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PREFACE 

This publication is organized in three 
sections. Section 1 is an introduction 
describing the relationship between the 
compiler and the Operat1ng System. and the 
overdll organization of the compiler. Sec­
tion 2 is a description of the compiler 
phases~ including a general description of 
each logical phase followed by descriptions 
of each of the phys'ical phases contained in 
the logical phase. Section'3 consists of 
flowcharts and routine directories. The 
flowcharts show the relationship between 
the routines of each phase. while the 
directories list the routines and their 
functions. 

The appendixes appearing at the end of 
the publication 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 publica­
tion are the following: 

IBM System/360, Principles of operation. 
Form A22-6821 

IBM System/360 Operating System. PL/I 
(F) Programmer's Guide. Form C28-6594 

IBM System/360 Operating System, PL/I 
Language Specifications. Form C28-6571 

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

IBM Systeml360 Operating System., Program 
Logic Summ2ry. Form Y28-6605 

IBM Systeml360~~!£ing System, Sequen­
tial Access Methods frog ram Logic~ Form 
Y28-6604 

IBM Operating--2Y~te.;m/~3~6~O~, __ ~O~p~e~r~a~t~o~r_·~s 
Guide. Form C28-6540 

IBM Systeml36~~~!iing System. Control 
Program services~ Form C28-6541 

IBM System/360, System 
Guide. Form C28-6550 

Programmer·' s 

IBM Operatin~iem/36QL storage Esti­
~. Form C28-6551 

IBM Systeml360 Ope~ating System. System 
Generatio~, Form C28-6554 

IBM System/360 Operating System. PL/I 
Subroutine Library, Program Logic __ Manu­
al, Form Y28-6801 

Major Revision (December 1966) 
This edition. Form Y28-6800-1. obsoletes Form Y28-6800-0. Significant 
changes have been made throughout the manual. and this new edition should 
be reviewed in its entiretY4 

RESTRICTED DISTRIBUTION: This publication is intended primarily for use by 
IBM personnel involved in program design and maintenance4 It may not be 
made available to others without the approval of local IBM management. 

Copies of this and other IBM publications can be obtained through IBM 
Branch Offices. 

A form for reader's comments appears at the back of this publication. 
It may be mailed directly to IBM. Address any additional comments 
concerning this publication to IBM United Kingdom Laboratories Ltd., 
Programming Systems publications, Hursley Park, Winchester, Hampshire, 
England. 

c 1966 International Business Machines Corporation 
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PURPOSE OF THE COMPILER 

The Operating System/360 PL/I (F) Com­
piler analyzes and processes source pro­
grams written in PL/I, and translates them 
into object programs in load module form 
suitable for input to the Linkage Editor. 
When errors are detected in the source 
program~ appropriate diagnostic messages 
are produced. The compiler functions with­
in Operating System/360 and may be used on 
machines where at least 45,056 (44K) bytes 
of core storage are available for the 
compilation (exclusive of storage require­
ments for the Operating System). 

rHE COMPILER AND OPERATING SYSTEM/360 

The PL/I (F) compiler is a processing 
program of Operating System/360. The com­
piler consists of a number of phases under 
the supervision of compiler control rou­
tines. The compiler communicates with the 
control program of the Operating System, 
for input/output and other services" 
through.the control routines. 

A compilation is introduced as a jOb 
step under the control of the Operating 
System, via the JOB statement. the execute 
(EXEC) statement, and the data definition 
(DO) statements of the Job Control Lan­
guage, for the input/output data sets. 
cataloged procedures are provided to keep 
these statements to a minimum. A discus­
sion of the introduction of a compilation 
as a job step, and of the available catal­
oged procedures, is given in the publica­
tion IBM System/360 Operating System, PL/I 
iF} prQgrammer's Guide, Form C28-6594. 

The source program to be compiled 
appears as input to the' compiler on the 
SYSIN data set. The compiler uses SYSUT1 
(required if the main storage is insuffi­
cient to contain the program) and SYSUr3 
(required if the 48-character set or the 
compile-time processor is used) as work 
data sets. The SYSPUNCH, SYSPRINT, and 
SYSLIN data sets are used, depending on the 
options specified by the source programmer, 
to contain the output from the compiler. 

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

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 following functions: 

1. Act as the interface between the com­
piler 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 pro­
gram options and information obtained 
from the source program by the compil­
er phases. 

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

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

The compiler options 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 s~ze 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 wbuld not otherwise be 
loaded. When an option of this type is 
found" a request for the phase 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-------------l 
I source I 
I I 
I program I 
I , 
I (SYSIN) I 
I I 
L------T------J 

I 
I 
I 
V 

r---------------------------, I Compiler I 
I I 
I (SYSUT1 and SYSUT3 I 
lare used as work data sets I 
I when required) I 
L-------------T-------------J 

I 
I 
I 
V 

r--------T--------T--------T-------T---------T--------~-------T--------1 
SOURCE XREF LIST DECK LOAD 
option option option option 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-------------, r-------------, r-------------, r-------------, r-------------, 
I Source I I List of I I List of I I ESD, TXT, I I ESD., TXT .. I 
I I I identifiers., I I object code' I I , I 
I program I , I I produced , I RLD, and ENDI , RLD, and ENOl 
I I I list of I I by the I I I I I 
I listing I I statement I I compiler I I car1 images I , card images , 
I , I numbers I I , I , I , L _____________ J L _____________ J L _____________ J l _____________ J l _____________ J 

SYSPRINT SYSPRINT SYSPRINT SYSPUNCH SYSLIN 

EXTREF ATR for all SOURCE2 
option option compilations option , I I I , , , , 

I I I I 
V V V V 
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I External I I List of I , I I I 
I I I identif iers, I I Diagnostic I I Listing of I 
I Symbol I I list of , I I I input to the I 
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I I I identifiers I I I I I L _____________ J L _____________ J L _____________ J L _____________ J 

SYSPRINT SYSPRINT SYSPRINT SYSPRINT 

Figure 1. Compiler Data Flow and Data Sets Used 
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in coded form in a control code word in the 
communications region of the dictionary 
(see "Control Code Word CCCODE" in 
A.ppendix B). 

COMPILER ORGANIZATION 

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

The compiler phases and their corres­
ponding 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. 
A.fter each phase has been executed. it 
branches to the control phase. which sel­
ects 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 compilation 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 com­
piler gradually process the text until 
the final form is the object program, 
consisting of a string of machine 
instructions. For the compiler pro­
per,. 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 symbol­
ic name which is independent of the 
physical location of the block in 
storage. Thus,. the text blocks may be 
moved around in core storage under the 
supervision of the compiler control 
routines. and spilled on to backing 
storage if insufficient main storage 
is available. 

2. The dictionary. The dictionary con­
sists of a number of blocks.. each with 
a symbolic name. Part of the first 
dictionary block is used as a communi­
cations region (see Appendix F) 
between phases, and for this reason 
the first block is never spilled. even 
when the source program to be compiled 
exceeds available storage.rhe com­
munications region contains such 

information as the addresses of the 
heads of chains. the symbolic start of 
text. etc. The remainder of the dic­
tionary contains all information 
relating to identifiers appearing in 
the program, temporary storage areas 
required, etc. For the compiler pro­
per. the format of all dictionary 
entries will be found in Appendix C. 

r-------------T---------------------------, 
ILogical Phasel Main Functions I 
~-------------t---------------------------i 
ICompile-time IExecutes compile-time I 
I Processor I statements and produces I 
I linput for further compiler I 
I I processing. I 
.-------------t---------------------------i 
I Read-In ICheck source program syn-I 
I Itax; remove superfluous I 
I I characters. I 
~-------------t---------------------------~ 
I Dictionary IRemove BCD identifiers andl 
I I attribute declarations; I 
I I replace by symbolic ref-I 
I lerences to dictionary I 
I I entries. I 
~-------------t---------------------------i 
IPretranslatorlRearrange I/O statements; I 
I Icreate temporary variables I 
I Ifor procedure argument I 
I I expressions; convert array I 
I land structure assignments I 
I Ito DO loops; remove iSUBI 
I I expressionS. I 
.-------------t---------------------------i 
I Translator I Convert PL/I syntactical I 
I Iform to internal triplel 
I I form. I 
~-------------t---------------------------i 
I Aggregates IMap all structures andl 
I larrays to align elements onl 
I Icorrect storage boundaries. I 
.-------------t---------------------------~ 
1 Pseudo-code IConvert triples to pseudo-I 
I I code. I 
~-------------t---------------------------i 
I storage IAllocate storage for items I 
I allocation lin AUTOMATIC blocks orl 
I ISTATIC storage area. I 
.-------------t---------------------------i 
I Register IAllocate physical registers I 
I allocation lin place of symbolic reg-I 
I listers requested by earlierl 
I I phases. I 
~-------------t---------------------------i 
IFinal IComplete translation to ma-I 
I assembly I chine code; produce loader I 
I Itext; produce object code I 
I I listing • I 
.-------------t---------------------------i 
IError IPrints out any necessary I 
I Editor Idiagnostic messages. I L _____________ ~ ___________________________ J 

Figure 2. Logical Phases of the Compiler 
and their corresponding Func­
tions 
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r-------------------------------------------, 
r-----------, 
I OS/360 1 
1 CONTROL I 
I PROGRAM 1 
L---T-------J 

1 1\ 

1 1 
1 1 
1 I 
V 1 

r-------.L---, 
1 COMPILER 1 

PL/I (F) 
COMPILER 

1 CONTROL 1-------, 
1 ROUTINES 1 
L---T-------J 

1 1\ 

1 1 
1 1 
1 1 
V 1 

r-----------, r-------.L---, 
1 SYSTEM 1 1 1 
1 1<--+-------------->1 1 
I RESIDENCE 1 1 COMPILER I L ___________ J I I 

1 PROCESSING I 
r-----~ 1---, 
1 I PHASES I I 
1 I I I 
I I I J r-----------, I L ___________ J 1 

I I I I 
I SOURCE I I I 
I I I I L ___________ J V V V 

1\ V V V 

I r-----------, r-----------, 
l _________ + __ >I TEXT I DICTIONARY I 

I I I I 
r---------+-->I BLOCKS I I BLOCKS I I 1 l ___________ J L ___________ J 

V 1 1\ A 
r-----------, 1 1 I 
1 1 I I I 1 OBJECT I L _________ + _______________________ + _________ J 

1 1 I I L ___________ J 1 I 

V V 
r-----------, r-----------, 
I SPILL I 1 SPILL I 
I 1 I I 
I STORAGE I I STORA.GE I L ___________ J L ___________ J 

------> CPU Control 

------» Read/Write Communication 

<-----> Input/Output under"OS/360 Control Program 
and Compiler Control Supervision 

Figure 3. Compiler Organization and Control Flow 
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LOGICAL PHASES 

The logical phases of the compiler and 
their main functions are summarized in the 
following paragraphs. 

Compile-time Processor Phase 

The Compile-time Processor Phase reads 
input text, executes any compile-time 
statements contained in it, and modifies 
text as directed, producing modified text 
for further compiler processing. 

Read-In Phase 

The Read-In Phase is the first logical 
phase, and is responsible for any macro 
source program modifications, source pro­
gram syntax checking, and the removal, from 
the text string, of all superfluous charac­
ters, such as comments and non-significant 
blanks. 

Dictionary Phase 

The Dictionary Phase removes all BCD 
identifiers and attribute declarations from 
the source string, and replaces them by 
symbolic references to dictionary entries. 
The dictionary entries contain all the 
consistent declared attributes, and all the 
attributes specified in the language in 
default of source program specifications. 
Error messages are generated for all incon­
sistent attributes. 

Pretranslator Phase 

The Pretranslator Phase processes those 
features of the language that are more 
easily process~d in their original PL/I 
form, than when the original syntactic form 
has been lost in later phases. The Pre­
translator 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 assign­
ments. and the removal of iSUB expressions. 

Translator Phase 

The Translator Phase converts the origi­
nal PL/I syntactic form to an internal 
syntactic form, referred to as "triples." 

Triples consist of the original source 
program operators and operands, but rearr­
anged so that the operations specified in 
the source string may be carried out in 
their proper order. 

The Aggregates Phase carries out all 
structure and array mapping~ so that ele­
ments are ali~ned on the correct storage 
boundaries. When it is not possible to 
carry out the mapping at compilation 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. 

Pseudo-Code Phase 

The Pseudo-Code Phase converts the tri­
ples to a form closely resembling machine 
instructions. in which registers are rep­
resented symbolically., and storage loca­
tions are represented by dictionary ref­
erences with offsets. The final pseudo­
code version of the text also contains a 
number of special pseudo-code items for the 
guidance of later phases. 

The Storage Allocation Phase searches 
the dictionary for all entries requiring 
storage. and allocates offsets to each 
item. either within its AUTOMATIC block, or 
within the STATIC storage area. Code is 
compiled to set up dope vectors and 
pointers at object time, for allocations of 
controlled variables and temporariesw the 
storage for which must be obtained during 
the execution of the object program. Pro­
logue code is generated for each block of 
the object program. 
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Register Allocation Phase 

The Register Allocation Phase allocates 
physical registers to the symbolic reg­
isters which have been requested by earlier 
phases# and also ensures that all the 
storage location offsets allocated in pre­
vious phases can be addressed by the inser­
tion of additional instructions. where nec­
essary. 

Final Assembly Phase 

The Final Assembly Phase completes the 
translation to machine code instructions., 
by calculating branch destination addresses 
inserted symbolically by earlier phases. 
Loader text is then produced for the 
machine instructions. constants, INITIAL 
values in STATIC storage., and all the 

constant data required for block initiali­
zation. ESD., RLD., and INCLUDE cards are 
produced to enable the object program to be 
edited by the Operating Systeml360 Linkage 
Editor. The Final Assembly Phase also 
produces a listing of the object code 
produced. 

