTIMA Scans text. 
I 
IOSMRTN scans ahead for literal offsets. 
L------------------L--------------------------------------------------------------------
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Table TO. Phase TO Final Assembly External Symbol Dictionary 

r-----------------------------------T---------------T-----------------------------------1 
I · I Main Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
I Constructs first six standard ESD I LG401 I MOVE·, NAME, ERROR I 
I entries I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IConstructs entries for external ILGOOl IMOVE, ERROR I 
lprocedure labels I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Constructs PR type entries for eachlLG030 IMOVE, NAME I 
fblock and procedure I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fConstructs entries for external ILG050 IMOVE, ERROR I 
!variables and external entry names I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Constructs entries for controlled ILG090 IMOVE, NAME, ERROR I 
tvariables and task names I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs entries for Library IIL0200 llHEINC I 
!conversion modules I I I 
L-----------------------------------~---------------~-----------------------------------J 

Table TOl. Phase TO Routine/Subroutine Directory 
r------------------T------------------------------~-------------------------------------1 
IROUTlNE/SUBROUTINEI FUNCTION I 
·------------------+--------------------------------------------------------------------i 
l~RROR !Truncates over-length external identifier, generates error message. 
I I 
ILG001 IConstructs entries for external procedure labels. 
I I 
ILG030 !Constructs PR type entries for each block and procedure. 
I I 
f LG050 Constructs entries for external variables and external entry names. 
I 
ILG055 
I 
ILG080 
I 
ILG085 
I 
ILG090 
I 
ILG093 
I 
ILG401 
I 
IMOVE 
I 
INAME 
I 

Processes ON-conditions and external variables. 

Processes external entry names. 

Processes FILE constants. 

Constructs entries for controllP.d variables and task names. 

Inserts name in ESD entry for CONTROLLED. 

!Constructs first six standard ESD entries. 
I 
!Moves ESD entries to card buffers, and puts out buffer when full. 
I 
!Generates names for pseudo-registers. 
I 

l1HEINC (TQ) IConstructs a string of Library module names. 
L------------------~--------------------------------------------------------------------
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Table TT. Phase TT Final Assembly Pass 2 
r-----------------------------------T---------------r-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
!Scans text IIL0002 INone I 
·-----------------------------------+---------------+-----------------------------------~ 
IGenerates text for RR instructions IIL0012 IGENTXT I 
·-----------------------------------+---------------+-----------------------------------~ !Generates Text for RX non-branch IIL0013 IEOBRTN, GENTXT, OFFSET I 
linstructions LM, STM, and SI Types I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Generates text for shift IIL0027 IGENTXT I 
I instructions I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Generates Text for SS instructions IIL0014 IEOBRTN, GENTXT, OFFSET I 
·-----------------------------------+---------------+------~----------------------------~ 
1sets up trace information and IIL0019 IGENTXT I 
!numbers compiler labels I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Generates text for branch and load IIL0020 IFINEQ1, GENTXT, OFFSET I 
I address instructions I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Initializes location counter at IIL0010 IPUNCBT I 
I start of procedure I I I 
·-----------------------------------+---------------+-----------------------------------~ 
fResumes containing procedure at endlIL0011 IPUNCBT I 
I of procedure I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Moves Text into card image IGENTXT IPUNCBT I 
·-----------------------------------+---------------+-----------------------------------~ 
jPunches cards ensuring that RLD IPUNCHT ICARDOU I 
!cards follow related TXT card I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Generates text for compiler IINCLUD IGENTXT I 
!subroutine I I I 
L--------··--------------------------~---------------~-----------------------------------J 
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Table TT1. Phase TT Routine/Subroutine Directory 
r------------------T------~------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ ICARDOU IDirects card image to load file or punch file. 
I I 
IEOBRTN IChains to next input text block. 
I I 
IFINEQl ILocates label number table entries. 
I I 
IGENTXT IMoves text into card image. 
I I 
f IL0002 IScans text. 
I I 
IIL0003 IEntry point to scan from initialization routines. 
I I 
IIL0010 I Initializes location counter at start of procedure. 
I I 
JIL0011 IResumes containing procedure at end of procedure. 
I I 
IIL0012 fGenerates text for RR instructions. 
I I 
IIL0013 IGenerates text for RX non-branch branch instructions, LM, STM, and 
I ISI type. 
I I 
IIL0014 Generates text for SS instructions. 
I 
IIL0015 Processes the start of prologues. 
I 
IIL0016 Processes the end of prologues. 
I 
IIL0017 End-of-text routine. 
I 
IL0019 sets up trace information and numbers compiler labels. 

IL0020 Generates text for branch and load address instructions. 

IL0022 IEnd-of-block routine. 
I 

IL0027 !Generates text for shift instructions. 
I 

OFFSET (TU> IDetermines offset and relocation pointer from given dictionary 
f reference. 
I 

PUNCHT IPunches cards ensuring tnat RLD cards follow related TXT card. 
L------------------i--------------------------------------------------------------------
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Table UA. Phase UA Final Assembly Initial Values, Pass 1 
r-----------------------------------T--~---------~--T-----------------------------------1 
I · I Main Processing I · I 
I Statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i IScans STA~iC chain to beginning of IUAOOl IUA200, UA220, UA230 I 
!external section I I I 
t-----------------------------------+---------------+-----------------------------------~ 
!Initializes scalar variables IUA200 ITXTMOV I 
~-----------------------------------+---------------+-----------------------------------i 
!Initializes BCD for label IUA220 f RLDMOV, TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ 
!Initializes OED for temporary IUA230 ITXTMOV I 
~-----------------------------------+---------------+-----------------------------------i 
!Initializes address constants. IUAOlO IUA401, UA403, UA404, UA405, UA406 I 
~-----------------------------------+---------------+-----------------------------------i !Initializes symbol table entries IUA080 f RLDMOV, TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ !Initializes address slots for f UA403 IRLDMOV, TXTMOV I 
!external variables I I I 
~-----------------------------------+---------------+-----------------------------------~ 
!Initializes address slots for IUA401 fRLDMOV, TXTMOV I 
I functions and programmer-defined I I I 
(ON-condition names I I I 
~-----------------------------------+---------------+-----------------------------------i !Initializes address slots for labellUA404 f RLDMOV, TXTMOV I 
jconstants I I I 
~-----------------------------------+---------------+-------~---------------------------~ 
f Initializes address slots for entrylUA405 f RLDMOV, TXTMOV I 
! labels I I I 
~-----------------------------------+---------------+-----------------------------------~ 
llnitializes file attribute entries IUA406 IRLDMOV, TXTMOV I 
I and files I I I 
~-----------------------------------+---------------+-----------------------------------~ 
f Initializes constants pool IUA014 fRLDMOV, TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ !Initializes dope vector skeletons fUA021 fTXTMOV I 
~-----------------------------------+---------------+-----------------------------------i !Initializes arqwnent lists IUA025 f RLDMOV, TXTMOV I 
L-----------------------------------~---------------1.-----------------------------------J 
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Table OA1. Phase UA Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I . Function I 

~------------------+--------------------------------------------------------------------1 
IOUTPUT (UB) IM<>ves card images to punch and/or load file. I 
I I I 
IRLDMOV (UB) IMovP.s RLD entries to card buffer. I 
I I I 
f TXTMOV (UB) Moves TXT entries to card buffer I 
I I 
f UAOOOO Entry point from compiler control. I 
I I 
lUA001 Scans STATIC chain to start of external section1 to initialize I 
I scalar variables. I 
I I 
IUA0015 Return point for branches taken in first scan. 
I 
IUA010 
I 
IUA013 
t 
IUA014 (UC) 
I 
IUA021 
I 
I UA0215 (UC) 

' f UA025 
I 
f UA033 
I 
f UA080 (UC) 
I 
IUA100 (UC) 
I 
IUA100A 
I 
IUA200 
I 
f UA220 (UC) 
I 
IUA225 (UC) 
I 
I UA230 (UC) 
I 
IUA401 
I 
I 
IUA403 
I 
f UA404 
I 
IUA405 
I 
f UA406 
I 
I 
IUA407 
I 
f UCINIT (UC) 
I 
I UCUPDT (UC) 
I 
f UC0080 (UC) 
I 

Initializes address constants. 

Return point for branches taken in second scan. 

Initializes constc~ts pool. 

Initializes dope vector skeletons. 

f Produces text for dope vector skeleton. 
I 
f Initializes argument lists. 
I 
f Return point for branches taken in last scan. 
I 
Initializes symbol table entries. 

Initializes one-word CSECT 'IHEMAIN'. 

Exit from UA to compiler control and UD. 

Initializes scalar variables. 

Initializes BCD for label. 

Entry to label routines for label variable Bens. 

Initializes OED and FED for temporary. 

f Initializes address 
ION-condition names. 

slots for functions and programmer-defined 

I 
f Initializes address slots for external variables. 
I 
f Initializes address slots for label constants. 
I 
f Initializes address slots for entry labels. 
I 
I Initializes DECLARE control blocks for files and file attributes 
f entr:i.es. 
I 
IMakes text for file attributes entry. 
I 
!Initializes array variables. 
I 
!Initializes arrays of varying strings. 
I 
IInitializes bit arrays. 
I 

f TIDY (UC) fCompletes packing of bit strings in structures or arrays • ._ _________________ i ___________________________________________________________________ _, 
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Table UD. Phase UD Final Assembly Pseudo-Code Static DSA's 
r-----------------------------------T-~-------------r-----------------------------------1 
I IMain Processing! I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+---------------+-----------------------------------i 
I Scans STATIC DSA chain I Al I AUTO I 
·---------~-----------------------+---------------+-----------------------------------~ IScans STATIC DSA's AUTOMATIC chain IAUTO IDAT,LAB,STRUC I 
·-----------------------------------+---------------+-----------------------------------i IInitializes dope vectors for data IDATLAB ITXTMOV(UB),RU>MOV(UB) I 
I items and label variables I I I 
I <unstructured) I I I 
·-----------------------------------+---------------+-----------------------------------~ IInitializes dope vectors for ISTRUC ITXTMOV<UB),TLDMOV(UB) I 
I structures I I I 
L-----------------------------------~---------------1.-----------------------------------J 

Table UD1. Phase UD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
·------------------+--------------------------------------------------------------------~ IAl IScans STATIC DSA chain. 
I I 
fAUTO !Scans STATIC DSAs AUTOMATIC chain. 
I I 
IDATLAB !Initializes dope vectors for data items and labels. 
I I 
ISTRUC !Initializes structure dope vectors. 
I I 
IUDOOO !Entry point 
I I 
IUDEND !Releases control. 
L------------------i--------------------------------------------------------------------
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Table UE. Phase UE Final Assembly Initial Values, Pass 2 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I subroutines used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain to beginning of fUAOOl IUA200, UA220, UA230 I 
lexternal section I I I 
·-----------------------------------+---------------+-----------------------------------~ I Initializes scalar variables I UA200 I TXTMOV (UB) I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain to initialize IUA003 IUA300, UA320, UA340, UA360, UA365 I 
!internal dope vectors I I I 
·-----------------------------------+---------------+-----------------------------------~ 
IInitializes dope vectors for IUA300 IRLDMOV (UB), TXTMOV (UE) I 
!internal strings I I I 
·-----------------------------------+---------------+-----------------------------------~ 
!Initializes dope vectors for IUA320 IRLDMOV (UB), TXTMOV CUE) I 
I internal data arrays I I I 
·---------------------------~-------+---------------+-----------------------------------~ 
IInitializes dope vectors for arrayslUA340 ITXT~OV (UB>, UCUPDT CUC) I 
tof varying strings I I I 
·-----------------------------------+---------------+-----------------------------------~ IInitializes dope vectors for IUA360 IRLDMOV (UB), TXTMOV (UB) I 
linternal label arrays I I I 
·-----------------------------------+---------------+-----------------------------------~ 
f Initializes dope vectors for f UA365 f UA300, UA320, UA360 I 
!internal structures I I I 
·-----------------------------------+---------------+---------------------------------~-~ 
!Initializes arrays IUA030 IRLDMOV (UB), TXTMOV CUB), f 
I I f UCINIT (UC) I 
·-----------------------------------+---------------+-----------------------------------~ I Initializes structures l'UA040 I TXTMOV (UB) I UA200, UCO BOO (UC) I I 
I I ITIDY (UC) I 
·-----------------------------------+---------------+-----------------------------------~ I Initializes one word CSECT IUA100 IOUTPUT, RLDMOV, TXTMOV (all in UB) I 
I I IHE!A..AIN I I I I 
·-----------------------------------+---------------+-----------------------------------~ !Initializes CSECT for STATIC IUA1005 !OUTPUT (UB), UA030, UA200, UA300, I 
lexternal variables I IUA320,. UA360, UA365, UA.401, UA406 I 
·-----------------------------------+---------------+-----------------------------------~ 
IMakes up Etm card and terminates IUA120 IOUTPUT CUB) I 
I phase I I I 
·-----------------------------------+---------------+-----------------------------------~ !Initializes array variables IUCINIT (UC) ITXTMOV (UB), ucooao (UC), TIDY (UC)I 
L-----------------------------------~----------------L-----------------------------------J 
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Table UEl. Phase UE Routine/Subroutine Directory 
r---------~-------T-------------------------------~-----------------------------------1 
l«outine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
IAR~A Initializes AREA variables. 
I 
IEVEN'I Initializes EVENT variables. 
I 
TASK 

UAOOO 

UAOOl 

UA0015 

UA003 

UA021 

UA030 

UA031 

UA033 

UA034 

UA040 

UA100 (UC) 

UA105 

UA120 

UA200 

UA207 

UA300 

UA320 

UA340 

Initilizes TASK variables. 

Entry point from UA and compiler control. 

Scans STATIC chain to start of external section, to initialize 
scalar variables. 

Return point for branches taken in first scan. 

Scans STATIC chain to initialize all dope vectors for internal 
variables. 

Start of scan for arrays and structures. 

Initializes arrays. 

Produces RLD entry for label array virtual origin. 

Return point for branches taken in array scan. 

Produces RLD entry for data array virtual origin. 

Initializes structures. 

Initializes !HEMA.IN CSECT. 

Return point for branches taken in external scan. 

Makes up END card and terminates phase. 

Initializes scalar variables. 

Lists label variables. 

Initializes dope vectors for internal strings. 

Initializes dope vectors for internal data arrays. 

Initializes dope vectors for arrays of varying strings. 

UA360 !Initializes dope veM:ors for internal label arrays. 
I 

UA365 !Initializes dope vectors for internal structures. 
I 

UA401 !Initializes address slots for functions and programmer-defined 
ION-condition names. 
I 

UA406 !Initializes DECLAPE control blocks for files and file attributes 
f entrief" 
I 

f UA1005 !Initializes CSECTs for STATIC external variables. 
L------------------~----~--------------------------------~----------------------------
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Table UF. Phase OF Final Assembly Object Listing 
r-----------------------------------T---------------r-----------------------------------1 I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
·-----------------------------------+---------------+-----------------------------------~ 
IScans Text · IIL0002 I None I 
·-----------------------------------+---------------+-----------------------------------i ILists RR instructions IIL0012 IPRINIT, RRRTN I 
·-----------------------------------+---------------+-----------------------------------~ 
ILists RX non-branch instructions IIL0013 IBXRTN, PRINIT, PRNTOU, PRNTVF, I 
I I I SECOND I 
·-----------------------------------+---------------+-----------------------------------i ILists SS instructions IIL0014 IEOBRTN, PRINIT, PRNTOU, SSRTN I 
·-------------------~--------------+---------------+-----------------------------------i ILists shift instructions IIL0026 IPRINIT, PRNTOU, PRNTVF I 
·-----------------------------------+---------------+-----------------------------------i ILists LM and STM IIL0027 IPRINIT, PRNTOU, PRNTVF, SECOND I 
·-----------------------------------+---------------+-----------------------------------i 
!Lists SI instructions IIL0028 ICBARVF, PRINIT, PRNTOU, PRNTVF I 
I I I SECOND, SSRTN I 
·-----------------------------------+---------------+-----------------------------------i 
fLists branch and load address fIL0020 f IL0013, NAMEIT, NAMEQU, PRINIT, I 
I instructions I I RRRTN I 
·-----------------------------------+---------------+-----------------------------------i 
ILists labels IIL0019 INAMEVF, NEXTEL, NEXTSL, I 
I I IPRNTLC, PRNTOU, PRNTVF, STATMN I 
·-----------------------------------+-------------~-+-----------------------------------i 
!Lists procedure names IIL0010 f NAMEVF, NEXTEL, PRNTOU, STATMN I 
·-----------------------------------+---------------+-~--------------------------------i fLists ends of procedures IIL0011 f NAMEVF, NEXTEL, PRNTOU I 
·-----------------------------------+---------------+-----------------------------------i 
IScans ahead for literal offsets~ !SECOND IEOBRTN I 
f inserts second instruction byte I I I 
I into print image I I I 
·-----------------------------------+---------------+-----------------------------------i fGenerates listing of text for base ISSRTN, BXRTN IABSOFF, ADDEND, NAMEIT, NAMEQU, I 
f offset pair I f PRNTVF I 
1-----------------------------------+-------------~-+-----------------------------------i 
I Names generated label number I NAMEQU I DEC INT, FINEQl I 
·-----------------------------------+---------------+-----------------------------------i 
!Inserts location counter value, andlPRINIT IPRNTLC I 
f hexadeci~al and mnemonic operation I I I 
I codes in print line I I I 
·-----------------------------------+---------------+----------~------------------------~ f Moves variable lenqth item into IPRNTVF IPRNTOU I 
I variable field part of print line I I I 
·-----------------------------------+---------------+-----------------------------------i fLists statement numbers ISTATMN f STATNO I 
·-----------------------------------+---------------+-----------------------------------~ 
IDetermines name and offset from f NAMEIT fDECINT, BEXINT I 
!dictionary reference I I I 
·-------------~--------------------+---------------+----------------------------------i fGenerate listing of compiler f IL0017 IPRNTLC,PRNTVF,PRNTOU I 
I subroutine I I I 
L-------------------------------L-------------L---------------------------------J 
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Table UFl. Phase UF Routine/Subroutine Directory 
r------------------T-------------------------------~-----------------------------------1 

I Routine/Subroutine I Function I 
~------------------+-----------------~--------------------------------------------------~ 
IABSOFF IAppends literal offsets to operands in variabie part of print line. 
I I 
IADDEND IAppends signed literal offsets to operands. 
I I 
IBXRTN/SSRTN IGenerate listing of text for base offset pair. 
I I 
ICHARVF (UG) IPlaces one character in variable field of print line image. 
I I 
IDECINT (UG) IConverts binary to externally coded decimal. 
I I 
IEOBRTN IChains to next input block. 
I I 
IFINEQl ILocates label number table entries. 
I I 
HEXINT (UG) IConverts binary to externally coded hexadecimal. 

I 
ILOOOO IEntry point from compiler control. 

I 
IL0002 IScans text. 

I 
IL0003 IEntry to scan from initialization routines. 

I 
IL0010 (UG) ILists procedure names. 

I 
IL0011 (UG) ILists ends of procedures. 

I 
IL0012 ILists RR instructions. 

I 
IIL0013 ILists RX non-branch instructions. 
I I 
IIL0014 !Lists SS instructions. 
I I 
IIL0015 IProcesses the start of prologues. 
I I 
IIL0016 !Processes the end of prologues. 
I I 
f IL0017 (UI) f End-of-text routine, and compiler subroutine listing. 
I I 
IIL0018 !Processes compiler generated label numbers. 
I I 
IIL0019 (UG) !Lists labels. 
I I 
IIL0020 !Lists branch ana load address instructions. 
I I 
IIL0026 ILists shift instructions. 
I I 
IIL0027 ILists LM and STM. 
I I 
IIL0028 ILists SI instructions. 
I I 
IIL0032 f Processes SS decimal instructions. 
I I 
IIL1003 (UG) IPrints "*PROCEDURE" followed by entry names and statement number. 
I I 
IIL2005 IIdentifies operands. 
I I 
INA~EIT IDetermin~s name and offset from dictionary entry. 
I I 
INA~EQU !Names generated label number. 
I I 
INAMEVF (UG) IPlaces a variable naro~ in the print line. 
I I 
I NEXTEL (UG) I Scans dictionary for multiple entry labels. 
L------------------~--------------------------------------------------------------------
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Table UFl. Phase UF Routine/Subroutine Directory <cont'd) 

r------------------T------~------------------------------------------------------------1 f Routine/Subroutinel Function I 
·------------------+--------------------------------------------------------------------~ 
INEXTSL (UG) f Scans dictionary for multiple statement labels. 
I I 
INM0003 (UH) f Common return point in naming routine. 
I I 
IPRINI!l' (UG) f Prints location counter value, hexadecimal, and mneR'lonic op codes. 
I I 
IPRNTLC (UG) Converts location counter to hexadecimal; places it in print image. 
I 
IPRNTOU (UG) 
I 
f PRNTVF (UG) 
I 
IRRRTN 
I 
I SECOND 
I 
I 
f STATMN (UG) 
I 

Prints a line. 

Moves variable length item into variable field part of print line. 

Generates RR format listing of text.. 

scans ahead for literal offsets; inserts second instruction byte 
into print image. 

Lists statement numbers. 

f STATNO (UG) converts statement number to decimal. 
'·------------------i------------------------------------~-------------------------------J 
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Table XA. Phase XA Error Message Editor 
r-----------------------------------~--------------T-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I subroutines Used I 
·-----------------------------------+~--------------+-----------------------------------~ I Determines whether error messages I XA I None I 
I are to be printed I I I 
~-----------------------------------+---------------+-----------------------------------~ IScans error message text skeletons IXAB IXASO, XA70, XA90, XA110, ZUPL I 
land prints· them out I I I 
L-----------------------------------.l.---------------L-----------------------------------J 

Table XA1. Phase XA Routine/Subroutine directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i IXA IDetermines whether error messages are to be printed. 
I I 
IXAO ISets severity code. 
I I 
IXA01 f Establishes which message types to suppress. 
I I 
IXA1 ICounts number of error chains to be processed. 
I I 
IXA2 IPuts out messages if there are no diagnostics. 
I I 
IXA4 !Prints out •coMPILER DIAGNOSTIC MESSAGES•. 
I I 
IXA7 IFirst scan of message chains. 
I I 
IXA8 Scans error message text skeletons and prints them. 
I 
IXA9 (XB) Scans to head of next non-empty chain. 
I 
IXA12A Selects and prints header for messages of given severity. 
I 
IXA30 (XB) Gets next entry in message chain. 
I 
IXA32 (XB) Builds up first part of message in buffer. 
I 
f XA35 <XB) Accesses message skeleton. 
I 
f XA40 (XB) IPuts out completed message. 
I I . 
IXASO (XB) IMoves message text to print buffer. 
I I 
IXA70 (XB) IConverts binary statement number to character representation, and 
I 1moves it to print buffer. 
I I 
IXA90 CXB) !Converts binary numeric value to character representation and moves 
I lit to print buffer. 
I I 
IXA110 (XB) IMoves identifier from dictionary entry to the print area. 

f zuPL IPrints a line on SYSPRINT data set. 
L------------------i--------------------------------------------------------------------
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This appendix relates the logical 
phases. physical phases. and modules 
contained within the physical phases. The 
compiler name is IEMAA. 

PHYSICAL 
~ MOOULES 

compiler Control 

AA 

AB 

AC 

AD 

AE 

AF 

AG 

AH 

AI,AJ 

AK 

AL 

AM 

AN 

AT 

BX 

Fl 

DESCRIPTION 

Controls running of 
compiler 

Performs detailed 
initialization 

Writes records on 
intermediate file 
SYSUT3 

Performs inter-phase 
dumping as specified in 
the DUMP option 

End of read-in phase 

controls system 
generation compiler 
options 

Closes SYSUT3 for 
output. reopens for 
input 

Format annotated 
dictionary dump 

Format annotated text 
dump 

Closing phase of 
compiler 

controls extended 
dictionary compilation 

Phase marking 

Controls normal 
dictionary compilation 

Carries out extra 
debugging during 
compiler runs 

48-character set 
preprocessor 

Checks whether Syntax 
Check should terminate 
compilation 

APPENDIX A: GUIDE TO PHASES AND MODULES 

JZ Builds second half 
phase directory 

Compile~time Processor Logical Phase 

AS 

AV 

BC BC, BE.BF 

BG BG.BI.BJ 

BM BM,BN 

BO,BV 

BW 

Resident phase for 
compile-time processor 

Initialization phase 
for compile-time 
processor 

Initial scan and 
translation phase for 
compile-time processor 

Final scan and 
replacement phase for 
compile-time processor 

Error message printout 
phase 

Contain the diagnostic 
messages 

Cleanup phase for 
compile-time processor 

Read-In Logical ·pbas! 

CA Read-In phase conunon 
routines 

cc .Read-In phase common 
routines 

CE Keyword tables 

CI CG,CI Read-In first pass 

CK Keyword tables 

CL CL.CM Read-In second pass 

CN Keyword tables 

co CO,CP Read-In third pass 

CR Keyword tables 

cs CS,CT Read-In fourth pass 

CV cv,cw Read-In fifth pass 

Dictionary Logical Phase 

ED ED 

EG EF.EG 

Initialization, 
subroutine package for 
Declare Pass 2 

Initialization 
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PHYSICAL 
PHASE MODULES 

EL El<, EL, EM 

EP EP 

EW EV,EW· 

EY EX,EY,EZ 

FA FA,FB 

FE FE,FF 

FI FI 

FK FK 

FO FO,FP 

FQ FQ 

FT FT,FU 

FV FV,FW 

FX FX,FY.FZ 

DESCRIPTION 

First pass over DECLARE 
statements 

second pass over 
DECLARE statements 

Constructs dictionary 
entries for PROCEDURE, 
ENTRY and CALL 
statements 

Constructs dictionary 
entries for LIKE 
attributes 

Constructs dictionary 
entries for ALLOCATE 
and for explicitly 
qualified based 
variables. 

Checks context of 
source text 

Changes BCD to 
dictionary references 

Checks validity of 
dictionary references 

Rearranges attributes 

Constructs dictionary 
entries for· 
ON-conditions 

Checks validity of 
PICTURE chain for PL/I 
functions and the 
TRANSLATE and VERIFY 
functions 

Dictionary 
house-keeping 

Merges second file 
statements into text 

Processes identifiers 
for cross reference and 
attribute listing 

Pretranslator Logical Phase 

GA 

GB 

GI< 

380 

GA 

GB,GC 

GK 

constructs DECLARE and 
OPEN control blocks 

Modifies I/O statements 

Checks parameter 
matching 

GO 

GP 

GU 

HF 

HK 

HP 

IA 

IG 

IK 

IL 

IM 

IT 

IX 

JD 

GO 

GP,GQ,GR 

HF,HG 

HK,HL 

RP 

IA.IB,IC 

IG 

IK 

IL 

IM.:rN,IP. 
IQ 

IX 

J'D 

Preprocessor for second 
check on parameters 

second check on 
parameters 

Processes CHECK 
condition statements 

Processes structure 
assignments 

Processes array 
assignments 

Processes items defined 
using iSUBs 

stacks operators and 
operands 

Processes array and 
structure arguments and 
built-in functions 

First part of 
pr.eprocessor for 
generic functions 

second part of 
preprocessor for 
generic functions 

Processes generic 
functions 

Proces~es function 
trip-les 

POINTER and AREA 
checkinCJ 

Evaluates constant 
expressions 

Aggregates_ Logical Pba!~ 

JI 

JI JI.JK,JL 

JK J'K,JL,JM 

JP JP 

Structure 
pre-preprocessor 

Structure preprocessor 

Structure processor 

Checks DEFINED chains 

Optimiza~ion Logical Phase 

KA KA,KB 

KC KC.I<Cl 

Table handling and 
initialization 

DO temporaries 



PHYSICAL 
~ MODULES 

KE KE,KEl 

KG KG,KGl 

KJ KJ 

KN KN 

KO RO,KP,KQ 

KT KT 

KU KU,KV 

DESCRIPTION 

DO MAP build 

DO examine 

SUBS TABLE build 

Initialization 

Subscript optimization 
1 and 2 

SCAN utility 

Merge patches and loop 
control 

Pseudo-code Logical.Phase 

LB LB,LC 

LD LD 

LG LG,LH 

LR LR 

LS LS,LT,LU 

LV LV 

LW LW 

LX LX,LY 

MA MA 

MB MB,MC 

MD MD 

ME ME 

MG MG,MH 

MI MI,MJ 

Generates triples to 
initialize AUTOMATIC 
and CONTROLLED scalar 
variables 

constructs dictionary 
entries for initialized 
STATIC scalar variables 
and arrays 

Expands DO loops 

Fixed decimal 
expression optimization 
and initialization for 
phase LS 

converts expression 
triples to pseudo-code 

Provides string 
handling facilities 

Initialization for 
phase LX 

Converts string triples 
to pseudo-code 

constructs pseudo-code 
for functions 

Constructs pseudo-code 
for pseudo-variables 

scans for ADDR and 
STRING functions and 
generates code for each 

Constructs pseudo-code 
for in-line functions 

Constructs pseudo-code 
for in-line functions 

Constructs pseudo-code 
for in-line functions 

MK 

ML 

MM 

MP 

MS 

NA 

NG 

NJ 

NM 

NT 

NU 

OB 

OD 

OE 

OG 

OM 

OP 

OS 

MK 

ML 

MM,MN,MO 

MP 

MS,MT 

NA 

NG 

NJ,NK 

NM,NN 

NT 

NU,NV 

OB,OC 

Constructs pseudo-code 
for in-line functions 

Processes generic entry 
names 

Processes CALL and 
function procedure 
invocations 

Reorders BUY and SELL 
statements 

Constructs pseudo-code 
for subscripts 

Generates pseudo-code 
for branches, RETURN 
triples, etc. 

Generates Library 
calling sequences for 
DEL~Y and DISPIAY 
statements 

Generates Library 
calling sequences for 
executable 
RECORD-oriented 
input/output statements 

Generates Library 
calling sequences for 
executable 
STREAM-Oriented 
input/output statements 

Pre-processor for NU 

Generates Library 
calling sequences for 
data/format lists 

Processes compiler 
functions and 
pseudo-variables 

Pseudo-code assignment 

OD,OE,OF constructs Pseudo-code 
for assignments 

OG,OH,OL, Generates library 
OI calling sequences 

OM,ON,00 Generates pseudo-code 
for data type 
conversions in-line 

OP,OQ Generates pseudo-code 
for further in-line 
conversions 

os,or,ou converts constants to 
required internal form 
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PHYSICAL 
~ MODULES DESCRIPTION 

Storage Allocation Logical Phase 

PA 

PD 

PH 

PL 

(PP 

PT 

QF 

QJ 

QU 

QX 

PA 

PD 

PH 

PL,PM 

PP,PO 

PT,PU,PV 

QF,QG,QH 

QJ,QK,QL 

QU 

QX 

Puts eligible DSA's 
into STATIC 

First STATIC storage 
allocation phase 

second STATIC storage 
allocation phase 

constructs symbol 
tables and DEDs 

Sorts AUTOMATIC chain 

Allocates AUTOMATIC 
storage 

Constructs prologues 

Allocates DYNAMIC 
storage 

Aligns misaligned 
operands and processes 
halfword binary 
operands 

Lists lengths of 
aggregates 

Register Allocation Logical Phase 

RA 

RD 

RF 

382 

RA,RB,RC 

RD 

RF,RG,RH 

Processes addressing 
mechanisms 

Flags branches for 
optimization 

Allocates physical 
registers 

Final Assembly Logical Phase 

TF TF 

TJ TJ,TK 

TO TO,TP,TQ 

TT TT,TU 

UA UA,UB,UC 

UD UD,UB,UC 

UE UE.UB,UC 

UF UF,UG,UH 

UI UI,UG,UH 

Error Editor 

XA XA 

XA,XB 

XA,XC 

XF 

XG,YY 

Assembly first pass 

Optimization 

Produces ESD cards 

Assembly second pass 

Final assembly initial 
values, first pass 

Generates RLD and TXT 
cards to set up dope 
vectors for STATIC DSAS 

Final assembly initial 
values, second pass 

Produces listings 

Completes final 
assembly listings 

Determines whether 
there are diagnostic 
messages to be printed 

Constructs the third 
phase list 

controls the printing 
of messages 

Message address blocks 

contain the diagnostic 
messages 
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LG LH 
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l9LQ9. 
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PA PD 

I 

iPH 

PL PM 

PO pP 

. PT--pLJ PV 

OF OG OH 

QJ OK_9_~ 

_Ou 
ox 
~~A.RB.RC 

~ 
f·RF -"~---~ 
; .. TF 

~.!l. . TK 

~T9 _ TP _JQ 
,J.L_T.Jl 
i UB UC UA 
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I l vi~ 
f-~f_ __ ~9 l~ 
I XA )Cl ·-

XC Xf 

-, 
L.t 

GI GC 
GK LW ~-

XG 
XH 
XI 

XJ 
XIC. 

XL 
XO 

MA 

MG 

Ml MJ 

MIC. 

ML 

MM MN MO 
LY MP 

MS MT 
NA NI 
NG NH 
NJ NK 

*. UPIUSENTS COMPILE" DllUGGING ROUTINES,AD,AH,Al,AJ 01 AT, 
WHICH MAY IE IN PHMANENT RESIDlNCE IF REQUESTED 

• Fiqure 7. PL/I Phase-in-storage Map 

In this phase-in-storage map, modules on 
the same horizontal line may be in storage 
together. Modules on the same vertical 
line can never be in storage together. 

This map represents the 'worst' case, and 
does not always reflect the order of 
loading. 
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APPENDIX B: RESIDENT TABLES 

There are three resident tables: the 
dictionary, the keyword tables, and the 
phase directory. The dictionary is 
resident through part of the compilation: 
the formats of the dictionary entries are 
fully described in Appendix c. The keyword 
tables are resident during the read-in 
logical phase, and the phase directory 
throughout the compilation. 

ORGANIZATION OF KEYWORD TABLES 

The read-in phase is divided into five 
passes containing the modules shown in 
Figure 8. 

Modules CA and cc contain routines which 
are common to all five passes. successive 
blocks of routines overlay the areas used 
in the first pass by modules CE, CG, and 
CI. The keyword tables are held in 
separate modules (CE, CK, CN, and CR) which 
must each be less than 1,024 bytes (1K) 

, 
r------, I 

I I 
CA I I 

I I I 
L------J > common Routines 

I r------, I 
I cc I I 
L-------J I 

J 

long. In this way it is possible to hold 
in storage only those keywords which are 
required for any one pass. The keyword 
tables are constructed in the following 
manner. 

For ease of searching and modifying a 
keyword table, it is organized into two 
levels and by keyword length, as shown in 
Figure 9. 

The KEYWD routine is called by one of 
the statement scanning routines, and is 
supplied with a parameter which enables it 
to decide which set of keywords to look at 
<e.g., statement identifier, ON condition, 
miscellaneous). It does this by using the 
parameter to extract the required relative 
address (R(A),etc.) from the first level 
directory. The second level directory 
provides the KEYWD routine with the means 
of reaching a table containing keywords of 
correct length; the KEYWD routine calls the 
KEYID routine, which scans the next 
significant item in the source text to 
obtain the length used in this look-up. 

-----------,-~-----------T--------------,---------------,------------

r-------1 
I CE I 
L-------J 

r-------1 
I I 
I CG I 
I I 
L-------J 
r-------1 
I I 
I CI I 
I I 
L------J 

Pass 1 

r--------, 
I CK I 
L-------J 
r--------, 
I I 
I CL I 
I I 
L------J 
r-------, 
I I 
I CM I 
I I 
L------J 

Pass 2 

r--------, 
I CN I 
L-------J 

.------, 
I I 
I co I 
I I 
L-------J 

.-------, 
I I 
I CP I 
I I 
L--------J 

Pass 3 

Figure 8. Organization of Read-In Phase 
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r--------, 
I CR I 
L--------J 
r--------1 
I I 
I cs I 
I I 
L--------J 
r------1 
I I 
I CT I 
I I 
L--------J 

Pass 4 

r-------1 
I CR I 
L--------J 
r--------, 
I I 
I CV I 
I I 
L------J 
r-------, 
I I 
I Ctil I 
I I 
L--------J 

Pass 5 



r----, 
..----------f R (A) I 
I •-----i First Level 
I r-t R(B) I Directory 
I I •------i 
I I I R(C) .-. 
I I •---i I 
I I I I I 
I I I I I 
I I I 
I I I 
I r----1 I r---1 I r----1 

AL>I I BL>I I CL>I I Second 
.----i •-···---i •----i Level 
I I I I I I Direc-.-----1 .----i •----i tory 
I I I I I I 
L-----J ·---i ·----i 

I I I I •-----i I I 
I I 
·----i 
I I 
I I 

Figure 9. organization of Keyword Table 

Format of First Level Directory 

FSTLVL DC AL2 ( STATXD - FSTLVL) 

DC AL2 ( ONID - FSTLVL) 

Format of second Level Directory 

The second level tables contain relative 
addresses, which enable the REYWD routine 
to reference a third level table containing 
keywords of the correct length. Xf one of 
these entries should contain zero, then. 
KEYWD will interpret this as meaning that 
no keywords of this length exist in this 
table. 

STATXD DC FL2'm' where m is smallest 
length in table 

DC FL2'n' where n is largest 
length in table 

DC AL2(STLm-STATID) 

DC AL2(STLn-STATXD) where the 
symbols beginning STL are 
the symbolic addresses of 
the corresponding keyword 
tables 

Format of Third Level Tables 

The third level tables have a pref ix byte 
containing the number of entries in this 
particular table followed by keyword 
entries. These consist of the keyword in 
internal code plus the replacement 
character (keywords recognised as such are 
replaced by a single code byte). 

STLm DC FLl'x' where x is number of 
keywords in this table 

DC X' 112315' keyword in internal 
code 

DC x•ss• replacement in internal 
code 

DC X'393839' 

DC X'SA' 

Some keywords are not represented by one 
word (e.g., GO TO, BY NAME> and clearly, 
the mechanism must be modified to cope with 
the second word. This modification is 
achieved by placing a 1-bit into the first 
bit of the first level by using the OR 
logical operation. The presence or absence 
of this bit is tested by the KEYWD routine 
before the suspected keyword is compared. 
Xf the bit is absent, the pass through the 
routine is quick, as there is no 
possibility of· an extra level search.. Xf 
the bit is present. the keyword must be 
compared after the a~ditional bit has been 
removed by the AND logical operation. Xf 
the comparison is equal, the two bytes 
following the replacement character are 
used as a relative address to reach the 
next level table. 

Format of Entry Requiring Additional 
Comparisons 

DC X' 9726 I GO + x • 1000·• 

DC X'llO' 

DC AL2(N XTLVL-•> Relative address 
of next level table 

The format of these extra level tables 
is simila·r to that for the third level. Xn 
this way, it is possible for national 
language keywords to replace single words 
by two or more words, if so desired. 
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PHASE DIRECTORY 

Because of the number of phases in the 
compiler, the phase directory is split into 
halves. The first half is constructed 
during the initialization of the compiler1 
also a list of names of the phases in the 
second half is kept in Phase AA. This list 
is used to pass status indications (i.e., 
whether phases are wanted or not wanted) 
from the first half to the second half. 
Phase JZ uses the list to construct a new 
directory for the second half. 

The phase directory is constructed by 
use of the BLDL macro and a build list. 
The format of the build list is fully 
described in the publication IBM system/360 
Operating system, Supervisor and Data 
Management Services. 

Each entry in the build list is 30 bytes 
long. On returning from the BLDL macro, 
two bytes of the name field and ten other 
bytes of each satisfied entry in the build 
list are used to construct a 12-byte phase 
directory entry in the compiler control 
routines. The build list is destroyed 
after the inittalization process is 
complete. 

386 

The format of a phase directory entry is 
as follows: 

r---------1-----------------------, 
IByte Number I Description I 
·------------+---------------------------~ O - 1 Phase name 

2 

3 - 4 

5 - 7 

8 - 9 

Status byte 

concatenation number and 
library identification 

TTR of first text record1 
where TT is the relative 
track number, and R is the 
block number on that track. 
After the phase is loaded, 
these bytes contain the 
absolute address of the 
begining of the phase. 

Total amount of storage 
required 

10 - 11 Length of first text recordl 
------------L---------------------------J 



APPENDIX C: INTERNAL FORMATS OF DICTIONARY ENTRIES 

This appendix describes the formats of 
dictionary entries during the compilation 
of a source program. The appendix is 
organized in the following manner: 

1. Dictionary Entry Code Bytes 

2. Dictionary Entries for ENTRY Points 

3. Code Bytes for ENTRY Dictionary 
Entries 

4. Dictionary Entries for DATA, LABEL, 
and STRUCTURE Items 

5. Code Bytes for DATA, LABEL, and 
STRUCTURE Dictionary Entries 

6. Format of variable Information 

7. Other Dictionary Entries 

8. Dimension table 

I 9. Dictionary Entries for Initial Values 

1. DICTIONARY ENTRY CODE BYTES 

The dictionary is used to conununicate a 
complete description of every element of 
the source program, the compiled object 
program, and the compiler diagnostic 
messages between phases of the compiler; 
the text describes the operations to be 
carried out on the elements. 

Each type of element has a 
characteristic dictionary entry, which is 
identified by a code occupying the first 
byte of the entry. In general, each type 
of element has a different code byte, but 
in order to permit rapid identification of 
dictionary entries, the code bytes have 
been allocated on the following basis: 

First Half ~te 

Bit Bit 
Position Value Meaning 

0 0 entry has BCD 
1 entry has no BCD 

1• 0 entry is to be chained 
1 entry not to be chained 

2 0 not a member of structure 
1 member of structure 

3 0 not dimensioned 
1 dimensioned 

•This bit only applies to Phase FT which 
constructs the storage class chains by a 
sequential scan of the dictionary; later in 
the compiler, items with this bit on are 
added to the storage class chains. 

Second Half Byte 

In the· second half byte, the following 
codes have the meanings shown, unless the 
first half byte is X'C'z 

X'7' means label variable 
x•c• means task identifier 
X'D' means event variable 
X'E' means structure 
X'F' means data variable 

The second and third bytes of every 
dictionary entry contain the length, in 
bytes, of the entry. If the entry has BCD 
(i.e., the first bit of the entry is zero>, 
this length count does not include the BCD; 
instead, the BCD, which follows the main 
body of the entry, is preceded by a single 
byte containing one less than the number of 
characters of BCD. 

Using this general scheme, the code 
bytes allocated for dictionary entries 
appear in the following table. Code bytes 
in the table which have no corresponding 
description are not allocated. 

x•oo• 
01 
02 
03 
04 
05 

06 
07 
08 
09 

Statement label constant 
Procedure or entry label 
GENERIC entry label 
External entry label (entry type 4) 
Built-in function, e.g., DATE 
Temporary variable and controlled 
allocation workspace 
Built-in GENERIC label, e.g., SIN 
Label variable 
File constant 
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OA 
OB 
OC Task identifier 
OD Event variable 
OE 
OP Data variables <not dimensioned or a 

structure member> 

10 
11 
12 
13 
14 
15 
16 
17 Dimensioned label variable 
18 
19 
lA 
lB 
lC Dimensioned task identifier 
lD Dimensioned event variable 
lE 
lF Dimensioned data variable 

20 
21 
22 
23 
24 
25 
26 
27 Label variable in structure 
28 
29 
2A 
2B 
2C Task identifier in structure 
2D Event variable in structure 
2E Structure item 
2F Data variable in structure 

30 
31 
32 
33 
34 
35 
36 
37 Dimensioned and structured label 

variable 
38 
39 
3A 
3B 
3C Dimensioned task identifier in 

structure 
3D Dimensioned event variable in 

structure 
3E Dimensioned structure item 
3F Dimensioned and structured data 

variable 

40 Formal parameter type 1 
41 
42 
43 
411 

38B 

45 
4·6 
47 
4B 
49 
4A 
4B 
4C 
4D ON CONDITION entry 
4E 
4P 

80 ENTRY type 1 -- from a PROCEDURE 
statement 

Bl BEGIN statement entries -- entry 
type 1 

B2 ENTRY statement -- entry type 1 
B 3 Entry type 5 
84 Entry type 3 
85 Entry type 2 
8 6 Entry type 6 
87 Label variable formal parameter or 

temporary 
88 constant 
89 File formal parameter or file 

temporary 
BA 
BB 
BC Task identifier formal parameter 
8D Event variable formal parameter 
BE 
BF Data variable formal parameter or 

temporary 

90 Invocation count dictionary entry 
91 
92 
93 
94 
95 
96 
97 Dimensioned variable formal parameter 

or temporary 
98 File attribute entry 
99 
9A 
9B 
9C Dimensioned task identifier formal 

parameter 
9D Dimensioned event variable formal 

parameter 
9E 
9F Dimensioned data variable formal 

parameter or dimensioned tempora:y 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 Structured label variable temporary 
AB 
A9 
AA 
AB 
AC Structured task identifier temporary 



AD Structured event variable temporary 
AE Temporary or formal parame~er 

structure 
AF Structured data variable temporary 

BO 
Bl 
B2 
B3 
B4 
BS 
B6 
B7 Dimensioned and structured label 

variable temporary 
BS 
B9 
BA 
BB 
BC Dimensioned and structured task 

identifier temporary 
BD Dimensioned and structured event 

variable temporary 
BE Dimensioned structure formal 

parameter or temporary 
BF Dimensioned and structured data 

variable temporary 

co string dope vector for temporary 
Cl DED2 entry 
C2 Internal library functiun, e.g., 

conversion routines 
C3 compiler label 
C4 Prefix ON list item 
cs Parameter lists 
C6 Dope vector skeletons 
C7 Symbol table entry or DED entry 
cs Error message, table entry, workspace 

requirement, STATIC DSA, etc. 
C9 Record dope vector (RDV) entry 
CA Workspace requirement entry 
CB Select a member from a generic family 
cc AUTOMATIC chain delimiter or Dope 

vector Descriptor (DVD) entry 
CD ON condition entry 
CE Label BCD entry 
CF End of information in dictionary 

block 

2. DICTIONARY ENTRIF.8 FOR ENTRY POINTS 

Entry type 1 for PROCEDURE, BEGIN, and 
ENTRY statements 

The format of an entry for a PROCEDURE 
statement is as follows: 

Byte Number 

1 

2-3 

4 

Description 

Code byte X'80' 

Length 

Level 

5 

6-7 

8-9 

10-11 

12-13 

1 
14-15 I 
16-17 > 
1e-19 I 

J 

20-21 

22-23 

24-25 

26-28 

29-31 

32-34 

35-37 

38-40 

Count 

Dictionary reference to the 
entry type 1 of the 
containing block 

Dictionary reference of the 
dictionary entry for the 
first label that was 
attached to the PROCEDURE 
statement 

Dictionary reference to the 
entry type 1 of the next 
PROCEDURE or BEGIN statement 
in the source program 

The start of the chain of 
all AUTOMATIC variables 

Dictionary references to 
three dictionary entries 
indicating storage require­
ments for workspace 

Dictionary reference of 
CHECR list set by phase FO. 