Error Editor Phase 

The Error Editor Phase is entered at the 
end of every compilation. The dictionary 
is examined to determine whether there are 
any diagnostic messages to be printed out. 
If there are none, the compilation is 
terminated by the compiler control. If 
there are diagnostic messages to be printed 
out. the error dictionary entries are proc­
essed and the messages are printed. The 
texts of all the diagnostic messages are 
held in modules XG through YX. 



CO~WILER CONTROL AND 48-CHARACTER SET 
~REPROC§§§QE 

COMPILER CONTROL 

When the PL/I (F) Compiler is invoked by 
the calling program (e.g. 6 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 follow­
ing functions: 

Initialization 

Character translation 

Text and dictionary block control 

Scratch storage control 

Phase loading 

Diagnostic message control 

Input/output control 

program check handling 

Job termination 

Initialization 

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

Opens SYSIN and SYSPRINT data sets 

Constructs a phase directory (for details 
refer to Appendix B) 

Sets up a communications region in the 
dictionary (for details refer to Appendix 
F) 

Scans option list 

Obtains space for text blocks, dictionary 
blocks, and scratch storage 

Opens SYSUT3 as necessary 

Prints a list of options used in current 
compilation 

SECTION 2: COMPILER PHASES 

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

The character translation tables (see 
Appendix 0.1) 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 preven~ the compiler from 
becoming character code dependent. and ena­
ble 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 pro­
per. 

Communications Region 

The communications region is an area 
specified by the control routines. and used 
to communicate necessary information 
between the V3rious 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 communi­
cations region during compile-time process­
ing 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, 
blocks are placed on an external file, 
SYSUT1. The block control routines contain 
the input/output control. 

Scratch storage of 4K bytes is guaran­
teed to all phases. The control routines 
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split the 4K-block into discrete sections, 
and allocates them as required. The sec­
tions are in multiples of 512 bytes. 

§torage Requirements 

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 main storage required by each phase 
of the compiler need be contiguous only for 
each control section. 

During the read-in phases a minimum of 
two dictionary blocks and two text blocks 
are available in storage simultaneously. 

DUring the rest ~f 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 
storage 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. using 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 loading" and 
phase deleting facilities. The phase 
directory is constructed for this purpose. 
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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 compiler; 
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 §ystem, Control Program Services, 
Form C28-6541. 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 Figure 4.) 

Program Check Han~g 

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

Jobrermination 

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

The compiler completion codes are as 
follows: 

o No diagnostic messages issued; com­
pilation completed with no errors; 
successful execution expected 



<---------------------------------Module---------------------------------> 
r--------T-----T-----T----Y----T----T-----T-----T-----T-----T-----T-----T-----T-----' 
1 I AA1 I AB IAE1 I AS I BX I CI I AS2 I FY I UA I UF I XB I AE I AA~ 1 
~--------+-----+-----+----+----+----+-----+-----+-----+-----+-----+-----+-----+-----~ 

Data I I I I I ~ 
Set I I I I I 
- I I I I I 

SYSIN I OPEN 1 READ I READ I READ I CLOSE 
I I I I I 

SYSLIB I OPEN I I READ I CLOSE 
1 I I I 

SYSLIN 1 OPENI I READ I CLOSE 
1 I I I 

SYSPRINT 10PEN 1 IWRITE WRITE WRITE WRITE WRITEIWRITE CLOSE 
1 1 I I 

SYSPUNCH I OPENI I WRITE 1 CLOSE 
1 I I t I 

SYSUTl IOPEN310PEN3 1 1 READ 1 I CLOSE 
I I I I 1 WRITE I I 
I I I I I I I 
ISYSUT3 I I OPEN I IWRITE WRITE I 1 CLOSE 
I I I I I I I READ I I 
~--------~-----~-----~----~----~----~-----~-----~-----L _____ L _____ L _____ ~ _____ L _____ ~ 
11M, AC, and AE are modules of the control phase, and contain the actual I/O I 
I routines which interface with the O/S access methods (BSAM, QSAM). I/O activity I 
I shown for other modules indicates that these modules are utilizing the I/O 1 
I routines. 1 
12AS may read from included data sets in addition to data sets shown in the table. 1 
13If the SIZE option results in 1K text and dictionary blocks, SYSUT1 is opened byl 
I Module AB. In the case of other SIZE options, SYSUTl is opened by Module AA when I 
1 the available main storage is full. The timing depends on the size of program to 1 
I be compiled. I 
I~At end of compilation. I l ___________________________________________________________________________________ J 

Figure 4. Input/Output Usage Table 

4 

8 

12 

16 

Warning messages issued; program 
compiled; successful execution 
expected 

Error messages issued; program com­
piled but with errors; execution 
may fail 

Severe error messages issued; com­
pilation may be completed but with 
errors, successful execution impro­
bable. If a seVere error occurs 
during compile-time processing, a 
listing of the PL/I text on SYSUT3 
will be printed if the SOURCE 
option is specified. The compila­
tion will be terminated. 

Terminal error messages issued; 
compilation terminated abnormally 

COMPILER CONTROL MODULES 

In addition to modules AA and AB, furth­
er modules., AC, AD, AE., AI'., AG, AM, and JZ 
are used in compiler control. The func­
tions of these modules are briefly des­
cribed in the following paragraphs. 

Module AC 

Module AC controls reading and writing 
operations On SYSUT3, the intermediate 
file. It is loaded only if the CHAR48 or 
MACRO option is specified. and is deleted 
at the end of the Read-In Phase. 

Module AD performs inter-phase dumping 
using TESTRAN. 

All currently active storage is dumped 
at the end of the phases stated or implied 
in the DUMP option.rhe required output is 
selected at TESTRAN edit time. 

The.DUMP option 

The DUMP option specifies where dumping 
of main storage is to take pxace. It may 
be specified in one of the following ways: 
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1. DUMP" means a dynamic dump is required 
(the dump routine will be call~d by a 
running phase) 

2. DUMP=(AREA) means a dump of storage 
only when a program check occurs 

3.. DUMP= (AREA" X1, X2, (X3, xn), ••• ) means a 
dump of storage after the named phase 

X1., X2,. etc., are 2-byte phase names 

AREA 
T 
D 
P 
S 
C 

is any combination 
text blocks 
dictionary block 
phases loaded 
scratch storage 
control phase 

The general syntax is: 

of TDPSC: 

DUMP [= (AREA, {x I (y, z) } " .... ) ] 

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. 

Use of the DUMP option is not restricted 
by the amount of storage available to the 
compiler. 

Module AE 

Module AE is the finalization of the 
Read-In Phase control. 

Module AF 

Module AF is a control section consist­
ing of a table containing the compiler 
options which may be used during a compila­
tion. The table is constructed at system 
generation time. The control section is 
brought into storage by the initialization 
Module AB at compilation time. -A descrip­
tion of the use of Module AF is given in 
Appendix G. 

Module AG 

Module AG closes SYSUT3 for output, and 
re-opens it for input. 
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The closing and opening operations are 
performed in the following order: 

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

OPEN(INPUT) 
switch routine ZURD to point at SYSUT3 
DCB 

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 CCCODE and marks the 
phases accordingly. 

Module JZ 

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 prepro­
cessor. It is loaded on programmer 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 back­
ing 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 charac­
ters 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 disco­
vered, tests are made to determine whether 
or not one of the reserved operator key­
words 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 semi­
colon if the comma-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 out­
put from the preprocessor is the trans­
formed text, record by record, followed by 
the original text. The Read-In Phase proc­
esses transformed text but prints out the 
original. 

The preprocessor uses compiler Control 
routine ZURD to obtain input, and routine 
ZUBW to place its output onto backing 
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 PHASE 

The compile-time processor consists of 
six physical phases. Each of these phases 
is executed once, unless an INCLUDE data 
set is encountered that contains compile­
time statements. 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 blocks. 
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. 

If during the second pass, an INCLUDE 
data set is processed that contains compile 
time statements. the entire procedure indi­
cated above is executed recursively to 
process this text. 

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

Line Numberi!!9: 

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 numbers 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 option MACRO 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 that 
contains compile-time statements. 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 
block. Its purpose is to initialize cer­
tain cells in the communications region for 
the compile-time processor phases. 

Phase BC 

Phase BC consists of 
modules, BC, BE, and BF. 
tains the control routine. 

three physical 
Module BE con-
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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 instruc­
tions and. except for compile-time proce­
dures " added to the current text block. 
Compile-time procedures are similarly 
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 DOs. 

During phase BC, invalid characters 
occurr1ng 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 errors in compile-time 
statements. 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 
before they are processed. 

Phase BG 

Phase BG consists of two physical 
modules, BG and BI. The control routine is 
contained in module BG. 

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 through text blocks 
looking for instances of compile-time vari­
ables 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 found in this value scan, the 
process repeats itself. Such nesting can 
occur to a depth of 100. 
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If the scan encounters an encoded 
compile-time statement (built by phase BC)w 
control is passed to an interpreter. This 
interpreter executes the statement -- pos­
sibly repositioning the scan cursor -- and 
returns to the scan. 

The output of this phase is a PL/I 
source program contained on SYSUT3. 

Phase BM 

Phase BM examines the heads of the error 
chains in the first dictionary block, and 
programmer options which specify the sever­
ity level of messages required. If there 
are no messages. it passes control to the 
clean up ph:lse (BW) '. If diagnostic messa­
ges are required, the phase loads BN to 
process them after scanning the chains and 
indicating where the text is to be found,. 

Module BN 

The text of all compile-time processor 
error messages is kept in modules BP 
through BV. The messages are o~dered 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 mes­
sages have been processed. module BN 
returns control to BM. 

Phase BW 

The purpose of this phase to set all 
tables and communications regions 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 Phase is implemented as five 
discrete physical phases, each of which 



processes a particular group of statement 
types. The phase obtains the input text in 
the externally coded form by a call to the 
compiler read routine~ and converts it to 
internal code by means of a translate table 
provided by compiler control. 

The source text is scanned for syntacti­
cal errors. During this time an output 
string is built up, which consists essen­
tially of the input text with comments and 
insignificant blanks removed. The source 
text is scanned and statements are num­
bered, 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 num­
bers, 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 
tered before the logical end 
gram, diagnostic messages are 
suitable END statements are 
allow compilation to continue. 

is encoun­
of the pro­
issued and 
inserted to 

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 subse­
quent scanning; and optionally, a listing 
of the source text. 

Statement Numbering 

All statements are given a sequential 
number. This includes each compound state­
ment, each statement contained in a com­
pound statement, block and group delimiting 
statements, and null statementS. The ELSE 
clause is not regarded as a statement for 
numbering purposes. The numbering of the 
statement is indicated on the source list­
ing. 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 iden­
tified 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 
is 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 generat­
ed. The main aim of the Read-In Phase is 
to present syntactically correct text to 
subsequent compiler phases. Certain cor-
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rections are performed without prejudicing 
the complete compilatipn. 

Detected errors cause a diagnostic mes­
sage to be added to a diagnostic message 
chain in the dictionary area. Each message 
is in a coded form with parameters (textual 
matter, statement numbers, and so on). The 
message is decoded and printed out by 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 syntacti­
cally correct. The text between that point 
and the next semi-colon (not in a comment 
or character string) is skipped. The diag­
nostic messages produced in these circum­
stances 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 suc­
cessful compilation is that the output 
resulting from any statement must not 
exceed the block. This restriction, howev­
er, does not apply to DECLARE statements. 
Formats of the statements appearing in the 
output string are given in Appendix 0.2. 

Identifiers 

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

constants 

All constants appear in the 
string. 

Operators 

All operators appear in the 
string. 
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output 

output 

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 anyone pass.. A storage map 
for this phase is shown in Figure 5. 

Bytes 
o 

4K 

7K 

8K 

12K 

16K 

r----------------------------------, 
I CA I 
~----------------------------------~ 
I CC I 
.------r------T------r------T------~ 
I CE I CK I CN I CR I CR I 

~------+------+------+------+------~ 
I CG I CL I CO I CS I CV I 

.------+------+------+------+------~ 
I CI I CM I CP I CT I CW I l ______ ~ ______ ~ ______ ~ ______ L ______ J 

PASS 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 phas­
es or passes, each containing at most five 
modules. Modules CA and CC consist of 
common routines which are invoked through­
out 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 respec­
tively. 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 9~~rce text 
is read into storage, and character codes 
are converted to an internal form. State­
ment types are identified., labels are 
inserted into the dictionary, and statement 
identifiers are replaced by single-byte 
codes (See Appendix 0.1). 

'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 ana­
lyzed 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 medi­
um. 

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 CQ 

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 EK. If the source program 
does not contain any of these three state­
ments, 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/output 
statements, this pass is not invoked. 

Phase CV 

This phase processes the output from 
earlier phases. In order to assist subse­
quent processing. chqins are constructed 
for PROCEDURE, ENTRY, BEGIN., CALL. ALLO­
CATE, and DECLARE statements. 

THE DICTIONARY LOGICAL PHASE 

The Dictionary Phase forms a dictionary 
of identifiersT by first analyzing PROCE­
DURE. 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. Dic­
tionary 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 dic­
tionary 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 character·ization of an area. is 
achieved by deriving from a given BCD an 
address in the hash table. 

W8ashingW 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 

they all hash to the same address in the 
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hash table, the address in the hash table 
will point to HARRY"' sentry, which contains 
the address of DICK., which, in turn, con­
tains the address of TOM. 

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

resting 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 
DECLARE 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 
Dseudo-variable contains the dictionary 
~eference of the variable and information 
concerning the destination of the 
expression. compiler functions ~ith a 
format similar to the pseudo-var1ables 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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a function, and also the type of data to 
which the expression in a RETURN 
(expression) must be converted. These need 
not be the same: there must therefore be 
provision for two data descriptions for 
each laQel. ~ 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 paramet­
er matching. Any data description given on 
these statements is to be used for conver­
sion at a RETURN (expression), but not for 
determining the result returned by a func­
tion reference. 

Parameter descriptions for use in param­
eter matching, and data descriptio~ used 
for determining the type of data returned 
by a function reference., may be specified 
by the source programmer in an ENTRY dec­
laration. If these are not given, default 
and implicit rules must be used to build a 
data description. but no parameter descrip­
tion 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 the PROCEDURE or ENTRY statement. The 
entry F ~ill 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 Band C may coincide. 

The entries type 1 for PROCEDURE. ENTRY. 
and BEGIN statements are 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 or BEGIN statement in the source 
program. and also of the entry type 1 of 
the immediately containing block. 

The entries type 1 of PROCEDURE and 
ENTRY statements belonging to a single 
procedure are chained together in a circu­
lar manner. If there are no ENTRY state­
ments 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 ~hen 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-------------------------------------, 
r--->I I 

r-->I Dictionary entry for entry label IA 
I r--I I I I L _____________________________________ J 

II 
I I r-------------------------------------, 
IL->I Entry type 2. Used to provide I 
I I data description of target in IB 
~r--I RETURN (expression). I II L _____________________________________ J 

II 
I I r-----------------------------------------, 
II I V 
II r----------------- L

-------------------, 
I L_>I Entry type 3. This entry is used 
I I to point at the data description C I 
L ___ I and parameter descriptions for para-ID 
r--I meter matching. I 
I L-------~---------T--------------T----J 
I I I I 
I I I I 

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

I I L __________ , L ____________________________ , 

I I I I 
I V V V 

I 
I 
I 
I 
I 
I 

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

r----------------------, r-----------------------, 
I Description of I I Description of I 
I IEl I tE2 
I second parameter I I each parameter 1 L ______________________ J L _______________________ J 

1 r----------------------, r----------------------, r-----------------------, 
I I Entry type 1 for I I Formal parameter I I Description of para- I 

I L_>I PROCEDURE or IF I type 1 entry IG I meter used in prologuelH 
L___ I ENTRY statement I I I I construction I 

L-----------T----------J L---------------T------J L _______________________ J 

I A I A 
I I I I L ________ -----_-------_J L ______________________ J 

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

Figure 6. Dictionary Entries for an Internal Entry Point 

Phase EG has two main functions. The 
first is to set up a hash table, and to 
insert the label entries left in the dic­
tionary by the Read-In Phase into hash 
chains. The second function of the phase 
is to create dictionary entries for PROCE­
DURE, BEGIN 6 and ENTRY statements, and to 
construct chains linking entries of parti­
cular types. 

For PROCEDURE-·BEGIN statements, entry 
type 1 dictionary entries are created (see 
Appendix C.2), and block header chains are 
set up to link these entries sequentially. 
A containing block chain is also set up to 
link each entry with that of its containing 
block. 

On the appearance of PROCEDURE state­
ments, circular PROCEDURE-ENTRY chains are 
initialized to link the entry type 1 dic­
tionary entries of the PROCEDURE and ENTRY 
statements of the same block. The formal 
parameter list is scanned" and formal par­
ameter type 1 entries are' created and 
inserted into the hash chain. Details of 
the PROCEDURE-ENTRY chains appear in Appen­
dix ~.2. 

The attribute list is scanned and an 
options code byte is created in the entry 
type 1 (see Appendix C.2). A check is then 
'made for invalid and inconsistent attri-
butes. CHARACTER and BIT attributes are 
processed, and second file statements (see 
Appendix D.8) are created if necessary. 
Precision data are converted to binary, and 
dictionary entries are created for pictures 
(See Appendix C.7). 
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Statement labels are scanned and their 
entry type 2 dictionary entries are creat­
ed. The relevant data bytes in the dic­
tionary are completed by default'rules (see 
Appendix C.3). 

For ENTRY statements" entry type 1 dic­
tionary 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. 

Phase EI 

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

structure Level Numbers: 
verted to binary. 

these are con-

Factored Attributes: parentheses enclosing 
factored attributes are replaced by special 
code bytes, so that Phase EK can distingu­
ish 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 th~t 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 Appen­
dix D.8) is created at the end of the 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 0.8) 
are created for adjustable length con­
stants, and the source text is replaced by 
pointers to the statements .• 
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DEFINED: second file statements (see 
Appendix 0.8) are created and the source 
text is replaced by pointers to the state­
ments. In the case of DEFINED attributes 
with iSUBs" the iSUBs are made to precede 
their coefficient expressions. The syntax 
of the iSUB list is also checked. 

POSITION: the position constant is con­
verted to binary. 

PICTURE: a picture table entry (see ~ppen­
dix 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 iden­
tIfIers with the LIKE attribute. 

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

All other attributes., identifiers, or 
constants are skipped. 

Phase EL 

Phase EL, consisting of modules EK, EL'I 
and EM, scans the chain of DECLARE state­
ments constructed by the Read-In Phase. 

An area of storage known as the ~ttri­
bute collection area is reserved. This is 
used to store information about the iden­
tifiers, and has entries of a similar 
format to that for dictionary entries. 

Complete dictionary entries are con­
structed 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 (in this case, the 
level number is 9alculated) 
Appendix C.4) 

"true' 
(see 

3. Label Variables (see Appendix C.4) 

4. Files (see Appendix C.7) 

5. Entry Points (see Appendix C.2) 

6. Parameters (see Appendix C.7) 



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

The attributes 
each identifier are 
ways. 

to be associated with 
picked up in three 

First, the attributes immediately fol­
lowing 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 core storage by 
Phase 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 mes­
sages 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, further processing (e.g. linking of 
chains, etc.) must be done in the follow­
ing 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 first conditionally marks later 
phases as 'wanted' or 'not wanted,' accord­
ing 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 entry point will return when 
invoked as a·function. If this has pre­
viously been given in a DECLARE statement 
nothing further is done, otherwise entry 
type 2 and 3 dictionary entries are con­
structed 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 ENTRY statement entry type 1 is fol­
lowed. Each statement is treated in a 
similar manner to that for a PROCE~URE 
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 dic­
tionary 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 diction­
ary reference is inserted. 

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 descrip­
tion. 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. 

Phase EW 

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

This phase scans the LIKE chain which 
has been constructed by Phase EK., and 
compl~tes. the dictionary entry for any 
structure containing a LIKE reference. 
When a structure in the LIKE chain is 
found, its validity is checked, and dimen­
sion data and inherited information are 
saved. The dictionary is scanned for the 
reference of the "likened" structure and 
the entry is checked for validity. 
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This dictionary entry (see Appendix C.4) 
is copied into the dictionary~ with altera­
tions if there is a difference between the 
original structure and this structure with 
regard to dimensioned data. If both struc­
tures have dimensions a straight copy is 
made; if the structure with the~IKE attri­
bute has dimensions and the likened struc­
ture 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 dimen­
sion data is deleted from the copy. Inher­
ited data is added to the copy. If an 
error is found, the structure with the LIKE 
attribute is deleted and a base element 
copy of the master structure is inserted 
instead. Where copies of entries occur 
which refer to dimension tables with varia­
ble dimensions. the dimension table entry 
is copied, and new second file dictionary 
entries and statements are created. Simi­
lar 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. 

Phase EY 

Phase EY is an optional phase which 
processes all ALLOCATE statements in which 
attributes are declared. 

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 state­
ment for an item are collected together. 

A co~y"J'-bf 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 including any attributes given 
on the ALLOCATE statement, and copying any 
second file statements from the DECLARE 
chain which are not overriden by the ALLO­
CATE statement. 

Phase FA 

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 or event variables, or 
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programmer-named ON conditions. If no ref­
erence is available, a new dictionary entry 
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 
associated with the PROCEDURE, BEGIN, 
ENTRY, and DECLARE statements is removed, 
leaving only the statement identification 
and the keyword. 

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 dic­
tionary 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 in 
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 dictionary, 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 thes e,. the relevant marker is 
inserted in the text before the parenthesis 
(see Appendix 0.1). 

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

PROCEDURE, BEGIN, DO, and END statements 
cause the current level count to be updat­
ed. 



Phase FI 

Phase FI scans the text and checks, 
where possible, the validity of dictionary 
references found. References 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 GO TO is changed to GOOB (see Appendix 
D.l) if the branch goes outside the current 
block. 

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

hny errors which are found cause diag­
nostic 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 entries 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 dictionary entry. 

Phase FO makes a 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 
condition, except for file conditions, ON 
CONDITION, and ON CHECK, when separate 
dictionary entries are made for each dif­
ferent 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 CONDITION condi­
tions 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 referred 
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 CHE~K and 
NOCHECK lists. A single dictionary entry 
is created for each CHECK and NOCHECK list 
and a pointer 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 ~he BCD 
is an ENTRY LhBEL, a LABEL CONSTANT" or a 
variable. 

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 state­
ments 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 
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 assignments 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). 

T~e precision for each 
is calculated, together 
length, and stored in its 
A data byte is created in 
by Phase FT. 

correct picture 
with its apparent 
dictionary entry. 
the entry for use 

Invalid pictures cause appropriate diag­
nostic messages to be generated. 
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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 insert­
ed in the associated dictionary entry 
(see Appendix 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 is 
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 structure 
wOich 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 
0.8) are set up to initialize the 
bounds in the object time dope vector. 

6. Items which have expressions to be 
evaluated at prologue time, e.g. par­
ameter descriptions for entry points 
and defined items, are placed in the 
AUTOMATIC chain for the appropriate 
block. 

7. The dictionary entry for any item 
described by a picture is expanded by 
the precision and scale or string 
length" extracted from the picture 
table entry. Identifiers of different 
modes 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 neces­
sary. 

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

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. 

Phase FX 

Phase FX is an optional phase entered 
only if the XREF or ATR (cross reference 
lister and attribute lister respectively) 
options are specified. It scans the STA­
TIC, AUTOMATIC, and CONTROLLED chains, and 
the formal parameter lists. 

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

2 bytes 3 bytes 3 bytes 
r-------------T--------------T------------1 
I Dictionary IText reference I Text chain I 
I reference Ito this item I I L _____________ ~ ______________ ~ ____________ J 

This entry 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 iden­
tifier is found in the text, an entry is 
created in a chain of entries from the 
dictionary entry of the identifier. 



Each member of the chain which rep­
resents a reference to the identifier, has 
the following form: 

2 bytes 3 bytes 
r-------------------T---------------------, 
I Statement number I Text chain I L ___________________ ~ _____________________ J 

Each reference chain for an identifier 
is in scratch text 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 iden­
tifier 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 print­
ed 

4. If the XREF option is specified, the 
reference chain for the identifier is 
scanned, and the statement number con­
tained in each entry is printed 

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

rHE PRETRANSLATOR LOGICAL PHASE 

The purpose of the Pretranslator Phase 
is to expand those statements in the lan­
guage that can be broken down into simpler 
statements, and to insert explicitly gener­
ated statements in place of implied ones. 

Second level markers (see Appendix 0.1) 
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 parameter 
descriptions takes place., wi th temporary 
variables being created where necessary, 
e.g., where data conversions are required. 

If the compilation contains ON 
conditions the appropriate calls 
library routine are provided. 

CHECK 
to the 

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 expreSS10ns 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: 

rhe Umbrella Symbol: this is designat­
ed 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 parenthe­
ses. Statements in the list are given 
no statement number field, but they 
have semi-colons at the. end. 

I/O statements: the form of I/O state­
ments is changed considerably during 
the pretranslator phases, as explained 
in the description of Phase GA. 

BUY and SELL statements: special 
statements are introduced for manipula­
ting temporary storage at object time; 
they have a form similar to ALLOCATE 
and FREE statements. 

TemE0rary Storage: Pretranslator phas­
es create temporary variables for func­
tion and procedure calls where the 
arguments do not match the final param­
eters, where expressions appear as 
arguments, for control variables for DO 
loops in array and structure assign­
ments, and for iSUB defined subscript 
lists. The Pretranslator has no mecha­
nism for evaluating expressions. 
rher~fore., temporaries which have no 
data type are created for expression 
arguments with no parameter descrip­
tion. The data type of these temporar­
ies is completed by the Translator 
generic phase when the resultant data 
type of the expression has been deter-
mined. . 
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VJhen the Pretranslator creates a tem­
porary from an argument which contains 
any array with adjustable bounds or 
adjustable string length, compiler 
functions (see Appendix D.8) pre gener­
ated 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 tempo­
raries do not have BCD names. 

Phase GA 

Phase GA removes all second level 
ers from internal character codes 
Appendix D.l). It then reorders 
options so that either EDIT, DATA, or 
options appear last. 

mark­
(see 
the 

LIST 

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

In format lists iteration factors are 
expanded. 

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. A code byte 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 argu­
ment marker before each argument in the 
list, followed by the reference of the 
corresponding parameter and a code byte to 
show whether or not the argument is speci­
fied in a SETS list. The number of argu­
ments present is checked against the number 
given as required by the corresponding 
dictionary entry. 
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Phase GP 

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

Temporaries (see Appendix C.4) are 
created for any arguments which are expres­
sions. (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 subscript list). 
If a parameter description has been 
declared in an entry declaration, the tem­
porary 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 subsequent­
ly completed when the expression type has 
been determined by the Translator generic 
phase. 

Expressions are scanned for arrays 
(including partially subscripted arrays), 
structures, or the end of the express10n, 
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 partial­
ly subscripted array, a temporary is creat­
ed 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 printed, and a 
temporary is created 

2. If the data types are incompatible, a 
severe error message is printed, and 
the parameter description is ignored 

When the argument is a single partially 
subscripted array which matches the param­
eter, 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 generated 
to initialize the temporaries, multipliers, 
and virtual origin from the dope vector of 
the original argument and the subscript 
list. Similar action is taken for partial­
ly subscripted structures. 

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 expres­
sion or non-matchi~g argument to the tem­
porary. After the end of the PROCEDURE or 
function call, all the temporaries generat­
ed in the call are released by means of a 
SELL statement in nested statement brack­
ets. 

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

If GENERIC entry labels are specified as 
arguments to procedures, a special dic­
tionary entry is made which contains the 
argument and parameter description dic­
tionary references, to enable the Transla­
tor 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 deleted. 