Phase QU re-uses this slot 
and sets it to the offset 
from register 9, at which 
the register allocator 
workspace is to start. 

Dictionary reference of 
NOCHECR list 

Dictionary reference of the 
first symbol table entry for 
this block 

Size of the DSA for this 
block, set in storage 
allocator phase 

Note: Phase MA moves, into 
bytes 27 and 28, the 
dictionary ref erenc~ of a 
temporary describing a table 
to be built at execution 
time for the TRANSLATE or 
VERIFY function. 

Offset of the eight words in 
the DSA used for addressing 
the DSA 

Offset of the storage used 
for the parameter list 
necessary in an ALLOCATE­
FREE statement 

offset of the two-byte 
switch which is set on entry 
to a procedure and tested at 
a RETURN (expression> 

Offset of the four-byte slot 
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41-42 

43 

44-57 

60 

61-63 

64 

65 

which will contain the 
address of the first 
approximation of the ta-rget 
field (the address of the 
implied parameter) 

Dictionary reference of the 
entry type 1 of the first 
ENTRY statement of the 
procedure. The entry type 1 
for PROCEDURE and ENTRY 
statements of any one proce­
dure form a circular chain. 
If there are no ENTRY state­
ments in a procedure this 
slot will contain the dic­
tionary reference of the 
PROCEDURE'S entry type 1, 
i.e., of the entry in which 
the slot occurs 

OPTIONS code byte 

Eight 2-byte dictionary 
references to dictionary 
entries for prefix options. 
Only those pref ix options 
which are changed within the 
procedure have a dictionary 
reference. The remainder 
are zero. The order of the 
options in this list is the 
same as in the options byte. 
(See "Options Code Byte" in 
sect.ion 3 below> 

Options change byte. This 
byte contains a one bit for 
each pref ix option which is 
changed within the proce­
dure. Its format is identi­
cal with the normal options 
byte 

Off set of workspace used in 
BUY statement 

Optimization byte 

2*n where n is the number of 
parameters at this entry 
point 

66 onwards N dictionary references of 
formal parameter type 1 
entries 

The format of an entry for a BEGIN 
statement is similar to the above for the 
first 34 bytes. The initial code byte is 
X'81', and the dictionary reference in 
bytes 8 and 9 is that of the first label on 
the original BEGIN statement, if any. If 
there was no statement label, then the 
statement number occupies this slot. The 
presence of a statement number or statement 
label is indicated by a flag byte in 
position 35. This is set to SN for a 
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statement number, or to SL for a statement 
label. Bytes 36-56 contain the same as 
bytes 44-64 in a PROCEDURE entry type 1. 

The format for the entry type 1 derived 
from an ENTRY statement is as follows: 

Byte Number 

1 

2-3 

4 

5 

6-7 

8-9 

10-12 

13 

Description 

Code byte X'82' 

Length 

Level 

Count 

Dictionary reference of the 
next member in the circular 
PROCEDURE-ENTRY chain 

Dictionary reference of the 
dictionary entry for the 
first label on the original 
ENTRY statement 

The off set of the apparent 
entry point 

2•n where n is the number of 
parameters 

14 onwards n dictionary references to 
the formal parameter type 1 
entries 

The labels on a PROCEDURE or E~TRY 
statement will be placed in the dictionary 
according to the following format: 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11 

Description 

Code byte X' 01' 

Length 

Hash chain(STATIC chain) 

Pointer to transfer vector 

Statement number. If the 
label is mentioned in an ON 
CHECK list, this slot 
contains the dictionary 
reference of Label BCD Entry 
(X'CE'>, which has the 
statement number in bytes 4 
and 5 

Other 1 code byte. (See 
"First code byte - other 1w 
in Section 5 below.) The 
last bit will always be set 
to one, unless the label is 
the last label for a 
particular statement, in 
which case the last bit will 
be set to zero. 



12-13 

14-16 

17 

18 

19 

20 

21 

Entry Type 2 

Pointer to entry type 2 

Spare bytes for f1nal 
assembly. The pseudo-code 
phase dealing with RETURN 
(expression) will insert 
into these bytes a code 
which must be stored in a 
specific slot in the DSA 
whenever the procedure is 
entered via this label. The 
code is used by the prologue 
construction phase. Byte 16 
in the first label for each 
PROCEDURE or ENTRY statement 
will contain the number of 
labels associated with that 
statement 

Block level 

Block count 

count of containing block 

BCD length-1 

BCD of.label 

An entry type 2 describes the data 
attributes of an entry point. The format 
is as follows: 

Byte Number 

1 

2-3 

4-5 

6-8 

9 

10-12 

Description 

code byte x•as•. 

Length. 

Dictionary reference of 
entry type 3 

Offset, i.e., the position 
of the string dope vector in 
the DSA of the block to 
which the entry belongs. 
This will be zero if the 
item is not a string. 

DATA byte (see •nATA Byte• 
in Section 5 below>. 

Data information, which is: 

1. with numeric data, the 
precision and scaling, 
left justified 

2. for strings of fixed 
maximum length, the 
binary version of the 
string length in the two 
leftmost bytes of the 
data information 

13-14 

Entry Type 3 

3. for strings of adjustable 
length, the text 
reference of a second 
file statement giving the 
expression for the string 
length 

Picture table reference, if 
required. The storage allo­
cation phase will change 
this to the dictionary 
reference of a OED entry, 
the picture table reference 
being moved into this refer­
ence if necessary 

Entry type 3 dictionary entries are 
constructed either from an explicit 
declaration or from implicit and default 
rules. Their format is as follows: 

Byte Number 

1 

2-3 

4-5 

6-7 

8-10 

11 

12-13 

14-15 

Description 

Code byte X' 84' 

Length of entry. 

Dictionary reference of 
entry type 1 of PROCEDURE or 
ENTRY statement. 

Dictionary reference of 
entry type 2. This 
describes the value returned 
when the label associated 
with. this entry type 3 is 
invoked as a function. 

The off set in the DSA of the 
containing block of the 
first approximation of the 
storage for the value 
returned by this entry 
point1 when it is invoked as 
a function. 

The entry code byte. <see 
•Entry Code Byte• in Section 
3 below> 

The dictionary reference of 
an item in the AUTOMATIC 
chain of the containing 
block. Entry type 3 entries 
feature in the AUTOMATIC 
chain of the containing 
block. 

Switch bytes. The pseudo­
code phase dealing with 
RETURN <expression) inserts 
into these bytes the bit 
pattern of the code which 
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16-17 

18-19 

20 

will signify that entry to 
the procedure was by the 
label associated with this 
particular entry type 3. 
Phase QF will use this to 
create MVI instructions. 

Dictionary reference of a 
SETS list. This will be 
zero if the attribute SETS 
was not specified. The 
format of a SETS list is 
given at the end of this 
section. 

Dictionary reference of the 
dictionary entry for the 
label belonging to this 
entry type 3. 

Status byte. This byte will 
contain x•oo• or X'FO'. 
x•oo• indicates that the 
entry was constructed from 
an ENTRY declaration which 
had parameter descriptions. 
X'FO' indicates the entry 
was constructed either arti­
ficially or from an ENTRY 
declaration which did not 
have parameter descriptions. 

21 2•n where n is the number of 
parameters. This is zero if 
the status byte is X'FF' 

22 onwards If the status byte is x•oo• 
there are n two-byte 
references of parameter 
descriptions. A parameter 
description is a dictionary 
entry for the particular 
type of item but without a 
BCD. If one particular 
parameter is not described, 
i.e. if there are two 
adjacent commas in the ENTRY 
attribute, then the 
dictionary reference is 
zero. When the status byte 
is X • FO • then an entry type· 
3 is only 23 bytes long. 

22+2n- DECLARE statement number 
23+2n 

SET'S List Format 

Byte Nwnber 

1 

2-3 

392 

Description 

Code byte X •CS• 

overall length of original 
BCD entry 

4-5 

Entry Type 4 

2•n1 where nl is the number 
of identifiers in the SETS 
list. If • was specified, 
these bytes contain 2•n1+1. 

Dictionary references of the 
identifiers in the SETS 
list. 

n2, the number of para­
meters in the SETS list. 

n2 numbers of one byte each. 
These are the parameter 
numbers and will be in 
ascending order. 

Entry type 4 dictionary entries describe 
external entry points. Their format is as 
follows: 

Byte Number 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

14 

15 

16-18 

Description 

Code byte X' 03 • 

Length 

Hash chain, later used 
as the STATIC chain 

Offset of the load constant 
in STATIC 

Offset in the DSA of the 
declaration block of the 
storage for the first 
approximation of the value 
returned. 

The dictionary reference of 
an item in the AUTOMATIC 
chain of the declaring 
block. Entry type 4 entries 
are members of the AUTOMATIC 
chain of the declaring 
block. 

The Entry code byte. <see 
wENTRY Code Bytew in Section 
3 below). 

The DATA byte. (See ftDATA 
Bytew in Section 5 below) 

Data information which is: 
a> with numeric data, the 

precision and scaling, 
left justified 

b) for strings of fixed 
maximum length, the 
binary version of the 
string length in the two 
leftmost bytes of the 



19-20 

21-22 

23 

24 

25 

25+2•n 

26+2•n 

27+2•n 

28·'2•n 
onwards 

Entry Type 5 

data information 
c) for strings of adjustable 

length, the text_ refer­
ence of a second file 
statement giving the 
expression for the string 
length 

Picture table address if 
required. 

Dictionary reference of a 
SETS list 

Status byte. If this byte is 
X'OO' the meaning is the 
same as the status byte in 
an entry type 3. If the 
byte is X'FF' it is implied 
that no parameters were 
described 

2•n where n is the number of 
parameters. This is zero if 
the status byte is X'FF' 

n dictionary references to 
parameter descriptions as in 
an entry type 3 

Level 

count 

BCD length-1 

BCD of identifier 

Entry type 5 dictionary entries describe 
the entry points which are formal 
parameters. They have the same format as 
entry type 4 except that: 

Byte 1 is X'83' 

Bytes 4 and 5 contain the address of 
the formal parameter type 1 entry 

Bytes 6 to 8 contain the offset in the 
DSA of the declaring block of the 
address slot associated with a formal 
parameter 

No BCD is contained in the entry 

GENERIC Entry Point 

The format for a GENERIC entry point is as 
follows: 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11 

12-11+2n 

12+2n 

13+2n 

14+2n 

15+2n 
onwards 

Description 

code byte x' 02' 

Length 

Hash chain 

Offset 1 Slot 

DECLARE statement number 

2n, where n is the number 
of two-byte addresses 
following 

Pointers to entry type 4 
or 5, ENTRY labels, or 
BUILTIN entries. These 
entries are made when an 
identifier is given the 
attribute GENERIC. The 
pointers are to the entries 
which contain specifications 
of the various possible 
attributes 

Level 

count 

BCD length-1 

BCD 

3. CODE BYTES FOR ENTRY DICTIONARY ENTRIES 

ENTRY Code Byte 

This code byte is used in entry type 3, 4, 
and 5 dictionary entries. The format is as 
follows: 

Bit Number Descri12tion 

0 IRREDUCIBLE 

1 REDUCIBLE 

2 USES 

3 SETS 

4 SECONDARY 

5 RECURSIVE 
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6 Has data attribute 

7 Not used 

Options Code Byte 

Thin code is used in entry ty~e 1 
dictionary entries for PROCEDURE 
staterr.ents. The format is as follows: 

Bit :~umber Descri:etion 

0 REENTRANT 

1 01~ Block 

2 MAIN 

3 TASK 

,.. RECURSIVE 

~ OPTIONS 

b Contains RETURN (expression) 
stateroent 

7 EL~TRY name is passed as 
argument 

Optimiw.tion Byte 

This code byte is used in entry type 1 
dictionary ~ntries. 

Fermat of the Optimzation Byte: 

Bit Number 

0 

1 

2 

3 

4 

5 

6 

7 

394 

Description 

Not eligibl~ for DSA in 
library workspaCf.'. 

Fligible For DSA in ~T~TIC 
storaoe. 

~eeds invocation count. 

Nee~s current file slot. 

Contains asynchronous CALL. 

Indicates ORDER or KEORDER 
option 

0 = ORDER, 
1 = REORDER. 

Default is ORDER 

Not used. 

Not used. 

4. DICTIOr~ARY ENTRIES FOr{ DATA, LABEL, iN[ 

STRUCTURE ITEMS 

Label Varia.blPS - Obtained f rort' D!:CLARE 
Sta.ternent 

Byte ~umber 

1 

2-3 

4-5 

6-8 

9-10 

11 

12 

13 

14 

15 

Description 

Code byte may be X'07', 
X'17', X'27' I X'37', X'87'' 
X'97', X'A7', X'B7'. The 
last four caseR apply when 
the item occurred in a 
parameter list in a 
PROCEDURE or ENTRY 
statement. In this case, 
bytes 4 and 5 will contain 
the dictionary reference of 
thP corresponding formal 
parameter type 1 entry. In 
the first four cases, bytes 
4 and 5 initially contain 
the hash chain. After the 
scan of the dictionary, this 
slot will be re-used to form 
another chain, e.g., 
AUTOMATIC or STATIC chain 

Length 

Initially contains the hash 
chain. After the dictionary 
scan, this is re-used to 
form another chain, e.g., 
AUTOMATIC or STATIC chain 

Offset inserted by storage 
allocation phase (as for a 
data item) 

DECLARE statement number 

'Other 1' code byte (See 
"First Code Byte - Other 1" 
in Section 5 below) 

'Variable' code byte (See 
"Variable Byte" in Section 5 
below) 

'Other 2' code byte (See 
'SPcond Code Byte - Other 2" 
in section 5 below> 

'Other 3' code hyte (See 
"Third Code Byte - Other 3" 
in Section 5 below) 

'Other 4' code byte (See 
"Fourth Code Byte - Other 4" 
in Section 5 below) 

lb onwards content determined by 
variable code byte. 



After variable information 

2 bytes Symbol slot 

1 byte Level 

1 byte count 

1 byte BCD length-1· 

BCD 

With the exception of the 2-byte symbol 
slot, the general format is the same as for 
a structure. 

Dictionary Entries for Data Items 

The forniat is as follows: 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

Description 

code byte may be x• OF' , 
X'lF', X'2F', X'3F', X'SF', 
X'9F', X'AF', or X'BF'. The 
last four cases apply when 
the j t.em occurred in a 
parameter list in a 
PROCEDURE or ENTRY 
statement. In this case, 
bytes 4 and 5 will contain 
the dictionary reference of 
the corresponding formal 
parameter type 1 entry. In 
the first four cases, bytes 
4 and 5 initially contain 
the hash chain. After the 
scan of the dictionary this 
slot will be re-used to form 
another chain, e.g., 
AUTOMATIC or STATIC chain 

Length 

See above 

Offset. <see •Format of 
Variable Information• in 
Section 6 below) 

DECLARE statement number. 
If the variable has not been 
explicitly declared, this 
number is zero: otherwise, 
it is the statement number 
assigned to the DECl.J'RE 
statement from which the 
variable was obtained. 

Six code bytes. These are: 
other 1, variable, other 2, 
other 3, other 4, and data. 
<see •code bytes• in section 
5 below for a description of 
these bytes.) 

17-19 

20-21 

22 

1 byte 

1 byte 

Data information, which is: 

1. with numeric data, the 
precision and scaling, 
left justified 

2. for strings of fixed 
maximum length, the 
binary version of the 
string length in the two 
leftmost bytes of the 
data information 

3. for strings of adjustable 
length, the text 
reference of a second 
file statement qiving the 
expression for the string 
length 

4. Bit O of byte 19 
indicates that the 
temporary is used as an 
argument for halfword 
binary temporaries 

Note: In the case of a 
temporary data variable for 
an argument, the first bit 
of byte number 19 is set to 
1 by phase GP. It is set to 
0 by phase IM for temporary 
arguments to built-in 
functions and 
pseudo-variables. It is 
examined by phase QU. 

Symbol slot, containing 
either zero, or one of the 
following: 

1. If the SYMBOL and DED 
bits are not on, and the 
data item has a picture, 
these bytes contain the 
dictionary reference of 
the picture table entry 

2. If the OED bit is on and 
the SYMBOL bit off, this 
slot points at a DED 
entry. If the item has a 
picture, the DED entry 
will contain the picture 
table address 

3. If the SYMBOL bit is on, 
the slot will point at a 
SYMBOL entry. This again 
will contain the picture 
~ddress, if specified 

Variable information. The 
contents of these bytes are 
determined by the variable 
code byte. (See "Format of 
Variable Information" in 
Section 6 below) 

Level 

Count 
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1 byte BCD length-1 

BCD 

Major and Minor Structure Entries 

These entries do not include base elements, 
i.e., they do not have any data attributes 
or LABEL. Their format is: 

Byte Number 

1 

2-3 

4-5 

6-8 

396 

Description 

Code byte may be X'2E', 
X'3E', X'AE', or X'BE'. The 
last two indicate that there 
is no BCD attached. When 
the identifier occurs in the 
parameter list of a 
PROCEDURE or ENTRY 
statement, bytes 4-5 contain 
the dictionary reference of 
the formal parameter type 1 
entry. In the case of the 
first two code bytes, bytes 
4-5 of the entry initially 
contain the hash chain. 
This is later modified by 
Phase FT 

Length 

See byte number 1 

These bytes are used by the 
storage allocator; they will 
finally contain one of the 
following offsets: 

1. For structures which are 
parameters, or are 
dynamically defined, the 
offset from the start of 
the major structures dope 
vector or the minor 
structures dope vector. 

2. For major structures, the 
offset from the start of 
AUTOMATIC or STATIC of 
the address slot which 
will point at the 
structure dope vector 

3. For CONTROLLED 
structures, only that 
specified for minor 

9-10 

11-15 

16 

1 byte 

1 byte 

1 byte 

structures in 1 , above 
4. For structures in 

STATIC EXTERNAL the 
contents depend on the 
setting of the •aope 
vector required• bit in 
the •other 3• code byte. 
If this bit is off and 
the item is a major 
structure, the slot 
contains the offset from 
the start of STATIC of 
the slot which will 
contain the address of 
the first byte of the 
structure. If the dope 
vector bit is on, the 
slot contains the off set 
from the start of STATIC 
of the address slot which 
will point at the 
structure dope vector. 
The off set slot is not 
used in either of the 
above cases for minor 
structures 

DECLARE number, i.e. the 
statement number of the 
DECLARE statement which 
produced the structure 

Five code bytes. These are: 
other 1, variable, other 2, 
other 3, and other 4 

Variable information. The 
content is determined by the 
variable code byte, and will 
always include the 
information required for 
structure members. (The 
format is described under 
"Format of Variable 
Information• in Section 6 
below> 

After variable information: 

Level 

count 

BCD length-1 

BCD 



S. CODE BYTES FOR DATA, LABEL, AND STRUCTURE DICTIONARY ENTRIES 

The First Code Byte - Other 1 

r-----,-------------------------------------T------------------1 
I Bit I I I 
I No. I Description I Set By I 
·-----+-------------------------------------+------------------i I O Symbol or requires load constant if Phase EL, FT, or 
I label constant NU 
I 
I 
I 1 Defined on Phase EL 
I 
I 
I 2 Mentioned in CHECK list Phase FO 
I 
I 
I 3 Needs DVD Various 
I 

4 

5 

6 

7 

Last member in structure 

Variable dimensions 

• dimensions 

• string length for data item 

--More labels follow for a label 
constant 

Phases EL or EW 

Phase EL 

Phases EL and FT 

Phases EL and FT 

Phase EG 

---Major Structure - no member of Phase EY 
the structure has a dimension or 
length attribute which is not • 

_____ J.._ __ ~-------------------------------i------------------

The Second Code Byte - Other 2 

r-----,-------------------------------------T------------------1 I Bit I Description I set by I 
I No. I I I 
·-----+-------------------------------------+------------------i I O Dynamically defined Phase EL 
I 
I 1 
I 
I 
I 2 
I 
I 3 
I 
I 4 
I 
I s 
I 
I 6 
I 
I and 
I 
I 
I 

CONTROLLED major structure with 
varying strings 

NORMAL = O, ABNORMAL = 1 

Reserved 

Fonnal Parameter 

INTERNAL = 0 1 EXTERNAL = 1 

00 = AUTOMATIC or DEFINED or simple 
parameter 

01 = STATIC 

Phase EY 

Phases EI and FT 

Phase EI 

Phase EI 

Phase EL 

Phase EL 

I 7 11 = CONTROLLED Phase EL 
L-----J._------------------------------------i------------------
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The Third Code Byte - Other 3 

r-----T--------~----------------------T------------------------------1 
I Bit I I I 
I No. I Description I Set by I 
~-----+-------------------------------+------------------------------~ I 0 Needs dope vector Phases ER and EY if variable 

1 Needs OED 

2 Needs no storage for the item 
itself 

3 Correspondence defined 

4 Chameleon 

5 Data Variable UNSAFE 

Sign bit for first off set 

6 Indication of the state of 
the value in the first off set 

o = rubbish 
1 = good value 

dimension entries, variable 
string length, or in 
CONTROLLED storage; 
Phase NU when item appears 
in an argument list 

Phase NU 

Phase GP 

Phase FV 

Phase GP 

Set by phase RE 
1= UNSAFE 
O= SAFE 
This use is local to the 
R phases 

Phase PH for STATIC and 
Phase PT for AUTOMATIC 

Phase PH £or STATIC and 
Phase PT for AUTOMATIC 

7 As above but for second Phase PH 
address slot 

L-----i-------------------------------i------------------------------
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The Fourth code Byte - Other 4 

r---~-----------------------T----------------, 
I Bit I I I 
I No. I Description I Set by I 
·-----+-------------------------------+--------------------4 I 0 Usage (i): Phase EL (for EW) 
I An explicit alignment 
I declaration has been made 
I Usage (ii): 
I A constant has been produced 
I for this structure or array 
I 
I 1 
I and 
I 2 
I 

3 

4 

5 

6 

0 0 = Not temporary 
01 = Temporary type 2 
10 = Temporary not sold 
·11 = COBOL temporary 

Member of defined structure 

Packed = 0 Aligned = 1 

Major structure 

No dope vector initialization 

Phase JR 

Phase GP, BF, HK, 
IM, or LB 

Phase FV 

Phase EL 

Phase EL 

Phase GP 

7 A temporary type 2 which has Phase OB 
been incorporated in work-
space 1 or RDV required. For 
COBOL temporaries this bit 
means RDV required 

-----.1------------------------------L-------------------

Variable Byte 

r----~------------------------1 I Bit I Description I 
I No. I I 
·----+-----------------------------i I O second address slot 
I 

1 Dimensioned 

2 Member of structure 

3 Value list for label variables or 
POS for defined items 

4 Initial value if not a structure 
or LIRE if a structure 

5 EXTERN.AL slot 

6 Defined slot 

7 CONTROLLED from ALLOCATE statementl 
----L----------------------------------J 

For a detailed exp~anation of the 
significance of these bits and a 
description of the extra slots associated 
with them, see •Format. of Variable 
Information• in this Appendix. 
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Data Byte 

r---------.,.~-.,.--~--------,.----------T---------T---------.---------T-------T---------, 
I I I I I I I I I I 
I BIT I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
I I I I I I I I I I 
·---------+---+------------+----------+---------+---------+---------+-------+---------i I CAD or I 1 I POINTER/ I Sterling I Long I Cad. I Binary I Float I complex I 1 
I NUMERIC I I OFFSET • I NON I Short/ I Numeric I Decimal I Fixed I Real I o 
I FIELD I I I STERLING I OFFSET I Field I I I I 
·---------+---+------------+----------+---------+---------+---------+-------+---------~ 
I STRINGS I 0 I Adjustable I Aligned I varying I No I Char I AREA I Not I 1 
I I I Length I I I Picture I I VARI- I Used I 
I I I String I Unaligned I I Picture I Bit I ABLE• I I o 
I I I I I I I I I I 
L---------.L-..-.L.-----------.L.---------.L.--------L---------L---------L-------i---------J 
•AREA, POINTER, and OFFSET data byte settings are: 

AREA: X'02' superimposed on the non-pictured CHAR string data byte entry 
POINTER: X'40' superimposed on the FIXED BIN data byte entry 
OFFSET: x•so• superimposed on the FIXED BIN data byte entry 

Note: The LONG bit X'lO' is set to 1 for halfword binary and O for fullword binary 

6. FORMAT OF VARIABLE.INFORMATION 

Data items• labels.. and structures require 
pointers to various tables if they have 
certain attributes; for example, if they 
are dimensioned or defined on a base. 
Space will be left for information only if 
the attribute is present. This leads to an 
addressing problem of how to find the 
position of the information when the 
presence of other attributes alter its 
address. 

The problem is resolved by collecting, 
into one byte, all the attributes which 
require more than one bit to describe them. 
This has taken the second place in all the 
collections of attribute bytes. The 
presence of a bit in this byte indicates 
the presence of further information. The 
off set of this information from the start 
of the variable information is given by the 
presence of the bits to the left of the one 
of interest. Each bit will have a value 
associated with it. The sum of the values 
of the bits present and to the left of the 
one of interest will give the value of the 
offset. This is achieved in the coding by 
moving the code byte, masking off the bits 
to the right of the one being tested and 
the bit itself.. and translating the byte. 

The information produced by the presence 
of the following bits in the variable byte 
is as follows : • 
Bit number O: 
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The second offset slot is 4 bytes long. 
The contents of this slot are described 
in this appendix. The decision to 
include a second offset slot in a 

dictionary entry is based on questions 
about the nature of the identifier. 
Refer to Figure 10. 
r-1 
IYI implies that a second offset 
LJ slot will be given, 
r-1 
INI that it will not. 
L_J 

Bit number 1 : 
The dimensioned bit. The slot produced 
by this is three bytes long. The first 
byte will contain the number of 
dimensions, the next t.wo the dictionary 
reference of the dimension <multiplier) 
table 

Bit number 2: 
Member of a structure bit. This slot 
is ten bytes long and has the following 
format: 

Byte Number 

1 

2 

3-4 

5-6 

7 

Description 

Declared level number 

True level number 

Dictionary reference of 
the containing structure 

Dictionary reference of 
the next member in the 
structure 

Alignment 
Note: The value held in this 
byte corresponds to ELEMENT 
size <in bits) and would be 
one of the following: 



8-10 

Bit number 3: 

X'01' - BIT alignment 
X'08' - CHAR alignment 
X'10' - HALFWORD.alignment 
X'20' - FULLWORD alignment 
x. 4 0. - DOUBLE.WORD alignment 

Element length 

POS for defined items. The two-byte 
slot will contain the POS value as a 
binary integer. 

Bit number 4: 
The initial value or LIKE bit is a 
four-byte slot. 

1. For normal initial value. The first 
two bytes contain the dictionary 
reference of the associated 'Initial 
Value• dictionary entry - The fourth 
byte contains X'FO' 

2. For INITIAL CALL. The first three 
bytes contain the text reference of 
a second file statement. The fourth 
byte contains X'OF'. 

3. For initial labels. The first three 
bytes contain the text reference of 
a set of second file statements. 
The fourth byte contains x• FF'. If 
there is an initial slot but no 
initial values the fourth byte 
contains x•oo• 

4. For LIKE. The first two bytes 

contain the LIKE chain. The third 
and fourth bytes contain the 
dictionary reference of the likened 
structure 

Bit number 5: 
The EXTERNAL bit. This 2-byte slot 
contains the ESD number 

Bit number 6: 
The DEFINED bit. This 7-byte slot 
contains the following: 

Byte Number 

1-2 

Description 

Defined chain. 

Bit 

3-4 

5-7 

number 7: 

Dictionary reference of base 

The text reference of a 
second file statement. 
After the dictionary these 
bytes will contain X'FFFFFF' 
if the base is 
unsubscripted. 

The CONTROLLED from ALLOCATE bit. This 
bit is on for dictionary entries for 
level 1 CONTROLLED data specified in 
ALLOCATE statements. The two-byte slot 
contains the dictionary reference of 
the dictionary entry for the data 
constructed from the DECLARE statement 
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r------------, 
I Entry I 
L-------.-------J 

I 
v 

r--------------, 
YI Is it data I 

r--~ item? I 
I L------,.------J 
I IN 
I v 
I r----------, r-------------i 
I I Is it struc- IN I Is it label IN r-i 
I I ture? •------->I variable? •-->INI I L------T ____ J L _____ T _____ J L-J 

L-------->I<-------------------- y 
YV 

r------------i r-----------i 
I Is it formal IY I Is it struc- IN r-i 
I parameter? ~-------~>I ture member? •-->INI 
L-------,------J /\ L-------T------JI L-J 

IN I IY 
v I v 

r-----------, I r-i 
I Is it con- I Y I I YI 
I ~---J L-J 
I trolled? I 
L------.------J 

IN 
v 

r----------i r------------1 
I I Y I Is it ex- I Y r-1 
I Is it static? •--------->I ~-->IYI 
I I I ternal? I L-J 

L-----~----J L-----T-----J 
Nl<--------------------JN 
v 

r----------1 
I IY ,, 
I Is it strinq? ~-->IYI 
L-----,.-----J L-J 

IN 
v 

r----------, 
I Is it struc- IY r-i 
I ture member? •-->IYI 
L------~---J L-.J 

IN 
v 

r---------, 
I IY r-1 
I Is it defined?•-->IYI 
L----~----J L-.J 

IN 
v 

r-----------1 
I Is it dimen- IY r-i 
I sioned? •-->IYI 
L------T ___ _J L-J 

IN 
v ,, 

INI 
L-J 

Fiqure 10. Decision to Include a Second Offset slot 
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uses of the OPl'SE'l'1 and OFPSET2 Slots in 
Data, Label, and Structure Dictionary 
Entries 

The OFPSET1 slot is in bytes 6-8 of the 
dictionary entry and the OFFSET2 slot is 
part of the variable information. 

STATIC INTERNAL Structures 

Major and minor structure entries: 
OFFSETl slot not used. OFFSET2 slot 
contains off set of structure dope 
vector from start of STATIC INTERNAL 
control section (if there is a dope 
vector> 

Basic.elements: OFFSET1 slot contains 
offset of virtual origin (in the case 
of dimensioned items) or offset of item 
<when not dimensioned) from start of 
STATIC INTERNAL control section. 
OFFSET2 slot contains offset of dope 
vector <if there is one> from start of 
STATIC INTERNAL control section 

AUTOMATIC Structures 

Constant dimensions: as for STATIC 
INTERNAL except that all off sets are 
relative to start of DSA. 

Adjustable dimensions: major and minor 
structure entries: OFFSETl slot not 
used. OFFSET2 slot contains offset of 
structure dope vector from start of DSA 
(if there is a dope vector> 

Easic elements: OPFSET1 slot not used. 
OFFSET2 slot contains offset of 
element's dope vector (if there is one) 
f ran the start of the ISA 

STATIC· EXTERNAL and Parameter structures 

Maior .structure entry: OFFSET1 slot 
contains off set of address slot from 
start of data region. OFFSET2 slot 
contains size of EXTERNAL control 
section. (Offset of major structure 
dope vector = O. > 

Minor structure entries: OFFSET1 slot 
not used. OFPSET2 slot contains offset 
of structure's dope vector from start 
of major structure dope vector. 

Basic elements: OFPSET1 slot not used. 
OFPSET2 slot contains offset of 
element's dope vector from the start of 
the EXTERNAL control section 

CONTROLLED Structures 

Maior and minor structures: OFPSET1 slot 
not used. OFFSET2 slot contains offset 
of structure dope vector from point to 
which pseudo register points. (In the 
case of the major structure. this value 
will be zero.) 

Basic. elements: OPFSETl slot not used. 
OFFSET2 slot contains offset of 
element's dope vector relative to 
address in pseudo-register. 

Non-structured Arrays in STATIC INTERNAL 

OFFSETl slot contains offset of vertical 
origin of the array relative to start of 
data region.. OFFSET2 slot contains offset 
of dope vector (if there is one) from the 
start of the data region. 

Non•Structured Arrays in AUTOMATIC 

constant dimensions: as for STATIC 
INTERNAL 

Adjustable dimensions: OPPSETl slot not 
used. OFPSET2 slot contains offset of 
dope vector fran start of data region. 

STATIC EXTERNAL, CONTROLLED or Parameter 
Array 

OPFSETl slot contains offset of address 
slot which contains a pointer to the arrays 
dope vector. (Not used in the case of 
CONTROLLED.) OFFSET2 slot is not present. 

Non-structured scalar strings in STATIC 
INTERNAL 

OFFSETl slot contains off set of datum from 
start of data region. OFFSET2 slot 
contains offset of dope vector (if there is 
one> from start of data region. 

Appendix C: Internal Formats of Dictionary Entries 403 



Non-structured scalar Strings in AUTOMATIC 

Constant length: as for STATIC INTERNAL 

Miustable length:. OFFSETl slot not 
used. OFFSET2 slot contains offset of 
dope vector from start of data region. 

Non~structured Scalar Strings in STATIC 
EXTERNAL, CONTROLLED or Parameter 

OFFSETl slot contains offset of address 
slot which points to string dope vector 
<not used in the case of CONTROLLED>. 
OFFSET2 slot not present. 

Non~structured Non-string scalars in 
AU'l'OMATIC or STATIC INTERNAL 

OFFSETl slot contains offset of datum from 
start of data region. OFFSET2 slot not 
present. 

Non~structured Non-string Scalars in STATIC 
EXTERNAL, CONTROLLED or Parameter 

OFFSETl slot contains off set of address 
slot which points to datum <not used in the 
case of CONTROLLED). OFFSET2 slot not 
present. 

7. OTHER DICTIONARY ENTRIES 

Label Constants - Extracted by the Read-In 
Phase 

Byte Number 
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1 

2-3 

4-5 

6-8 

9-10 

Description 

Code byte X'OO' 

Length up to BCD length-1 
byte 

Hash chain - STATIC chain 

Offset 

statement number <except 
when the label is mentioned 
in an ON CHECK list. in 
which case it qives the 
chain to the label BCD 
dictionary entry, code byte 
X'CE'} 

11 

12-U 

15-16 

17 

18 

19 

20 

21 etc. 

Other 1 Code Byte (See 
•First Code Byte - Other 1• 
in section 5 above> 

Second Offset Slot 

Spare for Final Assembly 

Level 

count 

Count of containing Block 

BCD Lenqth-1 

BCD 

Compiler Labels 

The format is identical to that of a label 
constant, except for the omission of the 
BCD. The code byte is X'C3'. If the 
compiler label has been constructed for a 
label variable, then the BCD for the label 
-and its subscript will follow on behind the 
entry and the total length of the entry is 
given in bytes 2-3. 

Formal parameter type 1 entry 

These entries are derived from the 
PROCEDURE and ENTRY statements, and do not 
contain any information other than that the 
identifier is a formal parameter. The 
format is as follows: 

Byte.Number 

1 

2-3 

4-5 

6-7 

8 

Description 

code byte X' 40' 

Length 

Bash chain 

These bytes will point to a 
full description of the 
identifier after Phase EK, 
or Phase FA. or Phase FE. 
These full descriptions are 
dictionary entries for the 
type of item they are 
describing. They do not 
contain the BCD of the 
identifier, but in the slot 
for the hash chain there is 
the dictionary reference of 
the corresponding formal 
parameter type 1 entry. 

Level 



9 

10 

11 

count 

BCD lengt.h-1 

BCD 
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For a description of the types of entry 
pointed to, see •Dictionary entry for 
parameter descriptions.• 

Dictionary entry for FILE 

For attributes specified in OPEN statement 
the format is as follows: 

Bxte Number Description 

1 Code byte X'98' 

2-3 Length 

4-5 STATIC chain 

6-8 OFFSETl 

9-10 DECLARE statement number 

11 onwards String of second level 
markers (without preceding 
'C8' code bytes> one for 
each attribute other than 
FILE, TITLE and IDEN'!'. 

This entry is created by the read-in 
phase and is ref erred to only as the 
argument of an ATTRIBUTES marker. 

FILE constants 

Code X'08' is used for file constant 
entries, which have the following format: 

Bxte Number 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

13 

14-15 

Description 

Code byte X' 08' 

Length 

Hash chain, subsequently 
EXTERNAL or STATIC chain 
depending on whether FILE is 
EXTERNAL or INTERNAL 

OFFSETl (STATIC or transfer 
vector offset> 

Declare statement number 

Dictionary reference of 
attributes entry (zero if 
none> 

Code byte (similar to the 
•other 2• code byte. Only 
internal/external bit used) 

Dictionary reference of 
environment string (zero if 
none> 

16 Level 

17 Count 

18 BCD length-1 

19 onwards BCD 

FILE Parameters and Temporaries 

Code X'89' is used for file parameters and 
for file temporaries. The format of the 
entry will be the same as that for label 
variables. 

FILE Environment Entries 

code x•ca• is used for the environment 
string. 

Byte Number Description 

1 

2-3 

Code byte X' C8' 

Length 

4 onwards Internally coded form of 
argument of ENVIRONMENT 
option 

code x•cs• is also used for attributes 
collected from the DECLARE statement. 

Byte Number Description 

1 Code byte x•ca• 

2-3 Length 

4 onwards String of second level 
markers <without preceding 
code bytes X'C8'), one for 
each attribute other than 
FILE, ENVIRONMENT, EXTERNAL, 
or INTERNAL 

Dictionary Entries from Constants 

The format is: 

B~te Number DescriEtion 

1 Code byte X'88' 

2-3 Length 

4-5 Hash chain 

6 DATA byte 
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7 

8 

9 

10 

11 

12 

13-14 

15 

Data Precision• 

Scale Factor• 

•These are the apparent 
precision and factor derived 
from the BCD of the constant 
Csee Note 2) 

Type Csee note 1) 

DATA byte (2) 

Data Precision C2>•• 

Scale Factor (2)•• 

••These bytes are inserted 
by the phase requesting 
conversion. If a picture is 
required, these bytes are 
used to contain a picture 
table reference (see Note 3) 

Dictionary reference - used 
when a phase requires a 
constant to be converted 
into a specific location in 
storage 

BCD 

~= 

1. The type byte has the following 
meaning: 

406 

First and second bits: 

00 - normal BCD constant. The first 
offset slot must be 
relocated by the storage 
allocation phase, to 
contain the offset of the 
converted constant from the 
start of STATIC storage, 
rather than from the start 
of the constants pool 

11 - the BCD is replaced by the 
internal form of the 
constant. The first offset 
slot is treated in the same 
way as for the code 00 

10 or 01 - the constant is required to 
be converted into a 
specif i~ location in 
storage. The second code 
implies the converted 
constant should be made 
negative before being 
stored 

Sixth bit: 1 indicates that the 
constant requires a DED. 

seventh bit: 1 indicates that the 
constant requires a dope vector. 

Eighth bit: 1 indicates that no 
conversion is required. 

2. After the constants processor the 
bytes 6 through 8 will contain the 
off set of the constant from the start 
of the pool of constants. If a dope 
vector is requested then the off set of 
this from the start of the constants 
pool is eight less than that of the 
converted constant. 

3. Should a OED be required, this will be 
constructed by Phase PL. The two 
bytes, precision(2) and scale 
factor(2), will contain a dictionary 
reference of a OED dictionary entry. 
If the constant requires a dope vector 
then Phase OS will. make a dictionary 
entry for it, and the dictionary 
reference preceding the BCD will be 
the dictionary reference of this. 

Task Identifiers and EVENT Data 

The format of the dictionary entries for 
task identifiers and EVENT data is, apart 
from the initial code byte, the same as 
that for a label variable. 

Dictionary Entries for Built-in Functions 

The format is: 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

Description 

Code byte X' 04' 

Length 

Hash chain - later becomes 
the STATIC chain 

Offset - gives the position 
in STATIC storage of the 
load constant for Library 
routine 

Code bytes - the first code 
byte contains a value which 
identifies the built-in 
function and also provides 
information about it. It is 
used mainly by phases IM and 
MD-MM inclusive. The second 
code byte contains further 
information about the 
built-in function (See 
"Second code Byte."> 

DECLARE statement number 



13 Level 

14 count 

15 BCD length-1 

16 BCD 

second code Byte 

The second code byte contains the following 
information: 

Bit Number 

0 

1 

2 

3 

4 

5 

Description 

May be passed as an argument 

May have an array as an 
argument 

Must have an array as an 
argument 

Is a pseudo-variable 

Indicates to which of the 
two·tables the offset refers 

May have an array (or 
structure) as an argument, 
but will return a scalar 
result 

Internal Library Functions 

Library routines, other than built-in or 
GENERIC functions, are known as Internal 
Library Functions. Their dictionary entry 
format is as follows: 

Byte Number 

1 

2-3 

4-5 

6-8 

9 

10 

11-12 

Description 

Code Byte X'C2' 

Length 

Hash chain 

Offset 

Library Code - identifies 
the particular Library 
routine required 

Not used 

code Bytes - the first code 
byte contains a value used 
by phase MG to pick up 
complete information about 
the library function. The 
second code byte contains 

further information about 
the function 

13 Level 

14 Count 

BCD entries 

BCD entries are used when the LIKE or 
DEFINED attributes are used. A short 
dictionary entry with the format given 
below is used. This is pointed at by the 
dictionary entry with the attribute. 

Byte Number 

1 

2-3 

4 

5 

Description 

Code Byte X'40• 

Length 

BCD length-1 

BCD 

Dictionary Entry for Parameter Descriptions 

Dictionary entries for parameter 
descriptions are identical with the normal 
entry for data variable, label variable, 
structure, file, or entry points, except 
for the following details: 

Bash chain con~ains pointer to formal 
parameter type 1. After Phase FT this 
pointer is moved to the bytes 
containing level and count 

·No BCD is present 

No block identification is present for 
Elfl'RY or FILE 

The code byte for an entry point -
referred to as entry type 6 - is X'86' 

ON Statements 

Entries for ON statements are made by Phase 
FO, and contain the following: 

Byte Number Description 

1 Code Byte X'CD' 

2-3 Length 

4-5 AUTOMATIC chain 
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6-8 

9 

10 

11 

12 

Offset 

Code byte as supplied by the 
Read-In Phase 

Block level 

Block count 

n 

13 onwards n dictionary references of 
variables or ON condition 
entries 

ON Condition 

This entry is made by Phase FO: 

Byte Number Description 

1 

2-3 

4-5 

6-8 

9 

10 

11 

12 

Code Byte X'4D' 

Length 

Hash chain later used as 
AUTOMATIC chain 

Offset 

Code byte as supplied by the 
read in phase 

Block level 

Block count 

BCD lenqth-1 

13 onwards BCD 

CHECK List Entry 

This entry is made by Phase FO: 

Byte Number Description 

408 

1 Code Byte X'C8' 

2-3 Length 

4 n where n is the number of 
dictionary references 
following 

5 onwards Dictionary references (2n 
bytes) 

PICTURE Entry 

The format of an entry in the picture table 
in the dictionary. 

Byte Number 

1 

2-3 

4-5 

6-8 

9 

10 

11 

12 

Description 

code Byte x•ca• 

Length = L+13 

Contains address of next 
entry in picture chain 

Usage (1) (Before Phase FQ) 
Dictionary reference of 
associated declare or format 
statement, right adjusted 

Usage (11) 
Offset in STATIC storage 

Code Byte (after Phase FQ) 
(See Code Byte description) 

P - the number of digit 
positions in field in 
numeric picture. 

Q - the number of digit 
positions after V character 
in numeric picture. Code 
X'80' represents O, X'7F' 
represents -1, and X'81' 
represents +1. 

w - apparent length of 
picture. - length of 
picture following. (For a 
non-numeric picture the 
length is· obtained in bytes 
12-13.) 

14 onwards Picture. 

Byte 9 - code Byte 

Bit Number Oescri:etion 

0 0 string 
1 numeric 

1 0 correct 
1 error 

2 0 not sterling 
1 sterling 

3 0 short 
1 long 

4 Not used 



5 0 decimal 
1 binary 

6 0 fixed 
1 float in~ 

1 Not used 

Dictionary Entry for Workspace Requirement 

The format for a dictionary entry for 
workspace requirement is: 

Byte Nwnber Description 

1 Code Byte x•ca• or X'CA' 

2-3 Length = 8 

4-5 Total workspace required 

6-8 Off set 

If the code byte is C8 this is the 
temporary workspace used by pseudo-code 
<teroporary type 1). 

Dictionary Entry for Parameter Lists 

Dictionary entries for parameter lists have 
the following format: 

B~te Nwrber Description 

1 Code.Byte X'C5' 

2-3 Length 

4-5 STATIC chain 

6-8 STATIC off set 

9-10 Assembled length 

11 onwards Contains DCA's 

Dictionary Entries for Dope Vector 
Skeletons 

Byte N\lltlber Description 

1 Code Byte X'C6' 

2-3 Length 

4-5 STATIC chain 

6-8 Off set in STATIC 

9-10 Dictionary reference or 
DECLARE number 

11 onwards Bit pattern of skeleton dope 
vector 

This entry is constructed by Phase PD 

Symbol Table Entry 

Symbol table entries are made by Phase PL. 