Phase GU 

Phase GU scans the source text for 
PROCEDURE, BEGIN, and END statements, and 
for statements that may raise a possible 
CHECK 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 leftmost 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 elements of the structures are 
found, and if the referenced structures are 
dimensioned, a temporary is created for 
each dimension. 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 dimen­
sion. Base elements are assigned, with the 
temporaries as subscripts, and with scalars 
remaining unchanged. END statements are 
created for the DO loops, and SELL state­
ments for the temporaries. The statements 
which have been created are nested within 
the original statement. 

Phase HK 

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

The leftmost array in an expression. or 
the leftmost array or scalar in an assign­
ment is used as a basis for comparison, and 
if similar dimensions or bounds are not 
found in the array references, diagnostic 
messages are issued. Any expression con­
taining only scalars is left unchanged. 

For every dimension in an array a tem­
porary is bought and added to the AUTOMATIC 
chain for the appropriate block. Iterative 
DO loops are constructed~ with the tempo­
raries iterating between the lower and 
upper bounds of that particular dimension 
of the array. The assignment statement is 
added to the output string with additional_ 
subscripts where necessary. END statements 
are created for the DO loops. and SELL 
statements for the temporaries. 

The statements which have been created 
are nested within the original statement, 
which is changed to a null statement" 
except when it was a scalar assignment. 

The syntax of pseudo-variables is also 
checked. 

Phase HP 

Phase HP scans the source text for 
references to items defined using iSUBs. 
For each reference found. the subscripts 
are computed for the base array correspond-
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ing to the subscripts given for the defined 
array. 

The base subscripts are assigned to 
temporaries specially created for this pur­
pose. The reference, with its subscript 
lists replaced by a list of these temporar­
ies, is added to the text string. 

THE TRANSLATOR LOGICAL PHASE 

The Translator Phase consists of two 
physical phases, the stacker phase and the 
generic phase. The purpose of the Transla­
tor is to convert the output from the 
Pretranslator into a series of "triples" 
(see Appendix 0.4). 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 
operato~s 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 manipulations of the stack 
items, after 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. 
rhis means that I/O options, etc., are 
regarded as operators. 

After translation, the text string con­
sists of operands and operators. All 
statements start with an operator to indi­
cate a statement number 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 arguments. 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 mark-
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er, 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 operator. The program is now assumed 
to be syntactically correct. 

Phase IA 

Phase 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 appear first. 

As operators and operands are encoun­
tered, they are stored in stacks. Tables 
give the priority of each operator as it 
appears in the input text and in its stack. 

When an operator is found during the 
scan of the source text, its compare weight 
(see Appendix 0.4) is tested 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. Similarly, 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, plac­
ing any subsequent operand in the stack 
until another operator is found. The nor­
mal stack action is to generate a triple, 
consisting of the top operator in the stack 
and the top two operands, eliminating the 
items from the 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 oper­
ators 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 text 
contains an invocation by CALL or function 
reference, Phases IL and 1M are marked 
wanted. If it does not, Phases IL, 1M, IN, 
10, IP, IQ, MG, MH, MI, MJ, MK, MM, MN, and 
MO are marked not wanted. Phases ME 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 ~nd LH are 
marked by Phase IA independently. 

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

Phase GP examines these arguments, and 
ascertains whether it is necessary to 
create a dummy. If it is necessary, a 
scalar dummy is created. but the assignment 
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 I~ 

This phase immediately precedes the main 
generic phase. Its function is to obtain a 
block of scratch storage and place the 
entire built-in function table in that 
area. The starting address of this table 
is then placed in a register., and control 
is released to the main generic processor. 

Phase 1M 

Phase 1M scans the source text for 
procedure invocations by a CALL statement, 
procedure or library invocations by a func­
tio'n reference, and assignments to 
"chameleon" 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 ref­
erence 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 
"chameleon" dummy is determined and set in 
the dictionary entry which relates to the 
dummy. 

THE AGGREGATES LOGICAL PHASE 

The Aggregates Phase consists of two 
physical phases, the structure processor 
(phase JK) and the DEFINED chain check 
(phase JP). 

The 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 
items DEFINED on arrays and structures can 
be mapped consistently. 

Phase JK 

Phase JK scans the AUTOMATIC, STATIC" 
and CONTROLLED chains for arrays" struc­
tures, adjustable length strings, and 
DEFINED items. 

For 
without 
lengths, 
made: 

the base elements of structures 
adjustable bounds or string 
the following calculations are 

The offset from the start of the major 
structure 

The padding required to align the ele­
ments on the correct boundary 

All multipliers of arrays of struc­
tures. 

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

For arrays.., the multipliers are calcu­
lated, unless 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 symbol­
ic 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 struc­
tures or otherwise) with the VARYING attri­
bute. 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. 

DEFINED items are processed in the fol­
lowing way: 

Code is generated to set the multipli­
ers and virtual origin address of cor­
respondence defined arrays without 
iSUBs in the dope vector of the DEFINED 
items from the defining base dope vec­
tor. 

Code is generated for overlay defined 
items where either the DEFINED item, 
the base, or both are adjustable. The 
code first maps the DEFINED item, if 
necessary, calculates the address of 
the start of the storage to be used by 
the DEFINED item, and finally, relo­
cates the DEFINED item using this 
address. 

Dope Vector Descriptor dictionary 
entries and Record Description dictionary 
entries are made for items which need to be 
mapped at object tim~, or which appear in 
RECORD-oriented input/output statements. 

Phase JP scans the DEFINED chain,.., and 
differentiates between the following: 

1. Correspondence defining 

2. Scalar overlay defining 

3. Undimensioned structure overlay defin­
ing 
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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 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 
defining, this phase checks that 
ments of the defined item may 
overlay the elements of the base. 

overlay 
the ele­

validly 

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 PSEUDO-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 
pseu~o-code is achieved by a series of 
passes through the text; each pass removes 
cert~in triples and replaces them by 
pseujo-code, until the entire text is in 
pseujo-code form. On completion of this 
phase, control is handed to the Storage 
Allocation Ph~se in the output stage. 

Pseudo-Code DeSign 

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

Pseudo-code is const~ucted in basic 
units, the majority of which have a stand­
ard size of three or five bytes. A varia­
ble 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 0..6. 

A unit consists of a one-byte operation 
code followed by normally, a two- or four­
byte field, or o~ the other occasions by a 
variable length field. The bit pattern of 



the operation code indicates the type of 
unit which it heads. 

Pseudo-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 same 
format as a pseudo-code item, so that the 
handling and scanning of the source text is 
standardized. They do not, however, appear 
in the final object code. 

Register Description 

In all cases wnere a general- purpose 
register appears in pseudo-code, it will be 
described symbolically. When conventional 
registers are required in, for example, 
calling sequences, the registers will be 
referred to physically, 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 pseudo-code is being generated_ 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 arithmetic registers, it is the 
responsibility of the pseudo-code genera­
tion phases to save and restore the reg­
isters 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 ph~ses which generate calling 
sequences must be aware of the current 
status of arithmetic registers, and gener­
ate code to save and restore them as 
necessary.. 

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

Temporary Descriptors 

As expressions are evaluated, a series 
of intermediate temporary results are 
obtained. These results, or their;address­
es, may be contained in symbolic or 
assigned registers, in a dictionary ref­
erence, with or without an index register. 
or in workspace. Temporary descriptor tri­
ples (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 avai­
lable workspace location within the block., 
and then update the location pointer, 
whenever the necessity to save an inter­
mediate result arises. The location of the 
intermediate result is then described for 
later phases by a TMPD in the text.Inter­
mediate 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 (OSA) .by Phase 
PT. 

Phase LA 

Phase LA is a utility phase which 
remains in storage during the whole of the 
Pseudo-Code Phase. It provides the main 
scanning' routines to handle input and out-
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put text during the Pseudo-Code Phase. If 
a triple spans input blocks, then the part 
of the triple in the first block is copied 
into the first four bytes of the second 
block, to enable a complete triple to be 
returned to the user. 

The' routine/subroutine directories in 
this publication give a complete list of 
the routines provided, together with brief 
descriptions of their functions. 

Phase LB 

Phase LB 
PROCEDURE, 
triples. 

scans 
BEGIN, 

through the text for 
and ALLOCATE statement 

Whenever one of these is found, a scan 
is made through the immediately succeeding 
second file statements; this is to permit 
the future initialization of AUTOMATIC and 
CONTROLLED arrays. 

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 varia­
bles that have been declared INITIAL, 
a set. of triples is created and 
inserted into the text. 

2. For ALLOCATE triples, a set of triples 
is inserted if the item has been 
declared INITIAL. 

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

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 arrays6 the phase scans the initial 
value string, creating an initialization 
table in the dictionary. Replication fac­
tors are converted and inserted into the 
table; treatment of the constants is then 
as described for scalar variables. 

Phase OS converts the constants to their 
specified internal form. 

42 

Phase LG 

Phase 
stack is 
taining 
stacking 
groups. 
a new 
stack. 

LG scans the text for DO loops. A 
maintained with each entry con­
a description of a DO group. The 
reflects the nesting of the DO 
For each DO or iterative DO triple 

entry is made at the top of the 

DO specification triples are analyzed 
and expressions are assigned to temporar­
ies; 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 tri­
ples are generated to control the loop. 

Triple operators (see Appendix 0.4 ) 
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 l.n 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 4,096 bytes of scratch storage 
and setting stack pointers. The scan 
phase, Phase LA, is initialized and Phase 
MP is marked. 

The translate table for scanning tri­
ples, and the constants for expression 
evaluation are included in this phase and 
are moved to the first 1K area of scratch 
storage. Finally, control is passed to 
Phase LS. 

Phase LS 

Phase LS scans the source text to con­
vert 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 inserted. 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, TI1PD triples, containing the 
intermediate result from the top the stack, 
are inserted in the text after the triple. 
The result is a CHARACTER or BIT string or 
a CO~~ARE operator. 

When subscript triples appear, a symbol­
ic register number is inserted 1n 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 precision 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 inter­
mediate result., are examined. If an oper­
and 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 facil­
ities 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 
produced from a standard 
tion. 

Phase LW 

description is 
string descrip-

Phase LW scans the source text to con­
vert string triples to pseudo-code. If a 
result is produced it is added to a s~ack 
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 of 
known equal lengths less than or equal to 
256 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 convert­
ed to string type by phase LV. Zero 
operands 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 256 bytes. 
Lengths must also be equal for and/or 
operators; 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. 

A Library calling sequence is generated 
for the BOOL function, and the associated 
triples are removed from the i;:ext. Sub­
script and function triples may·produce 
intermediate string results. 

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 
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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 assignments are 
put out in the correct sequence. 

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 func­
tion. 

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 
CONJG 

FLOOR 
I MAG 
REAL 
STRING 
TRUNC 
UNSPEC 

BINARY 
DECIMAL 
FIXED 
FLOAT 
PRECISION 

Control is also passed to this phase if 
ABS is found with real arguments. The 
arguments are collected, and the appropri­
ate routine is entered to generate the 
pseudo-code. When the end-of-program mark­
er 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 ~rocessor phase 
and removes all trace of the in-line func­
tion. 

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: 

MAX MOD 
MIN ROUND 

If the number of arguments to the MAX or 
MIN functions is greater than these, a 
Library call is generated. 
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Phase MK 

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

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

DIM 
LBO UNO 
LENGTH 

Phase ML 

HBOUND 
SIGN 

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

text for 
procedure 

Such entry names may be floating arith­
metic 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 scans through the source text 
for procedure invocations by a CALL state­
ment, or for procedure or Library routine 
invocations by a function reference. 

Procedure invocations are replaced by an 
external standard calling sequence, and 
Library routine invocations are replaced by 
an external or internal standard calling 
sequence as appropriate '(see Appendix 
0.10). 

Phase MP 

Phase MP reorders the BUY and SELL 
statements involved in obtaining Variable 
Data Areas (VDAs) for adjustable length 
strings or temporar~es, 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 offset of the 
subscripted element in relation to the 
origin of the array. If necessary. further 
pseudo-code is generated to check the sub­
script range. 

Phase NA 

Phase NA generates pseudo-code for the 
following triples: 

For 
Library 
routine~ 

PROCEDURE' 
call is 

and BEGIN' triples a 
generated to the FREEDSA 

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. 

A GOOB (Go Out Of Block) triple is a 
branc~o a label variable, possibly 
subscripted, or to a label in a higher 
block than the current one (a branch to a 
lower block is invalid). A call is gener­
ated to a Library epilogue routine, point­
ing 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 invocation 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 generated 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 compar­
ison specifie1 in the IF statement. This 
mask is put into a generated instruction to 
branch if the condition is not satisfied, 
i.e. either to the ELSE clause or to the 
next statement. 

For QN triples. code is generated to set 
flag bits and update the ON-unit address in 
the double-word ON slot in the DSA. 

For SIGNA1 arithmetic condition triples, 
in-line code is generated to simulate the 
condition. For all other conditions, a 
Library error routine is called. 

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

Phase NG generates the calling sequences 
to the Library for DELAY and DISPLAY state­
ments. 

For DELAY statements, the argument has 
to be a fixed binary integer, and, if 
necessarY'D code is generated for conver­
sion. 

For DISPLAY statements. the message must 
be a CHARACTER string, or, if necessary, 
converted to one. A parameter list is 
built up to pass to the Library. 

Phase NJ 

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. 
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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(RDVIIGNORE.integer) I 0 

DC A(EVENT.scalar*) I 0 

DC A(KEYTO.SDVIKEYFROM.SDVI 
KEY.SDV) I 0 

DC A (REQUEST_CODES) 

REQUEST CODES is a full-word containing 
four control bytes with the following mean­
ings: 

Byte 1 Operation code 
00 READ 
04 WRITE 
08 REWRITE 
OC DELETE 
10 LOCATE* 

'14 UNLOCK* 

Byte 2 Group 1 options code 
04 IGNORE 
08 INTO I FROM 

Byte 3 Group 2 options code 
04 KEYTO 
08 NOLOCK 

Byte 4 Reserved (currently 00) 

Note that null arguments in the paramet­
er list or REQUEST_CODES are indicated by 
zeros. 

Both the parameter list and ·the 
REQUEST_CODES word are constructed in STA­
rIC storage. However, if the argument of 
one of the options refers to AUTOMATIC or 
CONTROLLED storage, the parameter list is 
moved to the WORKSPACE storage for the 
statement; the argument is then provided 
just before the Library call is made. 

The DCLCB parameter is taken from the 
FILE option of the statement; the FILE 
option must be either a file constant or 
file parameter. 

*Deferred features not included in second 
version • 
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The Record Descriptor vector (RDV) is 
assumed to have been constructed by earlier 
phases, except in the case of CONTROLLED 
strings or CONTROLLED aggregates, when pro­
cedure is as follows: 

1. For CONTROLLED aggregates, Phase NJ 
creates a Library call, passing the 
following arguments through registers: 

Register 1 
Register 2 
Register 3 

A(D. V) 
A(DVD) 
A( RESULT,. RDV. SLOT) 

2. For CONTROLLED strings, the phase gen­
erates code to construct the RDV in 
the WORKSPACE storage of the state­
ment, using the dope vector of' the 
string. 

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

The EVENT scalar is deferred until third 
release. 

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 neces­
sary" they are converted to character 
strings. 

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 param­
eter list is constructed frOm the options 
given. The options are first<-checked for 
validity with respect to multiplespecifi­
cations. 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 fol­
lows: 



OPEN DC A(DCLCB) 

DC A(OCB) 

DC A(TITLE.SDV) 

DC A(IDENT.SDV) 

DC A(IDENT.DED) 

DC A (KEYLENGTH) 

DC A(LINESIZE) 

DC A(PAGESIZE) 

CLOSE DC A(DCLCB) 

DC A(IDENT .. SDV) 

DC A(IDENT.DED) 

Null arguments are indicated by zero 
address constants. 

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

The parameter list when a file is speci­
fied 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 

2. Setting up of INCLUDE matrix 
Library routine entries for 
directed, STREAM-oriented 
statements 

and 
edit-

1/0 

The phase 'contains all pseudo-code skel­
etons used by Phase NU. 4096 bytes of 
scratch storage are obtained and the 
pseu10-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 
1/0. a scan of the text is performed. Data 
and format list items encountered during 
the scan are associated as far as possibl~, 
and a sufficient set of Library modules are 
identified for the edit-directed transmis­
sion specified in the program. The INCLUDE 
matrix is updated and dictionary entries 
are made for the required Library format­
director routines. 

Phase NU 

Datalformat lists in 1/0 statements 
produce an internal Library calling 
sequence (see Appendix D.10) for each data 
item and format item pair, using registers 
to point at the data item. the data item 
DED, and the FED for the format item. 

Iterations of data items. as in array 
input or output" and of format items. are 
achieved by making 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 110 
module. On 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 following the 
appropriate remote format item. However" 
if no format elements remain but some data 
list elements are still present, control is 
passe.d b~ck to the beginning of the format 
statement. 

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

Phase OB scans through the text for 
compiler functions and compiler pseudo­
variables (see Appendix 0.8). 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 TMPD follow­
ing 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, 
SELL, and BUY ASSIGN statements. The tem­
porary 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 OE 

Phase OE translates the following tri­
ples into pseudo-code: 

Assignment 

Multiple source assignment 

Multiple target assignment 

ALLOCATE, FREE, BUY, and SELL 

Special assignment 

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

fol-

1. Floating-point to floating-point 

2. Fixed binary to fixed binary 

3. Fixed decimal to fixed decimal 

4. 

5. 

Numeric field to numeric field, if the 
pictures given for the operands are 
identical 

CHARACTER string to CHARACTER string, 
if the operands are fixed length and 
not more than 256 characters 

6. BIT string to BIT string, if the 
operands are aligned and mUltiples of 
8 bits, and not more than 2048 bits 

7. Label to label 
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8. File constant to file parameter 

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. 

All other assignment triples are tran­
slated 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 process­
ing 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 calling 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 AUTO­
MATIC, or allocated if the target is CON­
TROLLED. The assignment is then translat­
ed. 

Phase OG 

Phase OG inserts calling sequences for 
all the calls to the Library conversion 
routines represented by the CONVERT P/C 
items. It also converts to pseudo-code all 
statement numbers, statement labels, PROCE­
DURE" BEGIN, PROCEDURE"/I BEGIN'. and end­
of-program triples. 

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

The format of the text is converted 
that a pseu30-code item does not 
blocks. 

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

Phase OS 

so 
span 

for 

Phase OS scans through 
chain in the dictionary and 

the constant 
converts the 



constants 
These are 
and the 
start of 
ry entry 

to the required internal form. 
then stored in a constants pool, 
offset of each constant from the 

the pool is saved in the dictiona­
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 con­
vert all unaligned constants. 

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

A fourth scan is made of the constant 
chain and all constants required to 1n1-
tialize static are converted, but instead 
of inserting these constants in the con­
stant pool, they are moved into special 
dictionary entries constructed by Phase LB,. 

rHE STORAGE ALLOCATION LOGICAL PHASE 

The purpose of the storage Allocation 
Phase is to ensure that every item requir­
ing 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 vec­
tor skeletons, temporary variables, work 
areas" data descriptors, symbol tables, 
addressing slots, register save areas, flag 
areas, etc. Storage locations are allocat­
ed to items in order of descending align­
ment 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 stor­
age is obtained dynamically at object time, 
the Storage Allocation Phase generates code 
to relocate dope vectors when the allocated 
storage address is known. 

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 dic­
tionary 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 exception of EXTERNAL items. 

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 relo­
cated. 

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 AUrOMATIC 
chain and CONTROLLED 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. 

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 CON-

Section 2 (Compiler Phases): Storage Allocation Logical Phase 49 



TROLLED 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 accord­
ing 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. 

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 length. 

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 allo­
cated for the secondary dope vector. The 
number of elements is calculated for INI­
rIAL ,arrays and stored in the associated 
INITIAL dictionary entry. 

The section of the STATIC chain contain­
ing 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 informa­
tion supf.'lied by Phase JK.. The structure 
member chain for each structure is scanned 
and the relative offset of each member is 
relocated to the start of the STATIC INTER­
NAL control section. Further, on the 
structure member scan, secondary dope vec­
tors are allocated when required, and the 
number of elements is calculated for INI­
rIAL 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 dictiona­
ry entry is created for the variable (see 
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Appendix C. 7) " and a chain is set up to and 
from the dictionary entry for the variable. 
The new dicti~ary entry is joined onto the 
STATIC chain. 

The size of the symbol table is calcu­
late~, and its offset from the start of the 
STATIC control section is stored in the 
symbol table ~ictionary entry. Throughout 
the 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 allo­
cates them. 

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 combina­
tion of the attributes FIXED/FLOAT, 
BINARY/DECIMAL, LONG/SHORT (default preci­
sions only). 

If the DED is of a standard type, a 
check is made for an identical DED that may 
have already been encountered, so that 
there will be only one allocation of stor­
age for anyone type of standard DED. If 
the DED 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 con­
tains space for DED information), a DED 
dictionary entry is constructed, and the 
offset 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. 

When 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. 

Phase PP 

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 varia­
ble 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 dependen­
cies. 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 
8ntry is inserted between each zone in the 
~urOlf~rIC 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 which 
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 VARY­
ING 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 work­
space in the DSA is also allocated. 

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

storage is allocated for addressing tem­
poraries type 2 and for addressing con­
trolled 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 
precision variables, single precision vari­
ables, 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 attri­
bute, the secondary dope vector is also 
allocated and code is compiled to initial­
ize the secondary dope vector. Correctly 

aligned storage is allocated for struc­
tures. 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 state­
ment which has been created. 

The remaining regions of the AUTOMATIC 
chain are scanned and code is compiled to 
obtain a Variable Data Area (VDA) 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. storage is allocated for 
DEFINED items. 

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 
PROCEDURE 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 a BEGIN statement is found, a 
standard prologue of simple form is gener­
ated_ and code is inserted from second file 
statements (if there are any) to initialize 
the DSA, allocate VDAs and initialize 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 BE3IN block) is generated. If it is 
a PROCEDURE block. a specialized prologue 
is generated, dependent on the number of 
entry points., the number of entry labels on 
a given entry point., the number of paramet­
ers on each entry point, and whether the 
PROCEDURE is a function • 

The code generated by the prologue con­
struction phase is partly in pseudo-code 
and partly in machine code. The machine 
co~e (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). 
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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 epilo­
gue .• 

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 BUY 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., adjusta­
ble array bounds or adjustable string 
lengths, and places the text references of 
each statement in the dictionary entry 
associated with each statement. 

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

A~y adjustable bound expressions or 
string length expressions are then extract­
ed from the text references, and the 
expressions are placed in-line in the text. 

Any information required from previous 
allocations (specified by * in the ALLOCATE 
statement) is extracted from the previous 
allocation, and copied into the workspace. 

Code generated by Phase JK to initialize 
multipliers, etc., is extracted and placed 
in-line, after first loading the variable 
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 paramet­
ers, code is generated to increment the 
accumulator by the size calculated at com­
pilation 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 
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a parameter to a Library routine. A rou­
tine is then called which extracts the 
Library call inserted by pseudo-code and 
places it in-line in the text. 

Code is iDSerted after the Library call 
to initialize the dope vector in workspace 
to point to the alloca:ted,storage. Code is 
generated to transfer the dope vector from 
the workspace to the allocated storage. 

Any initial value statements associated 
with the ALLOCATE statement are extracted 
and placed in-line. The initialization 
statements are then skipped. and the scan 
continues. 

The action on encountering a BUY state­
ment is similar to that for the 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 
associated with temporaries 

code 

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

The action on encountering a FREE state­
ment is to generate code to load a paramet­
er register with the pointer to the allo­
cated storage for the FREE VDA Library call 
inserted by the pseudo-code. 

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 stor:lge, and to allocate physical 
general registers where symbolic registers 
are specified or required as baSe reg­
isters. 

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

Phase RA scans the text for dictionary 
references, the beginnings and ends 'of 
PROCEDURE and BEGIN blocks, and the start­
ing ,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 
determine what is bei"ng ref erenced. The 
corresponding object time address as an 
offset and base is then calculated. 

If the address required has an offset 
less than 4,096 and a base which is either 
an AUTOMATIC or STATIC data pointer, no 
extra instructions are generated. If this 
is not so, extra instructions are inserted 
in the text stream to calculate the 
required address. The calculation of this 
address is broken 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 compiled 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 parameter, if fewer 
instructions are required to recalculate 
the base rather than load the stored 
address, or if the reference itself is in 
the prologue. 

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

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 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 .• 

Assigned registers require the explicit­
ly mentioned register to be used. If that 
register is not free it is stored,. Symbol­
ic 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 scanned, 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 register 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 insured that all the necessary param­
eter registers are in physical registers, 
and not in storage. 

No flow trace is carried out by the 
compiler,. Therefore, the register status 
is made 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 brought in and expanded. 

THE FINAL ASSEMBLY LOGICAL PHASE 

The Final Assembly Phase converts the 
pseudo-code output of the register alloca­
tion phase into machine code, the principal 
functions being the substitution of machine 
operation codes for pseudo-code oper~tions, 
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. INCLUDE cards are generated to load 
those Library routines required for the 
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execution of the object program. 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 TA 

Phase TA 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. For file constants with 
the ENVIRONMENT option a Library module is 
called to add environment attributes to the 
DECLARE control block. A dictionary entry 
is constructed, chained from the' file con­
stant, containing the core 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 core image of the OPEN 
control block. 

The contents of the INCLUDE dictionary 
entry are passed to the Library INCLUDE 
card generation module, and Linkage Editor 
INCLUDE cards are produced for Library 
module names returned by that module. 

The four-byte slot ZPRNAM, in the com­
munications region, is set to contain the 
first four characters of the first entry 
label of the external procedure, for pur­
poses of object deck serialization. 

Phase TF 

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

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

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

A location 90unter 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 instruc­
tions to reference labels is also deter­
mined, 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 

Phase TO produces ESD 
compiled program. It first 
standard entries for: 

cards 
makes 

for the 
up six 

1. program Control Section (CSECT) (SD 
type) 

2. STATIC internal CSECT (SD type) 

3. Invocation count (PR type) 

4. Entry points to Library routines" 
IHESADA and IHESAOB (ER type) 

If the external procedure has the MAIN 
option, an entry for a one-word CSECT (SD 
type) is made up. Entries are made up for 
all entry labels in the external procedure 
(LO 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 func­
tions (ER type) 

2. Files (ER type) 

3. STATIC external variables (SO type) 

4. 

5. 

External entry names (ER type) 

Programmer 
type) 

.ON condition names {SO 



The CONTROLLED chain is scanned and an 
entry is made up for each CONTROLLED varia­
ble and task name (PR type). 

Phase TT 

Phase TT scans the text and maintains a 
location counter for assembled code. 

Loader text (TXT) and relocation direc­
tory (RLD) cards for requested combinations 
of load and punch files are generated. 

Nested procedures are unnested at object 
time by suitable manipulation of the loca­
tion 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 infor­
mation is set up at entry points. 

Phase UA 

Phase UA generates text for the static 
internal CSECTi initializes a CSECT for 
each static external variable; and, option­
ally (if the LIST option is present), lists 
all the text produced for the static inter­
nal CSECT and provides suitable comments. 

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 attri­
butes, 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, argument lists" RDVs and DVDs, 
and symbol tables. The scan is terminated 
at the end of the chain. 

Phase UD 

Phase UD 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 third scan corresponds in extent to 
the third scan in Phase UAw but gen~rates 
text for arrays, and simple and interleaved 
structures. At the end of this scan, a 
test is made to determine whe~her 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 CSEC~ 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. 