Byte Number 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

14-15 

16-17 

Description 

Code Byte X'C7' 

Length 

STATIC chain 

Offset in STATIC of DED 

Actual DED if not pictured. 
If a picture is involved, 
the last two bytes are the 
dictionary reference of the 
picture table entry 

Offset in STATIC storage of 
symbol table entry 

Dictionary reference of next 
item in the symbol table for 
this block 

Dictionary reference of item 
requiring entry in symbol 
table 

Dictionary Entry for AUTOMATIC Chain 
Delimiter 

An entry for AUTOMATIC chain delimiter is 
made by Phase PP. 

Byte Number 

1 

2-3 

4-5 

6-7 

8-9 

Description 

code Byte x•cc• 

Length 

AUTOMATIC chain 

Pointer to first second file 
entry 

Pointer to second second 
file entry 
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OED Dictionary Entry 

An entry for a OED is created by Phase PL. 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11-18 

19-20 

Description 

Code Byte X'C7' 

Length 

STATIC or AUTOMATIC cha.in 

Offset 

Dictionary reference of 
variable 

Eight bytes of RDV text 

DECLARE number 

The LONG bit X'lO' Of byte 9 is set to 1 
for halfword binary and O for fullword 
binary. 

If the DED requires a picture, the last 
two bytes contain the dictionary reference 
of the picture table entry. 

This entry has the same format as the 
first eleven bytes of a symbol table entry. 
No item will require both types of entry. 
The type required will be chained from the 
symbol slot in an item. 

DED2 Entries 

These entries are generated when a DED is 
required for the conversion of a temporary 
result. 

Byte Nmr.ber Description 

1 Code Byte X'C1' 

2-3 Length = 11 

4-5 STATIC chain 

6-8 Offset 

9-11 Actual OED 

Dictionary Entry for FED - Format Element 
Descriptor 

The entry for a FED is made by Phase NV. 

The entrv is identical with a DED2 entry 
but with a iength of 12, instead of 11. 
The storage allocated will be word-aligned. 
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Byte Number Descrietion 

1 Code Byte X'Cl' 

2-3 Length = 12 

4-5 STATIC chain 

6-8 STATIC off set 

9-12 Actual FED 

Label BCD Entries 

Label BCD entries are made by Phase FO. 

Byte Number 

1 

2-3 

4-5 

6-7 

8-9 

Description 

Code Byte X'CE' 

Length 

DECLARE number 

Offset of the BCD 
in STATIC 

Dictionary reference of item 
requiring BCD 

These entries are constructed when a 
statement label or a PROCEDURE or ENTRY 
label is mentioned in an ON CHECK list. 
These entries are also made for EVENT and 
TASK variables. Phase PD will allocate 
storage in STATIC for the BCD of the label, 
and place the off set of this in the above 
entry. 

Dope vector Entries for Temporaries 

This entry is constructed to indicate that 
a dope vector is required for a temporary 
result. At this stage the bytes in the 
entry contain the following: 

Byte Nurnber 

1 

2-3 

4-5 

6-8 

9-10 

Description 

code Byte x •co• 

Length 

AUTOMATIC chain 

Offset in the temporary type 
1 stack. After Phase QJ 
this will contain the offset 
from the start of the DSA 

Dictionary reference of dope 
vector skeleton entry 



11-12 Length of string 

Record Dope Vector Entry 

This entry is constructed when a variable 
requires a record dope vector. 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11-18 

19-20 

Description 

Code Byte X'C29' 

Length 

STATIC or AUTOMATIC chain 

Off set 

Dictionary reference of 
variable 

Eight bytes of RDV text 

DECLARE number 

Dope Vector Descriptor Entry 

This entry is constructed for a structure 
which requires a dope vector descriptor. 

Bvte NW11ber 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

13 ••• 

Description 

code Byte x•cc• 

Length 

STATIC chain 

Off set 

Dictionary reference of 
structure 

Chain to RDV entry or 
DECLARE number 

DVO text set up by Phase JR 

Format of a Second File Dictionary Entry 

Byte NU111ber 

1 

2-3 

4-5 

Description 

code byte x' cs' 

Length of entry 

statement nwnber of the 
DECLARE or other statement 
giving rise to the second 
file statement 

6-7 

8-9 

10 

Dictionary reference of the 
entry type 1 of the block 
from which the second file 
statement was extracted 

Dictionary reference of a 
three-byte slot in the 
dictionary. 

Type of second file 
statement, i.e. the 
function it performs. This 
is the second byte of the 
dictionary reference used to 
designate the function in 
the actual second file 
statement 

Dictionary Entry for a STATIC DSA 

This entry is made by phase PA (whenever a 
block has its DSA in STATIC). The •size of 
DsA• slot (right-hand two bytes) in the 
Entry Type 1 is used to contain the 
dictionary reference in this entry. 

Byte Number 

1 
2-3 
4-5 

6-7 

8-10 

11-12 

13 

14-16, 

17-18 

19-20 

Description 

Code byte X' ce' 
Length = 20 
Dictionary reference of the 
next STATIC DSA entry, or 
zero if this is th~ last 
entry. 
Off set address slot in 
STATIC for the DSA (set by 
phase PD>. 
Size·of DSA (set by PT and 
amended by RF) • 
Dictionary reference of the 
Entry Type 1 of the block. 
Code byte to be put into 
first byte of DSA. 
Offset of start of DSA in 
STATIC (set by phase TO). 
Head of block's automatic 
chain. 
Not used 

Dictionary Entry for an Error Message 

Byte Number 

1 
2-3 
4-5 
6-7 
8 

Description 

code byte x•ce• 
Length 
Chain 
Messages number 
Flags: 
Bit O on if text to be 

inserted in message 
1 on if statement nwnber 
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9 

to be inserted 
2 on if a numeric pa.ra~neter 

to be inserted 
3 on if a dictionary 

reference to be inserted 
4-7 severity: X' 0' Termin-

at ion 
X'4' Severe 
X'S' Error 
x•c• Warninq 

variable information in the 
format shown below: 

2 bytes Statement number 
(if present> 

2 bytes Nwneric parameter 
(if present) 

2 bytes Dictionary 
reference (if present> 

Byte Humber 

1 
2-3 
4 

5 

Description 

Code byte x•ca• 
Length 
Flag: X'OO' Text that 

follows has not been 
truncated and is 10 bytes 
or less 

X'Ol' Text that follows is 
not to be truncated and is 
greater than 10 bytes 

X'FF' Text that follows has 
been truncated and is to 
be printed within quotes. 

variable length of text <in 
compiler internal code>. 

8. DIMENSION TABLE 
If text is to be inserted it is 

contained in a second dictionary entry 
immediately following the main entry for 
the message. The format of this second 
entry is: 

Each entry containing dimension information 
will result in a table being set up. This 
table is shown in Figure 11. 

r-----------------T--------------------------------------T----------------1 I Code Byte ca I Two-byte length I Flag Byte I 
·-----------~----f---------------------~---------------L----------------t 
I Zero byte INo. of dimensions Cn>I Two-byte chain address I 
·-----------------J._--------------------L---------------------------------~ I VIRTUAL ORIGIN WORD I 
·-----------------~--------------------~--------------------------------~ I One-byte marker I Not used I Lower bound <halfword) I 
.-----------------+---------------------+---------------------------------_. I One-byte marker I Not used I Upper bound (halfword) I 
.-----------------+---------------------+---------------------------------~ 

·-----------------+---------------------+---------------------------------t I I I nth upper bound I 
.-----------------i---------------------L---------------------------------~ 

n multipliers I I 
L-------------------------------------------------------------------------J 

Note: The one-byte marker is: 

00 if bound is fixed point constant; bound is a two-byte binary constant, right-adjusted. 

FF if bound is an expression: bound is a three-byte pointer to a second file statement in 
text. 

7F if the bound is inherited and has an MTF £unction. 

3F if the bound is inherited and is covered by a previous MTF function. 

FO if the bound is specified by an *· 
-----------------------------------------------------------------------------------------
Figure 11. Dimension Table 

9. DICTIONARY ENTRIES FOR INITIAL VALUES 

The declaration of a variable with an 
INITIAL attribute produces these entries: 
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An INITIAL dictionary entry 

and 

One .or more dictionary entries for 
constants 



and perhaps 

A second File Statement for any iteration 
expression contained in the INITIAL 
specification. 

The INITIAL dictionary entry contains 
pointers to the constant entries and any 
second File statements, and is of the 
following format. 

Byte Number 

1 
~3 

4 
5 
6 
7 onwards 

Final 

INITIAL Value List 

Description 

Code Byte x •ca• 
Length of entry 
Pref ix options byte 
INITIAL code byte x '79' 
Left parenthesis 
INITIAL value list <see 
below> 
Right parenthesis 

The INITIAL value list contains references 
to Second File Statements and dictionary 
entries which are created to correspond to 
the value in the input text. 

The list contains the f ollowinq code 
bytes to identify each associated 
dictionary reference: 

X'Fl' constant iteration factor. This is 
followed by X'OO' and the dictionary 
reference of the constant itP.ration 
factor. 

X'F3' 

X'F5' 

INITIAL value item. This is 
followed by x•oo• and the dictionary 
reference of the constant. (The BCD 
of the constant is expande1 by any 
imposed string replication factor). 

EOB marker. This is followed by 
x•oo• and the dictionary reference 
of the next entry on the chain. 
(This will occur when the scratch 
core storage allocated for building 
the entry is not sufficient, and a 
chain of entries is constructed). 

X'F7' variable iteration factor. This is 
followed by the text reference of 
the second File Statement containing 
the expression. 
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APPENDIX D: INTERNAL FORMATS OF TEXT 

This appendix describes the internal 
formats of text at various points during 
the compilation of a source program. The 
appendix is organized in the following 
manner: 

1. Text Code Bytes after the Read-In 
Phase 

2. Text Formats after the Read-In Phase 

3. Text Code Bytes on Entry to the 
Translator Phases 

4. Format of Triples 

5. Text Code Bytes in Pseudo-code 

6. Text Formats in Pseudo-Code 

414 

7. Text Formats in Absolute Code 

8. Second File Statements, and the 
Formats of Compiler Functions and 
Pseudo-Variables 

9. Pseudo-Code Phase Temporary Result 
Descriptors (TMPDs) 

10. Library Calling Sequences 

11. Descriptions of Terms and 
Abbreviations used in Text During a 
compilation 

Note: The internal formats of text during 
compile-time processing are described 
in Appendix J. 



1. TEXT CODE BYTE AFl'ER THE READ- IN PHASE 

First Level Table (00 to 7F) 

0 1 2 3 4 5 6 7 

r----------,---T---,.-----------,.--------T----------T--------T----------1 o I o I a I # I $ I BLANK I I I I 
·----------+---+---+-----------+--------+----------+--------+----------i 

1 I 1 I A I J I I I t I oo I l I 
I I I I I I I EQUALS I I 
~--------+---+---+-----------+--------+----------+--------+----------i 

2 I ~ I B I K I s I I I I ---> I I 
·----------+---+---+-----------+--------+----------+--------+----------i 

31 3 ICILI T I ( I I I I 
·----------+---+---+----------+--------+----------+--------+----------i 

4 I 4 I D I M I u I I I I Cs/I' I 
·----------+---+---+-----------+--------+----------+--------+----------i s I s I E I N I v I . > I I <= , > I + I 
~----------+---+---+-----------+--------+----------+--------+----------i 

61 6 IFIOI w I. I I I I 
·----------+---+---+-----------+--------+----------+--------+----------i 

7 I 7 I G I p I x I ASSIGN I MULTIPLE I >= I / I 
I I I I I I ASSIGN I , < I I 
·----------+---+---+-----------+--------+----------+--------+----------i 

8 I 8 I H I Q I y I : I I I REFER I 
~--------+---+---+-----------+--------+----------+--------+----------i 

9 I 9 I I I R I z I 11 I I ,= I • I 
·----------+---+---+-----------+--------+----------+--------+----------i 

A I I I I PSEUDO- I I I I I "'. I 
I I I I VARIABLE I I I I I 
.----------+---+---+-----------+--------+----------+-------~+----------i 

B I I I I I I I I = I PREFIX - I 
·----------+---+---+-----------+--------+----------+--------+----------i 

c I I I I FUNCTION I I I I t • I 
~----------+---+---+-----------+-------'-+----------+----_;_--+----------i 

D I I I I I ' I I > I PREFIX + I 
·----------+---+---+-----------+--------+----------+--------+----------i IE I SUBSCRIPT! I I I I LITERAL I I t' I 
I I I I I I CONSTANT I I I 
·----------+---+---+-----------+--------+----------+--------+----------i 

Fl I I I I, I I< I •• I L----------:L---J.----L---------.L----.L---------.L---------L--------J 
l<-Digits->l<-----Letters---->l<-------------Operators------------->I 
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First Level Table (80 to FF) 

8 9 A B c D E F 

r-------.,--------T----------T-------T---------T----------T---------T-------------1 
I I I I HYBRID I I I I I 

0 I TO I LINE I A I QUAL I I SN I I FL DEC !MAG I 
·--------+-------+----------+-------+---------+----------+---------+-------------~ 
I I I I I I ASSIGN BY I I I 

1 I ALLOCATE I I CALL I ENTRY I I NAME I I FL DEC REAL I 
·--------+-------+----------+-------+---------+----------+---------+-------------~ 

2 IBY I IB I I ISL I IFL BIN !MAG I 
·--------+-------+----------+-------+---------+----------+---------+-------------i 

3 IFREE I !RETURN IPROC I ISL' ION PROC IFL BIN REAL I 
·--------+-------+----------+-------+---------+----------+---------+-------------i 

4 IWBILE I Ip I CHECK I ICN I I FIX DEC !MAG I 
·--------+-------+----------+-------+---------+----------+---------+-------------i I 5 I I DISPLAY I GOOB I BEGIN I I GET I I FIX DEC RF.AL I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
6 ISNAP ICOL IR I I ICL I IFIX BIN !MAG I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
7 I I SIGNAL I GO TO I ITDO I WRITE I PUT I END DO I FIX BIN REAL I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
I I I INO l2nd LEVELi I I I 

8 I SYSTEM IE I I CHECK I MARKER I I END ITDO I INTEGER I 

·--------+-------+----------+-------+---------+----------~---------+-------------~ 
9 I WAIT I REVERT I I DO I READ I UNLOCK I END I STG DEC REAL I 

·--------+-------+----------+-------+---------+-~--------+---------+-------------i 
I I I IDATA I I I I I 

A ITHEN IF I ILIST DOI I I I I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
B I DELAY I I INIT LABEL I IF I LOCATE I REWRITE I END PROG I ON I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
ICONTROL I I I I I I !ARRAY I 

c I VA.RIABL.E I I I SN2 I I I I CROSS SECTION I 

·--------+-------+----------+-------+---------+----------+---------+-------------i 
D I EXIT I NULL I DECLARE I ELSE I DELETE I Qfillli I END BLOCR I CHAR CONSTANT I 

·--------+-------+----------+-------+---------+----------+---------+-------------i I F I I c Ix I NO SNAP I I I I iSUB I 

·--------+-------+----------+-------+---------+----------+---------+-------------~ 
F ISTOP !ASSIGN I IFORM11.T I I CLOSE I; l~IT CONSTANT I 

L--------L-------L----------L-------L---------L----------L---------L-------------J 
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Second Level Table COO to 7F) (preceded by second level marker byte CS) 

0 1 2 3 " 5 6 7 

r----------,--------T--------r-------T--------------T-----------T----------T---------i 
0 I IFILE I I IDECIMAL IOPTIONS IEXTERNAL IARFA I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
1 I I I I I BINARY I IRREDUCIBLE I INTERNAL I POINTER I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
2 I ILIST I I IFLOAT IREDUCIBLE IAUTOMATIC IEVENT I 

·-------~+--------+--------+-------+--------------+-----------+----------+---------~ 
3 I IEDIT IEVEN1'1 I IFIXED !RECURSIVE ISTATIC ITASK I 

·----------+~------+--------+-------+--------------+-----------+----------+---------~ 
4 ITITLE IDATA IPRIORITYI IREAL IABNORMAL 2 ICONTROLLEDICELL I 

·----------+--------+--------+-------+--------------+-----------+----------+---------~ 
5 I ATTRIBUTES I STRING I REPLY I I COMPLEX I NORMAL 2 I SECONDARY I BASED I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
6 f PAGESIZE ISRIP I I IPRECISION 1 f USES2 I IOFFSET I 

·----------+--------+--------+-------+--------------+-----------+--------~-+---------~ 
7 IIDENT ILINE I I IPRECISION 2 ISETS2 I I I 

·----------+--------+--------+-------+--------------+-----------+----------+---------~ 
8 I LINES I ZE I PAGE I I I VARYING I ENTRY I I NITVAR 1 I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
9 I ICOPY I I IPICTURE(NUM) IGENERIC IINITIAL IINITVAR 21 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
A I INTO I KEYTO I I I BIT ATTRIBUTE I BUILTIN I LIKE I I 

~----------+--------+--------+-------+--------------+-----------+----------+---------~ 
B I FROM I TASKOP I I I CHAR ATTRIBUTE I I DEFINED I I 

1----------+--------+--------+-------+----------~---+-----------+----------+---------~ c I SET I I IN I I DIMS (INTEGERS) I I ALIGNED I I 
·----------+--------+--------+-------+--------------+-----------+----------+---------~ 

I DE ~~:-------t--------i--------+-------+~E:---------+~~~~~------i~~~=~~~~-i---------~ 
I NOLOCR I KEYFROM I I I I REORDER I PACKED2 I I 
·----------+--------+--------+-------+--------------+-----------+----------+---------~ 
I I FORMAT I I I DIMS I I I PICTURE I 

F I IGNORE ILIST I IBY NAMEI (NON-INTEGER) IRETURNS IPOS I (CHAR) I 
L----------.1..-.------i--------L-------~-------------i-----------i----------i---------J 

1Tb~ EVENT built-in function and pseudo-variable are known externally by the 
equivalent name COMPLETION. 

2obsolete attribute. The second level marker is used only to ensure correct 
warning message transmission in Read-In, and does not appear in text at any time. 
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Second Level Table (80 to FF) 

8 9 A B C D E F 

r-----------~---------.---------.,.---------T------.,.----------T----------T---------1 
0 I EUFFERED I I I MAIN I I OVERFLOW I CONVERSION I CONDITION I 

·-----------+----------+---------+---------+------+----------+----------+---------i 
1 I UNBUFFERED I I I I I I I I 

·-----------+----------+---------+---------+------+----------+----------+---------i 
I I I I I I I STRING- I I 

2 I EXCLUSIVE I I I REENTRANT I I UNDERFLOW I RANGE I NAME I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

3 I REYED I I I I I I I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

4 !STREAM I I ISECONDARYI IZERODIVIDEIAREA ITRANSMIT I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

I 5 IRECORD I I I I I !PENDING I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 
I I I I I I FIXED I I I 

6 I BACKWARDS I I I TASK I I OVERFLOW I ENDFILE I CHECR I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

1 I SEQUENTIAL I I I I I I I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 
I I I I I I SUBSCRIPT I I I 

8 I DIRECT I I I ON-BLOCK I I RANGE I ON RECORD I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

9 I PRINT I I I I I I I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

A I ENVIRONMENT I I I I I ERROR I END PAGE I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

B I INPUT I I I I I I I I 
·-----------+----------+---------+---------+------+----------+----------+---------~ c I OUTPUT I I I I I FINISH I KEY I NOCHECK I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

D I UPDATE I I I I I I I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 
I I I I I I !UNDEFINED I I 

IE I TRANSIENT I I I I I SIZE I FILE I I 
·-----------+----------+---------+---------+------+----------+----------+---------i 

F I I I I I I I I I 
L-----------L-----------1.----------1.---------~------l.----------~----------~---------J 

2. TEXT FORMATS AFTER THE READ-IN PHASE 

In the following statement formats the code 
bytes SN, SL, SL'. POS, and OB have the 
following meanings: 

SN statement number 

SL statement label 

SL' initial label 

POS following SN is a 2-byte statement 
number 
following SL is a 2-byte 
dictionary reference of statement 
label or entry type 1 

r---------T-------------------------------1 
I BIT I ON CONDITION I 
·---------+-------------------------------i 
I 0 I OVERFLOW I 
I 1 I UNDER~LOW I 
I 2 I ZERODIVIDE I 
I 3 I FIXEDOVERFLOW I 
I 4 I SUBSCRIPTRANGE I 
I 5 I SIZE I 
I 6 I CONVERSION I 
I 7 I STRINGRANGE I 
L---------~-------------------------------J 

The abbreviation SQUID means an 
identifier, possibly subscripted and/or 
qualified. 

PROCEDURE Statement 
OB prefix options byte, specifying ON 

conditions enabled for the The format of a PROCEDURE statement is as 
statement as follows: follows: 
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Byte Number 

1 

2-3 

4 

5 

6 

7 

8-10 

11-13 

14-16 

17 

18 ••• 

Description 

Code byte SN or SL 

POS 

OB 

PROCEDURE 

Block level 

Block count 

PROCEDURE-BEGIN chain 

DECLARE chain 

El'fl'RY cha in 

Left parenthesis - optional 

Format parameter list -
optional 

Right parenthesis - optional 

Attribute marker - optional 

Attribute code - optional 

Attribute list - optional 

Statement terminating 
semicolon 

ENTRY Statement 

The format of an ENTRY statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6-8 

9 

10 

11 

12 ••• 

Description 

Code byte SN or SL 

POS 

OB 

ENTRY 

ENTRY chain 

Block level 

Block count 

Left parenthesis - optional 

Formal parameter list -
optional 

Right parenthesis - optional 

Attribute marker - optional 

BEGIN Statement 

Attribute code - optional 

Attribute List - optional 

Statement terminating 
semicolon 

The format of a BEGIN statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6 

7 

Description 

Code byte SN or SL 

POS 

OB 

BEGIN 

Block level 

Block count 

8-10 PROCEDURE-BEGIN chain 

11-13 

14 

END Statement 

DECLARE chain 

Statement terminating 
semicolon 

The format of an END statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6 

7 

8 

Description 

code byte SN or SL 

POS 

OB 

END1, END2, or END3 - ENDl 
ends a PROCEDURE or BEGIN 
block; END2 ends an 
iterative DO block; END3 
ends a non-iterative DO 
block 

Block level for the 
containing block 

Block count for the 
containing block 

Statement terminating 
semicolon 
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IF Statement 

The format of an IF statement is as 
follows: 

Eyte Number 

1 

2-3 

4 

5 

6 ••• 

DescriEtion 

Code byte SN or SL 

POS 

OB 

IF 

Expression 

THEN 

Statement or Group 

ELSE - optional 

Statement or Group 
optional 

Note: The semicolon preceding the ELSE has 
been deleted 

DO Statement 

The format of a DO statement is as follows: 

Byte Number 

420 

1 

2-3 

4 

5 

6 

7 

8 ••• 

DescriEtion 

Code byte SN or SL 

POS 

OB 

DO or ITDO 

CV 

BKC 

Squid 

DO equals 

Expression 

TO 

Expression 

BY 

Expression 

WHILE 

Expression 

ON Statement 

Statement terminating 
semicolon 

The ON statement takes one of the following 
formats: 

1. 
B~te Number Description 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 ON 

6 ON Condition 

1 SNAP or NOSNAP 

8 Statement or block 

2. 
ane Number Description 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 ON 

6 ON condition 

7 system 

8 SNAP or NOS NAP 

ASSIGN Statement 

The format of the ASSIGN statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6 ••• 

Description 

Code byte SN or SL 

POS 

OB 

ASSIGN or ASSIGN BY NAME 

Squid 

Comma - optional, 
may be repeated 



WAIT Statement 

Squid - optional, 
may be repeated 

Variable number of bytes -
optional, may be repeated 

ASSIGN 

Expression 

Statement terminating 
semicolon 

The WAIT statement has the following 
format: 

Byte Number Oescription 

1 Code Byte SN or SL 

2-3 POS 

OB 

5 WAIT 

6 Left parenthesis 

7... Identifier 

Left parenthesis - optional 

Expression - optional 

Right parenthesis - optional 

comma 

Further optional parentheses 
and expressions 

Right parenthesis 

Left parenthesis - optional 

Expression - optional 

Right parenthesis - optional 

Statement terminating 
semicolon 

CALL Statement 

The CALL statement has the following 
format: 

Byte Number 

1 

2-3 

5 

6-8 

9 

10 

11 

12 ••• 

Description 

Code byte SN or SL 

POS 

OB 

CALL 

CALL chain 

Identifier 

Left parenthesis 

Expression 

Right parenthesis 

Left parenthesis 

Argument List 

Right parenthesis 

Statement terminating 
semicolon 

GO TO Statement 

The format of the GO TO statement is 
follows: 

Byte Number Description 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 GO TO 

6 ••• Squid 

Statement terminating 
semicolon 

as 
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SIGNAL and REVERT Statements 

The SIGNAL and REVERT statements have the 
following format: 

Byte Number 

1 

2-3 

4 

5 

6 

7 

Description 

Code byte SN or SL 

POS 

OB 

SIGNAL or REVERT 

ON condition 

Statement terminating 
semicolon 

DISPLAY Statement 

The format of the DISPLAY statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6 

1 ••• 

Description 

Code byte SN or SL 

POS 

OB 

DISPLAY 

Left parenthesis 

Expression 

Right parenthesis 

Left parenthesis - optional 

Squid - optional 

Right parenthesis - optional · 

Statement terminating 
semicolon 

DELAY Statement 

The format of the DELAY statement is as 
follows: 

Byte Number 

422 

1 

2-3 

Description 

Code byte SN or SL 

POS 

4 

5 

6 

7 ••• 

OB 

DELAY 

Left parenthesis 

Expression 

Right parenthesis 

Statement terminating 
semicolon 

RETURN Statement 

The format of the RETURN statement is as 
follows: 

Byte Number 

1 

2-3 

4 

5 

6 

7 ••• 

Description 

Code byte SN or SL 

POS 

OB 

RETURN 

Left parenthesis - optional 

Expression - optional 

Right parenthesis - optional 

Statement terminating 
semicolon 

STOP, EXIT, and Null Statements 

The format of STOP, EXIT and Null 
statements is as follows: 

Byte Number Description 

1 code byte SN or SL 

2-3 POS 

4 OB 

5 Statement identifier 

6 Statement terminating 
semicolon 



INITIAL Label DECLARE Statements 

The format of INITIAL label DECLARE 
statements is as follows: 

Byte Number DescriEtion 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 INITIAL Label DECLARE 

6-8 DECLARE chain 

9 ••• INITIAL label 

Statement terminating 
semicolon 

DECLARE and ALLOCATE Statements 

The format of DECLARE and ALLOCATE 
statements is as follows: 

Byte Number 

1 

2-3 

5 

6-8 

9 ••• 

Description 

code byte SN or SL 

POS 

OB 

DECLARE or ALLOCATE 

DECLARE chain or ALLOCATE 
chain 

Declaration list 

Statement terminating 
semicolon 

FORMAT Statements 

The format of the FORMAT statement is as 
follows: 

Byte Number Description 

1 Code byte SN or SL 

2-3 POS 

OB 

5 FORMAT 

6... Format list 

Statement terminating 
semicolon 

Format items are replaced by one-byte 
codes 

OPEN and CLOSE Statements 

The format of OPEN and CLOSE statements 
follows. 

Byte Number Description 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 OPEN or CLOSE 

6 ••• File group list 

Statement terminating 
semicolon 

READ, WRITE, GET, PUT, REWRITE, UNLOCK, and 
DELETE Statements 

The format of READ, WRITE, GET, PUT, 
REWRITE, UNLCX:R, and DELETE statements is 
as follows: 

Byte Number 

1 

2-3 

4 

5 

6 ••• 

oescriEtion 

Code byte SN or SL 

POS 

OB 

Statement identifier 

Option list 

Statement terminating 
semicolon 
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3. TEXT CODE BYTES ON ENTRY TO THE 
TRANSLATOR PHASES 

0 1 2 3 4 5 6 7 
r----------T--------T----------T----------T--------T--------T----------T--------------1 
I I I I COMPILER I I I I COMPILER I 

0 IDICT. REF.IFILE I !FUNCTION I IFILE' I !FUNCTION' I 

~----------+--------+----------+----------+--------+--------+----------+--------------i 
1 I I I I ICOMr-".i.A I { IDO EQUALS I } I 

·----------+--------+----------+----------+--------+--------+----------+--------------i 
I I I I COMPILER I I I I COMPILER I 

2 I I LIST I I FUNCTION I FCOMMA I LI ST' I I FUNCTION CALL' I 
I I I ICALL I I I I I 
~----------+--------+----------+----------+--------+--------+----------+--------------1 

3 I IEDIT !EVENT I I ( IEDIT' I I I 

~----------+--------+----------+----------+--------+--------+----------+--------------i 
I I I ICOMPILER ICOMPILERI I !COMPILER I 

4 ITITLE IDATA !PRIORITY IPSEUDOVAR IFUNCTIONIDATA' I IPSEUDOVAR' I 
I I I I I COMMA I I I I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 

5 IATTRIBUTESISTRING !REPLY I I ) !STRING' I s I + I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I I I COMPILER I I I I 

6 I PAGES! ZE I SKIP I I ERROR I ASSIGN I I I NDX I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I IBUY I I I MULTIPLE I I I 

7 I IDE NT I LI NE I CHAMELEON I BUY ASSIGN I ASSIGN I ASSIGN I ~ , < I / I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
8 ILINESIZE IPAGE I !ARCO IDROP ITMPD ILEFT IOFS I 

~-------~--+--------+----------+----------+--------+--------+----------+--------------~ 
9 I I COPY I I I I I I LD I , = I • ' 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I I IBUYB I I I I 

A I INTO I KEYTO I I PSEUDOVAR I CALSEQ I TT I I PSEUDOVAR' I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I IEND I I I I I 

B I FROM I TASK I LIST MARK I LIST MARK I I I JMP I I PREF! x - I 

~----------+--------+----------+----------+--------+--------+----------+--------------1 
c I SE'I' I RPL I IN I FUNCTION I CNVA I RPL' I I FUNCTION' I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I I ARGUMENT I I I I I 

D IKEY I I IMARK I & I I > !PREFIX + I 

~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I DEFINED I SUBSCRIPT I I LITERAL I DEFINED I ' 

E INOLOCK IKEYFROM !SUBSCRIPT I ICNVB ICONSTANTISUBSCRIPT' !SUBSCRIPT' I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I FORMAT I I I I FORMAT I I I 

F IIGNORE ILIST I I I , ILIST' I < I •• I 

L----------i--------~----------L----------~--------~--------~----------~--------------J 
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8 9 A B c D E F 

r--------,.-------T------T------,.--------T---------,.----------T-------------1 
0 ITO ILINE IA I . ITO' ISN I I I 

·--------+-------+------+------+--------+---------+----------+-------------~ 
1 I ALLOCATE I I CALL I I I I CALL. I EIO I 

·--------+-------+------+------+--------+---------+----------+-------------i 
2 I BY I PAGE I B I I BY' I SL I I I 

·--------+-------+------+------+--------+---------+----------+-------------i 
3 IFREE I IRETURNIPROC I I I IPROC' I 

·--------+-------+------+------+--------+---------+----------+-------------i 
4 IWHILE fSKIP IP I IWHILE' ICN IP' I I 

·--------+-------+------+------+--------+---------+----------+-------------i 
5 I IDISPLAYIGOOB I BEGIN I SORT IGET I I BEGIN' I 

·--------+-------+------+------+--------+---------+----------+-------------i 
6 ISNAP ICOL IR I I SNAP' ICL I I I 

·--------+-------+------+------+--------+---------+----------+-------------i 
7 I I SIGNAL I GOTO I ITDO I WRITE I PUT I END DO I ITDO' I 

·--------+-------+------+------+--------+---------+----------+-------------i 
8 I SYSTEM IE I I I SYSTEM' IE' I END ITDO I I 

·--------+-------+------+------+--------+---------+----------+-------------i 
9 I WAIT I REVERT I I DO I READ I UNLOCK I END I DO' I 

·--------+-------+------+------+--------+---------+----------+-------------i 
A I THEN IF I G I I IF' I G. I I 

·--------+-------+------+------+--------+---------+----------+-------------i 
B IDELAY I I IIF II.OCATED IREWRITE IEND PROG IIF' OR ON I 

.--------+-------+------+------+--------+---------+----------+-------------i 
I I I I I I I I ARRAY I 

c I CV I I SELL I SN2 I CV' I I I CROSS SECTION I 

·--------+-------+------+------+--------+---------+----------+-------------i 
D I EXIT I NULL I BUY I ELSE I DELETE I OPEN I END BLOCK I I 

·--------+-------+------+------+--------+-------~-+----------+-------------i 
E I I c I x I NOSNAP I I c. I END PROG 21 NOSNAP. I 

·--------+-------+------+------+--------+---------+----------+-------------i 
F I STOP I ASSIGN I BUYS I FORMAT I I CLOSE I ; I FORMAT I 

L-------_J_ ______ i ______ i _____ _i. ________ i---------i----------i-------------J 

Appendix D: Internal Formats of Text 425 



4. FORMAT OF TRIPLES 

The triples produced as output from the 
translator phase each consist of five 
bytes, an operator followed by two two-byte 
fields. Each of the two-byte fields may be 
occupied by an operand, which may be a 
dictionary reference, a code byte or code 
bytes, or a numeric parameter. Two zero 
bytes in place of a dictionary reference 
operand iroply that the operand is the 
result of previous operations, and that its 
type and location are described in a TMPD 
in the text. 

The number of operands and the fields 
which they occupy depend upon the type of 
triple. The following table contains this 
information for all the triples used in the 
compiler. 

r----------------T----T---------.---------1 
I I I I I 
ITRIPLE TYPE IBEX IFIELD 1 IFIELD 2 I 
I ICODEI I I 
~----------------+----+---------+---------~ 
IKEYED 1 03 I - I - I 
~----------------+----+---------+---------i 
!TITLE I 04 I !OPERAND I 
~----------------+----+---------+---------~ 
IATTRIBUTES I 05 I - IOPERAND I 
~----------------+----+---------+---------~ 
IPAGESIZE I 06 I - !OPERAND I 
~----------------+----+---------+---------~ 
I IDEN'I' I 07 I I OPERAND I 
~----------------+----+---------+---------~ 
ILINESIZE I 08 I IOPERAND I 
~----------------+----+---------+---------~ 
IINTO I OA 1 IOPERAND I 
~----------------+----+---------+---------~ 
IFROM I OB I - !OPERAND I 
~----------------+----+---------+---------~ 
IKEY I OD I - IOPERAND I 
~----------------+----+---------+---------~ 
I IGNORE I OF I I OPERA.ND I 
~----------------+----+---------+---------~ 
IFILE I 10 I - !OPERAND I 
~----------------+----+---------+---------~ 
I LI ST I 12 I I I . 
~----------------+----+---------+---------i 
I EDIT I 13 1 I I 
~----------------+----+---------+---------~ 
I DATA I 14 I . I I 
~----------------+----+---------+---------~ 
ISTRING I 15 I - IOPERAND I 
~----------------+----+---------+---------i 
ISKIP I 16 1 IOPERAND I 
~----------------+----+---------+---------i 
ILINE I 17 I IOPERAND I 
~----------------+----+---------+---------~ 
I PAGE I 18 I - I - I 
~----------------+----+---------+---------i 
I COPY I 19 I I I 
~----------------+----+---------+---------~ 
IKEYTO I 1A I IOPERAND I L----------------i ____ i _________ J.._ ________ J 

426 

r----------------T----T---------T---------1 
I TASK • I lB I I - I 
~--------------L-+----+---------+---------i 
IRPL I lC I - I - I 
~----------------+----+---------+---------i 
I IN I lD I I OPEP.AND I 
~----------------+----+---------+---------~ 
I KEYFROM I lE I I OPERAND I 
~----------------+----+---------+---------i 
I FORMAT LIST I lF I I I 
~----------------+----+---------+---------~ 
IUP I 20 I - f OPERAND I 
·----------------+----+---------+---------i 
IGIVING I 21 I !OPERAND I 
~----------------+----+---------+---------i 
I DOWN I 22 I I OPERAND I 
~----------------+----+---------+---------~ 
IEVENT I 23 I - !OPERAND I 
~----------------+----+---------+---------i 
I PRIORITY I 24 I I I 
~----------------+----+---------+---------~ 
I REPLY I 25 I I OPERAND I 
~----------------+----+---------+---------~ 
I BUY CHAMELEON I 27 I I OPERAND I 
~----------------+----+---------+---------i 
IMSA I 28 !OPERAND llOPERAND 21 
~----------------+----+---------+---------i 
IMTA I 29 IOPERAND llOPERAND 21 
~----------------+----+---------+---------i 
I DEFINED I I I I 
ISUBSCRIPT I 2E !OPERAND I I 
~----------------+----+---------+---------i 
!NULL-FUNCTION I 2F I - I - I 
~----------------+----+---------~---------~ 
I COMPILER I I I I 
IFUNCTION I 30 !OPERAND I I 
~----------------+----+---------+~--------i 
I COMPILER I I I I 
I FUNCTION CALL I 32 I OPERAND I I 
~----------------+----+---------+---------i 
I COMPILER I I I I 
IPSEUDO-VARIABLE I 34 IOPERAND I I 
~----------------+----+---------+---------i 
IBUY ASSIGN I 37 !OPERAND llOPERAND 21 
~----------------+----+---------+---------i 
I ARCO I 38 I I I 
~----------------+----+---------+---------~ 

llSUBO I 39 IOPERAND llOPERAND 21 
~----------------+----+---------+---------i 
I PSEUDO-VARIABLE I 3A I OPERAND I I 
~----------------+----+---------+---------i 

llSSUB I 3B IOPERAND1 IOPERAND2 I 
~----------------+----+---------+---------~ 
I FUNCTION I 3C I OPERAND I I 
~----------------+----+---------+---------i 11 SSB' I 3D I OPERAND I I 
~----------------+----+---------+---------i 
I SUBSCRIPT I 3E I OPERAND I I 
~----------------+----+---------+---------i 
INOP I 3F I - I - I 
~----------------+----+---------+---------i I IPTCH I 40 IOPERAND llOPERAND 21 
~-------~--------+----+---------t---------i 
I COMMA I 41 I I * I 
L----------------~----~---------i---------J 
•This triple may have two operands in 
format lists. 



r----------------T----T---------T---------1 r----------------T----T---------T---------1 
IFUNCTION COMMA I 42 I IOPERAND I 
·----------------+----+---------+---------i 

I DEFINED I I I I 
!SUBSCRIPT' I 6E !OPERAND I I 

ICO~PILFR I I .1 I 
I FUNCTION COMMA I 4 4 I I OPERAND I 
~---------------+-~--+---------+---------i 

·----------------+----+---------+---------i 
ILESS I 6F !OPERAND 1IOPERAND 21 
~----------------+----+---------+---------i 

IACT I 45 IOPERAND llOPERAND 21 
~----------------+----+-------~+---------i 
ICOMPILER ASSIGN I 46 10PERAND llOPERAND 21 

I COMPILER I I I I 
!FUNCTION' I 70 !OPERAND I I 
~----------------+----+---------+---------~ 

·----------------+----+------~-+---------i I COMPILER I I I I 
IASSIG~ I 47 !OPERAND llOPERAND 21 
~----------------+----+---------+---------i 

IFUNCTION CALL' I 72 IOPF.RAND I I 
~----------------+----+---------+---------i 

IDROP I 48 I !OPERAND I I MINUS I 73 I OPEP.AND 11 OPFRAND 21 
·----------------+----+-------~-+---------i ·----------------+----+---------+---------~ 
ICONCATENATE I 49 IOPERAND llOPERAND 21 I COMPILER I I I I 
·----------------+----+---------+---------i IPSEUDO-VARIABLE'I 74 !OPERAND I I 

. IBUY B I 4A I IOPERAND I 
·----------------+----+---------+------~--i 

·----------------+----+---------+---------~ 
IPLUS I 75 !OPERAND 1IOPERAND 21 

IOR I 4B IOPERAND llOPERAND 21 ·----------------+----+---------+---------~ ·----------------+----+---------+---------i I I COMR I 76 I I OPERAND I 
I AND I 4 D I OPERAND 11 OPERAND 21 ~----------------+----+---------+---------~ ·----------------+----+---------+---------i !DIVIDE I 77 !OPERAND llOPERAND 21 
INOT I 4F I - IOPERAND I ·----------------+----+---------+---------~ 
·----------------+----+--------~+---------i I IOFS I 78 IOPERAND I I 
I LIST' I 52 I I I ~----------------+----+---------+---------i 
~---------------+----+---------+---------i JMULTIPLY I 79 fOPERAdD llOPERAND 21 
IEDIT' I 53 I I . I ~----------------+----+---------+---------i 
~----------------+----+---------+---------i I PSEUDO-VARIABLE I I 7A I OPERAND I I 
I DA'IA I I 5 4 I . I I ·----------------+----+---------+---------i ·----------------+---+---------+---------i I PREFIX MINUS. I 7B I I OPERAND I 
f STRING' I S5 I I I ~----------------+----+---------+---------i ·----------------+----+---------+---------i I FUNCTION' I 7C I OPERAND I I 
ISTMPD I 56 !OPERAND llOPFRAND 21 ~----------------+----+---------+---------i 
~----------------+----+---------+---------i I PREFIX PLUS I 70 I I OPERAND I 
!MULTIPLE ASSIGN I 57 !OPERAND llOPERAND 2J ·----------------+----+---------+-----~---~ 
~---------------+----+---------+---------i I SUBSCRIPT I I 7E I OPERAND I I 
ITMPD I 58 !OPERAND llOPERAND 21 ~----------------+----+---------+---------~ ·---------------+----+---------+---------i I EXPONENTIATE I 7F I OPERAND 11 OPERAND 21 
IJMP I 5B IOPERAND llOPFRAND 21 ·----------------+----+---------+---------~ ·----------------+----+---------+---------i ITO I 80 I I I 
IRPL' I SC I - I - I ·----------------+----+---------+---------~ ·----------------+----+---------+---------i !ALLOCATE I 81 I !OPERAND I 
!LITERAL CONST~~TI SE I IOPERAliD I ~----------------+~---+---------+---------i ·----------------+----+---------+---------i IBY I 82 I - I - I 
IFORMAT LIST' I SF I - I - I ~----------------+----+---------+---------i ·----------------+----+---------+---------i I FREE I 83 I I OPERAND I 
I UP' I 60 I I I ~----------------+----+---------+---------i 
~---------------+----+---------+---------i IWHILE I 84 !OPERAND I - . I 
IDO EQUALS I 61 IOPEFAND llOPERAND 21 ·----------------+----+---------+---------~ ·----------------+----+---------+---------i 
IDOWN' I 62 I - I - I 

I I •CV I 8 5 I I OPERAND I 
~----------------+----+---------+---------i ·----------------+----+---------+---------i I SNAP I 86 I I OPERAND I 

IERROR I 63 I - I - I ~----------------+----+---------+---------~ 
·-----------~----+----+---------+---------i IDELAY I BB I !OPERAND I 
I UPSIDE-DOWN I I I I ·----------------+----+---------+---------~ 
ICOMMA I 64 IOPERAND 1IOPERAND 21 ICV I SC !OPERAND llOPERAND 21 
·----------------+----+---------+---------i ~----------------+----+---------+---------i 
ILESS/EQUAL I 65 IOPERAND llOPERAND 21 I EXIT I 80 I I I 
·----------------+--~+---------+---------i ·----------------+----+---------+---------i 
fGREATER/EQUAL I 67 !OPERAND llOPERAND 21 I STOP I BF I I I 
·----------------+----+---------+---------i ~----------------+----+---------+---------~ 
ILEFT I 68 IOPERAND 1IOPERAND 21 I LINE I 90 I I OPERAND I 
·----------------+----+---------+---------i ~-----------------+----+---------+---------i 
INOT EQUAL I 69 !OPERAND llOPERAND 21 IEND ALLOCATE I 91 I - I - I 
·----------------+----+---------+---------i ·----------------+----+---------+---------i 
IFQUAL I 6B IOPFRAND llOPERAND 21 
·----------------+----+---------+------~--i 

IPAGE I 92 I - I - I 
~----------------+----+---------+--------~ 

IGREATER I 60 !OPERAND 1IOPERAND 21 ISKIP I 94 I !OPERAND I 
L----------------.L.---~---------..._ ________ J 

L----------------..._ ___ i _________ i _________ J 
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r---·------------T---T---------T---------1 
IDIS'PLAY I 95 I !OPERAND I 
~---------------+----+---------+---------i 

r----------------7----T---------T---------1 
I WRITE I C7 I I I 
·----------------+----+---------+---------i 

I COLUMN I 9 6 I I OPERA:ND I I READ I C9 I I I 
·----------------+---+---------+---------i ~----------------+----+---------+---------i 
ISIGNAL I 97 I !OPERAND I ICV' I cc !OPERAND llOPER~ND 21 
~----------------+----+---------+---------i ·----------------+----+---------+---------i 
IE I 98 I - I - I !STATEMENT NUMBER! DO fOPERAND llOPERAND 21 
~----------------+---+---------+---------i ~----------------+---+---------+---------i 
I REVERT I 99 I I OPERAND I ICLNl I Dl I !OPERAND I 
·----------------+----+---------+---------i ·----------------+----+---------+---------i 
IF I 9A I I I !STATEMENT LABEL I D2 !OPERAND llOPERAND 21 
·----------------+----+---------+---------i ~----------------+----+---------+--------~i 
IC I 9E I I I ICLN2 I D3 I - !OPERAND I 
·----------------+---+---------+---------i ~----------------+----+---------+---------i 
IA I AO I - !OPERAND I !COMPILER NUMBER I 04 I !OPERAND I 
~-------------+----+---------+---------i ·----------------+----+---------+---------i 
ICALL I Al I !OPERAND I !GET I 05 I - I - I 
~----------------+----+---------+---------i ·----------------+----+---------+---------i 
IB I A2 I IOPERAND I !COMPILER LABEL I D6 I !OPERAND I 
·----------------+----+--------+---------i ·----------------+----+---------+---------i 
IRETURN I A3 I !OPERAND I IPUT I D7 I I I 
·----------------+----+---------+---------i ·---------------+----+---------+---------i 
Ip I A4 I I OPERAND I IE' I DB I I I 
·--------------+----+---------+---------i ·----------------+----+---------+---------i 
IGO OUT OF BLOCK I AS I !OPERAND I I UNLOCK I 09 I I I 
~----------------+----+---------+---------i ·----------------+----+---------+---------i 
IR I A6 I I OPERAND I IF' I DA I - I - I 
~----------------+---+---------+---------i ·---------------+----+---------+---------i 
IGO TO I A7 I - !OPERAND I IREWRITE I DB I I I 
·----------------+----+--------+---------i ·----------------+----+---------+---------i 
I GOLN I AB I I OPERAND I I OPEN I DD I I I 
~-------~--------+----+---------+----~----i ·---------------+----+---------+---------1 
IBUYT I A9 I !OPERAND I IC' I DE I I I 
·----------------+----+---------+--------i ~---------------+----+---------+---------i 
IBUYX I AA I !OPERAND 21 I CLOSE I DF I I I 
~----------------+----+--------+---------i ·----------------+----+---------+---------i 
IESELL I AB !OPERAND 1IOPERAND 21 I CALL. I El I I . I 
·----------------+----+---------+---------i ~----------------+----+---------+---------i 
I SELL I AC I I OPERAND I IP' I E4 I I I 
·---------------+----+---------+---------i ~---------------+----+---------+---------i 
I BUY I AD I - I OPERAND I I END PROG I EB I I I 
~----------------+----+---------+---------i ·---------------+----+---------+--------i 
Ix I AE I I OPERAND I I END BLOCK I ED I I I 
·----------------+----+---------+---------i 
IBUYS I AF I !OPERAND I 

~----------------+----+---------+---------i 
I END PROG 2 I EE I - I - I 

·---------------+----+---------+---------i ~----------------+----+---------+---------i 
IPROC I B3 I !OPERAND I 
·---------------+----+---------+---------i 

I END I/ 0 I F1 I I I 
~----------------+----+---------+---------i 

f BEGIN I BS I !OPERAND I 
·----------------+----+---------+---------i 
I ITERATIVE DO I B7 I OPERAND I - I 
~---------------+----+--------+---------i 
IDO I B9 !OPERAND I - I 
·----------------+----+---------+---------i 
I IF I BB I OPERAND 11 OPERAND 21 
·----------------+---+---------+---------i 
ISN2 I BC I - !OPERAND I 
·----------------+---+---------+---------i 
I NOSNAP I BE I - I OPERAND . I 
·----------------+----+---------+---------i 
I FORMAT I BF I - I OPERAND I 
·----------------+----+---------+---------i 
ITO' I co I - IOPFRAND I 

IPROC' I F3 I !OPERAND I 
~----------------+----+---------+---------~ 
IBEGIN' I F5 I !OPERAND I 
·---------------+----+---------+---------~ 
IITERATIVE DO' I F7 I !OPERAND I 
~----------------+----+---------+---------i 
IDO' I F9 I - IOPERAND I 
~----------------+----+---------+--------i 
I IF' OR ON I FB I - I OPERAND I 
~----------------+----+---------+---------i 
I PREFMI' I FD I - I - I 
·----------------+----+---------+---------i 
IFORMAT' I FF I - I - I 
L----------------~----~---------~---------J 

·----------------+----+---------+---------i 
IBY' I C2 I - !OPERAND I 
·----------------+---+---------+---------i 
!WHILE' I C4 IOPERAND 1IOPERAND 21 L----------------i ____ i _________ i _________ J 
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5. TEXT CODE BYTES IN PSEUDO-CODE 

0 1 2 3 4 . 5 6 7 8 9 A B C D E F 

r-----T------r-----,-----T----,----T----T----T-----T----T----T-----T----T------T--T----1 

I lo i~:~~-+~:Ml--+~::~-+~~~~+:=~-+~DR+~=~i~~--+~=:~~+~~--+~~--+::: __ +:::_+:~----+--+~Ns:~ 
IDCVl IOSM2 IEOB IBLBS' JBCR ISPM ICLR ISLA IBC ICH ICL IMVI IMVC ITRT I IMVCLI 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

2 I DCV2 I ALLOC I PCC I BUYS 'HER I LTR I ALR I SLDA I DCF I AH I AL I NI I MVN I PACK I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

3 I DCV3 I DCA3 'CHSM I PIN s I HOR I LTER I SLR I SLDL I BCT.A I SH I SL I 01 I MVO I UNPK I I I 

~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 
4 IDCV4 IDCA4 IADR IRWA IBCTRILTDRI ISLL IBCT IMH ISTC ISSM IMVZ !IGNORE! I I 

·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 
5 IDCV8 IFREE ISN3 IAPRM INR ILNR ILPR ISRA IN 'STH IST I™ INC I I I I 

·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i I b I DROP I BUY I BCIN I USNG I OR I LNEF. I LPER I SRDA I 0 I QLA I EX I XI I oc I CONV I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

1 IEQU ISELL ISTOP IEDIT IXR ILNDRILPDRISRDLIX f STD ISTE ILA' IXC ICONV' I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 

a I P Roc I PROC • I BGNP I FMT I LR I LDR I LER t SRL I L I Lo I LE 1 ocF2 1 ZAP t us sL 1 1 1 
I I 1 ILST I I I I I I I I I I I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 

9 IBfGINIBEGIN'IBGNP'IFMT ICR ICDR ICER ISTM IC ICD ICE IBCT' ICP IDRPL I I I 
~-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 

I A IPASS IADV IDROB' IFMT' IAR fADR IAER IBXH IA IAD I.AF IMDRP IAP ICNVA I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 

B IEOP IPLBS IPLBS' IEDIT' ISR ISDR ISER IBXLEIS ISD ISE I ISP ISINL I I I 
·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----~ 

c IECP2 I PCBS IPSLD I ERROR I MR IMDR IMER I SLl IM I MD IME ISN2 IMP ICNVCl I I IGN2 I 

·-----+------+-----+-----+----+----+----+----+-----+----+---~+-----+----+------+--+----i 
D IIPRM IIPRM' IABS IPFMT IDR IDDR IDER ISN ID IDD fDE f05M3 IDP ICNVC2 I IIGN41 

·-----+------+-----+-----+----+----+-~--+----+-----+----+----+-----+----+------+--+----~ 
E IEPRf.'. IEPRM' IABS' I ISVC IAWR IAUR ICLl IIC IAW IAU IEQU' IED fCNVC3 I IIGN51 

·-----+------+-----+-----+----+----+----+----+-----+----+----+-----+----+------+--+----i 
F IITDO IITDO' IALIGNI IBALRISWR ISUR ICN IBAL ICVB ICVD IBSW IEDMKICNVC4 I IIGN81 

L------L------.l.-----L-----.1.----..L----L----L----L-----L----L----L-----L----..L------..L--L----J 

6. TEXT FORMATS IN PSEUDO-CODE 

Pseudo-code Design 

Pseudo-code is essentially a symbolic 
representation of machine code, designed in 
such a way that it is possible to directly 
transform it into executable machine code 
by an assembly process. 

A unit consists of a one-byte operation 
code followed by, normally, a two or 
four-byte field and on the other occasions 
by a variable length field. The bit· 
pattern of the operation code indicates the 
type of unit which it heads. 

By having most units either three or 
five bytes long, the scanning of 
pseudo-code is a fairly straightforward 
process. 

The format of the various pseudo-code 
units is as follows:. 

Three-byte unit: this consists of a 
one-byte operation code followed by a 
two-byte literal offset, and it appears 
inmediately after the symbolic 
representation of the instruction to 
which if refers. 

Five-byte unit: there are four basic 
five-byte units which have the 
following formats. 

Bytes 0 1 3 

r-------T-------~----T-------------1 
I OP I 1 I R2 I 
I I R1 I I 
I CODE I 0 I DICT REF I 

L-------L-------------L-------------J 
Bytes O 1 3 

r-------T-------------T-------------1 
I OP I I I 
I I R3 I OFFSET I 
I CODE I I I 
L-------L-------------.1.-------------J 
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I Bytes 0 1 3 

r-------T-------------.-------------1 
I OP I I I 
I I Rl I R2 I 
I CODE I I I 
L-------J.-------------.L-------------J 

I Byte 0 1 3 

r-------T-------------T-------------1 
I OP I 1 I R2 I 
I I BEX I I 
I CODE I 0 I DICT REF I 
L-------i----~--------i-------------J 

Using these units with, if necessary, a 
three-byte unit, it is possible to 
symbolically represent any possible RR, RX, 
RS or SI instruction. 

Variable length unit: the format of 
this is: 

I Bytes 0 1 3 

r-------.-------------.-------------1 
I OP I I I 
I I FLAG I VARIABLE I 
I CODE I I I L ______ _i_ ____________ i_ ____________ J 

With a specially designed variable field 
described by a two-byte flag, it is 
possible to represent any SS instruction 
with this unit. 

The first byte of the two-byte flag 
indicates the format of the variable field 
and the second gives the length of the 
total unit. 

RX Instructions 

The following examples illustrate the basic 
f orros of an RX instruction and the way in 
which they are represented in pseudo-code. 

L Rl,JOE 

I Bytes 0 1 3 

r-------y-------------T-------------1 
I L I 0 Rl I DR(JOE) I ._ ______ i_ ____________ i _____________ J 

L Rl, JOE+24 

I Bytes 0 1 3 

r-------.-------------T-------------1 
I L I 0 Rl I DR(JOE) I L _______ i_ ____________ i _____________ J 

r-------T-------------1 
I OSMl I 24 I 
L-------i-------------J 
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L Rl,JOE(R3) 

I Bytes O 1 3 

r-------T-------------T-------------1 
I L I 0 Rl I DR(JOE) I 
L-------L-------------i-------------J r-------T-------------1 
I OSM2 I R3 I 
L-------L-------------J 

L Rl, JOE+24 (R3) 

I Bytes o 1 3 

r-------T-------------T-------------1 
I L I 0 Rl I DR(JOE) I 
L-------i-------------L-------------J r-------T-------------T-------------1 
I OSM3 I 24 I R3 I 
L-------i-------------i-------------J 

Alternatively, JOE might be a base 
register in which case the dictionary 
reference would be replaced by a symbolic 
register. The two forms are distinguished 
by setting the flag bit of the first 
symbolic register equal to one when a base 
register is intended. 

L Rl,0(R3,R2) 

I Bytes O 1 3 

r-------T-------------T-------------1 
I L I 1 Rl I R2 I 
L-------i-------------L-------------J r-------T-------------1 
I OSM2 I R3 I 
L-------i-------------J 

When a branch instruction is generated 
which branches to a compiler generated EQU 
value, bit two of the second byte is set to 
one to indicate that the second field is in 
fact an EQU value. 

I Bytes 0 1 2 3 

r------T-------T--------T-----------1 
I BC I 01 I HEX IEQU VALUE I 
L------i-------i--------i-----------J 

I Bytes O 1 2 3 

r------T-------T--------T-----------1 
I I 1 I I R2 I 
I BC I 0 I HEX ~-----------~ 
I I 0 I I DICT REF I 
L------L-------L--------L-----------J 



RS Instructions 

The following examples illustrate the basic 
forms of an RS instruction and the way in 
which they are represented in pseudo-code: 

BXH Rl,R2,ALPBA 

I Bytes 0 1 3 

,-------T-------------T-------------1 
I BXH I 0 Rl I DR(ALPHA) I 
'-------i---------~--i _____________ J 

.-------~------------, 
I OSt-~2 I R2 I L _______ i,_ ____________ J 

BXH R1,R2,ALPBA+24 

I Bytes O 1 3 

,-------~------------T-------------1 
I BXH I 0 . Rl I DR(ALPHA) I 
L------~------------~------------J 
,----~------------~-----------, 
I OSM3 I 24 I R2 I 
L------i-------------i-------------J 

Alternatively, ALPHA might be a base 
register in which case the dictionary 
reference would be replaced by a symbolic 
register as in the RX instruction. 

SLA Rl,6 

I Bytes 0 1 3 

,-------T-------------T-------------1 
I SLA I Rl I 6 I 
L-------~------------~------------J 

RR Instructions 

The following example illustrates the. form 
of an RR instruction and the way in which 
it is represented in pseudo-code. 

AR R1,R2 

I Bytes 0 1 3 

,-------~------------T-------------1 
I AR I R1 I R2 I 
L-------~------------~------------J 

SI Instructions 

The following examples illustrate the basic 
forms of an SI instruction and the way in 
which they are represented in pseudo-code: 

CLI BETA,X'FF' 

I Bytes O 1 3 

r-------T-------------T-------------1 I CLI I 0 FF I DR(BETA) I 
L-------i-------------i-------------J 

CLI BETA+4,X'FF' 

I Bytes O 1 3 

r-------T-------------~------------1 I CLI I 0 FF I DR(BETA) I 
L-------i-------------i-------------J r-------T-------------1 
I OSMl I 4 I 
L-------i-------------J 

Alternatively, BETA might be a base 
register in which case the dictionary 
reference would be replaced by a symbolic 
register. 

SS Instructions 

Basically, an SS instruction consists of 
two base registers and a length byte. 
Since this does not conform to the format 
of other items of pseudo-code, it is 
necessary to represent an SS instruction 
with a variable length field, the length of 
which is specified in the second of two 
flag bytes immediately following the 
operation code. 

This variable form of pseudo-code will 
be used to convey items of information 
internally between compiler phases, at the 
same time maintaining the·items in the 
guise of pseudo-code. 

Variable Length Item FLAG 

The first bit of the FLAG indicates whether 
or not the unit represents a machine 
instruction. In the former case, the 
format of the instruction is: 

I Bytes 
0 1 2 3 4 6 8 10 
r----T----T------T----T----T----T----T----1 
IOP I I I I I I I I 
I IFLAGILENGTHI Fl I F2 I F3 I F4 I FS I 
I CODE I I I I I I I I 
L----~---i------i----i----i----i----i----J 
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~he format of the FLAG is: 

Bit Zer9 One 

0 Always zero 

1 j'2=dict. ref. F2=sym reg. 

2 F3=dict. ref. F3=sym reg. 

3 F4 not present F4 present 

4 fi not present F5 present 

5-7 Not used 

The FI field is identical to the length 
field in the SS machine instruction. The 
field contains one or two lengths which are 
each one less than the corresponding 
lengths used in Assembler Language. The F4 
and F5 fields contain literal offsets. 

Compiler Function (Bit 1=1) 

In compiler functions. the format of the 
FLAG depends on the operation code. Thus: 

r-----T------T--------r----T----, 
I CONV I FLAG I LENGTH I Fl I F2 I L------i ______ J_ _______ 4 ____ 4 ____ J 

The format of the FLAG is: 

Both Zero Both One 

0 Always one 

1 and 2 Fl=dict. ref. Fl=TMPD operand 

3 and 4 F2=dict. ref. F2=TMPD operand 

5-7 Not used 

The FLAG in the IGNORE item does not 
contain any information. 

~he following examples illustrate the 
basic forros of an SS instruction and the 
ways in which they are rP.presented in 
pseudo-code. 

MVC ALPHA<?) ,BETA 

I Bytes 0 1 2 3 4 

,---~----T----r-----r---------1 
IMVCIX'OO' I 8 I 6 IDR(ALPHA)I 
L---L-----L----L-----L---------J 
6 
r-------1 
IDR(BETA)I 
L--------J 
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ZAP ALPHA+3(14), BETA(6) 

I Bytes O 1 2 3 

r---T-----T----T-----T---------1 
IZAPIX'lO'I 10 113 5 IDR(ALPHA)I 
L---L-----L----L-----L---------J 
6 8 
r--------T----, 
I DR (BETA) I 31 
L-------L----J 

MVC ALPHA(6), BETA+11 

I Bytes 0 1 2 3 4 

r--~T-----T---T-----T---------1 
IMVCIX'08'1 10 I 5 IDR(ALPHA) I 
L---L-----L----L-----i---------J 
6 8 

r--------T----1 
IDR(BETA)I 111 
L--------i----J 

AP ALPHA+3(14),BETA+11(6) 

I Bytes O 1 2 3 4 
r---T-----T----T-----T---------1 
IAP IX'l8'1 12 113 5 IDR(ALPHA>I 
L---L-----i---i-----4---------J 
6 8 10 
r--------T----T----1 
IDR(BETA)I 31 111 
L--------i----L----J 

Alternatively, ALPHA and/or BETA might 
be base registers, in which cases, the 
dictionary references would be replaced by 
symbolic registers and the FLAG byte would 
be set accordingly: 

MJO ALPHA(14), 11(6,Rl) 

I Bytes O 1 2 3 4 

r---T-----T----T-----T---------1 
IMVOIX'28'1 10 113 5 IDR(ALPHA>I 
L---i-----i----L-----L---------J 
6 8 

r--------T----1 
I Rl I 111 
L--------L----J 

Pseudo-code Format between IEMRA and IEMRF 

Fields that may hold a dictionary reference 
or register number have, at this time, the 
possibility of holding a literal offset. 
.The presence of an off set is indicated by 
the first bit of the field being set to 
one, and earlier flags being set to 
'register.' 



7. TEXT FORMATS IN ABSOLUTE CODE 

Where a standard set of assigned registers 
is to be used for a section of code, e.g. 
in the construction of prologues, or during 
the generation of addressing instructions, 
it is possible to generate instructions 
with registers in absolute code, instead of 
the norll\al pseudo-code two-byte symbolic 
registers. (See "Text Formats in 
Pseudo-Code" in this Appendix.) 

tiections of absolute code are preceded 
by ABS markers and followed by ABS' 
markers. The operation codes are the same 
as the normal pseudo-code instructions <see 
•Text .code Bytes in Pseudo-Code" in this 
Appendix), but the instruction formats 
differ,_ as shown in the following examples: 

RR Instructions 

I Bytes O 1 

.--------T-----------1 
I OP CODE I Rl R2 I 
L-------L---------J 

RX Instructions 

I Bytes O 1 2 

r-----------T-------~--------1 
I OP CODE I Rl X2 I B2 I 
L-------------L---------L--------J 
3 
r--,.--------, 
I DICT REFCE I 
L-----------J 
0 1 

r---------T--------, 
I OSM2 I OFFSET I 
L----------L-----~--J 

SS Instructions 

I Bytes O 1 2 3 
r---------T--------T----T-----------1 
I OP CODE I LENGTH I Bl I DICT REFCEI 
L---------.L--------L----.L-----------J 
5 6 

r----T-------------i 
I B2 I DICT REFCE I 
L----L-------------J 
0 1 
r-----~--------, I OSMl I OFFSET I 
L--~----L--------J 
0 1 
r------T--------1 
I OSM2 I OFFSET I 
L-------L--~-----J 

RS Instructions 

$hift Instructions 

Bytes 0 1 2 

r------------~--------T--------1 
I OP CODE I Rl 0 I OF'FSET I 
L----------~L---------L--------J 

Other Instructions 

Bytes O 1 2 

r------------T---------T--------1 
I OP CODE I Rl R2 I B2 I 
L-----~-------L---------.L--------J 
3 

r------------1 
I DICT REFCE I 
L------------J 
0 1 
r---------T--------1 
I OSM2 I OFFSET ! 
L---------.L--------J 

SI Instructions 

I Bytes O ·1 2 3 

r---------T--------T---T------------1 
I OP CODE I MASK IBl I DICT REFCE I 
L----------L--------L----L------------J 
0 1 
r---------T--------1 
I OSM2 I OFFSET I 
L----------L--------J 

Note that the OSM1/0SM2 markers and their 
following offsets are all optional; note 
also that the OSM2 byte does not have a 
register following it, as in normal 
pseudo-code, but a literal off set. 

Appendix D: Internal Formats of Text 433 



The first bit (bit 0) of the byte 
containing the base is used as a flag. If 
this bit is a one, the following two bytes 
contain, in their low order position, a 
twelve bit offset, instead of a dictionary 
reference. 

After Phases RA and RF all instructions 
in the text will be in absolute code. 

8. SECOND FILE STATEMENTS, AND THE FORMATS 
OF COMPILER FUNCTIONS AND PSEUDO-VARIABLES 

Second File Statements 

Any expression occurring in an attribute 
must be put into a form which is acceptable 
to the translator phase. This means tha.t 
it roust look like a source statement. To 
comply with this, all expressions dealing 
with array bounds, string lengths, 
DEFINING, and INITIAL value iteration 
factors are converted into assignments to 
function references. These functions have 
a special weaning. They are not entered in 
the dictionary, and their dictionary 
references are to a region in the 
communications area. The pseudo-code 
physical phase dealing with each particular 
function generates in-line code instead of 
a function reference. 

All the statements of this type are 
generated in the source text after the end 
of the original source program. They form 
a second program and are ref erred to later 
as the •second file.• 

The statements generated have the 
following overall format: 

Byte Number Description 

1 Code byte SN2 

2-3 Dictionary reference 

4 Options byte 

5 Staterr.ent type markers 

6 onwards Statement body 

The dictionary reference is the 
reference of a second file dictionary 
entry. This is described in Appendix c. 
The options byte is that for the options 
operative in a prologue, i.e. no 
interruptions are accepted~ 
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Array Bounds 

The format of the second ~ile statement for 
array bounds is as follows: 

Byte Number 

1 

2 

3-4 

5 

6 

7 

8-9 

10 

11 

12 

13 

14 

15 

16 

17 ••• 

Description 

Assignment statement marker 

Code Byte X'OO' 

ADV code X'0002' 

Compiler pseudo-variable 

Left parenthesis 

Code byte X' 00 • 

Dictionary reference of 
array 

Triple operator code byte 
X'44' 

Code byte X'SE' 

code byte x•oo• 

Code byte X'OO' for lower 
bound, X'01' for higher 
bound 

Number of the dimension 
whose bound is referenced 

Right parenthesis 

Triple operator code X'46' 

Expression for bounds 

Statement terminating 
semicolon 

Multiplier Function 

Multiplier function statements are used to 
denote copying of a section of one dope 
vector into another. The format is: 

Byte Number Description 

1 Assignment statement marker 

2 Code byte X'OO' 

3-4 MTF code bytes X'0010' 

5 Compiler call marker 

6 Left parenthesis 

7 Code byte X'OO' 



8-9 Dictionary reference 1 

10 Triple: operator code byte 
X'44' 

11 Code byte X'OO' 

12-13 Dictionary reference 2 

14 Triple operator code byte 
X'44' 

15 Code byte X'5E' 

16 Code byte x•oo• 

17-18 Offset 1 

19 Triple operator code byte 
X'44' 

20 Code byte X'SE' 

21 Code byte x•oo• 

22-23 Off set 2 

24 Triple operator code byte 
X'44' 

25 Code byte X'SE' 

26 Code byte x•oo• 

27-28 Length 

29 Kight parenthesis 

30 Statement terminating 
semicolon 

This statement requires the number of 
bytes specified by the length to be moved 
fro~ the dope vector of the item at 
dictionary reference 2, starting at an 
offset of offset 2, to the dope vector of 
the item at dictionary reference 1, 
starting at an offset of off set 1. 

String Length statement 

The string length statement is used to 
initialize the maximum length slot in a 
string dope vector. The format is: · 

Byte NUillber Description 

1 Assignment statement marker 

2 Code byte X'OO' 

3-4 SDV code X'0004' 

5 Compiler pseudo-variable 

6 

7 

8-9 

10 

11 

12 ••• 

Left parenthesis 

Code byte X'OO' 

Dictionary reference 

Right parenthesis 

Triple operator Code X'46' 

Expression 

Statement termination 
semicolon 

The dictionary reference is that of the 
item whose dope vector is being 
initialized. If the expression is defininq 
the length of a string being returned by an 
internal function, then the dictionary 
reference is that of the entry type 2 
belonging to the label. In Figure 6 the 
reference is to B or C depending on whether 
the statement appeared in a PROCEDURE/ENTRY 
statement, or an ENTRY attribute. If the 
item is a data item, an external procedure, 
or a formal parameter entry point, then the 
dictionary reference of that particular 
item appears in the statement. 

INITIAL value statements 

INITIAL value statements ~re used to 
initialize a vector of storage used to 
contain iteration factors. It is implied 
that the value of the expression must be 
converted to type integer. The format is 
as follows: 

Byte Number 

1 

2 

3-4 

5 

6 

7 

8-9 

10 

11 

12 ••• 

Description 

Assignment statement marker 

Code byte X'OO' 

IDV code 

compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary reference 

Right parenthesis 

Triple operator code X'46' 

Expression 

Statement terminating 
semicolon 
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The dictionary reference is to the item 
being initialized. The integer is the 
number of assignment statements of thi-s 
type, and for this variable, that have been 
generated before this one. 

Second File statements for BASED and OFFSET 

A statement is generated for a variable 
which is declared BASED with its associated 
pointer given, and for a variable which is 
an OFFSET with its associated base qiven. 
The format of the statement is similar to 
that of the INITIAL value statement except: 

Byte Number 

3-4 

12 

Description 

PEXP code (BASED) X'0016' or 
BVEXP code (OFFSET) X'0017' 

F.xpression <which must be a 
single dictionary reference 
of the associated pointer or 
base> 

The dictionary reference in bytes 8-9 is 
that of the BASED or OFFSET variable. 

Second File Statements for DEFINED 

second file statements are generated when 
an ex~ression is associated with DEFINED, 
but the expression does not contain any 
iSUBs. The format is: 

Byte Number 

1 

2 

3-4 

5 

6 

Description 

Compiler assignment 
statement marker 

Code byte X'OO' 

ADF code; 
X'0011' for base only 

X'0012' for subscripted base 
X'0013' for base with iSUB's 

Pseudo-variable rr.arker 

Left parenthesis 

Base7and subscript list 

Right parenthesis 

Staterrent terminating serr.icolon 
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9. PSEUDO-CODE PHASE TEMPOR !RY RESULT 
DESCRIPTORS (TMPD) 

Temporary Description Stack 

All information on temporary resultR is 
contained in this stack. Each itero in the 
stack consists of 10 bytes. P maximum of 
200 items is allowed. 

Byte 1 

Byte 2 

Flaa 1 describes the addressing 
method contained in bytes 
5 through 10. 2 bits in 
this byte are also used 
during the release of 
temporary results 

Code 2 describes the radix, 
scale, mode, string type 
etc. of the temporary 
result. The format of 
this byte is identical to 
the similar byte in the 
dictionary and the OED 
used by the Library 
subroutines. routines. 
<see •oata Byte• in 
Appendix C. ) 

Bytes 3-4 P,Q describes the precision 
and scaling of arithmetic 
type results 

Bytes 5-6 BASE 

Byte 7-8 NDX 

in one of the following 
forms: 

1. •Reg by value• 
register containing 
the result - no index 
or offset is allowed. 

2. •Reg by value• 
register containing 
the base address of 
the result stack 

3. Offset from beginning 
of current temporary 
storage for results 
held in the temporary 
storage stack 

4. Dictionary reference 
which specifies the 
base address of the 
result of a subscript 
calculation 

in one of the following 
forms: 

1. Symbolic indexing 
register for BASE type 
2 and 4. 

2. The number of bytes 
required in the 
temporary core stack 
for BASE type 1 



Bytes 9-10 OFS which is a literal offset 
to be inserted in the 
base address. ·when used 
with BASE type 1 the 
actual temporary off set 
is the swn of the offsets 
and the number of bytes 
required in the stack is 
the sum of the contents 
of OFS and NDX 

Strings are described in the following 
ways: 

If the string is of fixed length less 
than 256 bytes, it is given storage in 
the core stack. This type of string 
has a dictionary entry if it is passed 
to a subroutine. 

If the string is of variable length or 
longer than 256 bytes, the storage is 
bought and sold when required. This 
type of string always has a dictionary 
entry. 

If the string has no dictionary entry, 
it is described by the usual CODE 
bytes, the temporary core offset in 
BASE, and the byte length in NDX. 

If the string has a dictionary entry, 
it is described by the usual CODE bytes 
and the dictionary reference IN BASE. 
The dictionary entry describes the 
location of the strinq which may be 
either the temporary area off set and 
size for the first type, or a BUY 
statement for the second type. 

The 'top' of the stack is indicated by 
two pointers: PSTK and LSTK. PSTK points 
to the 'physical' top of the stack, which 
is the last item added. LSTK points to the 
'logical' top of the stack, which is the 
next item to be released. The difference 
is necessary because the temporary storage 
stack may not be released in the same order 
as the description stack. When an item in 
the description stack is released, the 
corresponding temporary storage may not be 
at the top of the stack storage. As the 
storage stack is always released in order, 
the description is flagged and the LSTK is 
reduced by 1 item. When the corresponding 
temporary core is released from the top of 
the storage stack, the deecription is 
completely removed from the 'physical' 
stack. 

r-----T-----------r-----------T----------T----------------------------------------------1 
I I I IWhether F71 I 
I FLAG I F5 I F6 I applicable I Comments I 
1-----+-----------+-----------+----------+----------------------------------------------t 
IX'OO'IDictionary I Yes I 
I treference I I 
IX'02'1Dictionary I No ISTRUT2 output -- must SELL dictionary ref. 
I Jreference I I 
IX'04'1Dictionary I No IREPEAT function result. 
I treference I t 
IX'OS'IDictionary IDictionary No ISUBSTR function result. 
I treference~ treference2 I 
IX'20'1Dictionary IIndex Yes IArithmetic subscript, or SDV for varying 
I freference tregister tstring subscript. 
IX'41'1Symbolic IDictionary Yes INon-adjustable fixed string subscript, with 
I tregister lreference IDROP in STRUT2. 
IX'49'1Symbolic IDictionary Yes INon-adjustable fixed string subscript, without 
I I register I reference I DROP in STRUT2. 
IX'80'1Register I No IItem in register -- F7 cannot exist. 
IX'CO'IWorkspace I Yes I 
I toffset I I 
IX'C1'1Workspace IDictionary Yes ISDV for adjustable fixed string subscript. 
I foffset I reference I 
IX'CS'fWorkspace IDictionary No ISUBSTR pseudo-variable result. 
I I offset I reference I 
~ _____ ..___ ________ _i ___________ i __________ ~----------------------------------------------i 

I~ 1. Since F6 cannot be used for both an index register and a dictionary I 
I reference, bits 2 and 7 of the FLAG byte cannot both be 1. I 
I 2. Many other bit configurations in the FLAG byte are meaningful and could I 
I be used for ~uture applications. I 
L--------------------------------------~------------------------------------------------J 
Figure 12. Temporary Descriptions in Pseudo-Code -- Use of TMPD Triple Fields FS and F6 

Appendix D: Internal Formats of Text 437 



Temporary Descriptions in Pseudo-Code 

Descriptions are passed between pseudo-code 
phases usinq two or three TMPD triples, 
with the following formats: 

r------T----T----T----T----, 
I TMPD IFLAGI F2 I F3 I F4 I 
~------+----i----+----i----1 
I T~PD I F5 I F6 I 
~------+---------+---------t 
I TMPD I F7 I . I L-----_i _________ i _________ J 

1. FLAG describes the use of fields FS, 
F6, and F7. 

r-------r-----~--------------------------, 
I Bit I I I 
INun:ber IValuel Meaning I 
~-------+-----+---------------------------~ 
I 
tO and 1 00 F5 contains a dictionary 

reference 

2 

11 

01 

10 

0 

FS contains a temporary 
workspace off set 
F5 contd.in~ C::}"rnLclic 
register with address of 
item 
F5 contains register with 
value of item 
F6 does not contain index 
register 

1 F6-contains index register 
3 0 T'NO TMPD triples are used 

1 Three TMPD triples are 
used, and F7 contains an 
off set 

4 0 Normal setting. String 
utility STRUT2 drops 
symbolic register in F5 if 
used for input 

1 String utility STRUT2 does 
not drop symbolic register 

5 O Normal setting 
1 Result of an invocation of 

SUBSTR or REPEAT 
6 O No SELL is required 

1 User of this description 
must SELL dictionary 
reference in F5. Set by 
string utilities for 
adjustable string result 

17 O F6 does not contain a 
I dictionary reference 
I 1 F6 contains a dictionary 
I reference 
L-------i-----i---------------------------

2. CODE contains the data byte 
(descri~ing type, radix, scale, mode, 
etc.> 
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3. F3 and F4 contain: 
a. Precision and scale factor of 

coded arithmetic type data 
b. String length for coded 

non-adjustable strings (maximum 
lenqth for varying strings) 

c. Picture dictionary reference for 
data with picture 

4. F5 and F6 are at present used as shown 
in Figure 12. 

5. F7 can be used by adding X'lO' to the 
FLAG byte in all cases which give a 
meaningful result (see Figure 12). 

10. LIBRARY CALLING SEQUENCES 

Internal library routines nre usP.a for such 
things as data type conversion, where there 
is no explicit reference to the routine in 
the PL/I source program. The arguments are 
handed to the routines in register~. In 
pseudo-code form, assigned registers are 
used, and special markers, IPRM and IPRM' 
are used to indicate the calling sequence 
to the register allocator phase. Internal 
library calls appear in pseudo-code as: 

IPRM 
L 
L 

L 
BALR 
IPRM' 

1, CARGUMt;NTl) 
2 I (ARGUMENT2) 

15,IHE----<Routine Name> 
14,15 

The second byte of the IPR~~ i tern is used 
as a flag byte. The settings are as 
follows: 

Bit 0 

Bit i 

Bit 2 

Must be zero 

END, or RETURN statement not 
in BEGIN block calling 
sequence 

END statement calling 
sequence 



External library routines calls 
corrP.spond to explicit references to 
functions or I/O statements in the PL/I 
source prcHram. The arguments to the 
routines are placed in workspace,. and 
register 1 is set to point to the first 
arg1Jment. For pseudo-code form the calling 
sequence is preceded by an EPRt1 marker and 
followed by an EPRM' marker. Thus, the 
library calling sequence appears as: 

MVC WSPlN),(ARGUMENTl) 

EPRM 
L 
BALR 
EPRM' 
LA 

1,WSP 
15,IBE----(Routine Name) 
14,15 

1,WSP 

The second byte of the EPRM is used as a 
flag byte. The setting is as follows: 

Bit 0 A calling sequence to a PL/I 
procedure 

11. DESCRIPTIONS OF TERt-~S AND 
ABBREVIATIONS USED IN TEXT DURING A 
COMPILATION 

The table in this section gives first, the 
terro or abbreviation: second, the phase in 
which the term is used: and third, a brief 
description of the meaning of the term or 
abbreviation. The key to the code used is: 

R After the Read-In Phase 
PS During the Pseudo-Code Phase 
T A triple or translator input 

code byte 

Terro or Used In 
Abbreviation Phase Description 

A R,T Character string 
format item 

ABS PS 

ABS' PS 

ADI PS 

ADR PS 

Indicates the start 
of absolute code 
(Appendix 07) 

Indicates the end of 
absolute cod·e 

Addressing 
instruction <used 
between phases RA and 
RF) 

The two byte operand 
contains a register 
for use by final 
assembly for 
addressing branch 
destinations beyond 
4096 bytes from the 
program base 

ADV PS 

ALIGN PS 

Used in 2nd file 
assignment statements 
to indicate that the 
expression has been 
calculated and that 
the following code is 
only concerned with 
assignment to the 
variable, or its dope 
vector, which is the 
subject of the second 
file statement 

Indicates that 4 byte 
alignment is required 
in the code at this 
point 

ALLOCATE R,T,PS Replaces the keyword 
ALLOCATE 

APRM PS 

ARCO T,PS 

AREA R 

ARGUMENT MARK R 

ARRAY CROSS R,T 
SECTION 

ASSIGN R,T 

ASSIGN BYNAME R 

ATTRIBUTES R,T 

AUTOMATIC R 

B R,T 

BACKWARDS R 

Indicates the library 
calling sequence for 
VDA or controlled 
storage 

Provides space to 
allow insertion of 
argument conversion 
triple 

Replaces keyword AREA 

Marker used by phases 
GK and GP to indicate 
he start of a 
function argu.~ent 

Replaces the PL/I '•' 
used to specify an 
array cross section 

Marker which precedes 
an assignment 
statement 

Precedes an 
assignment statement 
with the BY NAME 
option 

Marker which precedes 
a dictionary entry 
coi1taining the 
attributes which have 
been specified on an 
OPEN or CLOSE 
statement 

Replaces the keyword 
AUTOMATIC 

Bit string format 
item 

Replaces keyword 
BACKWARDS BEGIN 
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BASED R 

BEGIN' T,PS 

BGPE PS 

BGNP PS 

BGNP' PS 

BIT ATTRIBUTE R 

BIT CONST 

BINARY 

BLBS 

BLBS' 

BUFFERED 

BUILT IN 

BUY 

BUY 
ASSIGNMENT 

BUYB 

R 

R 

PS 

PS 

R 

R 

T,PS 

T 

T 

BUY CHAMELEON T 
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Replaces keyword 
BASED 

Triple which 
terminates the BEGIN 
block triples 

Indicates the end of 
the complete prologue 
for a begin block 

Indicates the start 
of code for a BEGIN 
block with no 
prologue 

Indicates the end of 
code for a begin 
block with no 
prologue 

Replaces the keyword 
BIT 

Marker preceding a 
BIT string constant 

Replaces the keyword 
BINARY 

Indicates the start 
of the prologue for a 
BEGIN block 

Indicates the end of 
the prologue for a 
BEGIN block 

Replaces keyword 
BUFFERED 

Replaces the keyword 
BUILTIN 

Code byte or triple 
which indicates that 
a temporary variable 
is required 

Triple which indi­
cates assignment to a 
temporary variable, 
and which implies 
that the workspace 
for the temporary 
variable must be 
obtained before the 
assignment 

Triple or code byte 
which indicates that 
a scalar temporary is 
required for an 
aggregate argument to 
a generic scalar 
built in function 

Marker which 

BUYS 

BY 

BY' 

BY NAME 

c 

C' 

CALL 

CALL' 

CELL 

CHAR 
ATTRIBUTE 

T,PS 

R,T 

T 

R 

R,T 

T 

R,T 

T 

R 

R 

CHAR CONSTANT R 

CHECK R 

CHSM PS 

CL 

CLNl T 

indicates that 
workspace is required 
for a temporary 
variable of chameleon 
data type i.e. the 
data type is taken 
from the expression 
assigned to the 
variable 

Code byte or triple 
which indicates that 
a temporary variable 
is required, and that 
initialization code 
exists between this 
triple and the BUY 
triple 

Replaces the keyword 
BY 

Triple which 
indicates the end of 
a BY expression 

Replaces the keyword 
BY NAME 

complex decimal 
format item 

Triple which 
indicates the end of 
a c format item 

CALL statement marker 

Triple internal to 
ph~se IA which marks 
the end of a CALL 
statement 

Replaces the keyword 
CELL 

Replaces the keyword 
CHARACTER 

Marker preceding a 
character string 
constant 

Replaces the keyword 
CHECK 

A special offset 
marker. Used only in 
absolute code to 
indicate that the 
off set may require 
changing 

compiler label marker 

compiler label number 
triple, referred to 



CLN2 T 

CLOSE R,T 

once only in the 
current statement 

Compiler label number 
triple, referred to 
at any point 

Replaces the keyword 
CLOSE 

CN R,T,PS Compiler statement 
number. Can precede 
compiler inserted 
statements 

CNVCl,--4 PS 

COL R,T 

I COMA T 

COMPLEX R 

COMPILER T 
ASSIGN 

COMPILER T 
FUNCTION 

COMPILER T 
FUNCTION' 

COMPILER T 
FUNCTION CALL 

COMPILER T 
FUNCTION CALL' 

COMPILER T 
FUNCTION COMMA 

Convert compiler 
functions 
l=Drop all registers 
2=Drop target 
register 
3=Drop source 
register 
4=Do not drop 
register 

Replaces the keyword 
COLUMN 

Triple indicating an 
individual subscript 
in a subscript list 

Replaces the keyword 
COMPLEX 

Code byte or triple 
indicating assignment 

Code byte or triple 
used to indicate the 
start of a compiler 
function call 
argument list 

Triple indicating the 
end of a compiler 
function argument 
list 

Code byte or triple 
used to indicate the 
start of a compiler 
function call 
argument list 

Triple indicating the 
end of a compiler 
function call 
argument list 

Triple used to indi­
cate the argument of 
compiler function, or 
Pseudo-Variable 

COMPILER T 
PSEUDO-VARIABLE' 

COMPILER T 
PSEUOO-VARIABLE 

I COMR 

CONDITION 

CONTROLLED 

CONTROL 
VARIABLE 

CONVERSION 

COPY 

CONTROL 
VARIABLE' 

T 

R 

R 

R,T 

R 

R,T 

T 

DATA R,T 

DATA' T 

DATA LIST DO R 

DCF2 PS 

DECIMAL R 

DECLARE 

DEFINED 

DEFINED 
SUBSCRIPT 

R 

R 

T 

Triple indicating the 
end of a compiler 
pseudo-variable 
argument list 

Code byte or triple 
used to indicate the 
start of a compiler 
pseudo-variable 
argument list 

Triple indicating an 
individual subscript 
held in a register 

Replaces the keyword 
CONDITION 

Replaces the keyword 
CONTROLLED 

Marker which indi­
cates the control 
variable of a DO loop 

Replaces the keyword 
CONVERSION 

Replaces the keyword 
COPY 

Triple which indi­
cates the end of a 
control variable 
expression 

Replaces the keyword 
DATA 

Triple indicating the 
end of a data 
directed I/O list 

Replaces the keyword 
DO in an iterative 
clause in a data list 

cau·ses output of 
'ERROR STOP' and the 
four bytes following 
in the pseudo-code 
item 

Replaces the keyword 
DECIMAL 

Replaces the keyword 
DECLARE 

Replaces the keyword 
DEFINED 

Marker which precedes 
the parenthesized 
iSUB subscript list 
of a defined array 
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DELAY 

DELETE 

DICTIONARY 
REFERENCE 

DIRE.CT 

DISPLAY 

DO 

DO EQUALS 

DROB 

DROP 

DROP 

DRPL 

E 

EDIT 

EDIT' 

EIO 
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R,T 

R,T 

T 

R 

R 

R,T 

R,T 

PS 

T 

PS 

PS 

R,T 

R,T 

T 

T 

Replaces the keyword 
DELAY 

Replaces the keyword 
DELETE 

Marker indicating 
that the following 
two bytes contain a 
syrobolic dictionary 
reference 

Replaces the keyword 
DIRECT 

Replaces the keyword 
DISPLAY 

Replaces the keyword 
DO, in a 
non-iterative DO 
group 

Marker which replaces 
the PL/I'=' in the 
iterative DO 
statement (DO I= > 

Indicates to the 
register allocation 
phases that a base 
reqister used for 
addressino. a 
controlled variable 
should be dropped 

Triple used in 
optimization 
indicating the drop 
of an index register 

Indicates that a 
symbolic or assigned 
register in the 
operand field of the 
instruction is no 
longer required 

Indicates the end of 
the use of a list of 
symbolic registers 
which have appeared 
in an USSL item 

Floating decimal 
format item 

Replaces the keyword 
EDIT 

Triple indicating the 
end of an edit 
directed I/O list 

Code byte or triple 
which indicates the 
end of an I/O 
statement 

ELSE R,T 

END R,T 

END BLOCK R,T, 

END DO R,T 

ENDFILE R 

END ITDO R,T 

END LIST MARK R 

Replaces the keyword 
ELSE 

Replaces the END 
keyword at the end of 
a BEGIN or PROCEDURE 
block 

Indicates the end of 
a text block 

Replaces the END 
keyword at the end of 
a non-iterative DO 
group 

Replaces the keyword 
ENDFILE 

Replaces the END 
keyword at the end of 
an iterative DO loop 

Marker used by phases 
GK and GP to indicate 
the end of a function 
argument list 

END FROG R,T,PS Marks the end of 
program 

END PROGRAM2 T,PS Triple which marks 
the end of the second 
file text i.e. 
prologue 
initialization text, 
which is placed after 
the source program 
text 

ENTRY R Replaces the keyword 
ENTRY 

EPRM PS Indicates the start 
of an external 
library calling 
sequence. (Appendix 
DlO) 

EPRM' PS Indicates the end of 
an external library 
calling sequence 

EQU PS Indicates that the 
two byte operand 
field contains a 
label. The label is 
considered to be 
attached to the 
following pseudo-code 
item 

EQU' PS As for EQU, but 
indicates that 
control may enter 
from a different 
statement. 



ERROR 

E~ROR 

ERROR 

EVENT 

EXCLUSIVE 

EXIT 

EXTERNAL 

F 

F' 

F COMMA 

FILE 

FILE 

FINISH 

FIXED 

FIX BINARY 
IMAGINARY 

FIX BINARY 
REAL 

FIX DECIMAL 
I?Jl.AGINARY 

FIX DECIMAL 
REAL 

R 

T 

PS 

R,T 

R 

R,T 

R 

R,T 

T 

T 

R,T 

T 

R 

R 

R 

R 

R 

R 

Replaces the keyword 
ERROR 

Code byte or triple 
which marks the 
position of an 
erroneous source 
statement which has 
been deleted 

Indicates the 
presence of a source 
program error 

Replaces the keyword 
EVEHT 

Replaces keyword 
EXCLUSIVE 

Replaces the keyword 
EXIT 

Replaces the keyword 
EXTERNAL 

Fixed decimal format 
item 

Triple which 
indicates the end of 
an F format item 

Triple used to 
indicate the 
arguments of a 
function or pseudo 
variable 

Replaces the keyword 
FILE 

Triple indicating the 
end of a file list 

aeplaces keyword 
FINISH 

Replaces the keyword 
FIXED 

Marker which precedes 
a fixed binary 
imaginary constant 

Marker which precedes 
a fixed binary real 
constant 

Marker which precedes 
a fixed decimal 
imaginary constant 

Marker which precedes 
a fixed decimal real 
constant. 