Phase UF 

phase UF scans the text, and lists, in 
assembly language format. machine instruc­
tions compiled for the source program. It 
inserts comments in the listing for state­
ment numbers, statement labels, entry 
points, prologues, and procedure bases. 

THE ERROR EDITOR PHASE 

The Error Editor Phase is entered at the 
end of all compilations.. The first phase" 
Phase XA, examines the dictionary and det­
ermines whether there are any diagnostic 
messages to be printed out. If there are 
none, this phase terminates the compila­
t'ion.· If there are diagnostic messages "to 
be printed out, Phase XB causes further 
modules to be loaded. which process the 
error dictionary entries and print out the 
appropriate messages .. 
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Phase XA 

Phase XA examines the heads ef the errer 
chains in the first dictienary bleck, and 
the pregrammer eptiens which specify the 
severity level ef messages required. If 
there are no. messages to. be printed, this 
phase prints eut a terminal message and 
cempletes the cempilatien. If diagnestic 
messages are required. the phase leads 
medules XB and YA. It then scans dewn the 
errer message chains and marks each errer 
dictienary entry with an indicatien ef 
where the text ef the asseciated message is 
to. be feund. This infermatien is ebtained 
frem a table in medule XF. Then the phase 
calls medule XB. 

The text ef all errer messages is kept 
in medules XG threugh YX. The messages are 
ordered, by severity, within these medules. 
Medule XA will have listed those medules 
which centain messages required fer a par­
ticular cempilatien. Medule XB leads and 
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releases these medules, ene at a time. and 
extracts the required messages. Having 
loaded a particular medule. the phase scans 
dewn the asseciated errer message chain in 
the dictionary ~er errer entries asseciated 
with the medule. It accesses the error 
message text and scans it. 

The message to. be printed is built up in 
a print buffer in internal cempiler cede. 
This invelves a translatien frem EBCDIC 
mode. which is used fer the message text 
skeleten. The message is cempleted by-the 
insertien ef a statement number. an iden­
tifier, er a numeric value as specified by 
the message dictienary entry. The message 
is segmented, where necessary" to. aveid 
spilling ever a print line, translated to. 
external cede" and finally printed eut .. 

When all errer message dic~ienary 
entries have been precessed, medule XB 
returns centrel to. phase XA, which passes 
centrel to. medule AA fer terminatien ef the 
cempilatien. 



This section provides a complete guide 
to the compiler logicR in the form of 
flowcharts and associated tables and rou­
tine directories, arranged in phase order. 

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 01 through 09), 
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 the entered module is shown as 
follows: 

1. Where the means of transfer is a trans­
fer 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 nfall-throughn 
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, 
been given, to 
program flow. 

additional 
assist in 

labels have 
following the 

SE~TION 3: CHARTS AND_ROUTINE DIRECTORIES 

Tables and Routine Directories 

For each physical phase, a table is 
provided. which lists the operations per­
formed 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 compris­
es more than one module; this means th~t 
routines contained in different modules may 
be listed together in one routine direct­
ory. 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 label of 
the containing module is indicated in 
parentheses after the routine name in the 
nSubroutines Usedn column. The routine 
will not then appear in the routine direct­
ory for the phase under discussion. but 
will be found in the routine directory for 
the containing phase. 

Chart and Table Identification 

Identification of 
phase flowcharts is 
label. 

tables 
based 

and physical 
on the phase 
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Chart 00. Overall Compiler Flowchart 

*****A2********** 
****A1********* * * 

* * *-*-*-*-*-*-*-*-* 
* ENTRY * •••••••• X* COMPILER .. 
* *.. CONTROL .. 

*************** *INITIALIZATIO~J * 
***************** 

x .*. 
*****61********** B2 *. 
* 01* .* IS *. 
*-*-*-*-*-*-*-*-* YES.* MACRO *. 
* COMPILE-TIME *X •••••••• *. OPTION ON .* 
* PREPROCESSOK * *. .* 
* * *..* 
***************** *. • * 

x 
• *. 

C1 *. 
.* * . • * IS IT *. NO 

*. NO COMP .* ...... 
*. .* 

ICC. .* 
* .. * * YES 

X 
****01********* 

, RETURN : 
.. * 

*************** 

* Nil 

x 
• * • 

C2 *. 
• * • * I SIT *. *. NO 

*. CHAR48 .* •••• 
*. .* 

*. .* 
* .. * 

* YES 

X 
*****1)2 **.******~ 
* EXECUTE * 
* FORTY EIGHT * 
* CHARACTER * 
* PREPROCESSOR * 

* * ***************** 

: .......... X:X .......... : 

X 
*****E2 ********** * 02* 
*-*-*-*-*-*-*-*-* 
* READ-IN * 
* LOGICAL PHASE * 

* * ***************** 

X 
*****F2********** * 03* 
*-*-*-*-*-*-*-*-* 
* DICTIONARY * 
* LOGICAL PHASE * 

* * ***************** 

x .*. 
G2 *. 

.* *. 
******Gl *********** 

PRINT OUT 
ATTRIBUTE * YES .* ATR/XREF *. 
AND CROSS 

* REFERENCE * 
TABLE 

************* 

x •••••••• *. OPTION ON .* 
*. .* 

*. .* 
* .• * * NO 

: ........................ X: 
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x 
*****H2********** * 04* 
*-*-*-*-*-*-*-*-* 
*PRE-TRANSLATOR * 
* LOGICAL PHASE * 

* * ***************** 

X 
*****J2********** * 05* 
*-*-*-*-*-*-*-*-* 
* TRANSLATOR * 
* LOGICAL PHASE * 

* * ***************** 

X 
*****K2********** 
* 06* 
*-*-*-*-*-*-*-*-* 
* AGGREGATES * 
'" LOGICAL PHASE '" 
* * ***************** 

x 
***** 
*OA * * A2* 
* * * 

COMPILER CONTKOL PERF'JRMS INITIALIlATION, 
OVERSE'ES PHASE LOAD I"!;, RESOLVES SYMROL Ie 
TFXT AND DIeT 10NARY REFERENCES ANO CONTROLS 
ALL INTERFACFS BETwEE~ THE COMPILFK AND 05/360. 

THE COMPILE-TIME P E-PRJCESSJR ACCEPTS-INPUT CONTAINI"JG 
THE COMPILE TIME S ATEMENTS JF PL/I AND 
PRESENTS THE CO'1PI ER WI TH THE SOURCE TEXT 
RESULTING FRI),M EX'" tJTION OF THESE STATEM['NTS. 

HiE FORTY EIGHT CHARACTER SFT PRFPROCtSSrJR 
ACCEPTS SOUKCE PROGRA~S WRITTEN IN THE FORTY 
EIGHT CHARACTER SYNTAX JF PUI A"JD :IJNVERTS THEM 
INTO SIXTY CHARACTER SYNTAX. 

THE READ-IN LOGICAL PHASE CHECKS THE SYNTAX JF 
THE SOURCE PROGRAM, REMOVES SUPERFLUOUS 
CHARACTERS AND LEAVES CERTAIfIJ CHAINS IN THE 
PROCESSED TEXT TO AID LATER PHASES. 

THE DICTIONARY LOGICAL PHASE CONSTRLlCTS THE 
DICTIONARY OF IDENTIFIERS FROM INFOR~ATION IN 
DECLARE STATEMENTS AND FROM CONTEXT. IT AL·SO 
REPLACES BCD IDENTIFIERS IN THE TEXT BY REFFRENCES 
TO THE DICTIONARY. 

THE PRETRANSLATOR LOGICAL PHASE MANIPULATES THE 
TEXT, REARRANGING 110 STATEMENTS, CREATING TEMPORARY 
VARIABLES WHERE PARAMETERS DO N3T MATCH THEIR 
CORRESPONDING ARGUMENTS, CONVERTING ARRAY 4ND 
STRUCTURE ASSIGNMENTS TO DO LOOPS, AND REMOVING 
ISUB EXPRESSIONS. 

THE TRANSLATOR LOGICAL PHASE CONVERTS THE 
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) 

***** 
*OA * 
* A2* 
* * * 

X 
*****A2 ********** * D1* 
*-*-*-*-*-*-*-*-* 
* PSEUDO-CODE * 
* LOGICAL PHASE * 
* * ***************** 

X 
*****B2********** 
* 08* 
*-*-*-*-*-*-*-*-* 
* STORAGE * 
* ALLOCATION * 
* LOGICAL PHASE ,.. 
***************** 

X 
*****C2********** * 09* 
*-*-*-*-*-*-*-*-* 
* REGI STER * 
* ALLOCATION * 
* LOGICAL PHASE * 
***************** 

X 
*****02********** 
* 10* 
*-*-*-*-*-*-*-*-* 
*FINAL ASSEMBLY * 
* LOGICAL PHASE * 
* * ***************** 

x .*. 
E2 * • 

• * IS *. **** 
.* LIST *. NO * * 

*. PPTION ON .* •••• X. G2 * 
*. .* * * 
*..* **** * .. * * YES 

X 
*****F 2 ********** 
* * * PRODUCE * 
*OBJECT LISTING * 
* * * * ***************** 

**** 
* *. * G2 *.X. 
****** X 

. *. 
G2 * • • * *. 

NO.* ANY * • 
•••• *. DIAGNOSTICS .* 

*. .* 
*. .* 

* .. * * YES 

X 
*****H2 * ********* 
* * * PRINT OUT * 
* DIAGNOSTIC * 
* MESSAGES * 
* * ***************** 

. . 
••••••••••• x. 

X 
****J2********* 

* RETURN TO * 
*CALLlr.G PROGRM1* 
* * *************** 

THE PSEUDO-CODE LOGICAL PHASE PERFOR~S MANY 
PASSES OVER THE TEXT. EACH PASS CONVERTS SOME 
OF THE TEXT CONTENT TO A FORM ALLIED TO 
ASSEMBLY LANGUAGE. CALLED PSEUDO-CODE. 

THE STORAGE ALLOCATION LOGICAL PHASE SCANS THE 
DICTIONARY AND ALLOCATES OBJECT TIME STORAGE FOR 
ALL IDENTIFIERS. TEMPORARIES ANn ADMINISTRATIVE 
REGIONS. PROLOGUES ARE CONSTRUCTED. 

THE REGISTER ALLOCATION LOGICAL PHASE PERFORMS AN 
ANALYSIS OF OBJECT TIME ADDRESSIBILITY AND ALLOCATES 
PHYSICAL REGISTERS IN PLACE OF SYMBllLlC ONES. 

THE FINAL ASSEMBLY LOGICAL PHASE ESTABLISHES 
OBJECT TIME BRANCH ADDRESSES AND COMPLETES 
TRANSLATION TO MACHINE CODE. LOADER T~XT IS 
PRODUCED. 
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Chart AA. Resident Control Phas~ Logic Diagram (~1odules AA through N1, and JZ) 

llNIT OPNFILES PROPEN OPTPROC 
*****A2********** *****A3********** *****44********** *****A5********** 

****Al********* * LOAD * * OPEN * * * * * 
* ENTRY FROM * *INITIALIlATION * *SYSIN, SYSPRINT* * BcllLO FIRST * * LJAD IE"IAF * 
*CALLING Pf{OGRAM* •••••••• x* PHASE * ........ X*SySUTl, SYSUT3,* ........ X* HALF OF PHASE * ........ X* liND PRJCESS * 
* * * IEMAB * *GET STORAGE,ETC* * DIRECTJRY * * OPTIONS LIST * 

*************** * * * * * * * * 
***************** ***************** ***************** ******** ********* 

x • *. NODUMP _ OPENBW 
*****B1***"'****"'* B2 *. *****B3********** *****B4********** 
* '" .* *. '" '" '" • • • .* IS *. YfS '" LOAD * * OPEN SYSJT3 • 
• RELEASF IEMAF * ........ X*. CHAR48 .* ........ x. IEMAC * ........ x* FOR OUTPJT * 
* • *.SPECIFIEO.* * * * * 
* * *..* * * * * 
***************** * •• * ************"'***1< ***************** 
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* NI) 

:x ..................•......••...•..•............•.•. : 
NOMP X LODFST 

*****C2********** *****C3********** *****C4****I<***** 
* * * RELEASE * * LOAD * 
* PRINT * *INITIALIlATION * * IEMAM TO * 
* LIST OF * •••••••• X* PHASE * •••••••• x* MARK LATER * 
* OPTIONS * * IEMAB * * PHASES * 
* * * * * * 
***************** ***************** ***************** 

••••••••••••• x •••••••••••••••••••••••••••••••••••••••••••••••••• : 
x 

*****OZ********** 
* * * LOAD A * 
*COMPILER PHASE *x ... x ................................................................. . 
* '" x x 
* * ***************** **** 

X 
*****EZ********** 
* I EMXX* 
*-*-*-*-*-*-*-*-* 
* CALL A * 
* COMPILER * 
'" PHASE * 
***************** 

:RLSCTl J. 

* * * 02 * 
* * **** 

IEMXX IS ANY ONE O~ THE PHYSICAL:PHASES 
DESCRIBED IN THE FOLLOWING CHARTS 

F2 *. *****F3********** 
.* *. * EXECUTE * 

.* WAS IT *. YES * IEMAC TO * • 
*. IEMBX .* •••••••• X* OPEN SYSUT3 * •••• 

*. .* * FOR INPUT * 
*..* * * 

*. . * ***************** * NO 

x . NO 

G2' *. *. *****G3********** G4' *. *. *****GS********** 
.* *. * EXECUTE * .* *. * * 

.* WAS IT *. YES "IEMAG TO * .* WAS IE"IAC *. YES * RElEASE * 
*. IEMCV .* ........ X* TIDY UP AFTER * ........ X*. LOADED .* ........ X* IEMAC * 

*. .* * READ-IN * *. .* * * 
*..* • * *..* * * 

* •• * ***************** * •• * ***************** 
* NO * 

x .*. HZ *. *****H3********** 
.* END *. * EXECUTE * **** 

.* OF FIRST *. YES * IEMJl TO * * * 
*. HALF PHASE .* •••••••• X* BUILD SECOND * •••• X* 02 * 

*. LIST.* * HALF PHASE * * * 
*. ..* * DIRECTORY * **** 

* •• * ***************** * NO 

x 
**** 

* * * K2 * 
* * **** 

**** 
* * * K2 * 
* * **** 

***** 
*AA * 
* K3* 
* * * 

.~. lEND X 
K2 *. **.**K3.*.*.***** 

.* *. * CLOSE DATA. • ••• K4.* •• *.* •• 
• NO.. WAS *. YES * SETS, TIDY. * RETURN TO • 
.... *. RETURN TO .* ........ x* UP, PICK UP * ........ X.CALLING PROGRAM. 