FIXED R 
OVERFLOW 

FLOAT R 

FLOAT BINARY R 
IMAGINARY 

FLOAT BINARY R 
REAL 

FLOAT DECIMAL R 
IMAGINARY 

FLOAT DECIMAL R 
REAL 

Replaces keywords 
FIXED OVERFLOW 

Replaces the keyword 
FLOAT 

Marker which precedes 
a float binary 
imaginary constant 

Marker which precedes 
a float binary real 
constant 

Marker which precedes 
a float decimal 
imaginary constant 

Marker which precedes 
a float decimal real 
constant 

FORMAT R,T Replaces the keyword 
FORMAT 

FORMAT' T Triple which marks 
the end of a remote 
format statement 

FORMAT LIST R,T Precedes a format 
list 

FORMAT LIST' T Triple indicating the 
end of a format list 

FREE R,T,PS Replaces the keyword 
FREE 

FROM .R,T Replaces the keyword 
FROM 

FUNCTION T Code byte or triple 
indicating the start 
of a function 
argument list 

FUNCTION R Marker which precedes 
the parenthesized 
argument list (if 
present> of an entry 
name in a function 
reference or CALL 
statement 

GENERIC R Replaces the keyword 
GENERIC 

GET R,T Replaces the keyword 
GET 

GOOB R,T 

GOLN T 

GOTO R,T 

GOTO out of block 
statement marker 

Indicates a branch to 
a la.bel number 

GOTO in block 
statement marker 
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I DENT 

IF 

IF' 

IGN 2 •• 8 

IGNORE 

IGNORE 

IN 

R,T 

R,T 

T 

R,T 

PS 

R/T 

Replaces the keyword 
I DENT 

Replaces the keyword 
IF 

Triple which 
terminates an IF 
expression 

Ignore markers used 
by Final Assembly 
when code has been 
made redundant. The 
final digit indicates 
length to be ignored. 

Replaces the keyword 
IGNORE 

Pseudo-code item 
which indicates that 
the number of bytes 
appearing in the 
length count must be 
ignored 

Replaces the keyword 
IN 

INITIAL R Replaces the keyword 
INITIAL 

INITIAL LABEL R Marker which precedes 
elements of arrays of 
labelvariables which 
are initialized by 
being attached to 
statements 

INITVAR 

lNPUT 

INS'I 

INTEGER 

INTF.RNAL 

INTO 

IPRl'.-~ 

ITDO 
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R Replaces the keyword 
INITIAL(iteration 
factors) 

R Replaces keyword 
INPUT 

PC Defines a store 
generated by register 
allocator which may 
be deleted by phase 
TF if unused 

R Marker which precedes 
an internal binary 
integer constant 

R Replaces the keyword. 
INTERNAL 

R,T Replaces the keyword 
INTO 

PS Indicates the end of 
an internal library 
calling sequence 

R,T,PS Replaces the keyword 

ITDO' 

JMP 

KEY 

KEYED 

KEY FROM 

KEYTO 

LABEL 

LEFT 

LIKE 

LINE 

LINESIZE 

LIST 

LIST' 

LIST MARK 

LITERAL 
CONSTANT 

LOCATE 

MAIN 

I MDRP 

T,PS 

T 

R,T 

R 

R,T 

R,T 

R 

T 

R 

R,T 

R,T 

R,T 

T 

T 

R,T 

R,T 

R 

PC 

DO in an iterative DO 
loop 

Triple which 
terminates an 
iterative DO 
expression 

Triple indicate the 
presence of 
pseudo-code. The 
number of bytes of 
pseudo-code is 
specified in the 
first operand 

Replaces the keyword 
KEY 

Replaces keyword 
KEYED 

Replaces the keyword 
KEYFROM 

Replaces the keyword 
KEYTO 

Replaces the keyword 
IA BEL 

Triple indicating a 
temporary result for 
a pseudo-variable 

Replaces the keyword 
LIKF. 

Replaces the keyword 
LINE 

Replaces the keyword 
LINESIZE 

Replaces the keyword 
LIST 

Triple indicating the 
end of a list 
directed I/O list 

Marker used by Phases 
GK and GP to indicate 
the start of function 
argument list 

Indicates that the 
following two bytes 
contain a fixed 
binary constant 

Replaces the keyword 
LOCATE 

Replaces keyword MAIN 

Defines a register 
which will be 



MULTIPLE 
ASSIGN 

MVCL 

NAME 

NEW PAGE 

NOC.dECK 

NO SNAP 

NOS NAP' 

NULL 

R,T 

PC 

R 

R 

R 

R,T 

T 

R,T 

NULL-FUNCTION T 

CF'F5E'I R 

OPE:-~ R,T 

OFS T 

ON R,T 

OPTl~~·!S 

ON tffCORD R 

OS~l PS 

OSM2 PS 

multiply dropped. 
Phase RA no-ops all 
DROP'S for this 
reqister except the 
last 

Marker indicating 
multiple assignment 
(Replaces PL/I',') 

Defines a character 
move areater than 256 
bytes: This is 
expanded by phase QF 

Replaces the keyword 
NAME in the context 
of ON NAME 

Replaces the keyword 
NEW PAGE 

Replaces the keyword 
NOCHECK 

Replaces the keyword 
NO SNAP 

Triple which 
indicates the end of 
a NOSNAP list 

Null statement marker 

Enables T~PD's to be 
passed in text by 
phases LB and LG 
before the evaluation 
phase LS 

Replaces the keyword 
OFFSEf 

Re-places the keyword 
OPEN 

Triple indicating 
of~set l~~;ed in 
optilliization of DO 
loops 

Renlaces the keyword 
O.·T 

!<erlace:;:: tc1e keyword 
OP'I'IO~:~s 

Fh::pl<~ces the keyword 
a~COR~ in the context 
Q;'i ~FCORD 

In~icotes that the 
ti:l<"' byte operand 
f i~ld contains an 
in-iex register 

Innic.Jtes that the 
two byte opE>rand 

OSM3 PS 

OUTPUT R 

OVERFLOW R 

p AR,T 

P' T 

PAGE R,T 

PAGESIZE R,T 

PASS PS 

PCBS PS 

PCC PS 

PFMT PS 

PICTURE R 

PINS PS 

PLBS PS 

PI.BS' PS 

POINTER R 

PRECISION1 R 

field contains a 
leteral off set 

Indicates the 
presence of a literal 
off set and an index 
register 

Replaces keyword 
OUTPUT 

Replaces keyword 
OVERFLOW 

Picture format item 

Triple which 
indicates the end of 
a P format item 

Picture format item 

Replaces the keyword 
PAGESIZE 

POINTER Assignment 

Indicates the end of 
the complete prologue 
for a procedure block 

Follows a PPOC or 
BEGIN marker. Used 
to carry the prefix 
chan_ge byte for the 
block. 

PICTURE format 

Replaces the keyword 
PICTURE 

Indicates the 
prologue insertion 
point 

Indicates the start 
of the prologue for a 
procedure block which 
is common to all 
entry points 

Indicates the end of 
the prologue of a 
procedure block which 
is common to all 
entry points 

Replaces the keyword 
POINTER 

Indicates a precision 
which has been 
written in the source 
program as '(10)', 
which may be either 
fixed or float 
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PRECISION2 R Indicates a precision RECURSIVE R Replaces the keyword 
which has been RECURSIVE 
written in the source 
program as '(5,2)' 
which implies fixed REENTRANT R Replaces the keyword 

REENTRANT 

PRINT R Replaces keyword REPLY R,T Replaces the keyword 
PRINT REPLY 

RETURN R,T Replaces statement 
PRIORITY R,T Replaces the keyword marker 

PRIORITY 
REVERT R,T Replaces the keyword 

PSEUDO- R Marker which precedes REVERT 
VARIABLE the parenthesized 

argument list to a REWRITE R,T Replaces the keyword 
pseudo-variable REWRITE 

PSEUDO- T Code byte or triple RPL T Code byte or triple 
VARIABLE indicating the start indicating the start 

of a pseudo-variable of a format list 
argument list replication factor 

expression 
PSEUDO- T Triple indicating the 
VARIABLE' end of a RPL' T Triple indicating the 

pseudo-variable end of a format list 
argument list replication factor 

expression 
PSLD PS Indicates a 

pseudo-code RWA PS Indication of an 
instruction for use addressing vector for 
by the final assembly use by the register 
listing phase allocator when the 

number of symbolic 
PROC R,T PS Replaces the keyword registers in use 

PROCEDURE exceeds the amount of 
work space which has 

PROC' T.PS Triple which been allocated 
terminates the 
procedure block SECONDARY R Replaces keyword 
triples SECONDARY 

PTCH T Patch triple. Used SECOND LEVEL R A code byte which 
by optimization phase MARKER immediately precedes 
to overwrite a triple all code bytes 
in text at a point appearing in the 
where code is to be second level table 
inserted. The code 
to be inserted and SELL T,PS Code byte or triple 
the overwritten which indicates that 
triple are held in a a temporary variable 
table in text blocks is no longer required 

PUT R,T Replaces the keyword SET R,T Replaces the keyword 
PUT SET 

R R,T Remote format SETS R Replaces the keyword 
statement marker SETS 

READ R,T Replaces the keyword S:t:QUENTIAL R Replaces the keyword 
READ SEQUENTIAL 

REAL R Replaces the keyword SIGNAL R,T Replaces the keyword 
REAL SIGNAL 

RECORD R Replaces the keyword SIZE R Replaces the keyword 
RECORD SIZE 
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SKIP R,T Replaces the keyword 
SKIP 

SL R,T,PS Statement label 
marker. Precedes all 
labelled statements 

SN R,T,PS Statement number 
marker. Precedes all 
unlabelled statements 

SN2 R, T, PS Marker which precede.s 
a second file 
statement (See 
Appendix D.8) 

SN3 PS Indicates the start 
of a second file 
.statement which is 
concerned with 
initializing array, 
or structure, or 
string dope vectors. 
Similar to SN2 
(Appendix D.8) except 
that there is no 
associated entry 

SNAP' T Triple which 
indicates the end of 
a snap list 

STA~IC R Replaces the keyword 
STATIC 

STERLING R Marker which precedes 
DECIMAL REAL a sterling decimal 

constant 

STOP R,T Replaces the keyword 
STOP 

STREAM R Replaces keyword 
STREAM 

STRING R,T Replaces the keyword 
STRING 

STRING' 

STRINGRANGE 

SUB 

SUBSCRIPT 

SUBSCRIPT' 

T 

R 

R 

R,T 

T 

Triple indicating the 
end of a string list 
used with list 
directed I/O 

Replaces the keyword 
STRINGRANGE 

Replaces the ~eyword 
SUB used in iSUB 
DEFINING marker 
preceding a BIT 

Marker which precedes 
the parenthesized 
subscript list of an 
array 

Triple indicating the 

SUBSCRIPT­
RANGE 

SSB' 

SSUB 

SYSTEM 

SYSTEM' 

TASK 

THEN 

TITLE 

TMPD 

TO 

TO' 

TRANSMIT 

R 

T 

T 

R,T 

T 

R,T 

R,T 

R,T 

T 

_R,T 

T 

R 

UNBUFFERED R 

UNDEFINEDFILE R 

UNDERFLOW R 

UNLOCK R,T 

UPDATE R 

USES 

USNG PS 

end of a subscript 
list 

Replaces keyword SUB­
SCRI PTRANGE 

supersubs prime 
triple. Similar to 
SUBS' • Used by 
Optimization phases 
in conjunction with 
SSUB 

Supersubs triple. 
Similar to SUBS. 
Used by Optimization 
phases 

Replaces the keyword 
SYSTEM 

Triple which 
indicates the end of 
a system list 

Replaces the keyword 
TASK 

Replaces the keyword 
THEN 

Replaces the keyword 
TITLE 

Triple indicating a 
temporary expression 
result. 

Marker replacing TO 
in the iterative DO 
statement 

Triple which 
indicates the end of 
a TO expression 

Replaces the keyword 
TRANSMIT 

Replaces the keyword 
UNBUFFERED 

Replaces the keyword 
UNDEFINEDFILE 

Replaces keyword 
UNDERFLOW 

Replaces the keyword 
UNLOCK 

Replaces keyword 
UPDATE 

Replaces the keyword 
USES 

Indicates the 
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presence of an WHILE' T Triple which 
assigned register indicates the end of 

a WHILE expression 
USSL PS Indicates a list of 

symbolic registers 
which need not be WRITE R,T Replaces the keyword 
saved on branch and WRITE 
branch and link 
instructions 

x R,T Spacing format item 
VARYING R Replaces the keyword 

VARYING 
ZERODIVIDE R Replaces the keyword 

WHILE R,T Replaces the keyword ZERODIVIDE 
WHILE 
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The (F) Compiler requires main storage for 
the following purposes : 

Compiler processing phases 

Print buffers 

Compiler control routines 

Dictionary area 

Text area 

Input/output buffers 

Input/output routines (BSAM) 

The roain storage required by each phase 
of the coropiler need be contiguous only for 
each control section. 

Durinq the read-in phases a minimum of 
two dictionary blocks and two text blocks 
is available in storage simultaneously. 

During the optimization logical phase, a 
minimum of three dictionary and five text 
blocks are available in storage 
simultaneously. 

During the rest of the compilation four 
dictionary blocks and four text blocks are 
available in storage simultaneously. 

APPENDIX E: STORAGE REQUIREMENTS 

The dictionary and text block size is 
chosen according to the amount of main 
storage available to the compiler. The 
SIZE option, interpreted at invocation 
time, provides the value used to determine 
the block size. The space needed for large 
I/O buffers is subtracted from SIZE and the 
space remaining is used when determining 
text and dictionary block size, as detailed 
in the publication IBM system/360 PL/I (F) 
Programmer's Guide. A table contained in 
Phase AB is searched, using the SIZE option 
as an argument. When the correct entry is 
found, the block size is extracted. 

The first table shows the relationship 
between the compiler requirements and the 
text and dictionary block sizes. The 
second table details the storage allocation 
in each environment. 

r-----------,.---------------T-------------1 
IEnvironmentfDictionary/Textl Compiler I 
I I Block Size IRequirements I 
·--------~--+---------------+-------------i 
I A I lK I 44K - 56K I 
I B I 2K I 56K - 72K I 
I c I 4K I 72K - 132K I 
I D I 8K l132K - 168K I 
I E I 16K I 168K I 
L-----------..1.---------------..1.-------------J 
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compiler Requirements and Dictionary/Text Block Relationship 

r----------------------r------------------------------T-------------------------------, 
I I DURING READ-IN PHASE I AFTER READ-IN PHASE I 
I ~------------------------------+-------------------------------t I Storage Allocation I ENVIRONMENT I ENVIRONMENT I 
I ~-----T-----r-----T-----r------+-----T _____ T _____ T ______ T _____ _. 
I I A I B I c I D I E I A I B I c I D I E I 
~----------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------f 

OS Dynamic Storage I 

TIOT 
SPIE 
LCAD 

OS Temporary Storage 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

228 
32 
40 

I 
2281 

321 
401 

I 
I 
I 

End of Volume 800 800 800 800 800 800 800 800 800 8001 
Data Management 4894 4894 4894 4894 4894 4894 4894 4894 4894 48941 
Compiler Control 12266 12266 12266 12266 12266 12266 12266 12266 12266 122661 
Phase Area 16384 16384 16384 16384 16384 12288 12288 12288 12288 122881 
Text Area 2048 8192 16384 32768 65536 4096 8192 16384 32768 655361 
Dictionary Area 2048 8192 16384 32768 65536 4096 8192 16384 32768 655361 
Scratch Storage 4096 4096 4096 4096 4096 4096 4096 4096 4096 40961 
I/O Buffers 1538 1538 1538 1538 1538 1538 1538 1538 1538 15381 

~----------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------f 
I TOTALS l4437415666217303810581411713401443741525661689SOl101718f1672541 
L----------------------L-----L-----L-----L-----L------L-----L-----L-----L------L-------1 

Initially, four text and four dictionary 
blocks are allocated to the compiler <two 
each are allocated when only 44K bytes of 
storage are available to the compiler. 
This is then expanded to four of each at 
the end of the read-in phase). If the text 
and/or dictionary expands to fill these 
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blocks, more main storage is allocated as 
blocks. This process continues until the 
spill point is reached (i.e., until all the 
main storage available to the compiler has 
been used). If still more main storage is 
required, the spill file <SYSUTl) is 
opened, and blocks are written out. 



The c011111Unications region is an area 
specified by the control routines (see 
Appendix L>. and used to conaunicate 
necessary information between the various 
phases of the compiler. The co111Dunications 
region is resident in the first dictionary 
block throughout the compilation. 

Note: The use of the communications region 
during compile-time processing is 
described in Appendix J. 

The tables below give the following 
infonaation for each location of the 

APPENDIX F: COMMUNICATIO~ REGION 

communications region: name of location1 
offset (i.e., relative address>1 use <i.e., 
stages of compilation during which the 
location is in use>i and a description of 
the contents. Certain locations are used 
in one capacity during part of the 
compilation, and then re-used in a 
different capacity during another part of 
the compilation. In these cases, one 
location will have two table entries: 
details of alternative usage appear in the 
columns headed Name 2 , Use2 , etc. 
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Table 1. comnunications Region 

r------T-------T-----------r-----------------------------1 I Name IOffset (Dec.> I Use . I Description I 
~------~+-----------+---------------+------------------------------------t SAVEO I 0 ALL PHASES Register save area 

SAVEl ISAVE0+4 ALL PHASES Register save area 
SAVE2 ISAVE0+8 ETC. ALL PHASES Register save area 

. 
SAVE15 
ZTV 
ZTRANl 
ZTRAN2 
ZNXTD 
ZERRD 
ZERRS 
ZERRW 
ZERRC 
ZDNXT 
ZSNXT 
ZWNXT 
ZCNXT 
ZMYNAM 

I • 
I· 
I • 
I· 
ISAVE0+60 
I 64 
I 68 
I Z'l'RANl + 4 
I 76 
I so 
IZERRD+4 
I ZERRD+8 
IZERRD+12 
I ZERRD+16 
IZDNXT+4 
IZDNXT+8 
IZDNXT+12 
I 112 
I 

DICTP I 
ZCNCBR I 

116 
118 

I 
ZPROCH I 120 
ZSTAT I 124 
PARl I 128 
PAR2 IPAR1+4 ETC. 

PARS 
CORLFT 
LKNAME 

ZOBSAD 
TERM SW 

OFDNJW 
SPLNAM 

ZOBNUM 
SCNOP 
SCCNF 
ZDROLF 
AREA 

ZM91 
PERR SW 
BER SW 
IOERSW 
ZPAGE 
ZLINE 
ZOPT 

PARMLEN 

MAXFON 

I· 
I. 
I· 
PAR1+28 

160 
164 

172 
176 

178 
180 

182 
184 
185 
186 
187 

188 
189 
190 
191 
192 
194 
196 

197 

198 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

ALL 
ALL· 

ALL 
ALL 
ALL 
ALL 

ALL 
ALL 
PHASE 

ALL 
ALL 

ALL 
ALL 

ALL 
ALL 
ALL 
ALL 
ALL 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

ALL 

ALL 

PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 

PHASES 
PHASES 

PHASES 
PHASES 
PHASES 
PHASES 

PHASES 
PHASES 
VE 

PHASES 
PHASES 

PHASES 

. 
Register save area 
control phase base 
External to internal translate table 
Internal to external translate table 
Next available dictionary location 

First locations of error chains 

Current ends of error chains 

Name of last phase entered 

source colwan containing control 
character 
Chain of created procedures 
Current statement number 
Parameter word 1 
Parameter word 2 

Parameter word 8 
Amount of core left for compilation 
Member name of module produced by 
compilation 
Address of overflow block 
compilation terminating switch 

PHASES Name of phase in control when 

PHAsES 
PHASES 
PHASES 
PHASES 
PHASES 

PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 
PHASES 

,spill file is opened 
overflow block number 
Phase directory scan switch 
on if in second half of compiler 
overlay switch 
Code word for dummy routines 
(phase AD) 
<used for Model 91 systems> 
Print error switch 
•process error byte 
I/O error switch 
Number of lines in page I 
Number of characters in a line I 
Code word of loading of optimizing I 
phases I· 

PHASES Length of options field in • - processl 
card I 

PHASES Number of off set slots in a dictionaryl 
b~~ I 

ZDICTSP 200 ALL PHASES Useful dictionary block size I 
L------.L--------L-------------.L------------------------------J 

'

Note: If a program interrupt occurs both LKNAME and CORLFl' are overwritten by the 
interrupt PSW. 
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Table 1. Communications Region <cont'd) 

r---------r--------------T----------------T---------------------------------------, I Name IOffset (Dec.) I Use I Description I 
·--------+--------------+--------~-------+---------------------------------------~ ZNXTOF 204 ALL PHASES I Offset of next dictionary entry I 

FONOF 208 ALL PHASES I Offset of off set slots in dictionary 

FSTDRF 

ERCODE 
MCSIZE 
CCC ODE 

212 

224 
228 
232 

ALL 

ALL 
ALL 
ALL 

I block 
PHASES I Dictionary reference of last diction-

1 ary entry 
PHASES I Error message codes 
PHASES I M/CSIZE this run 
PHASES I· Control card requests 

I <see table 4 below> 
BDR 236 ALL PHASES I Address of phase directory 
TLR 240 ALL PHASES I Timer last read 
TRT 244 ALL PHASES I Total run time 
ARINT 248 ALL PHASES I Arithmetic interrupt 
BR2 252 ALL PHASES t second base for control phase 
STARTX 256 ALL . PHASES I Start of text 
DICTSZ 260 ALL PHASES I Dictionary block size 
TXTSZ 264 ALL PHASES I Space available in text block 
RDSIZE 268 ALL PHASES SIZE of read area 
INCOD 272 ALL PHASES Interrupt code 
ARMASK 273 ALL PHASES Arithmetic error mask 
LOCK 274 ALL PHASES Dictionary lock slot 
Z-NXTLC 276 ALL . PHASES End of current text 

I ZSBIFT 280 ALL· ·PHASES Number of bits in dictionary referencet 
I offset I 
I ZMASK 284 ALL PHASES Mask to remove block numbers I 
I ZMASKl ZMASK + 2 ALL PHASES Mask to remove off set I 
I ZSOR 288 ALL PHASES I.nput record sourc~ I 
I ZMAG 290 ALL PHASES· Input record margin I 

11 CCCODEE 292. ALL PHASES control card requests I 
I ZCOMM 304 ALL PHASES I 
L--------L------------i--------------.L--------------------------------_J 
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Table 2. Conmunications Region 

r------T--------r--------~-----------T--------------T------T-------------T--------------1 
I I Dec. I Use . I I I Use 2 I I 
I Name I Offset ~----------T----------~ Description 1Name2 ~------,.------i Oescription2 I 
I I I Start I End I I !Start I End I I 
·------+--------+----------+----------+--------------+------+------+------+--------------~ ZCALLC ZCOMM+ 0 Read in !BCD to IStart of CALL I 

IDict. Ref.lchain I 
!Initial f Start of labell ZLABTB 

ZATTID 

ZALLCH 

ZFLAGl 
ZFLAG2 
ZFLAG3 
ZELAG4 
ZFLAGS 

ZFLAG6 

UNUSED I 
I 
I 

ZSCRCHI 

UNUSED 

ZHASH 

ZFATTB 

ZCDIMC 

Z2FILE 

ZDLFST 

ZDCBLD 

ZMPSTK 

ZUPIC 

ZPROCl 

ZSTACH 

ZVDIMC 

I 
I 
I 

+ 4 Read in 
I I chain I 

+8 I !Pointer to IZPCOP 

+12 Read in 

+16 Read in 
+17 
+18 
+19 
+201 

I 
+211FU 

I 
+211 

TOI 
+231 
+241PD 

I 
I 
I 

+251 
TOI 

+271 

I I attribute I 
I ltidy-up area I 
ALLOCATE +IStart of I 
Attribute IALLOC~TE chain 
Dictionary Flag bytes, 

QU 

PL 

mainly used 
for optional 
phase 
marking (see 
table 3 below) 
Unaligned 
(see Table 3) 

Address of 
scratch core 
kept across 
phases 

ZSYSOT Pseudo PseudolDict. Ref. 
code code SY SO UT 

+28f Dictionary Dictionary start of hash ZINCL PC. End INCLUDE card 
pointer 
Assigned 
offset table 

I I table 
+321Not used INot used ZEQTA3 Final Assy. 

I I 
+361Dictionary1Declare Start of fact- ZLCONS Strge Alloc Last constant 

in STATIC. I lpass 2 ored attributef ZEOCS 
I I I 

+401Dictionary1Pre- Start constant ZSMREGITrans-
1 !translator dimension llator 

+441Dictionary1End Start of I 
I I second file I 

End of STATIC 
PseudolCurrent sym­
code lbolic register 

I 
I 

+481Dictionary1Storage Defined ZFSTEXIStrge End IPirst external 
I lallocator storage area · f alloc 

+521Dictionary1Dictionary Dictionary ZPRSIZIFinal 
I I I build ar~a I 

+561Dictionary1Translator1Program map ZSICSZIFinal 
I I I stack I 

+601Dictionary1Picture IStart of ZSTALCIFinal 
I lprocessor lpicture chain I 

+641Dictionary1End I Start of entry I 
I I ltype 1 chain I I 

+681Dictionary1End IStart of STAT-I I 
I I I IC chain (6) I I 

+741Dictionary1Translator1Start of vari-1 I 
I I lable dimensionl I 
I I I chain I I 

IAssy. 
I 
IAssy. 
I 
Assy. 

I item 
ISize of com­
IPiled program 
I STATIC 
IINTERNAL size 
IStorage loc-
ation counter 

ZCONCH I + 7 81 Dictionary I ALLOCATE I Start of con- I I 
I I I lstants chain I I 

ZDEFCHI +801-DictionarylDictionarylChain of IZCITEMIPre End Chain of CON-
1 I I I defined items I I trans.. TROLLED items 

IZLIKCBI +821Dictionary1Dictionary1Chain of LIKE IZEQMAXIPseudolEnd IMax. label 
I I I I I items I I code I I number 
L------J...-------i----------..L----------i---------------L-------L-------L------i--------------J 
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'!'able 2. COlllllllnications Region <cont'd) 
r-----~----,.----------r---------1----.---------.-----------, 
I I Dec. I Use · I I I Use a I I 
I Name I Offset ~-----.-----1 Description I Namea ~----r-----1 Description2 I 
I I I Start I End I I I Start I End I I 
~------+--------+--------+--------+----------+------+--~-+-----+------------~ 
IZPOLCBI +$•1Dictionary1Dictionary1Chain of POOL IZOSMRGIPseudolPseudolEnd of 
I I I I I items I I code code I optimization 
I I I I I I I lsymbolic reg-
1 I I I I I I I isters 
IZDCOM11ZCOMM+861Dictionary1Dictionary1Latest IZCOBOL GB JI IHead of COBOL 
I I I I ldict. ref. I lstructure 
I I I I I I chain 
IZDCOM21 +901Dictionary Dictionaryf Flags for die-I 
I I I I tionary build I 
I I I I interface I 
I I I I <a bytes> I 
I ZDSA I ZCOMM+ 941 PA UD I Head of STATIC I 
I I I I DSA chain I 
I ZCPOFF I ZCOMMI PD UA I Off set of I 
I I +1001 I first I 
I I I I constants pool 
I I I lwitbin static 
I I I I internal. 
I MACRON I ZCOMM I BW TP I Macro reqd 
I I +3361 I count 
I I I I <halfword> 
I SOURCN I ZCOMMI CI TP I source reqd 
I I +338 I I count 
I I I l<halfword) 
I S'l'MNTN I ZCOMMI CI TP I source stmt 
I I +3401 I count 
I I I I <halfword> 
I INS'l'RN I ZCOMM I TJ TP I Object instn 
I I +342 l I count 
I I I I <halfword> 
I BY'l'ESN I ZCOMM I TO TP I Object byte 
I I +3441 I count 
I I I l<fullword) 

l

lZSAV I ZCOMMIResident Resident fRegister save 
I I +3601Control I Control I area 
I I I I I <18 fullwords> · 
L----J.------.L------~--------.L--------.L----.L----.L----.L----------NOTE: Bytes ZCOMM+60 to ZCOMM+332 are used internally within the Read-in phase and cannot 

be assumed to be zero at exit from that phase. 
Bytes ZCOMM+336 to ZCOMM+344 are not available for re-use 
Bytes ZCOMM+104 to ZCOMM+131 are used by the generic phase IM. They are cleared 
before exit from the phase. 
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Table 3. conmunications Region. Bit Usage in ZFLAGS 

r------T------T------~------...;.-T--------------------------------------------1 I BYTE I OFFSET I BIT I BIT NAME I D~CRIPTION I 
I NAME I I CHEX) I I Bits are set on, on encountering:- I 
~--------+--------+------+---------+---------------------------------------------~ ZFLAGl ZCOMM+16 80 ZDEFFL DEFINED attribute 

ZFLAG2 +17 

ZFLAG3 +18 

I ZFLAG4 +19 

ZFLAGS +20 

40 ZAWAFL ALLOCATE statement 
20 ZSECFL second File statement 
10 ZDIMFL Dimension -attribute 
08 ZCHKFL CHECK/NOCHECK pref ix 
04 ZONFL ON, SIGNAL or REVERT statement 
02 ZSTRFL Structure 
01 ZDECFL DECLARE statement 

80 
40 
20 
10 
08 
04 
02 
01 

80 
40 
20 
10 
08 
04 
02 
01 

80 
40 
20 
10 
08 
04 
02 
01 

80 
40 
20 
10 
08 
04 
02 
01 

ZLIKFL 
ZINTST 
ZOPCFL 
ZGTPFL 
ZGOTFL 
ZTEPFL 
ZPICFL 
ZISBFL 

ZCONTG 
ZSETFL 
ZOSSFL 
ZARGFL 
ZINLFL 
ZDIOFL 
ZRECIO 
ZINTAC 

ZFREE 
STM256 
FILE FL 

ZPUTFL 
ZGETFL 
ZPTRFL 
ZRODFL 

ZFTASK 
ZDENFL 
ALCSLM 

LIKE attribute 
STATIC INITIAL 
OPEN/CLOSE statement 
GET/PUT statement 
GO TO statement 
TASK/EVENT/PRIORITY options, REPLY statement 
PICTURE attribute/format item 
iSUB defining 

UNALIGNEO(NONSTRING) attribute 
SETS attribute 
DELAY, DISPLAY, WAIT statement 
Argument list 
INITIAL Label 
DATA directed I/O 
RECORD I/O 
AUTO/CTL initialization 

FREE statement 
More than 256 statements 
Files present 
Spare 
PUT DATA 
GET DATA 
Pointer Qualifier 
STATIC DSA Entry 

TASK/EVENT/PRIORITY option on a CALL statement 
set by FT 
ALLOCATE, with second level marker 
Spare 
Spare 
spare 
Spare 
Spare 

ZFLAG6 +21 80 ZUNAFL ON for unaligned data: set by FU 
40 Spare 
20 spare 
10 spare 
08 Spare 
04 Spare 
02 Spare 
01 Spare 

L------.L-------.L------.L----------.L-----------------------------------
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Table 4. communications Region. Bit usage 
in CCCODE. 

r-----~--.------------------------------1 
I ~IBit I I 
·-----+----+------------------------------i O O IDUMP 1 wanted 

I 0 not wanted 
I 

1 I 1 abort has occurred 
I 

2 ILIST 1 not wanted 
I O wanted 
I 

3 I LOAD 1 not wanted 
I O wanted 
I 

4 IDECK 1 not wanted 
I 0 wanted 
I 

5 IEXTREF 1 not wanted 
I 0 wanted 
I 

6 IXREF 1 not wanted 
I O wanted 
I 

7 I ATR 1 not wanted 
I O wanted I 

·-----+----+------------------------------i 1 O 1 means U-format 

1 

2 
3 
4 
5 

O means F-format 
records on input 

1 if track overflow 
is present 

severity 
Severity 
Severity 
Severity 

where 

code 
code 
code 
code 
OOOO=FLAGW 
0001=FLAGE 
0010=FLAGS 

6 ICHAR 48 1 not wanted 
I 0 wanted 
I 

7 IMACRO 1 not wanted 
I 0 wanted 

L-----.L----1------------------------------J 

r-----T----T------------------------------1 
I BytelBit I I 
·-----+----+------------------------------i 2 0 ISOURCE 1 not wanted 

I O wanted 
I 

1 ICHK 

2 

3 

4 

5 

6 

I 
I 
BCD 

SOURCE2 

OPT 

1 not wanted 
O wanted 

1 BCD input 
0 EBCDIC input 

1 wanted 
0 not wanted 

1 wanted 
0 not wanted 

1 ~E required 

1 program check 
has occurred 

7 1 means first record 
has been read 

·-----+----+------------------------------i 
3 0 ISTMT 1 not wanted 

I 0 wanted 
I 

1 IMACDCK 1 not wanted 
I 0 wanted 
I 

2 COMP 1 not wanted 

3 

I 4 
I 
I 
I 

0 wanted 

1 macro phase now 
running 

1 batch record found 
O batch record not 

found 

I 5 · 1 EOF record found 
I 0 EOF record not found( 
I I 
I 6 not used. requirementl 
I I 
I 7 INEST 1 wanted I 
I I 0 not wanted I 

-----~----~------------------------------J 
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APPENDIX G: SYSTEM GENERATION 

For full details of the system generation 
process, see IBM system/360.0peratinq 
System: System Generation, Form C28-6554. 

During the system generation process, a 
control section named IEMAF (see Figure 13) 
is assembled containing a table consisting 
of a bit string field that is fourteen 
bytes in length, immediately followed by 
seven fixed-point values aligned on 
full-word boundaries. The first five 
fixed-point values are related to the 
compiler options LINECNT, SIZE, SORMGIN 
(start), SORMGIN (end), and PAGECrL 
<control column) respectively. The 

remaining two fixed-point values are spare 
fields not currently in use. Bits 0 to 25, 
28 to 46 and 51 to 53 in the string are 
used to specify the default status of the 
options. (Note: bit 51 is used for both 
default and delete.) Bits 54 to 81, and 83 
to 102 in the string are used to specify 
whether an option keyword is to be deleted 
or not. A •1• in the bit string means 
•yes• and a •o• means •no•. The remaining 
bits in the string are spare bits not 
currently in use. Figure 14 shows the bit 
identification table associated with the 
control section. 

r------------------------------------------------------------------------1 I IEMAF START I 
I r-------------------------------------------------------~ I DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • DEFAULT I 
I I I 
I DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. SWITCHES I 
I I I 
I DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. I 

I ,-------------------------------------------~ DC B'IO 0 0 0 0 010 0 0 0 0 0 0 0 0 0 ' DELETE I 
t-----------J I 

DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' SWITCHES I 
I I 

DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. I 
I r-----------------------------------------~ 

DC B'IO 0 0 0 0 0 010 0 0 0 0 0 0 0 0' SPARE SWITCHES I 
L-------------J.-----------------------------------------~ 

DC F'60' 

DC F'999999' 

DC F'2' 

DC F'72' 

DC F'O' 

DC F'O' 

DC F'O' 
------------------------------------------------------------------------

•Figure 13. The IEMAF Control sectio~ 
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r---.---------------,.---,.-------------------------T---,.------------------i I Bit I Parameter I Bit I Paramter I Bit I Parameter I 
~---+---------------+---+--------~----------------+---+------------------~ I 0 ATR 138 NONEST 175 DELETE=SOURCE2 
I 1 NOATR 139 COMP 176 DELETE=NOSOURCE2 
I 2 BCD 140 NOCOMP 177 DELETE=OPT 
I 3 EBCDIC 141 OBJIN 78 DELETE=LINECNr 
f 4 CHAR60 142 OBJOUT 79 DELETE=LINELNG 
f 5 CHAR48 143 MACDCK 80 DELETE=SIZE 
I 6 DECK 144 NOMACDCK 81 DELETE=SORMGIN 
I 7 NODECK 145 EXTDIC 82 Not used 
f 8 EXTREF f 46 NOEXTDIC 83 DELETE=STMT 
I 9 NOEXTREF 147 Not used 84 DELETE=NOSTMT 
10 FLAGW 48 Not used 85 DELETE=MACRO 
11 FLAGE 49 Not used 86 DELETE=NOMACRO 
12 FLAGS so Not used 87 DELETE=COMP 
13 LIST 51 DEFAULT/DELETE 88 DELETE=NOCOMP 
14 NOLIST (Bit always 0) 89 DELETE=OBJIN 
15 LOAD 52 LIB=REAL 90 DELETE=OBJOUT 
16 NOLOAD 53 LIB=COMPLEX 91 DELETE=PAGECTL 
17 XREF 54 DELETE=ATR 92 DELETE=MACDCK 
18 NOXREF 55 DELETE=NOATR 93 DELETE=NOMACDCK 
19 SOURCE 56 DELETE=BCD 94 DELETE=EXTDIC 
20 NOSOURCE 57 DELETE=EBCDIC 95 DELETE=NOEXrDIC 
21 SOURCE2 58 DELETE=CBAR60 96 DELETE=OPLIST 
22 NOSOURCE2 59 DELETE=CHAR48 97 DELETE=NOOPLIST 
23 OPT=O 60 DELETE=DECK 98 DELETE=NEST 
24 OPT=l 61 DELETE=NODECK 99 DELETE=NONEST 
25 OPT=2 62 DELETE=EXTREF 100 DELETE=SYNCBKE 
26 Not used 63 DELETE=NOEXrREF 101 DELETE=SYNCBKS 
27 Not used 64 DELETE=FLAGW 102 DEl.ETE=SYNCHKT 
28 SYNCHKE 65 DELETE=FLAGE 103 Not used 
29 SYNCHKS 66 DELETE=FLAGS 104 Not used 
30 SYNCHKT 67 DELETE=LIST 105 Not used 
31 ·1 OPLIST 68 DELETE=NOLIST 106 Not used 
32 I NOOPLIST 69 DELETE=LOAD 107 Not used 
33 I STMT 70 DELETE=NOLOAD 108 Not used 
34 I NOSTMT 71 DELETE=XREF 109 Not used 
35 I MACRO 72 DELETE=NOXREF 110 Not used 
36 I NOMACRO 73 DELETE=SOURCE 111 Not used 
37 I NEST 74 DELETE=NOSOURCE . 
L---~---------------~--~-------------------------~---~-----------------

e Figure 14. Bit Identification Table 
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APPENDIX H: CODE PRODUCE FOR PROLOGUES AND EPILOGUES 

The mechanism of dynamic storage management 
is described in the publication IBM 
system/360 Operating system, PL/Y-­
subroutine Library Program Logic Manual. 

Part of the code required to implement 
the storage management is generated as 
prologue and epilogue code by the compiler. 
This Appendix contains annotated examples 
of prologues and epilogues for PROCEDURE, 
BEGIN, and ON blocks. 

PROLOGUES AND EPILOGUES 

Example in PL/I 

A:I: PROCEDURE(X,Y); 
DECLARE Y· CONTROLLED; 

ON OVERFLOW C=O; 

B: BEGIN; 

END; 

AB:IJK: ENTRY(Y,Z) 

REI'URN(EXPRESSION) 

END; 

BC 15,16, (0,15) 
DC All (1) 

DC C'A' 

BRANCH ROUND FOLLO~ING CONSTANTS 
LENGTH OF BCD 
BCD OF ENTRY POINT 

SIZDSA DC F' SIZE OF DSA' 
STATIC DC 

STM 
• 
LR 
BAL 
MVI 

* 
* 
* BC 

460 

A(STATIC CONTROL 
SECTION) 
14,11,12,(13) 

10,15 
8, GETOSA ( 0, 10) 
SWITCH(13),X'Xl' 

15,COPRAMl(0,10) 

ADDRESS OF STATIC INTERNAL CONTROL SECTION 
(ONLY COMPILED FOR EXTERNAL AND ON PROLOGUES) 
SAVE STANDARD REGISTERS IN SAVE AREA OF 
CALLER'S DSA 
SET UP FIRST PROLOGUE BASE 
CALL ROUTINE TO GET DSA 
INSERT RETURN (EXPRESSION) SWITCH 
(ONLY COMPILED IF THERE IS A RETURN (EXP) 
AND THE ENTRY LABELS HAVE DIFFERENT DATA 
ATTRIBUTES) 
BRANCH TO COPY OVER PARAMETERS 



I 

AD PRIM 

• 
GETDSA 
• 

• • 

LOOP 

IP 
COPRAM1 

• 
• • 
COMMON 
• 

• 

••••• • • • 
* 
• 

• ••••• 

• 

• • 

BC 
DC 
DC 
DC 
STM 

L 
LA 
L 

L 
L 

BALR 
LR 
LA 
SR 
A 
ST 
LA 
BCT 
BCR 
MVI 
L 
ST 
L 
LA 
SR 
LH 
ST 
L 
ST 
L 

BAL 
BCR 

MVI 

BALR 
LA 

ST 

15,10(0,15) 
ALl (1) 
C'I' 
A(A} 
111,11,12(13) 

10,ADPRIM(0,15) 
8, IP(O, 10) 
11,STATIC(0,10) 

O,SIZDSA(0,10) 
15,32, (0,11) 

14,15 
14,13 
0,7,(0,0) 
15,15 
14, 0(0 ,11) 
14,ADVEC+4(15,13) 
15,4(0,15} 
0 I LOOP ( 0, 10} 
15,8 
SWITCH(13),X'X2' 
14fQ(QI1) 
14,X<0,13} 
14,4(0,1> 
0,10<0,0) 
14,0 
14,0(0,14) 
14,Y(0,13) 
14,8(0,1) 
14,TARGET(0,13) 
10,A ••• A(0,11) 

8,COMMON(0,10) 
15,10 

96(13) ,X'80' 

10,0 
9,ADDAREA(0,13) 

9,ADVEC(0,13) 

BRANCH ROUND FOLLOWING CONSTANTS 
LENGTH OF BCD 
BCD OF ENTRY POINT 
FIRST PROLOGUE BASE ADDRESS 
SAVE STANDARD REGISTERS IN SAVE AREA OF 
CALLER'S DSA 
SET UP FIRST PROLOGUE BASE 
SET RETURN REGISTER 
SET UP STATIC DATA POINTER (ONLY IN 
EXTERNAL PROCEDURES AND ON PROLOGUES) 
GRO=SIZE OF DSA 
LOAD GR15 WITH ENTRY POINT OF IHESADA 
(UNLESS DSA IS IN STATIC, WHEN ENTRY POINT OF 
COMPILER'S 'GET DSA' ROUTINE WILL BE LOADED) 
CALL ROUTINE TO GET A NEW DSA 
POINT GR14 AT NEW DSA 
SET LOOPING VALUE = 7 
CLEAR INDEXING REGISTER 
BUMP GR14 BY 4096 
STORE GR14 IN ADDRESSING VECTOR 
BUMP INDEX REGISTER 

BRANCH ON RETURN REGISTER 
INSERT RETURN (EXP) SWITCH 
PICK UP FIRST ARGUMENT ADDRESS AND 
STORE IN X IN DSA 
PICK UP SECOND ARGUMENT ADDRESS 

POINT GR14 AT PSEUDO-REGISTER OFFSET OF 
ARGUMENT AND PICK IT UP 
STORE OFFSET IN. Y IN DSA 
PI~K UP ADDRESS OF TARGET FIELD 
AND STORE IN DSA 
LOAD GR10 FROM TRANSFER VECTOR SLOT 
FOR ENTRY POINT A IN STATIC • 
BRANCH AND LINK TO COMMON PROLOGUE 
BRANCH TO THE APPARENT ENTRY POINT 
FOR A 
SET DSA TASKING FLAG (ONLY COMPILED 
IF TASKING IN COMPILATION) 
SET UP COMMON PROLOGUE BASE 
SET GR9 TO POINT TO ADDRESSING AREA 
AT END OF DSA 
AND STORE IN ADDRESSING VECTOR. 

'lHE FOLLOWING CODE APPEARS 
ONLY IN THE CASE OF RECURSIVE PROCEDURES 

L 

ST 
LA 
SR 
ST 

MVI 

14,PR ••• A(12) 

14,92(0,13) 
14,PR ••• A(12} 
14,12 
14,88(0,13) 

LOAD GR14 WITH THE CURRENT DISPLAY 
VALUE FOR A 
STORE IN DISPLAY UPDATE IN DSA 

GR14 = OFFSET OF DISPLAY PSEUDO-REGISTER 
STORE IN DISPLAY UPDATE IN DSA 

INITIALIZE ON SLOTS (IF ANY) 
0(13),X'8F' IDENTIFY DSA. 

COPY SRELETON DOPE VECTORS (IF ANY) FROM STATIC INTERNAL 
CONTROL SECTION TO REAL DOPE VECTORS IN DSA. (THERE IS ALWAYS A 
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• 
* 
* 

* 
* • 

VD Al 

• 

• 
* 

VARl 

* 
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SKELETON FOR A REAL DOPE VECTOR), AND RELOCATE THE ADDRESSES WITH THE 
ADDRESS OF THE DSA FOR THOSE DOPE VECTORS REFERRING TO VARIABLES 
IN THE DSA. 

FOR EACH VDA (VARIABLE DATA AREA) REQUIRED BY THE 
PROCEDURE THE CODE BETWEEN THE LABELS VDAl AND VDA2 IS 
GENERATED 

SR 
SR 

7,7 
0,0 

CLEAR STORAGE ACCUMULATOR ACl 
CLEAR SECONDARY DOPE VECTOR STORAGE 
ACCUMULATOR AC2 

FOR EACH VARIABLE IN THE VDA, THE FOLLOWING CODE IS 
GENERATED (BETWEEN LABELS VARl AND VAR2}. 

EVALUATE EXTENT EXPRESSIONS (DIMENSIONS AND STRING LENGTHS) AND 
STORE RESULTS IN DOPE VECTOR IN DSA. 
ALIGN ACCUMULATOR AC1 ON CORRECT BOUNDARY FOR VARIABLE 
BUMP ACCUMULATOR AC2 DY SIZE OF SECONDARY DOPE VECTOR (IF VARIABLE 
IS DIMENSIONED AND VARYING}. 
RELOCATE ADDRESS IN VARIABLES DOPE VECTOR RELATIVE TO START OF 
VOA. 
BUMP ACCUMULATOR AC1 BY SIZE 
AR 0,7 
L 15,36(0,11) 
BALR 14,15 
LA 1,8(0,1) 
AR 7,1 
L 14,DV •• VAR(0,13} 
AR 14,1 
ST 14,DV •• VAR(0,13) 
FOR EACH DIMENSIONED VARYING 
SF.:CONDARY DOPE VECTORS. 
LA 10,PROCBASE 

BCR 
CNOP 
BC 
DC 
DC 
STM 
L 
BAL 

MVI 

BC 
BC 
DC 
DC 
DC 
STM 
L 
BAL 

MVI 
L 
LA 

15,8 
0,4 
15,8<0,15) 
AL1 (2) 
C'AB' 
14,11,12(13) 
10,PROBAS(0,15} 
8,GETDSA (10) 

SWITCH(13),X'X3' 

15, COPRAM2 (0, 8) 
15,12(0,15) 
AL1(3) 
C'IJK' 
A(A) 
14,11,12(13) 
10,PROBAS(0,15) 
8,GETDSA(0,10) 

b"WITCH(13),X'X4' 
14,0(0,1) 
0,10(0,0) 

OF STORAGE REQUIRED FOR VARIABLE 
ADD ACl AND AC2 
LOAD GR15 WITH ENTRY POINT IHESADR 
GET VDA 
BUMP VDA POINTER PAST FLAG AND CHAIN SLOTS 
POINT GR7 AT FIRST SECONDARY DOPE VECTOR. 
FOR EACH VARIABLE IN REGION, RELOCATE 
ADDRESS IN DOPE VECTOR. 

ITEM IN REGION, INITIALIZE 

SET UP PROCEDURE BASE 
CODE (IF ANY) TO SET UP SOME ADDRESSING MECHANISMS I~ 
ADVANCE FOR USE IN PROCEDURE 
RETURN FROM COMMON PROLOGUE. 

BRANCH ROUND BCD OF ENTRY POINT 

SAVE REGISTERS IN CALLER'S SAVE AREA 
SET UP FIRST PROLOGUE BASE 
BRANCH AND LINK TO GET DSA AND TO SET 
UP ADDRESSING VECTOR 
SET UP RETURN (EXP) SWITCH IF THERE IS 
RETURN (EXP) AND DATA ATTRIBUTES OF 
ENTRY LABELS DIFFER 
BRANCH TO COPY OVER PARAMETERS 
BRANCH ROUND FOLLOWING CONSTANTS 
LENGTH OF BCD 
BCD OF ENTRY POINT 
FIRST PROLOGUE BASE 
SAVE REGISTERS IN CALLER'S SAVE AREA 
SET UP FIRST PROLOGUE BASE 
BRANCH TO GET DSA AND SET UP 
ADDRESSING VECTOR 
SET RETURN (EXP) SWITCH 
PICK UP FIRST ARGUMENT ADDRESS 



* 

* 

* 
* 

SR 14,0 
LB 14,0(0,14) 
ST 14,YC0,13) 
L 14, 4CO,1) 
ST 14,ZC0,13) 
L 14,8(0,1) 
ST 14,TARGET(0,13) 
L 10,A ••• A(0,11) 

BAL 8,COMMON(0,10) 
BC 15,AE ••• ABC0,10) 
THIS IS THE APPARENT ENl'RY 

PICK UP PSEUDO-REGISTER OFFSET OF 
ARGUMENT AND STORE IN DSA. 
PICK UP ADDRESS OF SECOND ARGUMENT 
AND STORE IN Z 
PICK UP ADDRESS OF TARGET FIELD 
AND STORE IN DSA 
LOAD GRlO WITH ADDRESS OF FIRST BYTE 
OF PROCEDURE 
BRANCH AND LINK TO COMMON PROLOGUE 
BRANCH TO APPARENT ENTRY POINT AB 

POINI' OF A. 

THE FOLLOWING IS AN ON BLOCK PROLOGUE WHICH IS COMPILED FOR ALL 
ON BLOCKS EXCEPT IF BLOCK SPECIFIES SYSTEM 

STM 
LR 

14,11,12(13) 
10,15 

SAVE REGISTERS 
SET PROLOGUE BASE 

L 11,STATIC(0,10) SET UP STATIC INTERNAL DATA POINTER 
L 15,32(0,11) LOAD GR15 WITH ADDRESS OF IHESADA 
L O,SIZDSA(0,10) LOAD GRO WITH SIZE OF DSA 
BALR 14,15 CALL IHESADA TO GET A DSA 
LR 14,13 
LA 0,7(0,0) 
SR 15,15 

LOOP A 14,0(0,11) SET UP ADDRESSING VECTOR IN 
ST 14,ADVEC+4(15,13) DSA 
LA 15, 4(0,15) 
BCT O,LOOP(0,10) 
BC 15,COMMONC0,10) BRANCH TO INITIALIZE DSA 
DC F'SIZE OF DSA' 
DC A(STATIC INTERNAL CONTROL SECTION) 

COMMON BALR 10,0 
* CODE IS GENERATED HERE FOLLOWING SAME PATTERN AS FOR 
* A BEGIN PROLOGUE (SEE BELOW) COMMON SECTION. 

ONSTART 

* 

* 
B 

LOOP 

LA 10,0NSTART 

EPILOGUE FOR AN ON BLOCK 
L 15,IBESAFAC0,11) 
BALR 14,15 

PROLOGUE FOR A BEGIN BLOCK 
LA 
BALR 
CNOP 
STM 
BALR 
L 
L 
BALR 
LR 
LA 
SR 
A 
ST 
LA 
BCT 
BC 
DC 
LA 

14,BEND 
15,0 
0,4 
14,11,12(13) 
9,0 
15,32(0,11) 
O,SIZDSA(0,9) 
14,15 
14,13 
0,7(0,0) 
15,15 
14·, 0(0,11) 
14,ADVEC+4(15,13) 
15,4(0,15) 
O,LOOP(0,9) 
15 1 COMMON ( 0., 9) 
F'SIZE OF DSA' 
9,ADDAREA(0,13) 

LOAD GR15 WITH ENTRY POINT TO EPILOGUE 
ROUTINE AND BRANCH AND LINK TO IT 

SET UP RETURN REGISTER 
SET UP ENTRY POINT ADDRESS 

SAVE REGISTERS IN CONTAINING BLOCK'S DSA 
SET UP PROLOGUE BASE 
LOAD GR15 WITH ENTRY POINT TO IHESADA 

GET A DSA 

SET UP ADDRESSING VECTOR FOR DSA 

SET GRG TO POINT TO ADDRESSING AREA 
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ST 9,ADVECC0,13) AT END OF DSA AND STORE IN ADDRESSING 
VECTOR 

THE CODE GENERATED HERE 
EXCEPT THAT A DIFFERENT 
DSA: GR10 IS NOT RESET: 

IS THE. SAME AS THAT FOR A PROCEDURE PROLOGUE 
CODE BYTE IS MOVED TO THE FIRST BYTE OF THE 
AND THE BCR 15,8 IS NOT GENERATED. 

EPILOGUE OF A BEGIN BLOCK 
L 15,IHESAFA 
BALR 14,15 

LOAD GR15 WITH ENTRY POINT OF 
EPILOGUING ROUTINE AND CALL IT 

RETURN (EXP) STATEMENT EXAMINES THE LOCATION 'SWITCH' IN THE DSA 
SET BY THE PROLOGUE TO DETERMINE THE CONVERSION REQUIRED ON 
THE EXPRESSION. IT THEN ASSIGNS THE CONVERTED EXPRESSION TO 
THE TARGET FIELD FOR WHICH TdE LOCATION 'TARGET', IN THE DSA, 
POINTS TO EITHER ITS DOPE VECTOR (IN THE CASE OF A STRING) 
OR THE STORAGE. ROUTINE IHESAFA IS THEN INVOKED. 
END STATEMENT (WHICH IS THE SAME AS A RETURN STATEMENT) 
L 15,IHESAFA 
BALR 14,15 

DSA OPTIMIZATION 

In corr-pilations specifying OPI'=l, if a 
PROCEDURE or BEGIN block has a DSA which 
requires less than 512 bytes of storage, 
such storage may, under certain conditions, 
be obtained from STATIC storage or from 
library workspace. To obtain a STATIC DSA, 
the block roust satisfy these conditions: 

1. .The block must not be re-entrant or 
recursive 

2. The block must not be nested Cat any 
depth) within an ON block 

3. The block must not have the MAIN or 
TASK options 

A block which is ineligible for a STATIC 
DSA, and whose DSA will never be active 
when any new DSA is required, is allocated 
its DSA from library workspace. 

Each block requiring a DSA either in 
STATIC or in library workspace calls one of 
two compiled subroutines, instead of 
IHESAD, to allocate the storage. Either or 
both subroutines, if required, are compiled 
onto the end of the program, and are 
prefixed by the comments 'STATIC PROLOGUE 
SUBROUTINE' and 'DYNAMIC PROLOGUE 
subroutine• respectively. Entry may be 
made to the STATIC prologue subroutine at 
one of several points. 

Any block using one of these prologue 
subroutines will also use a compiled 
Epilogue subroutine, which will be called 
for the END statement of the block, or for 
a RETURN statement without an expression. 

(The same Epilogue subroutine serves both 
STATIC and library workspace DSAs.> If 
there is any core to be freed, the EpiloguE 
subroutine will call IHESAFA. The EpiloguE 
subroutine is also compiled onto the end 01 
the program, and always immediately 
precedes the STATIC Prologue subroutine if 
this is present. 

The address of the Dynamic Prologue 
subroutine and the Epilogue subroutine are 
placed in the STATIC internal control 
section, at off sets 40 and 48 from the 
start respectively. Since the STATIC 
Prologue subroutine always follows the 
Epilogue subroutine, which is of fixed 
length, a third address slot is not 
required for it. 

Listings of the Dynamic and Static 
Prologue and the Epilogue subroutines 

* DYNAMIC PROLOGUE SUBROUTINE 

L 
LTR 
BC 
L 
LTR 
BC 
LR 
SR 
L 
ST 
ST 
TM 
BC 
L 
B 
ST 
L 

5,PR •• IHEQLWF(12) 
5,5 
8,90(15) 
6,PR •• IHEQINV(12) 
6,6 
4,90(15) 
13,5 
2,2 
3,PR •• IHEQSLAC12) 
13,PR •• IHEQSLA(12) 
3,4(13) 
o<3>,x•00• 
1,52(15) 
3,4(3) 
36(15) 
13,8(3) 
4,PR •• IHEQINV(12) 



LA 4,1(4) 
ST 4,PR •• IHEQINV(12) 

ST 4,84(13) L 15,A •• IBESAFA 
ST 2.,80(13) BR 15 
ST 2., 8 (13) 
MVX 76(13),X'OO' 
ST 2,96(13) • END SUBROU'1'INE 
BR 14 
L 15,32 (11) • STATIC PROLOGUE SUBROUTINE 
BR 15 

L 4.PR •• IBEQINV(12) 
• END SUBROUTINE LTR 4.4 

BC 11.e6 <15> 
• EPILCGUE SUBROUTINE L 7.PR •• IBEQLW0(12) 

MVC eo <4 .. 3> .eon> 
TM 1<13).,X' 80' LA 4.1(4) 
BC 8,60(15) ST 4.PR •• IBEQINVC12) 
L 2 .• eo C13> ST 4.84(3) 
LTR 2.2 MVI 76 <3> ,x• oo• 
BC 7,~0(15) ST 3. 8(13) 
c 13,PR •• IBEQSLA(12) LR 13.3 
BC 7.,60(15) L 3.PR •• IBEQSLAC12) 
L 13,4(13) ST 3, 4(13) 
ST 13.PR •• IBEQSLA(12) ST 13.PR •• IBEQSLAC12) 
TM OC13> .x• eo• SR 2.2 
BC 1.50(15) ST 2,80(13) 
L 13.4(13) ST 2.e <13> 
B 34(15) ST 2.96(13) 
ST 2.BC13) BR 14 
LM 14, 11., 12 (13) 
BR 14 • END SUBROU'1'INE 
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APPENDIX I: DIAGNOSTIC . MESSAGES 

The messages produced by the PL/I (F) IEM0061I Read In CP 
compiler are explained in the publication IEM0063I Read In co 
IBM S~stem/360 0Eerating S~tem1 PL/I (F) IEM0064I Read In cc 
Programmer's Guide. The following table IEM0067I Read In CL 
associates a message number with the IEM0069I Read In CG 
particular phase and module in which the IEM0070I Read In CG 
corresponding message is generated. IEM0071I Read In CG 

IEM0072I Read In CG 
Message IEM0074I Read In CG 
Nwnber Logical Phase Module IEM0075I Read In CG 

IEM0076I Read In CG 
IEMOOOlI Read In CA IEM0077I Read In CG 
IEM0002I Read In CA IEM0078I Read In CG 
IEM0003I Read In CA,CP IEM0080I Read In CG 
IEM0004I Read In CA IEM0081I Read In CG 
IEMOOOSI Read In CA,CL IEM0082I Read In CI 
IEM0006I Read In CA IEM0083I Read In CG 
IEM0007I Read In CA IEM0084I Read In CG 
IEM0008I Read In CA IEM0085I Read In CI 
IEM0009I Read In CA IEM0090I Read In CI 
IEMO.OlOI Read In CA IEM0094I Read In CI 
IEM0011I Read In CA IEM0095I Read In CI 
IEM0012I Read In CA IEM0096I Read In CG,CI 
IEM0013I Read In CA IEM0097I Read In CI 
IEM0014I Read In CA IEM0099I Read In CI 
IEMOOlSI Read In CA :IEM0100:I Read In CI 
IEM0016I Read In CA IEM0101I Read In CM 
IEM0017I Read In CA IEM0102I Read In CI 
IEM0018I Read In CA IEM0103I Read In CI 
IEM0019I Read In CA IEM0104I Read In cc 
IEM0020I Read In CA IEM0105I Read In CC,CG 
IEM0021I Read In CA IEM0106I Read In CI,CV 
IEM0022I Read In CA IEM0107I Read In CI 
IEM0023I Read In CA IEM0108I Read In CI 
IEM0024I Read In CA IEM0109I Read In CG,CI 
IEM0025I Read In CA IEM0111I Read In CI 
IEM0026I Read In CA IEM0112I Read In CI 
IEM0027I Read In CA IEM0113I Read In CG,CM 
IEM0028I Read In CG IEM0114I Read In CI 
IEM0029I Read In CA IEM0115I Read In CL 
IEM0031I Read In CA, CL, CT IEM0116I Read In CI 
IEM0033I Read In cc IEM0117I Read In CM 
IEM0035I Read In cc IEM0118I Read In CL 
IEM0037I Read In cc ,IEM0119I Read In CM 
IEM0038I Read In cc IEM0120I Read In CM 
IEM0039I Read In cc IEM0121I Read In co 
IEM0040I Read In cc IEM0122I Read In co 
IEM0043I Read In cc IEM0123I Read In CM 
IEM0044I Read In cc IEM0124I Read In co 
IEM0045I Read In cc IEM0125I Read In CI 
IEM0046I Read In cc IEM0126I Read In CI 
IEM0048I Read In CG IEM0127I Read In CI 
IEMOOSOI Read In CL,CP IEM0128I Read In co 
IEM0051I Read In CL,CP IEM0129I Read In CL 
IEM0052I Read In co IEM0130I Read In CL 
IEM0053I Read In co IEM0131I Read In co 
IEM0054I Read In co IEM0132I Read In co 
IEMOOSSI Read In CP IEM0134I Read In CP 
IEM0057I Read In cc IEM0135I Read In CG,CI 
IEM0058I Read In cc IEM0136I Read In co 
IEM0059I Read In CP IEM0138I Read In CP 
IEM0060I Read In CP IEM0139I Read In CP 

466 



IEM0140I Read In co IEM0514I Dictionary EG 
IEM0141I Read In CP IEM0515I Dictionary EG 
IEM0144I Read In co IEM0516I Dictionary EG 
IEM014SI Read In co IEM0517I Dictionary EG 
IEM0147I Read In co IEM0518I Dictionary EG 
IEM0149I Read In CL,CM IEM0519I Dictionary EG 
IEM0150I Read In CL IEM0520I Dictionary EG 
IEM0151I Raad In co IEMOS21I Dictionary EG 
IEM0152I Read In co IEM0522I Dictionary EG 
IEM0153I Read In co IEM0523I Dictionary EG 
IEM0154I Read In CA IEM0524I Dictionary EB 
IEM0158I Read In co IEM0525I Dictionary EI 
IEM0159I Read In co IEM0527I Dictionary &1 
IEM0163I Read In CT IEM0528I Dictionary EB,EI,EJ 
IEM0166I Read In CL IEM0529I Dictionary EI 
IEM0172I Read In CL IEM0530I Dictionary EI 
IEM0180I Read In CT IEM0532I Dictionary EI 
IEM0181I Read In CL IEM0533I Dictionary EI 
IEM0182I Read In CL,CS, IEM0534I Dictionary EI 

CT,CV IEM053SI Dictionary EI 
IEM0185I Read In CT IEM0536I Dictionary EI 
IEM0187I Read In CT IEM0537I Dictionary EI 
IEM0191I Read In CT IEM0538I Dictionary EJ 
IEM0193I Read In CT IEM0539I Dictionary EJ 
IEM0194I Read In CT IEM0540I Dictionary EJ 
IEM0195I Read In CT IEM0541I Dictionary EJ 
IEM0198I Read In CT IEM0542I Dictionary EJ 
IEM0202I Read In CL IEM0543I Dictionary EL, EK, EM 
IEM0207I Read In CG IEM0544I Dictionary EL,D,EM 
IEM0208I Read In CG IEM0545I Dictionary EL, EK, EM 
IEM0209I Read In cc IEM0546I Dictionary EL,EK,EM 
IEM0211I Read In CL IEM0547I Dictionary EL, EK, EM 
IEM0212I Read In CP IEM0548I Dictionary EL,EK,EM 
IEM0213I Read In CP IEMOS49I Dictionary EL, EK, EM 
IEM0214I Read In CP IEM0550I Dictionary EL, EK, EM 
IEM0216I Read In CP IEM0551I Dictionary EK,EL,EM 
IEM0217I Read In CP IEM0552I Dictionary EL,EK,F.M 
IEM0220I Read In CT IEM0553I Dictionary EL, EK, EM 
:XEM0221l: Read :In CT :XEM0554l: Dictionary EL,EK,EM 
IEM0222I Read In CT IEMOSSSI Dictionary EL,EK,EM 
IEM0223I Read In CT IEM0556I Dictionary EL, EK, EM 
IEM0224I Read In CT IEM0557I Dictionary EL,EK,EM 
IEM0225I Read In CT IEM0558I Dictionary EL, EK, EM 
IEM0226I Read In CT IEM0559I Dictionary EL,EK,EM 
IEM0227I Read In CT IEM0560I Dictionary EL,EK,EM 
IEM0228I Read In CT IEMOS61I Dictionary EL, EK, EM 
IEM0229I Read In CT IEM0562I Dictionary EK,EL,EM 
IEM0230I Read In CS,CT IEM0563I Dictionary EK, EL, EM 
IEM0231I Read In CT I!M0564I Dictionary EK,EL,EM 
IEM0232I Read In CT. IEM0565I Dictionary EK, EL, EM 
IEM0233I Read In CV IEM0566I Dictionary EK,EL,EM 
IEM023SI Read In cs IEM0567I Dictionary EP 
IEM0236I Read In cs IEM0568I Dictionary EP 
IEM0237I Read In cs IEM0569I Dictionary EP 
IEM0238I Read In CV IEM0570I Dictionary EP 
IEM0239I Read In cs IEM0571I Dictionary EK 
IEM0240I Read In CV IEM0572I Dictionary EL 
IEM0241I Read In CV IEM0573I Dictionary EL 
IEM0242I Read In CV IEM0576I Dictionary EL 
IEM0243I Read In CV IEM0577I Dictionary EL 
IEM0244I Read In CV IEM0578I Dictionary EL 
IEM024SI Read In CV IEM0579I Dictionary EP 
IEM0247I Read In cw IEMOSSOI Dictionary FI 
IEM0254I Read In cc IEMOS89I Dictionary EW 
IEM0255I Read In CG IEM0590I Dictionary EW 
IEMOSlOI Dictionary EB IEM0591I Dictionary EW 
IEM0511I Dictionary EB IEM0592I Dictionary EW 
IEM0512I Dictionary EB IEM0593I Dictionary EW 
IEM0513I Dictionary EG IEM0594I Dictionary EW 
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IEM0595I Dictionary EW IEM0698I Dictionary FI 
. IEM0596I Dictionary EW IEM0699I Dictionary FI 

IEM0597I Dictionary EW IEM0700I Dictionary FI 
IEM0598I Dictionary EW. IEM0701I Dictionary FI 
IEM0599·I Dictionary EW IEM0702I Dictionary FI 
IEM0602I Dictionary FV,FW IEM0703I Dictionary FI 
IEM0603I Dictionaey FV,FW IEM0704I Dictionary FI 
IEM0604I Dictionary FV,FW IEM07051 Dictionary FI 
IEM06052 Dictionary FV,FW IEM0706I Dictionary FI 
IEM0606I Dictionary FV,FW UEM0707I Dictionary FI 
IEM0607I Dictionary FV,FW IEM0715I Dictionary EJ 
IEM0608I Dictionary FV,FW IEM0718I Dictionary FO 
IEM0609I Dictionary FV,FW IEM0719I Dictionary FO 
IEM0610I Dictionary PV,PW IEM0720I Dictionary FO 
IEM0611I Dictionary FV,PW IEM0721I Dictionary FO 
IEM0612I Dictionary FV IEM0722I Dictionary FO 
IEM0613I Dictionary FW IEM0723I Dictionary FO 
IEM0614I Dictionary FW IEM0724I Dictionary FO 
IEM0623I Dictionary FV,FW IEM0725I Dictionary FO 
IEM0624I Dictionary FV,FW IEM0726I Dictionary FO 
IEM0625I Dictionary FV,FW IEM0727I Dictionary FO 
IEM0626I Dictionary FV,FW IEM0728I Dictionary FO 
IEM0628I Dictionary FV,FW IEM0729I Dictionary FO 
IEM0629I Dictionary FV,PW IEM0730I Dictionary FQ 
IEM0630I Dictionary FV,FW IEM0731I Dictionary FQ 
IEM0631I Dictionary FV,FW IEM0732I Dictionary FQ 
IEM0632I Dictionaey FV,FW IEM0733I Dictionary FQ 
IEM0633I Dictionary EY IEM0734I Dictionary FQ 
IEM0634I Dictionary EY IEM0735I Dictionary FQ 
IEM0636I Dictionary EY IEM0736I Dictionary FQ 
IEM0637I Dictionary EY IEM0737I Dictionary FQ 
IEM0638I Dictionary EY IEM0739I Dictionary FQ 
IEM0640I Dictionary EY IEM0740I Dictionary FQ 
IEM0641I: Dictionary EY IEM0741I Dictionary FQ 
IEM0642I Dictionary EY IEM0742I Dictionary FQ 
IEM0643I Dictionary EY IEM0745I Dictionary FQ 
IEM0644I Dictionary EY IEM0746I Dictionary FQ 
IEM0645I Dictionary EY IEM0747I Dictionary FQ 
IEM0646I Dictionary EY IEM0748I Dictionary PQ 
IEM0647I Dictionary EY IEM0749I Dictionary FQ 
IEM0653I Dictionary FE IEM0750I Dictionary FQ 
IEM0655I Dictionary FE IEM0751I Dictionary FQ 
IEM0656I Dictionary FE IEM0752I Dictionary FQ 
IEM0657I Dictionary FE IEM0754I Dictionary FQ 
IEM0658I Dictionary FE IEM0755I Dictionary FQ 
IEM0660I Dictionary FE IEM0756I Dictionary FQ 
IEM0661I Dictionaey FE IEM0758I Dictionary FQ 
IEM0662I Pretranslator GV IEM0759I Dictionary FQ 
IEM0673I Dictionary FE IEM0760I Dictionary FQ 
IEM0674I Dictionary PF IEM0761I Dictionary FQ 
IEM0675I Dictionary FF IEM0762I Dictionary FQ 
IEM0676I Dictionary FF IEM0769I Pretranslator GB 
IEM0677I Dictionary FE IEM0770I Pretranslator GB 
IEM0682I Dictionary FI IEM0771I Pretranslator GB 
IEM0683I Dictionary FI IEM0778I Pretranslator GB 
IEM0684I Dictionary FI IEM0779I Pretranslator GB 
IEM0685I Dictionary FI IEM0780I Pretranslator GB 
IEM0686I Dictionary FI IEM0781I Pretranslator GB 
IEM0687I Dictionary FI IEM0782I Pretranslator GB 
IEM0688I Dictionary FI IEM0786I Pretranslator GK 
IEM0689I Dictionary FI IEM0787I Pretranslator GK 
IEM0690I Dictionary FI IEM0791I Pretranslator GK 
IEM0691I Dictionary FI IEM0792I Pretranslator GP,GQ,GR 
IEM0692I Dictionary FI IEM0793I Pretranslator GP,GQ,GR 
IEM0693I Dictionary FI IEM0794I Pretranslator GP,GQ,GR 
IEM0694I Dictionary FI IEM0795I Pretranslator GP,GQ,GR 
IEM0695I Dictionaey FI IEM0796I Pretranslator GP,GQ,GR 
IEM0696I Dictionary FI IEM0797I Pretranslator GP,GQ,GR 
IEM0697X Dictionary FI IEM0798I Pretranslator GP,GQ,GR 
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IBM0799I Pretranslator GP,GQ,GR IEM3052I Compiler Control AL/AN 
IBH0800I Pretranslator GP,GQ,GR IEM3842I Compiler control AL/AN 
IBll0801I Pretranslator GP,GQ,GR IEM3843I Compiler Control AL/AN 
IBM0802I Pretranslator GP,GQ,GR IEM3845I Compiler Control AL/AN 
DM0803I Pretranslator GP,GQ,GR IEM3846I Compiler control AL/AN 
IBM0804I Pretranslator GP,GQ,GR IEM3847I Compiler Control AL/AN 
IBM0805I Pretranslator GP,GQ,GR IEM3848I compiler control AL/AN 
IDl0808I Pret.ranslator GR 
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IEM0806I Pretranslator GP,GQ,GR IEM1061I Translator IM 
IEM0807I Pretranslator GP.GQ,GR IEM1062I Translator IM 
IEM0816I Pretranslator GU,GV IEM1063I Translator IM 
IEM0817I Pretranslator GU,GV IEM1064I Translator IM 
IEM0818I Pretranslator GU.GV IEM1065I Translator IM 
IEM0819I Pretranslator GU,GV IEM1066I Translator IM 
IEM0820I Pretranslator GU,GV IEM1067I Translator IM 
IEM0821I Pretranslator GU,GV IEM1068I Translator IM 
IEM0823I Pretranslator GU,GV IEM1070I Translator IM 
IEM0824I Pretranslator GU IEM1071I Translator IM 
IEM0825I Pretranslator GU,GV IEM1072I Translator IM 
IEM0826I -Pretranslator GU,GV IEM1073I Translator IM 
IEM0832I Pretranslator HF,HG IEM1074I Translator IM 
IEM0833I Pretranslator HF,HG IEM1076I Translator JD 
IEM0834I Pretranslator HF.HG IEM1082I Translator IX 
IEM0835I Pretranslator HF,HG IEM1088I Aggregates JK 
IEM0836I Pretranslator HF,HG IEM1089I Aggregates JK 
IEM0837I Pretranslator HF,HG IEM1090I Aggregates JK 
IEM0838I Pretranslator HF IEM1091I Aggregate Preprocessor JI 
IEM0848I Pretranslator HF,HG IEM1092I Aggregates JK 
IEM0849I Pretranslator HF,HG IEM1104I Aggregates JP 
IEM0850I Pretranslator HF,HG IEM1105I Aggregates JP 
IEM0851I Pretranslator HF,HG IEM1106I Aggregates JP 
IEM0852I Pretranslator HF,HG IEM1107I Aggregates JP 
IEM0853I Pretranslator HF,HG IEM1108I Aggregates JP 
IEM0864I Pretranslator HK,HL IEM1110I Aggregates JP 
IEM086SI Pretranslator HK,HL IEM1111I Aggregates JP 
IEM0866I Pretranslator HK,HL IEM1112I Aggregates JP 
IEM0867I Pretranslator HK,BL IEM1113I Aggregates JP 
IEM0868I Pretranslator HK,HL IEM1114I Aggregates JP 
IEM0869I Pretranslator HK,HL IEM1115I Aggregates JP 
IEM0870I Pretranslator HK,BL IEM1120I Aggregates JP 
IEM0871I Pretranslator HK,HL IEM1121I Aggregates JP 
IEM0872I Pretranslator HK,HL IEM1122I Aggregates JP 
IEM0873I Pretranslator HK,HL IEM1123I Pseudo-code LO 
IEM0874I Pretranslator HK,HL IEM112SI Pseudo-code LO 
IEM0875I Pretranslator HK,HL IEM1200I Pseudo-code KT 
IEM0876I Pretranslator HK,HL IEM1210I Do loop optimization KC 
IEM0877I Pretranslator HK,HL IEM1211I Do loop optimization KE 
IEM0878I Pretranslator HK,HL IEM1220I Do loop optimization KU 
IEM0879I Pretranslator HK,HL IEM1223I Do loop optimization KO 
IEM0880I Pretranslator HK,HL IEM1224I Do loop optimization KA 
IEM0881I Pretranslator HK,HL IEM1569I Pseudo-code LG-ON 
IEM0882I Pretranslator HK IEM1570I Pseudo-code LG 
IEM0896I Pretranslator HP IEM1571I Pseudo-code LG 
IEM0897I Pretranslator HP IEM1572I Pseudo- code LG 
IEM0898I Pretranslator HP IEM1574I Pseudo-code LG 
IEM0899I Pretranslator HP IEM1575I Pseudo-code LG 
IEM0900I Pretranslator HP IEM1588I Pseudo-code MD 
IEM0901I Pretranslator HP IEM1600I Pseudo-code LS, LT, LU 
IEM0902I Pretranslator HP IEM1601I Pseudo-code LS 
IEM0903I Pretranslator HP IEM1602I Pseudo-code LS, LT, LU 
IEM0906I Pretranslator HP IEM1603I Pseudo-code LS,LT,LU 
IEM0907I Pretranslator HP IEM1604I Pseudo-code LS,LT,LU 
IEM102U Translator IA IEM1605I Pseudo-code LS, LT, LU 
IEM1025I Translator IA IEM1606I Pseudo-code LS, LT, LU 
IEM1026I Translator IA IEM1607I Pseudo-code LS,LT,LU 
IEM1027I Translator IA IEM1608I Pseudo-code LS,LT,LU 
IEM1028I Translator IA IEM1609I Pseudo-code LS,LT,LU 
IEM1029I Translator IA IEM1610I Pseudo-code LW 
IEM1030I Translator IA IEM1611I Pseudo-code LW 
IEM1040I Translator IM IEM1612I Pseudo-code LW 
IEM1051I Translator IM IEM1613I Pseudo-code LS,LT,LU 
IEM1056I Translator IM IEM1614I Pseudo-code LW 
IEM1057I Translator IM IEM1615I Pseudo-code ME 
IEM1058I rrans1ator IM IEM1616I Pseudo-code ME 
IEM1059I Translator IM IEM1617I Pseudo-code MB 
IEM1060I Translator IM IEM1618I Pseudo-code MB 
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IEM1619I Pseudo-code MB IEM1811I Pseudo-co:ie OS 
IEM1620I Pseudo-code MB IEM1812I Pseudo-code OS 
IEM1621I Pseudo-code MB IEM1813I Pseudo-code OS 
IEM1622I Pseudo-code MB,ME IEM1814I Pseudo-code OS 
IEM1624I Pseudo-code MB IEM1815I Pseudo-code OS 
IEM1625I Pseudo-code MB IEM1816I Pseudo-code NJ 
IEM1626I Pseudo- code ME IEM1817I Pseudo-code NJ 
IEM1627I Pseudo-code ME IEM1818I Pseudo-code NJ 
IEM1628I Pseudo-code ME IEM1819I Pseudo-code NJ 
IEM1629I Pseudo-code ME IEM1820I Pseudo-code NJ 
IEM1630I Pseudo-code MG,MH IEM1821I Pseudo-code NJ 
IEM1631I Pseudo-code MI,MJ IEM1822I Pseudo-code NJ 
IEM1632I Pseudo-code MI,MJ IEM1823I Pseudo-code NJ 
IEM1633I Pseudo-code ME IEM1824I Pseudo-code NM 
IEM1634I Pseudo-code ME IEM1825I Pseudo-code NG 
IEM1635I Pseudo-code ME IEM1826I Pseudo-code NG 
IEM1636I Pseudo-code ME IEM1827I Pseudo-code NG 
IEM1637I Pseudo-code ME IEM1828I Pseudo- code NG 
IEM1638I Pseudo-code ME IEM1829I Pseudo-code NG 
IEM1639I Pseudo-code MF IEM1830I Pseudo-code NG 
IEM1640I Pseudo-code MM,MN IEM1831I Pseudo-code NJ 
IEM1641I Pseudo-code MM,MN IEM1832I Pseudo-code NM 
IEM1642I Pseudo-code MM,MN IEM1833I Pseudo-code NM 
IEM1643I Pseudo-code MM,MN IEM1834I Pseudo-code NM 
IEM1644I Pseudo-code MM,MN IEM1835I Pseudo-code NM 
IEM1645I Pseudo-code MM,MN IEM1836I Pseudo-code NM 
IEM1648I Pseudo-code MM,MN IEM1837I Pseudo-code NM 
IEM1649I Pseudo-code MM,MN IEM1838I Pseudo-code NM 
IEM1650I Pseudo-code MM,MN IEM1839I Pseudo-code NM 
IEM1651I Pseudo-code MM,MN IEM1840I Pseudo-code NM 
IEM1652I Pseudo-code MM,MN IEM1841I Pseudo-code NM 
IEM1654I Pseudo-code MM,MN IEM1843I Pseudo-code NM 
IEM1655I Pseudo-code MN IEM1844I Pseudo-code NM 
IEM1656I Pseudo-code ME IEM1845I Pseudo-code NM 
IEM1657I Pseudo-code MM IEM1846I Pseudo-code NM 
IEM1658I Pseudo-code MN IEM1847I Pseudo-code NM 
IEM1670I Pseudo-code MP IEM1848I Pseudo-code NM 
IEM1671I Pseudo-code MP IEM1849I constant conversions OS 
IEM1680I Pseudo-code MS IEM1850I constant Conversions OS 
IEM1687I Pseudo-code MS IEM1860I Pseudo-code NU 
IEM1688I Pseudo-code MS IEM1861I Pseudo-code NU 
IEM1689I Pseudo-code MS IEM1862I Pseudo-code NU 
IEM1692I Pseudo-code MS IEM1870I Pseudo-code NU 
IEM1693I Pseudo-code MS IEM1871I Pseudo- code NU 
IEM1695I Pseudo-code MA IEM1872I Pseudo-code NU 
IEM1696I Pseudo-code MA IEM1873I Pseudo-code NU 
IEM1750I Pseudo-code MS IEM1874I Pseudo-code NU 
IEM1751I Pseudo-code MS IEM1875I Pseudo-code NV 
IEM1752I Pseudo-code NA IEM2304I storage Allocation PD 
IEM1753I Pseudo-code NA :i:EM2305I Storage Allocation PD 
IEM1754I Pseudo-code NA IEM2352I storage ~location PD 
IEM1790I Pseudo-code OG,OM IEM2650I Register Allocation RA 
IEM1793I Pseudo-code OE IEM2660I Register Allocation RD 
IEM1794I ·Pseudo-code OE IEM2661I Register Allocation RD 
IEM1795I Pseudo-code OE IEM2700I Register Allocation RF.RG,RH 
IEM1796I Pseudo-code OE IEM2701I Register Allocation RF.RG.RH 
IEM1797I Pseudo-code OE IEM2702I Register Allocation RF.RG.RH 
IEM1800I Pseudo-code OS IEM2703I Register Allocation RF.RG,RH 
IEM1801I Pseudo-code OS IEM2704I Register Allocation RF,RG,RH 
IEM1802I Pseudo-code OS IEM2705I Register Allocation RF.RG,RH 
IEM1803I Pseudo-code OS IEM2706I Register Allocation RF.RG,RH 
IEM1804I Pseudo-code OS IEM2707I Register Allocation RF.RG,RH 
IEM1805I Pseudo-code OS IEM2708I Register Allocation RF.RG,dH 
IEM1806I Pseudo-code 05 IEM2709I Register Allocation RF,RG,RH 
IEM1807I Pseudo-code OS IEM2710I Register Allocation RF,RG,RH 
IEM1808I Pseudo-code OS IEM2711I Register Allocation RF.RG,RH 
IEM1809I Pseudo-code OS IEM2712I Register Allocation RF,RG,RH 
IEM1810I Pseudo-code OS IEM2817I DCB Generation GA 
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IEM2818I DCB Generation GA IEM3845I Compiler control AA 
IEM2819I DCB Generation GA IEM3846I Compiler Control AA 
IEM2820I DCB Generation GA Optimization KA 
IEM2821I DCB Generation GA IEM3847I Compiler Control AA 
IEM2822I DCB Generation GA IEM3848I Compiler Control AA 
IEM2823I DCB Generation GA IEM3849I Compiler Control AA 
IEM2824I DCB Generation GA IEM3850I Compiler Control AA 
1EM2825I DCB Generation GA IEM3851I Compiler control AA 
IEM2826I DCB Generation GA IEM3852I compiler control AA 
1EM2827I DCB Generation GA IEM3853I Compiler Control AA 
IEM2828I DCB Generation GA IEM3855I Compiler Control AA 
1EM2829I DCB Generation GA IEM3856I compiler control AA 
1EM2830I DCB Generation GA IEM3857I Compiler Control AA 
1EM2831I DCB Generation GA IEM38581 compiler Control AA 
IEM2832I DCB Generation GA IEM3859I Compiler control AA 
IEM2833I Final Assembly TF IEM3860I compiler Control AA 
IEM2834I Final Assembly TF IEM38611 Compiler Control AA 
IEM2835I Final Assembly TF IEM3862I Compiler control AA 
1EM28361 Final Assembly TF 1EM38631 Compiler Control AA 
1EM2837I Final Assembly TF IEM3864I compiler :ontrol AA 
IEM2852I Final Assembly TJ IEM38651 Compiler control AA 
1EM2853I Final Assembly TJ IEM3866I Compiler Control AA 
1EM2854I Final Assembly TJ IEM3872I Compiler Control AA 
IEM2855I Final Assembly TJ 1EM3873I Compiler control AA 
IEM2865I Final Assembly TO 1EM38741 compiler :ontrol AA 
1EM28661 Final Assembly TO IEM38751 compiler Control AB 
IEM2867I Final Assembly TO IEM3876I Compiler Control AA 
IEM2868I Final Assembly TO IEM3877I Compiler Control AB 
1EM2881I Final Assembly TT 1EM38781 Compiler Control AA 
IEM28821 Final Assembly TT IEM3880I Compiler Control AA 
IEM2883I Final Assembly TT IEM3887I Compiler control AA 
IEM2884I Final Assembly TT IEM3888I Compiler Control AB 
IEM2885I Final Assembly TT IEM3889I Compiler Control AB 
IEM2886I Final Assembly TT 1EM3890I Compiler Control AA 
IEM2887I Final Assembly TT IEM3891I Compiler Control AA 
IEM2888I Final Assembly TT IEM3892I Compiler Control AA 
IEM2897I Final Assembly UA IEM3893I Compiler control AA 
1EM2898I Final Assembly UA 1EM3894I compiler control AA 
1EM2899I Final Assembly UC IEM3895I Compiler Control AA 
1EM2900I Final Assembly UC IEM38961 Compiler Control AA 
IEM29131 Final Assembly UF IEM3897I Compile~ Control AA 
1EM30881 Dictionary, Declare EL 1EM38981 Compiler control AA 

Pass 2 1EM38991 Compiler Control AL 
1EM31361- Dictionary, Declare EL IEM3900I Compile:r control AB 

31491 Pass 2 1EM3901I Compiler Control AB 
1EM3151I Dictionary, Declare EL IEM3902I Compiler control AB 

Pass 2 IEM3902I Compiler Control AB 
IEM3153I Dictionary, Declare EL IEM39031 Compiler control AB 

Pass 2 IEM3904I Compiler control AA 
1EM3154I Dictionary, Declare EL IEM3905I compiler control AA 

Pass 2 IEM3906I Compiler control AA 
1EM31561 Dictionary, Declare EL IEM3907I compiler Control AA 

Pass 2 1EM39081 Compiler control AA 
IEM3162I Dictionary, Declare EL IEM39091 Compiler Control AL 

Pass 2 1EM3910I compiler control AB 
1EM31671- Diet ionary, Declare EL IEM3911I Compiler Control AB 

31731 Pass 2 1EM39121 Compiler Control AB 
1EM3176I- Dictionary, Declare EL IEM3913I Compile-time Processor AB 

31901 Pass 2 IEM39141 Compile-time Processor AB 
IEM31991- Dictionary, Declare EL 1EM41061 Compile-time Processor AS 

32131 Pass 2 IEM41091 compile-ti me Processor AS 
1EM35841 48 Character BX 1EM4112I Compile-time Processor AS 

Preprocessor IEM4115I compile-time Processor AS 
IEM3840I Compiler Control AA 1EM4118I Compile-time Processor AS 
IEM3841I Compiler Control AA 1EM4121I compile-time Processor AS, BC, BG 
1EM38421 Compiler control AA IEM4124I Compile-time Processor BC,BG 
1EM3843I Compiler Control AA IEM41301 Compile-time Processor BG 
1EM3844I compiler Control AA 1EM41331 compile-time Processor BC 
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IEM4134I compile-time Processor BC IEM4313I compile-time Processor BC 
IEM4136I compile-time Processor BC IEM4319I Compile-time Processor BC 
IEM4139I Compile-time Processor BC IEM4322I Compile-time Processor BC 
IEM4142I Compile-time Processor BC IEM4325I Compile-time Processor BC 
IEM4143I Compile-time Processor BC IEM4326I Compile-time Processor AV 
IEM4148I compile-time Processor BC IEM4328I compile-time Processor BC 
IEM4150I Compile-time Processor BC IEM4331I Compile-time Processor BC 
IEM4151I Compile-time Processor BC IEM43321 Compile-time Processor BC 
IEM4152I Compile-time Processor BC IEM4334I Compile-time Processor BC 
IEM4153I compile-time Processor BC IEM4337I compile-time Processor BC 
IEM4154I Compile-time Processor BC IEM4340I Compile-time Processor BC 
IEM4157I Compile-time Processor BC IEM4343I Compile-time Processor BC 
IEM4160I compile-time Processor BC IEM4346I Compile-time Processor BC 
IEM4163I compile-time Processor BC IEM4349I Compile-time Processor BC 
IEM4166I Compile-time Processor BC IEM4352I Compile-time Processor BC 
IEM4169I compile-time Processor BC IEM4355I Compile-time Processor BC 
IEM4172I compile-time Processor BC IEM4358I Compile-time Processor BC 
IEM4175I Compile-time Processor BC IEM4361I Compile-time Processor BC 
IEM4176I Compile-time Processor BC IEM4364I Compile-time Processor BC 
IEM4178I Compile-time Processor BC IEM4367I Compile-time Processor BC 
IEM4184I compile-time Processor BC IEM4370I Compile-time Processor BC 
IEM4187I compile-time Processor BC IEM4373I Compile-time Processor BC 
IEM4188I compile-time Processor BC IEM4376I Compile-time Processor BC 
IEM4190I Compi"le-time Processor BC IEM4379I Compile-time Processor BC 
IEM4193I Compile-time Processor BC IEM4382I Compile-time Processor BC 
IEM4196I compile-time Processor BC IEM4283I Compile-time Processor BC 
IEM4199I Compile-time ·Processor BC IEM4391I Compile-time Processor BC 
IEM4202I compile-time Processor BC IEM4394I Compile-time Processor BC 
IEM4205I Compile-time Processor BC IEM4397I Compile-time Processor BC 
IEM4208I compile-time Processor BC IEM4400I Compile-time Processor BC 
IEM4211I compile-time Processor BC IEM4403I Compile-time Processor BC 
IEM4212I compile-time Processor BC IEM4406I Compile-time Processor BC 
IEM4214I compi1e-time Processor BC IEM4407I Compile-time Processor BC 
IEM4215I Compile-time Processor BC IEM4409I Compile-time Processor BC 
IEM4217I compile-time Processor BC IEM4412I Compile-time Processor BC 
IEM4220I Compile-time Processor BC IEM4415I Compile-time Processor BC 
IEM4223I compile-time Processor BC IEM4421I compile-time Processor BC 
IEM4226I Compile-time Processor BC IEM4433I Compile-time Processor BG 
IEM4229I Compile-time Processor BC IEM4436I Compile-time Processor BG 
IEM4232I compile-time Processor BC IEM4439I Compile-time Processor BG 
IEM4235I Compile-time Processor BC IEM4448I compile-time Processor BG 
IEM4238I compile-time Processor BC IEM4451I Compile~time Processor BG 
IEM4241I Compile-time Processor BC IEM4452I Compile-time Processor BG 
IEM4244I c.ompile-time Processor BC IEM4454I Compile-time Processor BG 
IEM4247I compile-time Processor BC IEM4457I compile-time Processor BG 
IEM4248I Compile-time Processor BC IEM4460I Compile-time Processor BG 
IEM4250I Compile-time Processor BC IEM4463I Compile-time Processor BG 
IEM4253I compile-time :Processor BC IEM4469I compile-time Processor BG 
IEM4254I Compile-time Processor BC IEM4472I compile-time Processor BG 
IEM4256I Compile-time Processor BC IEM4473I compile-time Processor BG 
IEM4259I compile-time Processor BC IEM4475I compile-time Processor BG 
IEM4262I compile-time Processor BC IEM4478I Compile-time Processor BG 
IEM4265I Compile-time Processor BC IEM4481I Compile-time Processor BG 

· IEM4271I Compile-time Processor BC IEM4484I Compile-time Processor BG 
IEM4277I compile-time Processor BC IEM4499I Compile-time Processor BG 
IEM4280I compile-time Processor BC IEM4502I Compile-time Processor BG 
IEM4283I Compile-time Processor BC IEM4504I Compile-time Processor BG 
IEM4286I Compile-time Processor BC IEM4505I compile-time Processor BG 
IEM4289I compile-time Processor BC IEM4506I Compile-time Processor BG 
IEM4292I compile-time Processor BC IEM4508I Compile-time Processor BG 
IEM4295I Compile-time Processor BC IEM4511I Compile-time Processor BC 
IEM4296I compile-time Processor BC IEM4514I Compile-time Processor BG 
IEM4298I Compile-time Processor BC IEM4517I compile-time Processor BG 
IEM4299I compile-time Processor BC IEM4520I compile-time Processor BG 
IEM4301I compile-time Processor BC IEM4523I Compile-time Processor BG 
IEM4304I Compile-time Processor BC IEM4526I Compile-time Processor AS 
IEM4307I Compile-time Processor BC IEM4529I Compile-time Processor BC,BG 
IEM4310I compile-time Processor BC IEM4532I Compile-time Processor AS 
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IEM4535I compile-time Processor AS IEM4570I compile-time Processor 83 
IEM4547I compile-time Processor AV IEM4572I compile-time Processor BG 
IEM4550I Compile-time Processor BG IEM4574I compile-time Processor BG 
IEM4553I Compile-time Processor BG IEM4576I compile-time Processor BG 
IEM4559I compile-time Processor BG IEM4578I Compile-time Processor BG 
IEM4562I compile-time Processor BG IEM4580I Compile-time Processor BG 
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APPENDIX J: COMPILE-TIME PROCESSOR 

This appendix describes, for the 
Compile-time Processor Logical Phase, the 
internal formats of text and tables, 
communication region use, Operating System 
interfaces and compiler control interfaces. 