•• lEND.. • SEVERITY CODE •• * 
•• •• * * .** •• ***.****** 

••• * *********.*** •• ** 
* 



Table AA. Module AA compiler Control Resident Control Phase 
r-----------------------------------------------T---------------T-----------------------, 
I I Main processing I I 
I statement or operation Type I Routine I Routine Called I 
~-----------------------------------------------+---------------+-----------------------~ 
IInitializes the compiler IZINIT ILOADW. ABORT I 
I \ I I 
IParameters passed: General register 1 points atl I I 
Ithe passed parameters I I I 
IEntEY to OS/360: GETMAIN(R), TIME, LINK, SPIE I \ I 
~-----------------------------------------------+---------------+-----------------------~ 
IConverts an absolute address to a dictionary IZDABRF ICONSLD. ZUERR. ABORT, I 
I reference I IBLKERR \ 
I I I I 
IParameters passed: PARi -- any reference to thel I I 
Iblock containing the absolute address; I I I 
IPAR2 -- the absolute address to be converted I I I 
IParameters returned: PARl -- the required I I I 
Idictionary reference I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IConverts a dictionary reference to an absolute IZDRFAB ICONSLD, TRYMRD, ~LKERR I 
I address I I . I 
I I I I 
IParameters passed: PAR1 -- the dictionary I I I 
I reference I I I 
IParameters returned: PAR1 -- the absolute I I I 
I address I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes an unaligned dictionary entry and IZNALAB IZDRFAB. ZDABRF. TRYMRD,I 
Ireturns an absolute address I IZUPL, ZUERR, ABORT.. I 
I I ICONSLD I 
IParameters passed: PAR1 -- address of entry to I I I 
I be made; PAR2 -- length of entry I I I 
IParameters returned: PAR1 -- address of entry I I I 
I in dictionary I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes an aligned dictionary entry and returns IZDICAB IZDRFAB, ZDABRF, TRYMRD,I 
I an absolute address I I ZUPL, ZUERR, ABORT.. . I 
I I ICONSLD I 
IParameters passed: PAR1 -- address of entry to I I I 
Ibe made; PAR2 -- length of entry I I I 
IParameters returned: PAR1 -- address of entry I I I 
lin dictionary I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes an unaligned dictionary entry and \ZNALRF IZDRFAB, ZDABRF, TRYMRD.\ 
Ireturns dictionary reference \ IZUPL, ZUERR. ABORT. I 
I I ICONSLD I 
IParameters passed: PAR1 -- address of entry to I I I 
I be made; PAR2 -- length of entry I I I 
IParameters returned: PAR1 -- reference of entry I I I 
lin dictionary I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-------------~---------~ 
\Makes an aligned dictionary entry and returns alZDICRF IZDRFAB, ZDABRF. TRYMRD .. I 
Idictionary reference I IZUPL, ZUERR, ABORT I 
I \ ICOSLD I 
IParameters passed: PAR1 -- address of entry to I I I 
I be made; PAR2 -- length of entry I I \ 
IParameters returned: PAR1 -- reference of entry I I I 
lin dictionary I I I 
IEntry to OS/360: None I I I L _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AA. Module AA Compiler Control Resident Control Phase (cont'd) 
r-----------------------------------------------T---------------T-----------------------, 
, IMain Processing, I 
I Statement or Operation Type I Routine I Routine Called I 
~-----------------------------------------------t---------------t-----------------------~ 
IFinds a neW text block. Optionally chains the IZUTXTC ICONSLT, TRYMRT. ZUERR, I 
Inew block to the current block and changes the I IABORT. B~KERR I 
Istatus of the current block I I I 
I I I I 
IParameters passed: PAR1 -- optionally. a I I I 
Ireference to the current block. PAR2 -- a I I , 
Istatus and chain indicator I I I 
Iparameters returned: PAR! -- reference to new I I I 
I block; PAR2 -- a status and change indicator I I I 
IEntry to OS/360: None I' I 
t-----------------------------------------------t---------------t-----------------------~ 
IFinds the next text block in the chain. ,Z:HAIN ICONSLT, TRYMRT, BLKERR I 
,Optionally. changes the status of the current 'I I 
,block I I I 
, I" 
,Parameters passed: PAR! -- a reference to the I' I 
Icurrent blocki PAR2 -- a status indicator I I I 
IParameters returned: PAR1 -- reference of the I I I 
,next block in the chain I I I 
IEntry to OS/360: None 'I I 
~-----------------------------------------------+---------------+-----------------------~ 
IChanges the status of the referenced text blocklZALTER ,CONSLT. BLKERR , 
I I I , 
IParameters passed: PAR! -- a reference to the I' I 
I block I I I 
IEntry to OS/360: None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IConverts a text reference to an absolute IZTXTAB ICONSLT. TRYMRT. BLKERR , 
'address and optionally. does not change" , 
Istatus of the block. " , 
, "I 
IParameters passed: PAR! -- reference to be I I I 
Iconverted and option indicator bit I I I 
IParameters returned: PAR2 -- the absolute I I I 
I address I I , 
IEntry to OS/360: None " I 
t-----------------------------------------------t---------------t-----------------------~ 
I Converts an absolute address to a text I ZTXTRF I CONSLT, BLKERR" ZUERR, I 
I reference I I ABORT I 

I '" lParameters passed: PAR! -- a text reference to I' , 
,the block containing the absolute address; I I I 
IPAR2 -- the address to be converted " , 
IParameters returned: PAR1 -- the required text I' , 
I reference ' I' I 
IEntry to OS/360: None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IEnters message 'REFERENCED BLOCK NOT IN USE' IBLKERR ,ZUERR, ABORT I 
,into dictionary and then terminates compilation I I - I 
, I I I 
IEntry to OS/360: None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
I Supplies storage space for scratch purposes. I ZUGC I TRYMRT" ZUERR, ABORT I 
IAllocation is made in 512 bytes at a time I I I 
I I I I 
IParameters passed: PAR! -- a count of the l I I 
Inumber of 512 byte blocks required I I I 
IParameters returned: PAR! address of the I I I 
lallocated storage I I I 
IEntry to OS/360: None I I I L _______________________________________________ ~ _____ -------___ ~ _______________________ J 
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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 I Routine Called I 
~-----------------------------------------------t---------------t-----------------------~ 
IReleases scratch storage allocated by ZUGC IZURC IZUERR, ~BORT I 
I I I I 
IParameters passed: PARl -- a count of the I I I 
Inumber of entries to ZUGC to be released I I I 
jEntry to OS/360: FREE MAIN if storage being I I I 
Ireplaced is outside the guaranteed 4k block I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IDeletes a list of loaded phases IRELESE IZUERR, ABORT I 
I I I I 
\Parameters passed: PARl -- address of list of I I I 
Iphases to be deleted I I I 
IEntry to OS/360: DELETE I I I 
t-----------------------------------------------t---------------t-----------------------~ 
Deletes a list of loaded phases and passes RLSCTL Module ~D if inter- I 
control to either the next requested phase or phase dumping is req- I 
the next named phase uired; Module AE if it I 

Parameters passed: PARl -- address of list of 
phases to be deleted; PAR2 -- address of name 
of phase to which control is to be given, or 

is end of Read-In I 
Phase; ZUERR, ABORT I 

I 
I 

zero I 
Parameters returned: PARl load point of new I 
phase I 
Entry to OS/360: DELETE, LOAD(EPLOC), LOAD(DE), I 
~~ I 
t-----------------------------------------------t---------------t-----------------------~ 
ILoads the required phase and returns control tolLOADX IZUERR, ABORT I 
\the caller. The phase may be loaded again I I I 
I I I I 
I . \ I I 
IParameters passed: PAR! -- address of name of I I I 
Iphase to be loaded I I I 
IParameters returned: PARl -- load point of I I I 
I phase I I I 
IEntry to OS/360: LOAD (DE) I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IMarks phases as • wanted' and 'not wanted' \REQEST \ZUERR, ~BORT I 
I I I I 
I I \ \ 
\Parameters passed: PARl -- address of I I I 
Ilist of phase names to be marked • wanted; 'I I I 
I PAR2 -,- address of list of phase names to be I \ I 
Imarked 'not wanted' I I I 
IEntry to OS/360t None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
IInserts diagnostic message in the dictionary IZUERR IZORFAB. ZOICRF. ZDICAB I 
I' I I I 
I I I I 
IParameters passed: PAR5 -- numeric parameter I I I 
I (if any); PAR6 -- message number; PAR7 -- add- I I I 
Iress of text (if any) or dictionary reference I I I 
I(if any); PAR8 -- length of text (if any) I I I 
IEntry to OS/360: None I I I 
t-----------------------------------------------t---------------t-----------------------~ 
ITakes a dictionary reference and points at the lCONSLD I None I 
Irelevant slot in the dictionary block control I I I 
larea (OSLOTS) I I I 
I I I 1 
IParameters passed: PARl -- dictionary reference I I I 
I Parameters returned: Address of slot in GRA I I I 
IEntry to OS/360: None I I I L _______________________________________________ ~ _______________ ~ ______________________ J 
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rable AA. Module AA compiler Control Resident Control Phase (cont'd) 
r-----------------------------------------------T---------------T-----------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Routine Called I 
~-----------------------------------------------+---------------+-----------------------~ 
ITakes a text reference and points at the ICONSLT I None I 
Irelevant slot in the text block control area I I I 
I (TSLOTS) I I I 
I I I I 
I I I I 
IParameters passed: PAR1 -- text reference I I I 
IParameters returned: Address of slot in GRA I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
I~llocates space for a text block ITRYMRT IDFREE. TFREE. ZUPL~ I 
I I I ABORT I 
Iparameters passed: Relative track address of I I I 
Ithe block (if block is on disk) in RDTTR. I I I 
10therwise RDTTR is zero I I I 
Iparameters returned: Address of block in GRO I I I 
IEntry to OS/360: GETMAIN(VC) if storage I I I 
I available. OPEN if no space left for text I I I 
I blocks I I I 
~-----------------------------------------------+---------------+-----------------------~ 
I Allocates space for a dictionary block I TRYMRD I DFREE, TFREE, ZUPL., I 
I I I ABORT I 
IParameters passed: Relative track address of I I I 
Iblock (if block is on disk) in RDTTR. Other- I I I 
Iwise RDTTR is zero I I I 
IParameters returned: Address of block in GRO I I I 
I~nt~y-to OS/360: GETMAIN(VC) if storage I I I 
I available. Open if no space left for diction- I I I 
lary blocks I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IInvestigates the dictionary block control used DFREE CONSLD" ZUERR. ABORT. I 
I (DSLOTS), to find which block can be written WDREAD. WRTRD, WDWRIT I 
lonto disk to make space for a different block I 
lin storage I 
I I 
I I 
IParameters passed: Relative track address of I 
Iblock required in storage in RDTTR. RDTTR=O if I 
la block is being created I 
IParameters returned: Address of block in I 
Istorage in BLOKAD I 
IEnt~ to OS/360: None I 
~-----------------------------------------------+---------------+-----------------------~ 
I Investigate the text block control area ITFREE ICONSLD~ ZUERR~ ABORT, I 
I (TSLOTS), to find which block can be written I I WDREAD." WRTRD" WDWRIT I 
lonto disk to make space for a different block I I I 
lin storage I I I 
I I I I 
I I I I 
IParameters passed~ Relative track address of I I I 
Iblock required in storage in RDTTR. RDTTR=O if I I I 
la block is being created I I I 
IParameters returned: TFREE I I I 
IEntry to OS/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
Icreate space in storage by writing on disk IWDWRIT IWRITEX I 
I I I I 
IParameters passed: RDTTR=O, BLOKAD contains I I I 
laddress of block that can be written out I I I 
IParameters returned: BLOKAD contains address ofl I I 
Iblock in storage that is now available I I I 
IEntry-to OS/360: WRITE{BSAM), CHECK, NONE I I I 
L _______________________________________________ ~ _____ ----------~----------------_______ J 
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Table AA. Module AA Compiler Control Resident Control Phase (cont'd) 
r----------------------------------------------~---------------T-----------------------, 
1 ,IMain Processing I I 
I Statement or -Operation Type I Routine I Routine Called I 
~-----------------------------------------------+---------------+-----------------------~ 
Iwrites a block onto disk and reads a second. onelWRTRD IREADX, W'RITEX. ZUERR, I 
I into its place in storage I I ABORT I 
I I I I 
I I I I 
IParameters passed: RDTTR contains relative I I I 
Itrack address of block to be read. BLOKAD I I I 
Icontains address of block to be written I I I 
IParameters returned: NOTTR contains relative I I I 
I track address of block in st.orage I I I 
I Entry to OS/36 0 : WRITE (BSAM) .. CHECK, NOTE 1 l I 
l-----------------------------------------------+---------------+-----------------------~ 
JReads a block from disk into space already IWDREAD fREADX I 
Javailable in storage 1 I I 
1 I I I 
I I t I 
lParameters passed: RDTTR holds relative track I I I 
I addI'ess of block to be read. BLOKAD holds I I I 
laddress of space in storage I I I 
JParameters returned: BLOKAD holds address of I I I 
~ block in storage t I I 
I Entry to OS/360: None I I I 
.-------~---------------------------------------+---------------+-~---------------------~ 
IWrites a block onto disk IWRITEX IZUPL, ZEND I 
I I I I 
I I I I 
1 Parameters passed: TEMP4 holds relative track I t I 
1 address ·of space on disk l I I 
1 Entry to OS/360: XDAD(WI) " WAIT f 1 I 
t-----------------------------------------------+---------------+-----------------------~ 
fReads a block from disk \READX IZUPL, ZEND 1 
I I I I 
I I I I 
IParameters passed: TEMP4 holds relative track I 1 I 
laddress of block on disk I J I 
IEntry to 05/360: XDAP(RI), WAIT 1 I I 
t-----------------------------------------------t---------------+-----------------------~ 
1 Reads a record f.rom SYSIN I ZORn- I None I 
I I 1 I 
I 1 J 1 
'I Parameters passed: PAR1 -- address of input I 1 1 
iarea I I I 
I Parameters returned: PAR2 -- record length I I I 
IEntry to OS/360: GET ~~VE (QSAM) I I I 
~----------------------------,----------------+---------------+-----------------------~ 
,Puts a record out to SYSPRINT. Pagination IZOPL IPLERRX I 
I (paging action) is performed automatically I I I 
I I I I 
IParameters passed: PARl -- address of output I I I 
I buffer f I 1 
IEntry to OS/360: PUT LOC~TE (QSAM) I I I 
t-----------------------------------------------+---------------+-----------------------~ 
IPuts a record out to SYSLIN IZULF ILFERRX I 
I I I I 
IParameters passed: PARl -- address of output I I I 
I record I I I 
IEntry to OS/360: PUT LOCATE(QSAM) I I I 
t-----------------------------------------------+---------------+-------~---------------~ 
IPuts a record out to SYSPUNCH IZOSP ISPERRX I 
I 1 I I 
IParameters passed: PARl -- address of output I I I 
I record I I I 
I Entry to 05/360: PUT LOCATE{QSAf/I) I I I L _______________________________________________ ~ _______________ ~ _______________________ J 