1. INTERNAL FORMATS OF TEXT 

The internal format of text used by the 
compile-time processor is EBCDIC. As 
source input is read into storage, 
non-macro text is moved directly into text 
blocks after translation to internal 
format. Encoded compile-time statements 
and line numbers are also placed in text 
blocks. 

Format of a Dictionary Entry 

The compile-time processor uses a set of 
chained dictionary entries. Hashing 
techniques are used to add an item to the 
dictionary or to search for an entry. A 
compile-time processor dictionary item is a 
variable-length item with the following 
skeletal format: 

The fields defined in this skeleton have 
the following meaning and usage: 

LENGTH: The length Of the EBCDIC name. If 
the item has no name <e.g., a 
constant> this field is ze~o. 

PROC NO.: The number assigned to the 
procedure in which the identifier 

Byte 1 Byte 2 Byte 3 

was declared. Each procedure is 
assigned a unique number. The 
identifiers in the non-procedural 
text are given the procedure number 
1. The built-in function SUBSTR is 
given the procedure number o. 

HASH-CHAIN-POINTER: rhe dictionary address 
of the next item on this hash 
chain. This address is zero if no 
item follows. 

TYPE: A byte which gives the attributes of 
the entry. The bits (if on) have 
been assigned the following 
meanings: 

~!! MEANIN~ 

0 fixed 
1 character 
2 bit 
'.':I entry 
u label 
5 INCLUDE identifier 
6 iterative DO 
7 constant 

VALUE/VALUE-POINTER: If the item is fixed, 
this contains the value proper 
stored as a five-digit packed 
decimal number. Otherwise it 
contains a pointer to the value 
stored in IVBs. The definition of 
value for the various kinds of 
entries is given below. For a 
fixed macro variable, this contains 
the value. For a character 
variable, it contains a pointer to 
IVBs containing the value. For a 
procedure, it points to the 
text-block location of the code. 

Byte 4 
r----------T----------r---------------------1 

Word 1 I LENGTH J PROC NO. I HASH-CHAIN-POINTER I 
·--------+---------.L---------------------~ 

word 2 I TYPE J VALUE/VALUE-POINTER I 
·----------.L---------T---------------------~ 

Word 3 I FLAGS I COUNT I 
·-----~----------------L----------·----------~ 

Word 4 I POINTERS/PARM-TYPES I 
·-------------------------------------------~ 

Word 5 I EBCDIC NAME ------> I 
L-------------------------------------------J 
I I 
·-------------------------------------------1 

Word n l ------> EBCDIC NAME I 
L-----------------~------------------------J 
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For a label, it points to the 
text-block location of the label. 
If references to the label are 
found before the label is 
discovered, the value pointer 
temporarily points to a chain of 
IVBs with a description of every 
GOTO transferring to this label. 
This information is processed and 
discarded when the label is found. 
For an INCLUDE identifier, it 
points to the beginning of the 
included text. 

FLAGS: This set of bits provides additional 
information about the use of the 
itan. They are used as follows: 

BIT MEANING 

O special entry bit 
1 DECLARE encountered (Phase 

BC) 
2 procedure body encountered 

(Phase BC) 
3 parameter 
4 used to indicate a procedure 

called by Phase II scan. 
5 DECLARE encountered (Phase 

BG) 
6 unused 
7 ACTIVATE bit 
8 •in-use• bit 
9 "indirect reference" bit 
10 •undefined• bit for multiple 

declarations 
11 left-hand side (LBS bit) 

This field occupies a half-word. 

COUNT: For a procedure entry, this field 
contains a count of the number of 
parameters for the procedure. For 
INCLUDE identifier it is zero 
initially, and subsequently 
contains the initial line number 
assigned to the included text. 

POINTERS/PARAM-TYPES: For a procedure, the 
field contains an encoding of the 
type information for each formal 
parameter. TWo bits are reserved 
for each parameter. One indicates 
fixed; the other indicates 
character. If neither bit is set, 
this indicates that the entry 
declaration did not specify 
attributes for the parameters. 

For a label, word 4 contains two 
pointers to dictio~ary items. One 
points to the dictionary entry for 
the immediately embracing iterative 
DO. The second half-word contains 
a pointer to the dictionary entry 
for the immediately embracing 
INCLUDE. This provides a method of 
checking the legality of GOTOs. 

For an INCLUDE identifier, only the 
pointer to the inunediately 
embracing INCLUDE is kept. 

During Phase I, word 4 is used for 
labels and simple variables to hold 
two pointers. These form a 
bi-directional chain of all labels 
and variables having the same 
procedure number which have been 
used but not defined. This 
information is used only in Phase I 
and can therefore be overlaid. 

EBCDIC NAME: A variable length field, 
containing the EBCDIC name of the 
item. If the item has no name, 
this field is not included. 

Format of an Identifier Value Block (IVB> 

To hold character and bit string values, 
some text blocks are organised into 
sub-blocks of 32 bytes each. Of these 32 
bytes, 27 are used to hold values or parts 
of values. The first byte is used to hold 
a copy of the last character in the 
preceding IVB. This copy is made to 
facilitate backup. The last four bytes 
consist of a condition code of one byte 
followed by a 3-byte chain pointer. A set 
of these sub-~locks, chained together, is 
used to hold a value. The condition byte 
is 27 for all except the last sub-block in 
a value. In this last condition code ·byte 
the first bit is set to 1 to indicate 
"end-of-value.• The remaining bits are a 
count of the signif ~cant bytes in the 
sub-block. There is a maximum of 27 
significant bytes in an IVB. 

The chain address is used to point to 
the next sub-block in a value. The meaning 
of the chain address in the last sub-block 
in a chain depends on how the chain is 
being used. 

These small chained sub-blocks are 
referred to as "identifier value blocks," 
or IVBs. 

Text blocks are allocated to hold IVBs 
as the need arises. Those IVBs not 
currently in use are chained together into 
an availability chain and are re-used when 
needed. 

An example of a character string value 
held in IVBs is shown. The character 
string, which starts with AB and ends with 
CD, is 28 characters long. TWo IVBs are 
thus required to hold the value. The 
string AB ••• c is put into the first IVB, 
while the last character, D, is put into 
another IVB. The condition code byte of 
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r---------~---r---T-1 r------------T---------T----, 
l?AB c I 0 1---->ICD///// I 100000011 ? I l--------------i ___ i_J L------------i---------i ____ J 
<----28------> 1 3 <---28-----> <---1---> <-3-> 

the first IVB is 27. The second condition 
code byte is 10000001. The first •1• 
indicates end-of-value, while 0000001 is a 
count of the significant characters in the 
IVB. 

Besides holding character-string values, 
IVBs are used in many places by the 
compile-time processor to hold information 
which must be chained from a dictionary 
entry and which is of indefinite length. 
These uses are noted elsewhere. 

Instruction Codes for the Compile-time 
processor 

compile-time statements are handled in two 
parts. During Phase BC, each statement is 
recognized and syntax checked. An encoded 
form of the statement is then placed into 
the current text block. During Phase BG 
these encoded statements are executed by an 
interpreter. 

All expressions are encoded in postfix 
Polish. A stack is used during Phase II to 
hold all operands. Conversions are done in 
Phase BG. 

Thus the expression CA+B>llC, for 
example, is turned into 

AB+ Cl I 

To be more explicit, it is turned into the 
instructions 

PUSH A; 

PUSH B 

ADD; 

PUSH C; 

CONCAT 

The PUSH operator pushes its operand 
onto the phase II stack. This stack 
consists of 150 full words in scratch 
storage. The first byte of each call is a 
status byte~ the last three bytes hold the 
value if the item is FIXED, a pointer if 
the item is CHARACTER or BIT, or an 
indirect reference to a dictionary entry if 
the indirect bit is on. 
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The bits of the status byte have the 
following meaning if set to one: 

BIT MEANING 

0 
1 
2 
3 

4 

FIXED 
CHARACTER 
BIT 
Indirect reference (i.e., points 
to a dictionary entry> 
Character string value does not 
•belong• to the stack and should 
not be erased when stack is 
popped. (Shared with Phase BG 
scan.) 

Bits 6-8 are unused by the interpreter. 
They are reserved for Phase BG scan. 

All instructions generated by the Phase 
BC code generators begin with an operation 
byte. Depending on the operation, it may 
be followed by zero or more bytes of 
information which are intrinsically part of 
the instruction. Each instruction may have 
either or both of the characteristics STACK 
and FIXED. The definition of these 
characteristics follows: 

1. STACK. These instructions consist 
only of the one-byte operator. They 
take their operands, if any, from the 
Phase II stack. These operators 
correspond in general to the PL/I 
arithmetic and string operators. 
Depending on whether they are unary or 
binary, they use the top one or two 
items on the stack. Before these 
operands are used, they are converted, 
if necessary, in place to the required 
type. After the items are used they 
are popped from the stack. The result 
of the operation is pushed onto the 
stack. 

The conversion, the popping, and the 
pushing are all implied for a stack 
operator. 

2. FIXED LENGTH. These operations are 
followed by a fixed number of bytes 
usually two. These bytes, which 
usually refer to a dictionary entry, 
serve as the operand(s) of the 
instruction. 

The table below shows the operations 
that are to encode macro instructions. The 
operand description indicates only the 
general operand type for a variable-length 
item. The count byte is omitted. 



r--------,--------T------~-----------------------·----T----------------------------1 
IMNEMONICI TYPE I OPERAND DESCRIPTION I FUNCTION I 
~--------+-------+----------~-------------------------+----------------------------~ 
IADD I STACK IBINARY; OPERANDS, RESULT FIXED IA+B 
I I I 
fSUB STACK !BINARY: OPERANDS, RESULT FIXED IA-B 
I I I 
IMUt STACK !BINARY; OPERANDS, RESULT FIXED IA*B 
I I I 
IDIV STACK IBINARY; OPERANDS, RESULT FIXED IA/B 
I I I 
IUNMIN STACK IUNARY; OPERAND, RESULT FIXED f-B 
I I I 
IUNPLS STACK IUNARY; OPERAND, RESULT FIXED l+B 
I I I 
IASSIGN1 STACK f UNARY; B CONVERTED TO TYPE OF A IA=B (assignment) 
I FIXED I I 
I ! I 
INOT STACK IUNARY; OPERAND, RESULT BIT hB 
I I I 
IAND STACK !BINARY; OPERANDS, RESULT BIT IA&B 
I I I 
IOR STACK IBINARY; OPERANDS, RESULT BIT IAIB 
I I I 
ICONCAT STACK IBINARY; OPERANDS, RESULT CHAR IAllB 
I I I 
IEQU2 STACK I.BINARY; OPERANDS, RESULT VARY IA=B (equality) 
I I I 
IGT2 STACK !BINARY; OPERANDS, RESULT VARY IA>B 
I I I 
ILT2 STACK IBINARY; OPERANDS, RESULT VARY IA<B 
I I I 
IINC FIXED f Two-byte dictionary reference IINCLUDE A 
I I I 
IABORT FIXED IOne-byte code IABORT processing 
I I I 
ITRA FIXED ITwo-byte dictionary reference !Transfer to label 
I I I 
ITRAC FIXED ITwo-byte dictionary reference !Transfer to label 
I I I 
ITRAF3 STACK Two-byte dictionary reference ITransfer to label 
I FIXED lif top of stack false. 
I I 
IINV5 STACK TWo-byte dictionary reference and !Invokes the procedure 
I FIXED a one-byte argument count I 
I I 
ITRAI.. FIXED two two-byte dictionary references !Transfer out of INCLUDE 
I I 
IPUSB FIXED Two-byte dictionary reference IPUsh A onto stack 
I I 
IPUSBI FIXED Two-byte dictionary reference IPush address of A 
I I onto stac 'k 
I I 
IUPDT FIXED Three-byte line count IPut line count into LINCNT 
I I 
IENTM FIXED no operand !Enter interpreter 
I I 
IRTNS FIXED no operand !Return to Phase II scan 
I I 
IENB FIXED Two-byte dictionary references IACTIVATE A 
I I 
IDSB FIXED Two-byte dictionary references !DEACTIVATE A 
I I 
IDCL FIXED Dictionary reference !DECLARE A 
I I 
INOPD FIXED Dictionary reference INo-ops the DECLARE, once 
I I executed 
L--------1----~L------------------------------------L----------------------------
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.--------,--------T------------------------------------T----------------------------1 IMNEMONICI TYPE I OPERAND DESCRIPTION I FUNCTION I 
·--------+-------+------------------------------~-----+----------------------------i 
ICVT 8 I FIXED IDictionary reference !Convert to RETURNS I 
I I I I attribute I 
I I I I I 
IRETN7 I FIXED IDictionary reference IReturn from procedure A I 
~--------~-------~----~------------------------------i----------------------------i 
~The ASSIGN operator does not push a result. The expression result is found on 
the PDS and is popped; the dictionary reference for the left hand side is the 
single argwnent. 

2operand conversion for EQU, GT, and LT is as specified in IBM System/360 
Operating system: PL/I Language Specifications. 

3The TRAF uses and pops the top operand on the stack. It is treated as a bit 
string for conditional transfers. 

4This handles GOTOs out of included text. At this point CLNUP is performed. The 
arguments are (a) the dictionary entry for the label to which control is to pass~ 
and Cb) the dictionary entry for the current INCLUDE. 

sThe arguments for the invocation are contained on the stack. The dictionary 
I reference is to the procedure entry. 
I 
leThis converts the top of the stack to the attributes specified in the RETURNS 
I attribute for the procedure A. 
I 
f 7Tbis terminates the invocation of procedure A and converts the value on the top 
I of the stack to the attribute specified on the PROCEDURE statement. 
L----------------------------------------------------------------------------------
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2. COMMUNICATIONS REGION USE 

The region from offset O to offset 304 
(ZCOMM) is used as a general conununications 
region throughout the compiler, including 

the compile-time processor. The region 
from ZCOMM to ZCOMM+463 is also used by the 
compiler1 however, during the compile-time 
processor phase, this region is used 
exclusively by the compile-time processing. 
The details of this usage are shown below. 
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r--------T---------T-------,.------------------------------------------------------------1 
I I Dec. I I I 
I ~ I Offset I Lenqthl Contents I 
~--------+---------+-------+------------------------------------------------------------~ 
ISTATUS ZCOMM 1 Byte 1: Bit 0 not used 
I 1 PROCSW -- processing macro procedure 
I Note: 2 FINDBIT -- SRHDIC has found dictionary item 
I Condition 3 ERSW -- diagnostic produced in Phase II 
I Settin~s 4 EFSW -- end of file encountered (input> 
I "l" = set 5 LEVBIT -- processing IVB 
I •o• = off 6 INCSW processing included text 
I 7 PH2SW -- in Phase II 
I 
6TA2 

SUBSTRDR 

TOKPTR 

INCPTR 

INBUF 

IOUTBUF 
I 
IPDSPTR 
I 
IEND"9UF 
I 
I 
I WHERE 
I 
I 
IIVBPTR 
I 
ILINCNT 
I 
ITEMPTR 
I 
IDCENTY 
I 
ICURINC 
I 
ICURDO 
I 
IPROCNO 
I 
INXTPC 
I 
IDPHCNT 
I 
ICODE 
I 
I LENGTH 
I 
I 

ZCOMM+1 1 

ZCOMM+2 2 

ZCOMM+4 4 

ZCOMM+B 4 

ZCOMM+12 4 

2.COMM+16 4 

ZCOMM+20 4 

ZCOMM+24 · 4 

ZCOMM+28 4 

ZCOMM+32 4 

ZCOMM+36 4 

ZCOMM+40 2 

ZCOMM+42 2 

ZCOMM+44 2 

ZCOMM+46 2 

ZCOMM+48 1 

ZCOMM+49 1 

ZCOMM+SO 2 

ZCOMM+52 1 

ZCOMM+54 2 

Byte 2: Bit 0 
1 
2 
3 
4 
5 
1 

OLDINC -- processing already listed INCLUDE 
SKPSW -- indicates entry to END from PRCSCN 
NOPERCENTSW -- look ahead for % completed 
SYSOPN -- SYSLIB DCB is open 
MACRO -- indicates current macro action 
PR2SW -- indicates in macro procedure I 
ARG -- indicates that Phase II is looking for 
arguments of activated procedure 

Holds dictionary reference of 0 level SUBSTR entry 

Address of character being scanned, text reference or 
absolute, right justified 

Save area for TOKPTR 

Absolute address of input buffer, right justified 

Absolute address of output buffer, right justified 

Absolute address to top of pushdown stack, right justified 

Absolute address to last significant character in input 
buffer, right justified 

Address of next available byte in output buffer, text 
reference or absolute, right justified 

Text reference to next free IVB, right justified 

Holds current line number, right justified 

Dictionary reference to top of "in-use• temporary stack 

Dictionary reference for chaining dictionary items 

Dictionary reference to INCLUDE entry being processed 

Dictionary reference to DO entry being processed 

Current procedure number, right justified 

Next available procedure number, right justified 

current depth count 

Code for token type 

Nwnber of signifiant characters in TOKBUF, right justified 

IMXDPTB ZCOMM+56 2 Integer value of depth of replacement, right justified 

:INDEX ZCOMM+58 I 2 Hash table index for dictionary routines 

L--------i---------i-------'------------------------------------------------------------.-J 
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r--------T---------T------~------------------------------------------------------------1 
I I Dec. I I I 
I ~ I Offset I Lenqthl Contents I 
~--------+---------+-------+------------------------------------------------------------~ 
IATTR ZCOMM+60 2 "Type• byte for dictionary routines 
I 
IGRSAVE ZCOMM+64 4 Save area for GRG 
I 
INEWIVB ZCOMM+68 4 Pointer to IVB chain to be freed or obtained 
I 
IVALUE ZCOMM+72 4 Type and value/value pointer for dictionary entries 
I 
IPREINB ZCOMM+76 4 Pointer to header information for INBUF 
I 
IBUFSRT ZCOMM+80 4 Pointer to left margin in INBUF 
I 
IINIVB ZCOMM+84 1 Current busy block number 
I 
IOUTIVB ZCOMM+85 1 Current busy block number 
I 
ITXTBLK ZCOMM+86 1 current busy block number 
I 
IINVBAB ZCOMM+88 4 current block used in absolute address calculation 
I 
IOUTIVBAB ZCOMM+92 4 current block used in absolute address calculation 
I 
ITXTBLKAB ZCOMM+96 4 Current block used in absolute address calculation 
I 
IMTABC ZCOMM+lOO 4 Address of translate table for TOKSCN and FINDPC 
I 
ITXTEST ZCOMM+104 4 Length of text block adjusted for chain address 
I 
f BUFl ZCOMM+108 4 Pointer to first INCLUDE buffer 
I 
f BUF2 ZCOMM+112 4 Pointer to second INCLUDE buffer 
I 
f LIBDCB ZCOMM+116 4 Pointer to DCB for SYSLIB data set 
I 
f USRDCB ZCOMM+120 4 Pointer to DCB for user data sets 
I 
tMAXLCT ZCOMM+124 4 Maximum line count used so far 
I 
IPRCWHR ZCOMM+128 4 Pointer to next byte in which to put procedure text 
I 
DCENTYAB ZCOMM+132 4 Absolute address of diction~ry entry 

SCHK 

PROCCL 

OUTER CL 

PROCCLDR 

OUTRCLDR 

DEC I DR 

ICURPRC 
I 

ZCOMM+136 4 

ZCOMM+140 2 

ZCOMM+142 2 

ZCOMM+144 2 

ZCOMM+146 2 

ZCOMM+148 4 

ZCOMM+152f 4 
I 

Pointer to level 1 SUBSTR entry 

Dictionary· reference of procedure check list 

Dictionary reference of outer check list 

Dictionary referer .. ce for PROCCL cell 

Dictionary reference for OUTERCL cell 

Dictionary reference of dictionary entry for DECIMAL 1 

Pointer to current procedure entry on PDS 

ITORBUF ZCOMM+164I 32 32-byte buffer, characters inserted left justified 
L--------~---------L-------L------------------------------------------------------------1 
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r--------T---------T-------,.------------------------------------------------------------1 
I I Dec. I I I 
I Name I Offset I Length! Contents I 

~--------+---------+-------+---------~--------------------------------------------------~ 
IHASTB IZCOMM+300I 128 I 64 two-byte dictionary references to hash chains for named I 
I I I I items I 
I I I I I 
ICONSCH IZCOMM+4281 2 I Dictionary reference to constant chain I 
I I I I I 
ISPECCH IZCOMM+430I 2 I Dictionary reference to special chain -- debugging only I 
L--------i---------i-------~------------------------------------------------------------J 

3. COMPILE-TIME PROCESSOR, OPERATING 
SYSTEM, AND COMPILER CONTROL INTERFACES 

Although the compile-time processor makes 
considerable use of the Operating System 
facilities, it usually does so indirectly 
through the compiler control. However, 
those Operating System services required to 
support the INCLUDE facility are invoked 
directly. Since included text is required 
to be a member of a partitioned data set, 
it is those data management facilities 
which support BPAM which are used. 
Specifically the macros OPEN, FIND, CLOSE, 
READ and CHECK are used by various parts of 
the INCLUDE handler. Details of these 
macros can be found in IBM system/360 
Operating system, Supervisor and Data 
Management Services. 

The root phase is invoked by the 
compiler control if the MACRO option is 
specified. All subsequent communication 
between the compile-time phases and the 
compiler control is done by way of cells in 
the communications region. This includes 
the parameters passed to the F service 
routines, the decoded options which are 
tested, and the cells set to indicate the 
status of source margins and mode (EBCDIC) 
of the output. 

Specifically, the following cells in the 
communications reqioP are either used or 
set: 

PARl 

PAR2 
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ZTV 

ZMYNAM 

MCSIZE 

CCC ODE 

TXTSZ 

ZSOR column number in which to begin 
scan of input text 

ZMAG -- column number in which to end 
scan of input text 

ZTRANl 

The following compiler control routines 
are referenced: 

ZUPL RELESE 

ZURD RLSCTL 

ZUGC ZTXTRF 

ZUTXTC ZTXTAB 

ZURC ZCBAIN 

ZABORT ZALTER 

ZLOADW ZDABRF 

ZDICRF ZENO 

ZUERR ZUBW 

ZDRFAB 



APPENDIX K: TABLE HANDLING ROUIINES FOR K PHASES 

The purpose of these routines is to permit 
the user to build, scan and otherwise 
manipulate tables in text blocks without 
any concern for physical block boundaries, 
status of text blocks or maintaining 
pointers to first, last and current table 
entries. The routines also handle text, 
which is assumed to be a special type of 
table. 

The user may: 

1. Define a table by using the IEMKTCA 
macro to set up a TCA (task 
conununication area) control block. 
The address of the TCA is always 
passed to a table handling routine and 
identifies the table concerned. Most 
TCAs will be held in the local 
conununications region in phase KA. 

2. Add new entries to the end of a table. 
Table entries may be of fixed or 
varying lengths. For fixed length 
entries, the length is held in the TCA 
for the table. For varying length 
entries, the TCA contains information 
enabling the routine to determine the 
length of the entry. Fixed length 
entries may be built in storage and 
moved into the table by the routines, 
or space allocated for an entry by the 
routines and the entry built directly 
into the table. For varying length 
entries, the entry must be built in 
storage and moved into the table by 
the routines. 

3. Scan a table either forwards or 
backwards. The user requests the 
address and text reference of the 
'next' table entry. The user may 
position a scan to the start or end of 
a table, or to some intermediate 
point. 

4. Reference individual table entries at 
random. This may be done while a 
sequential scan of the table is being 
performed, and will not affect the 
scan. 

5.. Specify that a table is to be deleted. 

6. Specify that entries are to be 'locked 
in'. This means that the absolute 
address of a table entry will remain 
valid until the en~ry is explicitly or 
implicitly unlocked, or the.table is 
deactivated. <see 7). If an entry is 
not 'locked in', any subsequent call 
to the table handling routines may 

render the absolute address returned 
for the entry invalid. The current 
entry of a sequential scan, either 
creating or reading, is automatically 
'locked in'. 

A randomly referenced entry is only 
locked by an explicit lock request. 

A current scan entry may be unlocked 
explicitly by deactivating the table, 
or implicitly by making or requesting 
the next entry, or repositioning the 
scan. 

A random entry may be explicitly 
unlocked, or implicitly unlocked by 
another random reference to the same 
table specifying lock. 

All locks are released when a table is 
deactivated. The total number of 
locked entries for all tables must not 
exceed four at any one time. 

7. Activate or deactivate a table. All 
tables are initially deactivated. 
Tables are always activated 
implicitly, initially by a request to 
add an entry to the table, and 
subsequently by any valid request for 
an operation to be performed on that 
table. 

A table may be deactivated by an 
explicit request. Deactivation causes 
all locked entries to be unlocked, and 
renders all absolute addresses of 
entries in that table invalid. 
Sequential scans are not otherwise 
affected. 

A table is implicitly deactivated by a 
request to free the table (as in 5), 
or if the table contains no locked 
entries and any call is made to the 
table handling routines. 

DESCRIPTION AND FORMAT OF 
MACRO-INSTRUCTIONS 

The IEMKTCA Macro 

This macro is used to set up a TCA (table 
control area) control block describing a 
table to be processed by the table handling 
routines. The macro has two functions: 
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1. Sets up global variables describing 
tables which are used by the IEMKTAB 
macro to generate appropriate linkages 
to the table handling routines. 

2. Used with the R operand to set up a 
TCA control block the address of which 
is passed to the table handling 
routines to identify the table. The 
'table identifier' is the same as the 
'table2 identifier' used in IEMKrAB 
macro instructions. It must also be 
the label of a fullword containing, at 
execution time, the address of the TCA 

Description of Parameters 

set up by a IEMKTC~ macro instruction 
with the R operand. 

Format: 
( F) 

table identifier IEMKTCA [,R,]ET=(V) 
(T) 

C,L=entry lengthl[,OPS=[S][R]] 

C,NPTRS=no of scan pointers.] 
C,DLF=displacement to length field] 

r--------------T------------------------------------------------------------------------1 
I Parameter I Description I 
~--------------+------------------------------------------------------------------------~ 
IET=entry type I This parameter indicates the type of entry contained in the table, as I 
I I fallows : I 
I I I 
I I F - fixed length entries I 
I I V - variable length entries I 
IT - text I I 

~--------------+------------------------------------------------------------------------~ IL=entry lengthl This parameter is required if ET=F is coded, and indicates the length I 
I I of an entry. I 
·--------------+------------------------------------------------------------------------~ 
IOPS=operationsl This parameter indicates the type of operations to be performed on the I 
I I table, as follows: I 
I I I 
I I s - sequential scans will be performed I 
I I R - random references will be made I 
~--------------+------------------------------------------------------------------------~ 
INPTRS=n I This parameter permits more than one sequential scan of one table to bel 
I I made at one time. 'n' indicates the maximum number of sequential scans! 
I I which will be in progress at any one time. An individual scan is I 
I I identified by coding PTR=n in the SET, SETZ or SCAN operation (see I 
I I IEMKTAB) macro>. The default value is n=l if OPS=S or RS is coded, or I 
I I OPS is omitted, otherwise n=O. If ET=T is coded, this parameter must I 
I I be omitted and only one scan is permitted. I 

·--------------+------------------------------------------------------------------------~ IDLF=disp. I This indicates the displacement from the first byte of the entry to I 
Ito length I the two byte field containing the length of the entry. It must must bel 
I field I coded if ET=V is coded. I 
·--------------+------------------------------------------------------------------------~ 
IR I This parameter is supplied only if actual code is to be generated from I 
I I the macro instruction. It provides a label for the TCA which may be I 
I I used in an A type address constant having the label identifier as its I 
I I label. I 
L--------------~------------------------------------------------------------------------J 
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Example of use: 

TABLEl DC A(ATAB1) 

TABLE1 DTCA ATAB1,ET=F, L=8, OPS=S 

Nott: the label on the IFMKTCA 
macro-instruction statPment is not 
made the label of any generated 
statement, so no multiple definition 
will result. Its only use is to 
provide a link between the two macros 
IEMKTCA and IEMKTAB. 

The IEMKTAB Macro 

This macro specifif~S operations tri bP 
performed on a table or table~'.j. The tablP. 
to be operated on is alway!"; specified by 
supplying the address of its TCA. 

Format: 

[label] IEMKTAB code, parametPrs 

Note: 'code' specifies the type of 
operation, and the parameters depend 
on this as shown below: 

r-----T---------------------------------------------------------1 
I Code! Parameters I 
~-----+---------------------------------------------------------~ 
IELDC I Table Identifier, address of entry skeleton I 
I I [ ,AATO=) [,SATO=) I 
~-----+---------------------------------------------------------~ 
IBLDT I Taole Identifier C,AATO=l [,SATO=] I 
~-----+---------------------------------------------------------i 
I I <N> I 
IDR I Table Identifier, SA=C,AATO=] C,OPT=(L)) I 
~-----+---------------------------------------------------------~ 
IULDR I <Table Identifier, ••• > or Table Identifier I 
~-----+---------------------------------------------------------i 
f SET I Table Identifier, SA=C,PTR=nl I 
~-----+---------------------------------------------------------i 
I I u·> I 
ISE~Z I Table Identifier C,OPT=(B)] C,PTR=nl I 
~-----+---------------------------------------------------------~ 
I I <F> I 
ISCAN I Table Identifier [,AATO=J (,SATO=] C,OPT=(B)] I 
I I [ ,.PTR=n] [,ETA=] [,TRTAB=,FBT0=1 [,PSATO=] I. 
~-----+---------------------------------------------------------~ 
IFREE I (Table Identifier, ••• ) or Table Identifier I 
~-----+---------------------------------------------------------i 
I DEACT I ('Iable Identifier, ••• ) or Table Identifier I 
·-----+---------~-----------------------------------------------i 
ITEST I Table Identifier, NTA= I 
L-----i---------------------------------------------------------J 
Notes: 

The 'Table Identifier' operand must 
appear in the label field of a IEMKTCA 
macro-instruction physically preceding the 
IEMKTAB macro-instruction. The last three 
operands of the SCAN operation <TRTAB, 
FBTO, PSATO) only apply to text tables 
ET = 'I in IEMKTCA). 
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Description of Keyword Parameters 

r-----------,.---------------------------------------------------------------------------
1 Keyword I Description 1 
I Parameter I I 
~-----------+---------------------------------------------------------------------------i f AATO I A register designation or address of a fullword in which the returned I 
I I absolute address is to be placed. I 
~-----------+---------------------------------------------------------------------------i f SATO I Address of a three byte field in which the returned symbolic address is tof 
I I be placed. I 
~-----------+---------------------------------------------------------------------------i 
ISA I Address of a three byte area containing a symbolic address. I 
·-----------+--~------------------------------------------------------------------------i IOPT I Options applying to this operation. The option letters may appear in any I 
I I order. I 
~-----------+---------------------------------------------------------------------------i 
IPTR I Specifies the pointer which identifies the current record of the scan. 'n' 
I I must not exceed the number specified in the NPTRS parameter of the IEMKTCAI 
I I macro-instruction. C indicates the end of table pointer for creating new I 
I I entries. I 
~-----------+---------------~----------------------------------------------------------i IETA I Specifies the address of a routine to be given control when the end of a I 
I I table is detected during a sequential scan. I 
~-----------+---------------------------------------------------------------------------i 
ITRTAB I Address of translate table for selective scan. I 
~-----------+---------------------------------------------------------------------------i IFBTO I Location or register in which non-zero function byte from translate I 
I I operation is to be placed. I 
~-----------+------------------------------------------------------------------------~-i 
IPSATO I Address of a three byte area into which the symbolic address of the I 
I I previous entry is to be placed. I 
·-----------+------------------------------------------------------------------------~-i INTA I Address of routine to receive control if table is null. I 
L-----------i---------------------------------------------------------------------------J 
Note: A register designation (absolute expression in parentheses> identifying general 
~~- registers 2-9 may be used in the AATO, SATO, SA, ETA, FBTO, PSATO and NTA operands. 
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Description of Table Handling Operations 

r-----------T---------------------------------------------------------------------------1 
I Operation I Description I 
t-----------+---------------------------------------------------------------------------~ 
IBLDC I Adds an entry to the end of a table. The entry is built in storage by thet 
I I user and moved to the table by the tabie handling routines. The routines I 
I I return the symbolic and absolute addresses of the new entry. I 
t----------·-+---------------------------------------------------------------------------~ IBLDT I The table handling routines allocate space for a new entry at the end of I 
I I the specified table, and return the absolute and symbolic addresses of thel 
I I space. The user builds his entry in the space allocated. This operation I 
I I can only be specified if ET=F was coded in the IEMKTCA macro-instruction. I 
·-----------+---------------------------------------------------------------------------~ f DR I Direct <random) reference. The entry is identified by the SA parameter. I 
I I The absolute address of the entry is returned. If OPT=L is specified, thel 
I I entry is locked in. I 
t-----------+---------------------------------------------------------------------------~ IULDR I The last directly referenced entry for this table that specified OPT=L, isl 
I I unlocked. l 
·-----------+---------------------------------------------------------------------------i ISET I The sequential scan is positioned at the entry identified by the SA I 
I I parameter. The next SCAN operation causes the absolute address of this I 
I I entry to be returned. PTR=n <see SETZ). I 
t-----------+---------------------------------------------------------------------------~ ISETZ I The sequential scan is positioned to tbe beginning of the table if the OPTI 
I I parameter is omitted or OPl'=F is coded, or to the end of the table if I 
I I OPT=B is coded. The next SCAN operation returns the absolute address of I 
I I the first or last table entry to be returned. The PTR=n parameter I 
I I indicates which sequential scan is meant if more than one is in progress I 
t I at one time. 'n' may not exceed the number specified in· the NPTRS I 
I I parameter of the IEMKTCA macro-instruction. PTR=l is assumed if the I 
I I parameter is omitted. OPT=B may not be coded if ET=V or T is coded in thel 
I I IEMKTCA macro-instruction for the table. I 
t-----------+---------------------------------------------------------------------------~ 
f SCAN I The symbolic and absolute addresses of the next entry in the table are I 
I I returned. If a SET or SETZ was the last operation, the next entry is thatl 
I I pointed to by the SET or SETZ operations. The options F or B indicate: I 
I I F a forward scan is required. This is the default. I 
I I B a backward scan is required. This may only be specified if ET=F is I 
I I coded in the IEMKTCA macro-instruction. I 
L-----------J.---------------------------------------------------------------------------J 

Selective Scanning Facilitiy 

This facility. is available for text tables 
only (ET=T in IEMKTCA macro-instruction). 
The TRTAB operand identifies a 256 byte 
translate.table which is used to translate 
the code byte of the entry. If the result 
is zero, the scan continues until the 
routine exits to the ETA address. If the 
result is non-zero, it is placed in the 
register or location identified by the FBTO 
operand, and control returns to the user, 
the AATO and SATO operands identifying the 
selected entry. 

r------,.----------------------------------, I Code I Description I 
t------+----------------------------------i IFREE I One or more tables are completelyl 
I I freed and deactivated. The next I 
I I operation on the table must be a I 
I I BLDC or BLDT. I 
t---~--+----------------------------------i 
IDEACT I The table or tables are I 
I I deactivated. All locked entries I 
I I are unblocked and all absolute I 
I I addresses of entries rendered I 
I I invalid. I 
t------+---------------~------------------i 
ITEST I Tests for a null table. If tablel 
I I is null, control is passed to I 
I I routine identified by NTA I 
I I pointer. I 
L------~---------------------------------_J 
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APPENDIX. L:.CONTROL ROUTINES 

·Entry to the various compiler control 
routines is via a transfer vector. Details 
of the transfer vector appear below. 

r------T--------T------------------------1 
IHex. I I I 
IOffsetl Name I Description . I 
~----~-+--:__ ____ + __ _; ________________ . __ :___~ 

8 ZUPL Print a line 

c 

10 

14 

18 

20 

24 

28 

2C 

30 

34 

38 

40 

44 

48 

ZURD 

ZuGC 

ZUTXTC 

ZURC 

ZABORT 

ZLOADW 

ZDICAB 

ZDICRF 

ZUERR 

Read a card 

Get scratch storage 

Get text block 

Release scratch storage 

Dump and go to error 
message routines 

Load and return to 
caller 

Make dictionary entry. 
Absolute address 
returned 

Make dictionary entry. 
Dictionary reference 
returned 

Make error message entry 

ZDRFAB convert dictionary 
reference to absolute 
address 

ZLOADX Load with overlay and 
return to caller 

REQUEST Give a list of phase 
names required or not 
wanted for this 
compilation 

RELESE Release all named phases 

RLSCTL Release all named phases 
and pass to next phase 

4C ZDUMP Dump specified main 
storage and continue ·I 

L------.L--------~-------------------------J 
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r------T--------T------------------------1 
IBex. I I · I 
!Offset! ~ I Description I 
~------+--------+-------------------------~ 

50 ZTXTRF Converts absolute 

54 

58 

SC 

60 

64 

68 

6C 

70 

74 

78 

80 

84 

88 

ZTXTAB 

ZCHAIN 

ZALTER 

address to text 
reference 

Convert text reference 
to absolute address 

Find next block in chain 

Change text block status 

ZDABRF Convert absolute address 
to dictionary reference 

ZNALRF Make unaligned 
dictionary entry. 
Reference returned 

ZNALDB Make unaligned 
dictionary entry. 

ZEND 

ZULF 

ZUSP 

Absolute address 
returned 

Terminate job 

Write on load file 

Write on punch 

ZUBW Write on auxiliary 
storage 

RLSCTLX Release all named phases 
and hand control to the 
next phase, after having 
loaded it with overlay 

RECONS Reconstitute 
instructions in IEMAL 

DYNAMIC Pass control to the 
dynamic dwnp routines, 
if required 

ac IEMAL/ Address of second 
IEMAN control phase 

------~--------&.------------------------



COMPILER CONTROL ROUTINES 

r--------T------T-----------------------------------------------------------------------, I Name )Hex. I Details I 
I I Offset I I 
·--------+------+---------------------------------~-------------------------------------i RELESE 44 Description 

Deletes list of phases 

Parameters Passed 

PAR1 byte 0 unused 
1-3 address of list of phases to be deleted. The list of 

phase names, each of two characters, is 
terminated by the name ZZ 

Parameters Returned 

None 
·--------+------+-----------------------------------------------------------------------i REQEST 40 Description 

l 

Marks phases as •wanted' or •not wanted' 

Parameters Passed 
PAR1 byte 0 unused 

1-3 address of list of phases to be marked as 'wanted' 

PAR2 byte 0 unused 
1-3 address of list of phases to be marked as 

'not wanted' 

Parameters Returned 

None 

I Notes 
I 
I 
I 
I 
I 
I 

A phase list containing only 'ZZ' is effectively a null list. 
During module AM phases of the compiler are all marked as either 
normally loaded or not loaded. A phase which is normally not loadedf 
is only loaded if it has previously been marked as •wanted'. A I 
phase which is normally loaded will always be loaded unless it has I 

I previously been marked as 'not wanted' I ________ i ______ i _______________________________________________________________________ J 
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r--------T------T-----------------------------------------------------------------------1 I Name f Hex. I Details I 
I I Offset I · I 
~--------+------+-----------------------------------------------------------------------~ RLSCTL 48 Description 

Deletes a list of loaded phases and passes control to next phase 

Parameters Passed 

PARl byte 0 unused 
1-3 address of list of phases to be deleted before next 

phase is loaded 

PAR2 byte 0 unused 
1-3 <a> zero, if next phase is to be taken from compiler 

control phase directory 
(b) address of phase name to be loaded next 

Parameters Returned (to next phase) 

PARl byte O unused 
1-3 address of new phase load point 

Notes 

List of phases given by the address in PAR1 is deleted. Then the 
next phase is selected and loaded and control is passed to a point 
two bytes from the load point of the new phase 

~--------+------+-----------------------------------------------------------------------~ RLSCTLX 80 Description 

Releases all named phases and passes control to next phase. The 
next phase may be loaded more than once 

Parameters Passed 

PAR1 byte 0 unused 
l.-3 address of list of phases to be deleted before next 

phase is loaded 

PAR2 byte 0 unused 
1-3 (a) zero of next phase is to be taken from compiler 

control phase directory 
<bl address of phase to be loaded next 

Parameters Returned (to next phase) 

PAR1 byte o unused 
1-3 address of load point of new phase 

~ 

1. List of phases given by the address in PARl is deleted. The 
next phase is selected and loaded and control is passed to a point 
two bytes from the load point of the new phase 

2. The entry point RLSCTLX does not cause the compiler control 
routines to advance the pointer in the table of phases still to be 
loaded, and does not cause the phase to be marked as already loaded 
once 

L--------i------.1.-----------------------------------------------------------------------
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r--------T------T------------------------~----------------------------------------------1 
I Naroe IHex. I Details I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ I ZABORT 20 Description 
t 
I 
I 
I 
I 
I 
I 
I 
1 
I 

Deletes currently loaded phases (after dumping if DP specified in 
parameter) and passes control to Error Editor 

Parameters Passed 

None 

Parameters Returned 

I None 
~--------+------+-----.------------------------------------------------------------------~ 
I ZALTER 5C I Description I 
I I I 
1 I Changes text block status I 
1 I 
I 
I 
I 
I 
I 
I 
I 
1 

Parameters Passed 

PAR1 byte 0 unused 
1 text block number 
2-3 unused 

PAR2 bytes 0-2 unused 
3 status required 
bits 0-3 unused 

4 x' 4' ' busy ' 
5 X' 3' •wanted' 
6 x• 2'. 'not wanted• 
7 X' 1' •free' 

Parameters Returned 

PAR2 is una1tered and may be used in successive calls without 
reloading 

1. Terminology: 
'busy' - lock into storage i.e •• address preserved 
'Wanted' - information required, do not spill unless necessary 
'Not wanted' - information required, block may be spilt 
'Free' - information no longer required ________ i ______ i ______________________________________________________________________ _ 
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r--------T------T-----------------------------------------------------------------------1 
I Name I rlttx. I . i.)etails I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ 

ZCHAIN 58 Description 

Finds next text block in chain 

Parameters Passed 

PARl byte 0 unused 
1 current block number 
2-3 unused 

PAR2 bytes 0-2 unused 
3 status required for old block 

Parameters Returned 

PARl byte O unused 
1-3 text reference of start of new block 

PAR2 byte 0 unused 
1-3 absolute address of start of new block 

The new text block is marked as busy 

~--------+------+-----------------------------------------------------------------------~ 
ZDABRF 60 Description 

Converts absolute address to dictionary reference 

Parameters Passed 

PARl bytes 0-1 unused 
2-3 any reference in the same dictionary block 

PAR2 byte 0 unused 
1-3 absolute address to be converted 

Parameters Returned 

PAUl bytes 0-1 unu~ed 
2-3 dictionary reference corresponding to absolute 

address 

1. No check is made that this address is the start of a dictionary 
entry, or that it is any other specific point 

2. No ch~ck is made that the address is in the same block as the 
dictionary reference passed. If this is the case, that is, the 
pararr.eters passed are in error, the dictionary reference returned 
may not correspond to the address ________ i ______ i ______________________________________________________________________ _ 
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r--------T------T-----------------------------------------------------------------------1 
I Name lHex. I Details I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ 
I ZDICAB 28 I Description 
I I 
I I ~akes align~d dictionary entry and returns absolute address 
I I 
I I 2arameters Passed 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

PAR1 byte 0 unu&ed 
1-3 address of entry (as built by calling phase) 

PAR2 bytes 0-1 unused 
2-3 length of entry (binary> 

Parameters Returned 

PAR1 byte O unused 
1-3 dictionary entry address 

PAR4 bytes 0-1 unused 
2-3 reference to some point in the same dictionary block 

1. The entry built is constructed complete with code byte and 
length fields. The length passed in PAR2 is the len~th of the 
complete entry 

I 2. ZDICRF performs the same function and returns more information, I 
I with no loss in efficiency I 
~--------+------+-----------------------------------------------------------------------~ 

ZDICRF 2C Description 

I 
I 
I 

Makes an aligned dictionary entry and returns its dictionary 
reference and absolute address 

Parameters Passed 

PARl byte 0 unused 
1-3 address of entry 

PAR2 nytes 0-1 unused 
2-3 length of entry (binary) 

Parameters Returned 

PAR1 bytes 0-1 unused 
2-3 dictionary reference of entry 

PJ.\.R4 byte 0 unused 
1-3 dictionary entry address 

I Notes 
I 
I see 2DICAB ________ i ______ i ______________________________________________________________________ _ 
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r--------T------T-----------------------------------------------------------------------1 I Harne I Hex. I Details I 
I . I Offset I . I 
·--------+------+--------------------~--------------------------------------------------i 

ZDRFAB I 34 Description I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·1 

Converts dictionary reference to absolute address 

Parameters Passed 

PARl bytes 0-1 unused 
2-3 dictionary reference 

Parameters Returned 

I PAR1 byte 0 unust::d 
I 1-3 absolute addres~ 

·--------+------+--------------------~-~------~~----------------------------------------~ 
ZDUMP 4C Description 

Dumps specified storage and continues 

Parameters Passt.~1 

PA~l byte o x• oo .' 
1-3 unused 

PAR3 bytes 0-3 either (a) zero 
or (b) address of a pag~ heading to be printed 

Parameters Returned 

NonP 

1. The areas -to be dumped, and the editing to be done on them, is 
given in th~ DUMP parameter to the compilation 

2. The dump is only produced if the two character name in ZMYNAM 
roatches one of the phase names specified in the DUMP parameter 

3. The message "PiiASE zz COMPLETED" is printed if 'P' is incluaea 
jn t:he DUM11 parameter even thougth control is returnE'J to the point 
of invocation in the phase 

4. ThG regh;ters printed by the dump routine are not necessarily as 
when control was passed from the callina phas~ 

~--------+------+-----------------------------------------------------------------------i I ZEND I 6C I Descrintion 
I I I 
I I I Terminates compilation.immediately 
I I I 
I I I Parameters Passed 
I I I 
I I I none 
I I I 
I I I Parameters Returned 
I I I 
I I I None 
L--------i------i-----------------------------------------------------------------------
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r--------T------T-----------------------------------------------------------------------1 
1· ~ame I tiex. I Details I 
I )Offset I I 
~--------+------+-----------------------------------------------------------------------~ 

ZLOAD~~ I 24 Description 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Loads phase and returns control to calling phase 

Parameters Passed 

PARl byte 0 unused 
1-3 address of name of phase to be loaded 

Parameters Returned 

PARl byte O unused 
1-3 address of phase load point 

1. Control is returned to calling phase, not to phase just loaded 

I I 2. The entry point ZLOADW causes the phase loaded to be marked as I 
I I such, and therefore cannot be loaded again (see ZLOADX) I 
~----·----+------+-----------------------------------------------------------------------~ 
I ZI.OADX I 38 Qeucription: 

I 
I 
I 

Loads phase and control is returned to calling phase 

Parameters Passed 

PARl byte 0 unused 
1-3 address of name of phase to be loaded 

Parameters Returned 

PARl byte O unused 
1-3 address of phase load point 

1. Control is returned to calling phase, not to phase loaded 
I 
I 2. The phase loaded may be loaded again, since it is not marked as 
I loaded by this entry point (see ZLOADW) 

--------~------.l.-----------------------------------------------------------------------
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r--------T------T-----------------------------------------------------------------------1 
I liaroe I.Sex. I Details I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ ZNALAB 68 Description 

Makes unaligned dictionary entry and returns absolute address 

Parameters Passed 

PARl byte 0 unused 
1-3 address of entry 

PAR2 bytes 0-1 unused 
2-3 length of entry (binary> 

Parameters Returned 

PARl byte 0 unused 
1-3 dictionary entry address 

PAR4 bytes 0-1 unused 
2-3 reference to some point in the same dictionary block 

1. The entry is constructed exactly as it will appear in the 
dictionary, complete with code byte and length field 

2. ZNALRF performs the same function and returns more information, 
with no loss in efficiency 

~--------+------+-----------------------------------------------------------------------~ 
ZNALRF 64 Description 

Makes unaligned dictionary entry and returns its dictionary 
reference and absolute address 

Parameters Passed 

PARl byte O unused 
1-3 address of entry 

PAR2 bytes 0-1 unused 
2-3 length of entry (binary) 

Parameters Returned 

PAR1 bytes 0-1 unused 
2-3 dictionary reference of entry 

PAR4 bytes 0 unused 
1-3 dictionary entry address 

1. See ZNALAB 
L--------i------i-----------------------------------------------------------------------
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r--------T~----T-----------------------------------------------------------------------1 
I Name I Hex. I Oetails I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ 

ZTXTAB 54 I Description 
I 
I 
1 

Converts text reference to absolute address 

I Parameters Passed 
I 
I 
I 
l 
I 

PARl byte 0 X'80' if status of block to remain unchanged 
not X'80' - text block set to busy 
1-3 text reference to be converted 

I Parameters Returned 
I 
I PARl byte 0 unused I 
l 1-3 absolute address corresponding to text reference I 

~--------+------+-----------------------------------------------------------------------~ I ZTXTRF 50 Description I 
I I 
I converts absolute address to text reference I 
I I 
I Parameters Passed I 
I I 
I PARl byte 0 unused I 
I 1 block number of text block containing absolute address I 
I 2-3 unused I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I I 

PAR2 byte 0 unused 
1-3 address to be converted 

Parameters Returned 

PARl byte 0 unused 
1-3 text reference corresponding to absolute address 

1. This routine is of use in only a few cases since it requires to 
be passed the block number containing the absolute address, and only 
returns the offset from the start of the block. This off set can be 
calculated, if the text block is scanned sequentially, by 

I I subtracting the address of the start of the block 

~--------+------+-----------------------------------------------------------------------~ I ZUBW 78 Description 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

Writes on backing storage 

Parameters Passed 

PARl byte 0 unused 
1-3 address of output record 

PAR2 bytes 0-1 unused 
2-3 length of record (binary) 

Parameters Returned 

I None 
L--------~------~-----------------------------------------------------------------------
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r--------T~----T---~------------------------------------------------------------------1 I Name IHex. I Details I 
I I Offset I . I 
~--------+------+-----------------------------------------------------------------------~ ZUERR 30 Description 

Inserts diagnostic messages in dictionary 

Parameters Passed 

PARS bytes 0-1 unused 
2-3 numeric parameter, if any (halfword binary> 

PAR6 byte O unused 
1-2 message number (hexadecimal) 
3 bit O on if text to be inserted 

1 on if statement number to be inserted 
2 on if numeric parameter to be inserted 
3 on if dictionary reference to be inserted 

4-7 severity code of message 

X'O' Termination 
X'4' severe 
X'S' Error 
X'C' Warning 

PAR7 either: 
byte O unused 

1-3 address of text to be inserted 
or: byte 0-1 unused 

2-3 dictionary reference to be inserted 

PAR8 bytes 0-1 unused 
2-3 length of text to be inserted 

Parameters Returned 

None 

Notes 
~-1-.- When the message is printed the numeric parameter is converted 

to decimal and inserted into the message. PARS is ·unused if. bit 2 
of byte 3 in PAR6 is off 

2. Jf bit 1 is on, the statement number is taken from the ZSTAT 
slot in the communications region at the time ZUERR is called 

3. Bits 0 and 3 are mutually exclusive and.if both are on in a call 
to ZUERa, the routine aborts 

4. If bit 3 is on, the dictionary reference from PAR7 is inserted 
into the message dictionary entry. The error message phases pick up 
the BCD from the dictionary entry, indicated by the reference, and 
insert it into the message l 

I 
5. If bit 0 is on, text is picked up from the address given in I 
PAR7. This text is in compiler internal representation. The length! 
of the text is taken from PARS. The maximum length of text insertedl 
into a message is 10 characters. If the length given is greater I 
than 10 the text is truncated to 10 characters. If the text has f 
been truncated it is enclosed in quotes in the message I 

L--------i------i-----------------~---------------~-----------------------------------J 
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r--------T------T-----------------------------------------------------------------------1 
I ·~arrf> I ciex. I Details I 
I 1o~fsetl I 
~--------+------+-----------------------------------------------------------------------~ 

ZUGC I 10 Descriotion I 
I I 
I Gets scratch storage I 
I I 
I Parameters Passed I 

I I 
I PARl bytes 0-3 count of 512 byte blocks of storaqe refjui rµ,j I 
I I 
I Parameters Returned I 
I I 
I PARl byte 0 unused I 
I 1-3 address of allocated scratch storage I 
I I 
I PAR2 bytes 0-1 unused I 
I 2-3 bytes of storage allocated I 

~--------~·------+-----------------------------------------------------------------------~ 
I ZiJLF' 70 Description I 
I I 

I 
I 
I 
I 

Writes record to object module file (SYSLIN) 

Parameters Passed 

PARl byte O unused 
1-3 address of 72 byte area containing recor~ to uP 

written 

Parameters Returned 

None 

1. If an uncorrectable I/O error occurs on this data sP.t ttJP option 
Lu,\D is switched off, a message is produced, and the co111pilation 
continues without producing an object module 

I 2. The la3t 8 bytes of the record will contain: 
I byt~s 73-76 name of object module, taken from :PP.tJA'~ ii. the 
I communications region. This is set ~rom the first 
I four characters of the first entry label of the 
I external procedure 

I I I 77-80 sequence nwnber I 
L--------i------i-----------------------------------------------------------------------J 
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r--~----T------T-----------------------------------------------------------------------1 
I Name I Hex. I Details I 
I I Offset I I 
~--------+------+--------------------~-----------------------------------------~--------~ 

ZUPL 08 Uescription 

Puts record out to SYSPRINT Data Set 

Parameters Passed 

PARl byte 0 unused 
1-3 address of area defining print line 

PAR3 bytes 0-3 zero if no secondary heading to be printed 
or address of area defining secondary headinq line 

Parameters Returned 

None 

1. Paging action is performed automatically 

2. Format of area containing print line is: 
byte 0 x'OO' 

1 total length of area (binary) 
2 ASA control character 
3 line to be printed-EBCDIC, variable length, maximum 132 

characters 

·--------+------+-----------------------------------------------------------------------~ 
ZURC 18 Description 

Releases scratch storage got by ZUGC 

Para~eters Passed 

P~.Rl bytes 0-3 count of entries to ZUGC to be released <binary> 

Parameters Returned 

None 

The routine frees all the storage that was allocated by thP. last n 

' calls to ZUGC, where n is given by PARl I 
·--------+------+-----------------------------------------------------------------------~ 

ZURO OC I DE1~;cripti~)_!! 

I 
I 
1 

xeadR record f rorn SYSI~ 

I Parameters Passed 
I 
I 
I 
I 

P~\Rl byte O unused 
1-3 audress of area into which r~cord is to be placed 

I Parameters Returned 
I 
I PAR2 bytes 0-1 unused 
I 2-3 length of record returned (binary) 

--------.L------.L---····-------------------------------------------------------------------
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6 

r--------T------T----------------------------------~-~--------------------------------1 
I Name IHex. I Details I 
I I Offset I I 
~--------+------+-----------------------------------------------------------------------~ ZUSP 74 Description 

Puts record out to SYSPUNCH 

Parameters Passed 

PAR1 byte 0 unused 
1-3 address of 72 byte area containing record to be 

written 

Parameters Returned 

None 

1. The relevant option is PUNCH. see ZULF for other notes 
·--------+------+-----------------------------------------------------------------------~ ZUTXTC 14 Description 

Gets new text block and optionally chains it to a current block 

Parameters Passed 

PAR1 byte O unused 
1-3 text reference to a current block if new one is 

to be chained 

PAR2 bytes 0-2 unused 
3 X'OO' no chaining 
or x•an• chaining where n is status required for 

current block 

Parameters Returned 

PAR1 byte O unused 
1-3 text reference to new block 

PAR2 byte o unused 
1-3 absolute address of start of new block 

1. The new block is set to a status of 'busy' 

2. See ZALTER for definition of status of blocks 
L--------.1.------4-----------------------------------------------------------------------J 
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Indexes to program logic manuals are consolidated in the publication IBM system/360 
Operating System: Program Logic Manual Master Index, Form Y28-6717. For additional 
information about any subject listed below, refer to other publications listed for the 
same subject in the Master Index. 

abbreviations used during 
compilation 439-448 
abnormal termination 23 
absolute addresses, conversion 15 
absolute code, instruction formats 433-434 
accumulator register 64 
additions to text 40 
adjustable bounds 34 
ADV (see array dope vector> 
aggregate length table 65 
aggregates logical phase 46 
aggregates, RDV for CONTROLLED or BASED 57 
aliasing, of variables 47 
alignment, by structure processor 46 
ALLOCATE chain 29 
annotated dictionary dump 25 
annotated text dump 25 
AREA 25 
argument markers 52 
arithmetic registers 51 
array bounds 32 
array dope vector (ADV) 39 
array multipliers, calculated in structure 
processor 46 

arrays 
of string dope vectors 46 
of strings, calculations with VARYING 
attribute 46 

assigned registers 67 
ASSIGNMENT triples 59 
ATR option 39 
attribute collection area 35 

scanned for SETS 37 
attribute list, scanned 34 
attributes 

consistency 2 9 
consistency analyzed 31 
dictionary entries 28 
inconsistent 34 
invalid 34 
syntax checking in read-in phase 31 
test for consistency 32 
when printed 40 

AUTOMATIC chain 38 
housekeeping 39 
in structure processor 46 
scan in pseudo-code phase 51 
VOA 63 

auxiliary storage 17 
spilling 15 

base registers 67 
based variable expression (BVEXP) 39 
BASED variables, RDV 57 
batch compilation 26 
BCD, translation 26 
BEGIN statements, count 29 
BLDL 26 

BLDL macro 23 
phase directory construction 386 

block control 21 
block control area 22 
block header chains 33 
block nesting levels 30 
block size 

determination of 15 
dictionary 15 
selection 22 
SIZE option 22 
text 15 

bound slot 39 
boundary alignment, by structure 
processor 46 

build list 23 
phase directory construction 386 

built-in function handler 28 
built-in functions 

EMPTY 42 
generic 33 
non-generic 33 
NULL 42 
NULLO 42 
scan for 54 
TRANSLATE 52,277 
VERIFY 53,277 

BUY ASSIGN statements, scan in pseudo-code 
phase 59 

BUY statement 42 
scan in pseudo-code phase 59 

BUY triples, in pseudo-code phase 55 
BVEXP (see based variable expression) 
BXB instruction, used to generate 

pseudo-code 47 
BXLE instruction, used to generate 

pseudo-code 47 
BY NAME option, in pretranslator phase 40 

CALL chain 29 
calling program 21 
cards, control 26.1,86 
catalogued procedures 15 
CCCODE 26 
chains 26 

ALLOCATE 29 
AUTOMATIC 38-39 

housekeeping 39 
in structure processor 46 
scan in pseudo-code phase 51 
VOA region 63 

block header 33 
CALL 29 
circular 33 
COBOL., in preprocessor 4 6 
constants 38,60-61 
constructed by read-in 29 
CONTROLLED 39 
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in structure processor 46 
DECLARE statements 29,35 
DEFINED scan 47 
error 69 
hash 33 
picture 34 

validity check 38 
PROCEDURE-ENTRY BEGIN 29 
STATIC 39,61 

in structure processor 46 
scan of external section 68 

SUBS TABLE 49 
symbol variables 62 
type 1 entry 68 

chamelon dunmy argument 45 
chamelon temporaries 41-42 
character translation 21 
CHAR48 option 24 
check, syntax 26.1,161 
CHECK lists, formal parameters 38 
circular chains 

extended 34 
initialized 33 

cleanup phase 27 
CLOSE statements, parameter list 57 
closing routine 26 
CNVC macro 6 O 
COBOL chain, mapped in preprocessor 
phase lf 6 

COBOL option,, in ENVIRONMENT string 41 
code byte 

for TASK option 41 
GOOB 37 
GOTO 37 
statement introduction 37 
text string 17 

code 
for prologues and epilogues 460-465 
library call 46 
compiler completion 23 
dictionary 26 

comments, removed from input text 2 9 
common data space 48 
commoning of subscripts 48-49 
communication between phases 17,21 
communication with control program 15 
communications region 

contents 17 
control Code word 17 
dictionary block 1 7 
initialization 21 
of dictiona:ry 17 
options 17 
tables 451-457 
use 21 
ZPRNAM 67 

compare action 44 
compare weight 44 
compilation 

as a job step 15 
bypassed 28 
termination 70 

compile-time processor 15 
comnunications region 479-482 
constants 30 
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control interfaces 482 
identifiers 30 
internal formats of text 474-478 

logical phase 27 
operators 30 
output string 30 
SOURCE option 23 

compiler control 21-26.1 
compiler control modules 21,24-26.1 
compiler control phases, tables 75-86 
compiler control routines 15 
compiler functions, scan in pseudo-code 
phase 59 

compiler logic. q\lide to 71 
compiler organization and control 

diagram 20 
compiler read routine 28 
compiler 

as part of operating system 15 
completion code 23 
functions 32 
initialization 21 
invocation by calling program 21 
output data sets 15 
phases 15 
pseudo variables 32 
purpose 15 
storage requirements 15 

completion code 23 
concatenation, in 48 character set 27 
consistency of attributes 29 
consistency of options 29 
constant chain 60-61 
constants pool 60 
constants 

chain 38 
contextual use 31 
conversion to binary 37 
count 37 
dictionary entries 28 
in compile-time processor string 30 
marker 37 

contextual 
constants 31 
identifiers 31 
pictures 31 

control · 
diagram 20 
of dictionary block 21 
of text block 21 

control cards 26.1,86 
control blocks 

DECLARE 41 
OPEN 41 

Control code word 17,26 
control module 21,24 
control of workspace 15 
control proqram 15 
control routines 28 

compiler 15 
debugging 15 
diagnostic messages 23 
entry 21 
initialization 15 
input/output 15 
input/output 23 
program interruptions 15 
storage allocation 15 
storage dumping 15 
table Of 488-501 
ZUBW 27 



ZURD 27 
control tables 86 
control variables in pseudo-code phase 52 
CONTROLLED chain 

scan 39 
in structure processor &i6 
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:ONTROLLED variables. RDV 57 
:oNV macro 6 o 
:oNV pseudo-code macro 59 
conversion 

absolute addresses 15 
constants to internal form 60 
input characters 28 
symbolic references 15 
of built-in £unctions 42 
of character codes 30 

. of constants 37 
of precision data 34 
of replication factors 52 
to EBCDIC 28 
to internal code 28 
to triples 44 
48 to 60 character symbols 26.1 

CONVERT pseudo-code macro 60 
correction of syntactical errors 29 
correspondence defining 47 
count stack 37 
count. of constants 37 

Data Element Descriptor (OED) 37 
for symbol variables 62 

data flow diagram 16 
data sets 

compiler output 15 
data flow diagram 16 
INCLUDE 27 
input/output 15 
input/output usage table 24 
interface with compiler phases 23 
opening 21 
SYSIN 15 
SYSLIN 15 
SYSPRINT 15 
SYSPUNCH 15 
SYSUT1 15 
SYSUT3 15 
TRACEOUT 26 

DD statement 15 
debugging 

control routines 15 
features 26 

DECLARE chain 29 
DECLARE control block 41 
DED <see Data Element Descriptor> 
default rules, in dictionary entries 34 
DEFINED chain check 46 
DEFINED chain, scan 47 
DEFINED data 39 
DEFINED items, in aggregates phase 47 
defined references 39 
defined slot 36.39 
defining 

dynamic 39 
static 39 
validity of 39 

detection of syntactical errors 29 
diagnostic message chain 30 
diagnostic messages 15 

allocation to phases 466-473 
parameters in dictionary chain 30 

diagnostics 
for invalid characters 28 
syntax errors 28 

dictionary 
accessing 31 
annotated dump 25 
areas 31 
BCD entries 26 
codes 26 
communications region 17 
constant chain 60 
constructing 31 
default rules 34 
diagnostic message chain 30 
diagnostic messages 23 
dump 26 
embryo entry 29 
extended 26 
hash table 31 
identifiers 31 
normal extended 21 
normal size 26 
organization 17 
resident table 384 
search 31 

dictionary block 
as communications region 17 
control 21 
release 28 
size 15 
space allocation 21 

dictionary entries 
attributes 28 
AUTOMATIC chain 38 
code bytes 387 
constants 28 
copy made 36 
data byte 38 
defined data 39 
definition of types 32 
diagram for internal entry point 33 
dimension table 412 
dope vector descriptor 47 
dummy reference 35 
entry points 32 
expanded 39 
for file conditions 38 
for file constants 41 
for ON conditions 37 
for STATIC DSAs 61 
format 17 
formats 

~UTOMATIC chain delimiter 409 
BCD entries 407 
built-in-functions 406-407 
CHECK list 408 
code bytes 397-400 
compiler labels 404 
constants 405-406 
data items 395-396 
OED 410 
DED2 410 
dope vector skeletons 409 
dope vectors for temporaries 410-411 
DVD 411 
ENTRY code byte 393-394 
entry points 389-393 
entry type 1 389-391 
emtry type 2 391 
entry type 3 391-392 
entry type 4 392-393 
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entry type 5 393 
error message 411-412 
EVENT data 406 
FED (Format Element Descriptor> 410 
files 405 
formal parameters 404 
GENERIC entry 393 
internal library functions 407 
label BCD entries 410 
label constants 404 
label variables 394-395 
ON condition 408 
ON statements 407-408 
optimization code byte 394 
options code byte 394 
parameter descriptions 407 
parameter lists 409 
pictures 408-409 
RDV 411 
second code byte 407 
SETS list 392 
STATIC CSA 411 
structure entries 396 
symbol table entries 409 
task identifiers 406 
variable information 400-401 
wprkspace requirements 409 

GENERIC 42 
INITIAL value list 413 
INITIAL values 412-413 
internal formats 387-413 
iterative DO-loops 28 
labels 30 
LIKE referemce 36 
optimization 34 
options code byte 34 
picture table 34 
pictures 38-39 
RDV and DVD 6 2 
record dope vector 47 
REVERT statements 38 
SIGNAL statements 38 
skeleton dope vector 61 
statement labels 29 
symbol table 62 

dictionary logical phase 31 
dimensions, inherited 38 
DISPLAY statements, parameter list 56 
DO group stack 52 
DO MAP 

chain 48 
table 48 

DO statements, count 29 
DO-loop control optimization 50 
dope vector descriptor, dictionary 
entry 47,62 

'dope vector required' bit 39 
dope vector, virtual origin slot 46 
DROP item in pseudo code 51 
DSA <see Dynamic Storage Area> 
DSLOTS 22 
DTSP 25 
DTSPC 25 
dwmny arguments 

chamelons · 45 
when created 45 

dummy dictionary reference 35 
dummy reference, in second file 38 
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dummy references, in text 37 
DUMP option, effect on SIZE option 25 
dump 

of dictionary 26 
on SYSPRINT 25 

DUMP 
option 25 
parameter 25 

dumping, inter-phase 25 
DVD Csee dope vector descriptor) 62 
dynamic defining 39 
dynamic dump 25 
Dynamic Storage Area CDSA) 51 

optimization 64,464-465 
tasking information 63 

EMPTY built-in function 42 
END card 69 
END statements 

count 29 
inserted 29 

end-of-file indication 29 
end-of-program indication 29 

count 30 
end-of-program marker, in pseudo-code 

phase 54 
entry labels, in source text 29 
entry point, formal parameter 36 
entry points, dictionary entries 32 
entry type 1 68 
ENVIRONMENT option, for file constants 41 
ENVIRONMENT string. with COBOL option 41 
environmental options, use of 15 
EOB <end of block) 
EOB operator 44 
epilogue code, examples 460-465 
erroneous references, replaced in text 37 
error chains 69 
ERROR condition 29 
error dictionary entries ·69 
Error Editor 30 
error editor logical phase 69 
error message text 70 
error messages 

classification 23 
order of severity 28 
phase directory 23 
text 28 

errors and diagnostic messages 29 
errors, detected in read-in phase 31 
ESD (see External Symbol Dictionary> 
EXCLUSIVE second level narker 41 
EXEC STATEMENT 15 
explicitly generated statements, in 
pretranslator phase 40 

expression, definition 42 
expressions 

array bounds 32 
initial value iteration factors 32 
string lengths 32 
structure 43 

extended dictionary 21,26 
external library routines 439 
External Symbol Dictionary 

ESD cards 67 
in data flow diagram 16 



factored attribute table 34 
factored attributes 34 
file conditions, dictionary entries 38 
final assembly logical phase 67 
First Level Directory, format 385 
flow trace, not carried out by compiler 67 
FLOW/TRACE facilities 26.1 
flow/trace markers 86,86.1 
flowcharts (see also Phases and Modules) 

organization 71 
overall compiler logic 72-73 
resident control phase 74 

formal parameter list 39 
formal parameters, in CHECK or NOCHECK 
lists 38 

formats of dictionary entries 387-413 
freed registers 67 
FREEDSA 55 
function calls 42 
function references 41 
functions 32 

generic built-in functions 33 
GENERIC entry label 42 
generic phase 43 
GET statements, library call 58 
GLOBAL region boundary 49 

halfword binary items 65 
hash chain, used to scan dictionary 37 
hash chains 33 
hash table 33 

address 31 
deleted 32 
in dictionary 31 

housekeeping 38 

identifiers 
contextual use 31 
implicit definition 31 
in compile-time processor output 
string 30 

in dictionary logical phase 31 
in multiple declarations 35 
when rejected 35 

IDV <see Initial Dope Vector) 
IEMAA 21 
IEMAF control section 458 
IEMKTAB macro 485 
IEMKTCA macro 483-484 
IF statements, count 29 
IHEL.SP 56 
IHEMAIN 69 
IHEQERR 68 
IHEQTIC 68 
IHESADA 68 
IHESADB 68 
IHESTGA 54 
IHESTGB 54 
in-line pseudo code 52-53 
INCLUDE data set 27 
inherited dimensions 38 
INITIAL attribute, second file entries 36 
Initial Dope Vector, scan for 
statements 51 

initial labels 
in pseudo-assignment statements 30 
subscripted label variables 30 

initialization 
of compiler 21 
of control routines 15 

input, original 27 
input text 17 

end-of-file indication 29 
input/output 

control routines 15 
control routines 23 
data set usage table 24 
data sets 15 
library call for RECORD I/O 56 

insertion file 66-67 
insignificant blanks, removed f ron input 
text 29 

inter-phase dumping 25 
interface 

with data sets 23 
with operating system 15 

intermediate file 24 
internal code 29 

in text string 17 
internal entry point, diagram 33 
internal formats of dictionary 
entries 387-413 

Internal Formats of Text 414-448 
internal library routines 438-439 
interruptions, control routines 15 
invalid attributes, check for 34 
invalid characters 

diagnostics 28 
replaced by blanks 27 
used as markers 28 

invalid pictures 38 
invariance of subscripts 48-49 
IRREDUCIBLE 36 
iSUB references 40 
iSUBS 43 
ITDO region boundary 49 
iteration factors, initial value 32 
iterative DO-loops, dictionary entries 28 

Job Control Language 15 
JOB statement 15 
job step 15 
job termination 23 

K phases, table handling routines 483-487 
KEYID routine 384 
KEYWD routine 384 
Keyword tables 

construction 384 
in read-in logical phase 30 

label table 29 
labels, inserted in dictionary 30 
level stack 37 
library call sequences 

for not in-line CH~R and BIT string 59 
for stroage triples 59 

library call 
data transmission 58 
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GET and PUT statements 58 
initialization 58 
RECORD-oriented I/O 56 
termination 58 

library calling sequences 438 
library conversion routines 68 
library error package 66 
library routines 

external 439 
FREEDSA 55 
IHELSP 56 
IHEQERR 68 
IHEQTIC 68 
IHESADA 68 
IHESADB 68 
IHESTGA 54 
IHESTGB 54 
internal 438-439 

library work store (LWS) 63 
Library, call code 46 
LIKE attribute 36 
LIKE chain 36 
line numbering 27 
Link Library 15 
Linkage Editor 15 
Linkage Loader 15 
lists 

SUBS/REGION 4 8 
USE 48 

load-ahead technique 35 
loader text, TXT cards 68 
location counter, for assembled code 68 
logical phases, table 18-19 
LWS <see library work store> 63 

machine instructions, in text string 17 
MACRO option 24,27 
macro-code interpreter 28 
main storage 

release of 26 
requirements 22 

Map, Phase-in-Storage 383 
marker byte function references 41 
markers <see also second level markers) 41 

argument 52 
constant 37 
end-of-program 54 
function call 42 
multiple assignment 54 
P format 37 
procedure calls 42 
pseudo-variable 54 
'unsafe' 48 
use of invalid characters 28 
wanted or not wanted 44 

match chain, in SUBS TABLE 49 
message directory block 28 
messages (see also diagnostic messages, 
error messages) 

classification 23 
control routines 23 
diagnostic 15 
dictionary chain 23 

misaligned argument 65 
misaligned operands 65 
mixed overlay defining 47 
modules (see also Phases and Modules> 
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compiler control 24-26.1 
IEMAA 21 

MTF <multiplier function> 
MTF statement 39 
multiple assignment markers 54 
MULTIPLE ASSIGNMENT triples 59 
multiple declarations 35 

NAME card 69 
nested procedures, unnested at object 
time 68 

nesting, patch code 48 
NOCHECK lists, formal parameters 38 
'not sold' temporaries 42 
null arguments, in parameter lists 57-58 
NULL built-in function 42 
NULLO built-in function 42 

object program 17 
OBJNM parameter 69 
OFFSET slots 403-404 
OFFSET 2 slot, diagram 402 
offset, calculation in structure 
processor 46 

ON conditions, dictionary entries 37 
ON statements, count 29 
OPEN control block 41 
OPEN statements, parameter list 57 
opening of data sets 21 
operators, in compile-time processor output 
string 30 

optimization byte 34 
optimization logical phase 47 

storage blocks 22 
optimization 

of DSA 64 
subscripts 48-49 

option list, printing 21 
options code byte 34 
options list, initial 3Cari 21 
options 

ATR 39 
BY NAME 40 
check for legal combinations 58 
consistency 29 · 
Control Code word 17 
control section 25 
environmental 15 
in communications region 17 
in data flow diagram 16 
instructions to compiler 15 
interpretation of 15 
MACRO 27 
scanned 34 
source program 15 
status byte 15 
stored in dictionary 17 
TRACE/PATCH 26 
XREF 39 

ORDER, default setting 47 
organization, diagram 20 
original input 27 
out put string 

from compile-time processor 30 
in read-in phase 29 

output, of read-in phase 29 



overlay defining 47 
mixed 47 
scalars 47 
undimensioned structures 47 · 

padding, calculation in structure 
processor 46 

parameter description, in entry 
declaration 42 

parameter list 
DISPLAY statements 56 
for library call initialization 58 
for OPEN and CLOSE statements 57 
library calls 56 
null arguments 57 
WAIT statements 56 

parameter matching 32 
parameter registers 51 
parameters, of diagnostic messages 30 
PARTIAL SAFF./UNSAFE boundaries 49 
patch code 

in nest of loops 48 
in optimization phase 48 

PATCH/TRACE option 26 
patch file 47 
PATCH facilities 26.1 
PEXP (see pointer expression) 
PEXP statement 36 

deleted 39 
phase deleting 
phase directory 

construction 

23 
384 
23 

23 error messages 
format 386 
status byte 15 

phase loading 23 
phase marking 23 
Phase-in-storage Map 383 
phase, wanted/not wanted 23,35,44 
Phases and Modules - Guide 379-382 
Phases and Modules - Descriptions, 

Flowcharts, and subroutine Tables 
AA 21,74,75-77 
AB 21, 74, 78-79 
AC 24,74,79 
AD 25,74,79 
AE 25,74,80 
AF 25,74,80 
AG 25,74,80 
AH 26,74 
AI 26,74 
AJ 26,74 
AK 26,74,80 
AL 26,74,81-85 
AM 26,74,86 
AN 26,81-85 
AS 27, 88, 94-95 
AT 26,74.1,86,86.1 
AV 27,89,96 
BC 27-28,90,97-98 
BE 27 
BF 27 
BG 28,91,100-101 
BI 28 
BJ 28 
BM 28,92,102 
BN 28 

BO 28 
BP through BV 28 
BW 28,93 
BX 26,105,111 
CA 30, 112 
cc 30, 113 
CE 30,113 
CG 30 
CI 30-31,106,114 
CK 30 
CL 30,107,115 
CM 30 
CN 30 
co 30-31,108,116 
CP 30 
CR 30 
cs 30-31,109,117 
CT 30 
CV 30-31,110,118 
cw 30 
ED 33,135 
EF 33 
EG 33-34,120,135 
EH 34 
EI 34,121,137-138 
EJ 34 
EK 35 
EL 35,122,140-141 
EM 35 
EP 35-36,123,143-144 
EV 36 
EW 36,124,145 
EY 36,125,146 
Fl 26.1,161 
FA 36-37,126,147-148 
FE 37,127,149-150 
FI 37,128,150-151 
FK 37,129,152 
FO 37-38,130,153 
FQ 38,131,154-155 
FT 38-39,132,156-157 
FV 39,133,158-159 
FX 39-40,134,160-161 
GA 41,163,171 
GB 41-42,164,172-173 
GC 41 
GK 41,165,174 
GO 42,175 
GP 42,166,176-177 
GU 43,167,179-180 
HF 43,168,181-182 
HK 43,169,183 
BP 43,170,184 
IA 44,186,194 
IG 45,187,195 
IK 45,188,196 
IL 45,189,196 
IM 45,190,196-197 
IT 45,191,198-199 
IX 45-46,192,199 
JD 46,193,200 
JI 46,202,205 
JK 46-47,203,206-207 
JP 47,204,208 
JZ 26.1,74,208 
KA 48,210,220 
KB 48 
KC 48,212,221 
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KE 48,213,221-222 
KG 48-49,214,222 
KJ 49,215,223 
KN 49,216,224 
KO 49-50,217,225-231 
KP 49 
KQ 49 
KT 50,218,232-233 
KU 50,219,234-236 
KV 50 
LB 51,238,268 
LD 52,239,269 
LG 52,240,270-271 
LR 52 
LS 52-53,241,272-273 
LV 53,242,274 
LW 53 
LX 53,243,275-276 
LY 53 
MA 53-54,244,277-278 
MB 54,245,279-280 
MD 54,246,281 
ME 54,247,282 
MG 54,248,284 
MI 54,249,287 
MI< 55,250,288 
ML 55,251,289 
MM 55,252,289-290 
MP 55,253,291 
MS 55,254,292-293 
NA 55-56,255,294-295 
NG 56,256,297 
NJ 56-57,257,298-302 
NM 57-58,258 1 304 
NT 58,259,305 
NU 58,260,306 
OB 59,261,307-309 
OD 59,262,310 
OE 59-60,263,311 
OG 60,264,312-313 
OL 60 
OM 60,265,314 
OP 60,266,315 
OS 60,267,316 
PA 61,319,329 
PD 61,320,330 
PH 61-62,321,331-332 
PL 62,322,333 
PO 62 
pp 62-63,323,334-335 
PT 63,324,336-337 
QF 63-64,325,338-339 
QJ 64,326,340-341 
QU 65,327,342-343 
QX 65,328,344 
RA 66,346,349-350 
RB 66 
RC 66 
RD 66,347,351-352 
RF 67,348,353 
RG 67 
RH 67 
TF 67,356,365 
TJ 67,357,366 
TO 67-68,358,367 
TQ 67-68 
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TT 68,359,368-369 
UA 68-69,360,370-371 

UD 69,361,372 
UE 69,362,373-374 
UF 69,363,375-376 
UH 69 
UI 69 
XA 69,364,378 
XB 69 
xc 69 
XF 69 
XG through YY 69-70 

phases 
branch after execution 17 
communication between 17 
control between 17 
logical 17 

Aggregates 18,46-47,201 
Compile-time Processor 18,27-28,87 
Dictionary 18,31-40,119 
Error Editor 19,69,364 
Final Assembly 19,67-69,355 
Optimization 18,47-50,209 
Pretranslator 18,40-43,162 
Pseudo-code 18,50-60,237 
Read-In 18,28-31,104 
Register Allocation 19,66-67,345 
storage Allocation 19,60-65,318 
Translator 18,43-46,185 

organization 17 
physical 17 
table 18-19 

physical registers, use 51 
picture 

chain 34,38 
contextual use 31 
dictionary entry 34,39 
marker 37 
table 34 

pointer expression (PEXP) 39 
POINTER, in pointer expression 39 
pref ix form 44 
preprocessor 46 

in aggregates phase 46 
48-cbaracter set 26.1 

pretranslator logical phase, control passed 
to 40 

procedure calls 42 
PROCEDURE statements, count 29 
PROCEDURE-ENTRY-BEGIN chain 29 
processing program 15 
program check handling 23 
prologue 61 

contruction 63 
prologue code 64 

examples 460-465 
prologue time 38 
pseudo-code logical phase 50 
pseudo-code 

definition 50 
design 50,429-432 
DROP item 51 
generation using BXH and BXLE 
instructions 47 

in-line 52-53 
skeletions 58 
temporary descriptions 438 

pseudo-variable markers 54 
pseudo-variables 32 

scan in pseudo-code phase 59 



correction 29 
detection 29 
in read-in phase 29 

SYSI~ 15 
opening 21 

SYSLIN 15 
SYSPRINT 15 

dump 25 
opening 21 

SYSPUi-.Cri 15 
opening 21 

system generation, tables 458-459 
SYSUT1 15 
SYSUT3 15 

closed for output 25 
control 24 
open for input 25 
opening 21 
ZURD routine 25 

table control area 483 
table control block area 48 
table of logical phases 18-19 
tables and routine directories, introduction 71 
TASK option, code bytes 41 
tasking information in DSA 63 
TCA (see table control area) 
TDPSCIE 25 
temporary description stack 436-437 
temporary descriptors 51 
Temporary Result Descriptor Triples (TMPD) 51,436 
temporary workspace 51 
termination error messages 23 
termination of compilation 70 
termination, of statements 30 
terms used during compilation 439-448 
testing, for consistency of attributes 32 
text additions 

BUY statements 40 
I/O statements 40 
SELL statements 40 
statements within statements 40 
temporary storage 40 
unbrella symbol 40 

text blocks 
chaining 22 
control 21 
markers 28 
release 28 
size 15 
space allocation 21 
spilled 17 
symbolic name 17 

text chain 39-40 
text code bytes 17 

first level table 415-416 
is pseudo-code 429 
on entry to translator phases 424-425 
second level table 417-418 

text formats 
absolute code 433-434 
after read-in phase 418-423 
in pseudo-code 429 
internal 41ll 
triples ll26-428 

text scratch storage 39-40 
text string processing 17 

text, annotated dump 25 
text, of error messages 28 
Third Level Tables 385 
TMPD (see Temporary Result Descriptor 'l'riplP.s) 
transfer vector 27 

to control routines 21 
transformation subscripts 48-4'9 
translation table 29 
translator logical phase 

generic phase 43 
stacker phase 43 

triple names (see Appendix D.11) 
triples 

ASSIGNMENT 59 
format 44 
MULTIPLE ASSIGNMENT 59 
PTCH ll7 
SPECIAL ASSIGNMENT 59 
when generated 44 

TSLOTS 22 
TXT (see loader text) 
type 1 entry 68 
types of dicticnary entries 32 

unary prof ixed triples 46 
undefines formal parametP.r 36 
undimensioned structure overlay defining 47 
'unsafe' variables 48 
USE list 48 
USSL declaration 50 

validity check, PICTURE chain 38 
value scan 28 
Variable Data Area 

in AUTOMATIC chain 63 
in pseudo-code phase 55 

variable storage accumlator 64 
variables 

aliasing 47 
RDV for CONTROLLF.D or BASED 57 
symbol table 62 

VOA (see Variable Data Area) 
virtual origin slot of dope vector 46 

WAIT statement~, parameter list 56 
warning messages 23 
weights, compare 44 
weights, stack 44 
work data sets (see data sets) 

XREF option 39 

ZCOMM 479 
ZPRNAM 67 
ZUBW 27 
ZURO 27 
ZURO routine 25 

48-character set 15 
concatenation 27 

48-character set preprocessor 26 
input 27 
output 27 

48-character syntax 26 
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STATIC DSA 61 
status byte 15 
status indications 23,386 
status slot 

dictioary block 22 
text block 22 

storage 
attribute collection area 35 
auxiliary 17 
program too large 21 
spilled 17 
spilling 15 

storage allocation logical phase 60 
storage allocation table 450 
storage allocation, control routines 15 
storage blocks 

availability 22 
span of complete statement 30 

storage dumping, control routines 15 
storage requirements 15,449-450 
storage size, as an argument 15 
string lengths 32 
structure assignment statements 43 
structure expressions 43 
structure level numbers 34 
structure processor, in aggregates 

phase 46 
SUBS/REGION list 48 
SUBS table 49 
subscript optimization 

commoning 48-49 
invariance 48-49 
transformation 48-49 

substitutions, in source text 29 
symbol table dictionary entry 62 
symbol variables, DED 
symbolic accumulator register 46 
symbolic name, text blocks 17 
symbolic references, conversion 15 
symbolic register counter 51 
symbolic registers 67 
syntactical errors 
syntax check 26.1,161 

correction 29 
detection 29 
in read-in phase 29 

SYSIN 15 
opening 21 

SYSLIN 15 
SYSPRINT 15 

dump 25 
opening 21 

SYSPUNCH 15 
opening 21 

system generation, tables 458-459 
SYSUT1 15 
SYSUT3 15 

closed for output 25 
control 24 
open for input 25 
opening 21 
ZURO routine 25 

table control area 483 
table control block area 48 
table of logical phases 18-19 
tables, control 86 
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tables and routine directories, 
introduction 71 

TASK option, code bytes 41 
tasking information in DSA 63 
TCA (see table control area) 
TDPSCIE 25 
temporary description stack 436-437 
temporary descriptors 51 
Temporary Result Descriptor Triples 

(TMPD) 51,436 
temporary workspace 51 
termination error messages 23 
termination of compilation 70 
termination, of statements 30 
terms used during compilation 439-448 
testing, for consistency of attributes 32 
text additions 

BUY statements 40 
I/O statements 40 
SELL statements 40 
statements within statements 40 
temporary storage 40 
unbrella symbol 40 

text blocks 
chaining 22 
control 21 
markers 28 
release 28 
size 15 
space allocation 21 
spilled 17 
symbolic name 17 

text chain 39-40 
text code bytes 17 

first level table 415-416 
is pseudo-code 429 
on entry to translator phases 424-425 
second level table 417-418 

text formats 
absolute code 433-434 
after read-in phase 418-423 
in pseudo-code 429 
internal 414 
triples 426-428 

text scratch storage 39-40 
text string processing 17 
text, annotated dump 25 
text, of error messages 28 
Third Level Tables 385 
TMPD (see Temporary Result Descriptor 

Triples> 
TRACEOUT data set 26 
TRACE/FLOW facilities 26.1 
trace/flow markers 86,86.1 
TRACE/PATCH option 26 
trace routine 86.1 
transfer vector 27 

to control routines 21 
transformation subscripts 48-49 
TRANSLATE built-in function 52,277 
translation table 29 
translator logical phase 

generic phase 43 
stacker phase 43 

triple names <see Appendix D.11) 
triples 

ASSIGNMENT 59 
format 44 



MULTIPLE ASSIGNMENT 59 
PTCH 47 
SPECIAL ASSIGNMENT 5 9 
when generated 44 

TSLOTS 22 
TXT <see loader text> 
type 1 entry 68 
types of dictionary entries 32 

unary prefixed triples 46 
undefined formal·parameter 36 
undimensioned structure overlay 
definin9 47 

'unsafe' variables 48 
USE list 48 
USSL declaration SO 

validity check., PICTURE chain 38 
value scan 28 
Variable Data Area 

in AUTOMATIC chain 63 
in pseudo-code phase 55 

variable storage accumlator 64 
variables 

aliasing 47 
RDV for CONTROLLED or BASED 57 
symbol table 62 

VDA <see Variable Data Area) 

VERIFY built-in function 53,277 
VERIFY instructions 26.1 
virtual origin slot of dope vector 46 

WAIT statements, parameter list 56 
warning messages 23 
weights, compare 44 
weights, stack 44 
work data sets <see data sets> 

XREF option 3 9 

ZCOMM 479 
ZPRNAM 67 
ZSTAT 26.1 
ZUBW 27 
ZURO 27 
ZURO routine 25 

48-character set 15 
concatenation 27 

48-character set preprocessor 26.1 
input 27 
output 27 

48-character syntax 26.1 
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