Section 3: Charts and Routine Directories 65 



rable AA. Module AA Compiler Control Resident Control Phase (cont'd) 
r-----------------------------------------------T---------------T-----------------------l 
I I Main Processing I I 
I Statement or operation Type I Routine IRoutine Called I 
~-----------------------------------------------+---------------t-----------------------~ 
IDeletes currently loaded phases and passes IZABORT, ABORT lModule AD if dump op- I 
Icontrol to the Error Editor I Ition specified; RLSCTL I 
I I I I 
IEntry to OS/360: LOAD (EPLOC) if dump option I I 1 
I specified I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IPicks up completion code and returns control tolZEND IZUPL I 
I the program that called compiler 1 I I 
I I I I 
I I I I 
IEntry to OS/360: TIME, FREEMAIN, DELETE I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IHandles all program checks IPIH IZUERR I 
I I I I 
IParameters passed: APRINT holds address of I I I 
Iroutine wanting to handle interrupt. ARMASK I I I 
Iholds mask indicating which interrupts it is I I I 
Idesired to handle I I I 
I I I I 
IEntry to OS/360: None I I I L _______________________________________________ ~ _______________ ~ _______________________ J 

rable AAi. Module AA Routine/S.ubroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 

ABORT lDeletes currently loaded phases, passes control to error editor. 
I 

BLKERR IEnters message "REFERENCED BLOCK NOT IN USE", then terminates compi-
Ilation. 
I 

CONSLD ITakes dictionary reference and points at relevant slot in dictionary 
Icontrol block area (DSLOTS). 
I 

CONSLT ITakes text reference and points at relevant slot in text block con-

DFREE 

LFERRX 

LOADX 

LOADW 

PIH 

PLERRX 

RDERRX 

READX 

RELESE 

REQEST 

trol area (TSLOTS). 

Finds dictionary block which can be written on disk to make room for 
a new block in storage. 

Marks error on SYSLIN data set. 

Loads required phase and returns control to caller. The phase may 
be loaded again. 

Loads required phase and returns control to caller. 

Handles all program checks. 

Prints record on SYSPRINT data set. Pagination (paging action) is 
performed automatically. 

Marks error on SYSIN data set. 

Reads a block from disk. 

Releases all loaded phases. 

Marks phases as 'wanted' or 'not wanted.' 

IRLSCTL Releases all loaded phases and pass control to next required or 
I named phase. L __________________ ~ __________________________________ ------------______________________ J 
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rable Mi. ~lodule AA Routine/Subroutine Directory (cont' d) 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 

I 

SPERRX Marks error on SYSPUNCH data set. 

TFREE 

TRYMRD 

TRYMRT 

WDREAD 

WDWRIT 

WRITEX 

WRTONL 

WRTRD 

ZABORT 

ZALTER 

ZCHAIN 

ZDABRF 

ZDRFAB 

ZDICAB 

ZDICRF 

ZEND 

ZINIT 

ZNALRF 

ZNALAB 

ZTXTAB 

ZTXTRF 

ZUERR 

ZULF 

ZUSP 

ZURD 

Finds text block which can be written on disk to make space for a 
new block in storage. 

Allocates space for a dictionary block. 

Allocates space for a text block. 

Reads a block from disk into storage. 

Creates space in storage by writing a block on disk. 

Writes a block on disk. 

JWrites on last block on disk. 

Writes a block onto disk, reads a second one into its place in stor­
age. 

Deletes currently loaded phases and passes control to error editor. 

Changes status of referenced text block. 

Finds next text block in chain. 

Converts an absolute address to a dictionary reference. 

Converts a dictionary reference to an absolute address. 

Makes an aligned dictionary entry and returns absolute address. 

Makes an aligned dictionary entry and returns dictionary reference. 

Picks up completion code and returns control to calling program. 

Initializes the compiler. 

Makes unaligned dictionary entry and returns dictionary reference. 

Makes unaligned dictionary entry and returns absolute address. 

Converts text reference to an absolute address. 

Converts absolute address to a text reference. 

Inserts diagnostic message in dictionary_ 

Puts record out to SYSLIN data set. 

Puts record on to SYSPUNCH data set. 

Reads a record from SYSIN. 

ZUGC Supplies storage space for scratch purposes. 

IZURC Releases scratch storage. 
I 
IZUPL Puts record out to SYSPRINT data set. 
I 
IZUTXTC Obtains a new text block. L __________________ ~ ____________________________________________________________________ J 
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rable AB. Module AB Compiler Control Initialization 
r-----------------------------------------------T---------------T-----------------------l 
I IMain Processing I I 
I 8tatement or Operation Type I Rou~ine I Routine Called I 
~-----------------------------------------------+---------------t~---------------------~ 
IIssues a BLDL macro-instruction on all phases tPROPEN I None I 
lin compiler, and constructs a compacted phase I I I 
I dictionary I I I 
I I I I 
IEntry to 08/360: BLDL I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IPrints initial heading and performs scan of 10PTPROC I None I 
loption list. Default options are taken where I I I 
I necessary I I I 
I J I I 
IParameters passed: General register 1 points tol I l 
loption list passed at invocation time I r I 
IEntry to 08/360: TIME, PUT LOCATE(QSAJ.Vi) I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IMakes the initial space allocation for text andlOPENR I None I 
Idictionary blocks. 8ets up communication I I I 
I region I ~ ~ 
I I I I 
IEntry to 08/360: GETMAIN(R) I I I 
~-----------------------------------------------+---------------+-----------------------~ 
10pens spill file if text and dictionary blocks IOPEN8P I None I 
lare lK I I I 
I I I r 
I Entry to 08/360: OPEN I I I 
~-----------------------------------------------+---------------+-----------------------~ 
10btains the guaranteed 4K of scratch storage I GgT8CR I None I 
I I I I 
IEntry to 08/360: GETMAIN(R) I I r 
~-----------------------------------------------+---------------+-----------------------~ 
ILoads intermediate file writer (Module AC). I NODUMP IZUPL (AA) I 
ISets buffer. sizes for SYSUT3 and opens the datal I I 
Iset I I I 
I I I 1 
IEntry to 08/360: LOAD(EPLOC), OPEN 1 t I 
~-----------------------------------------------+---------------+-----------------------~ 
IPrints out list of options for this compilationlNDMP IZUPL (AA) I 
I I I I 
IEntry to 08/360: None I I I 
~-----------------------------------------------+---------------+-----------------------4 
IEnters error messages generated when 8YSIN. \PJ13 IZUERR (AA) J 

ISYSPRINT opened I I I 
I I I I 
IEntry to 08/360: None I I I 
~-----------------------------------------------+---------------+-----------------------~ 
IReads first card and stores. Uses as heading IRDCD IZURD, ZUERR, ZUPL I 
I if required I I (all in AA) I 
~-----------------------------------------------+---------------+-----------------------~ 
I I I t 
I Return to pre-initializer ,:in IEMAA I ABOUT I None I L _______________________________________________ ~ _______________ ~ _______________________ J 
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Table AB1. Module AB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ I ABOUT IReturns control to pre-initializer in Module AA. I 
I I I 
I GETSCR IObtains scratch storage. I 
I 1 I 
INDMP IPrints lists of options for current compilation. I 
I I I 
I NODUMP )Loads intermediate file writer module AC. Sets buffer sizes for I 

OPENR 

OPENSP 

OPTPROC 

PJ13 

fPROPEN 
I 

ISYSUT3 and opens data set. I 
I- I 
IMakes initial space allocation for text and dictionary blocks. Sets 
lup communications region. 
I 
10pens spill file. 
I 
IPrints initial heading and performs scan of option list. 
I 
IEnters diagnostic messages generated when SYSIN and SYSPRINT data 
Isets are opened. 
I 
IIssues BLDL macro-instruction and constructs phase directory. 
I 

IRDCD IReads first card. L __________________ ~ ___________________________________________________________________ _ 

Table AC. Module AC Compiler Control Intermediate File Control 
r-----------------------------------------------T---------------T-----------------------, t I Ma in Proces sing I I 
I Statement or operation Type I Routine I Routine Called I 
t-----------------------------------------------+---------------+-----------------------~ 
,Writes a record onto SYSUT3 I IE MAC I None , 
I I I , 
IParameters passed: PARi -- address of output I I I 
Irecord~ PAR2 -- length of record t I I 
IEntry to OS/360: PUT LOCATE(QSAM) I I I 
t-----------------------------------------------+---------------+-----------------------~ 
I Link to file switching routine (Module AG) I ENDED I None I 
I I I I 
I Entry to 08/360: LINK I I I L _______________________________________________ ~ _______________ ~ _______________________ J 

rable AD. Module AD Compiler Control Interphase Dumping 
r-----------------------------------------------T---------------T-----------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Routine Used I 
t-----------------------------------------------+---------------+-----------------------~ 
IDebugging aids. This routine contains a dump- lIEMAD IZDRFAB. ZTXTAB. ZUPL I 
ling program which is invoked by use of the DUMP I I {all in AA), I 
I option I I DUMP I L _______________________________________________ ~ _______________ ~ _______________________ J 

Table AD1. Module AD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I.Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 
I DUMP IConverts contents of specified area of main storage to hexadecimal, I 
I \prints the result. I L __________________ ~ ____________________________________________________________________ J 
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Table AE. Module AE Compiler Control Clean-Up Phase 
r-----------------------------------------------T---------------T-----------------------, 
I /Main Processing I I 
I statement or Operation Type / Routine I Routine Called / 
~-----------------------------------------------t---------------t-----------------------~ 
/Input and intermediate file control. Current IIEMAC I None / 
linput file is closed and IEMAC is deleted if I (Module AC) / I 
I present I I I 
I / I I 
IEntry to OS/360: CLOSE(current input file). I I / 
,DELETE I I I 
~-----------------------------------------------t---------------t-----------------------~ 
IOpens SYSLIN and SYSPUNCH data sets if requiredlNOT48 'ZUERR (AA) I 
I 'I I 
IEntry to OS/360: OPEN I I I 
~-----------------------------------------------t---------------t-----------------------i 
IExpands the number of blocks in storage to four'NOTDCK I None I 
Itext and four dictionary, if running with the I I I 
144k size option I I I 
I I I I 
IEntry to 05/360: GETMAIN I I I l _______________________________________________ ~ _______________ ~ _______________________ J 

Table AEl. Module AE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
/Routine/Subroutinel Function I 
~------------------t--------------------------------------------------------------------i 
I NOT48 10pens SYSLIN and SYSPUNCH data sets as required. I 
, I I 
I NOTDCK IExpands number of blocks in storage. I l __________________ ~ ____________________________________________________ ~ __ ~~-----------J 

Table AF. Module AF Compiler Control Sysgen options 
r----------------------------------------------------------T----------------------------, 
I Function I Subroutines I 
t----------------------------------------------------------t----------------------------i 
IThis module contains no executable instructions. It is I None I 
,generated at SYSGEN time and passes the default options I I 
land values to the compiler I I L __________________________________________________________ L ____________________________ J 

Table AG. Module AG Compiler Control Intermediate File Switching 
r----------------------------------------------------------T----------------------------, 
I Function I Subroutines I 
~----------------------------------------------------------t----------------------------i 
'Switches SYSUT3 from an output file to an input file I None I 
I I I 
/Entries to os/360: OPEN and CLOSE / I L __________________________________________________________ ~ ____________________________ J 

Table AM. Module AM Compiler Control Phase Marking 
r-----------------------------------~--------------T-----------------------------------, 
, ,Main processing, / 
I Function 'Routine I Routines Used I 
t-----------------------------------t---------------t-----------------------------------i 
IMarks all non-optional phases and ,IEMAM IREQEST, RLSCTL (both_in AA) I 
lall phases influenced by compiler I I / 
linvocation time options I I I L ___________________________________ ~ _______________ ~_---------------------_____________ J 

70 



Chart 01. Compile-time Processor Loqical Phase Flowchart 

*****A2********** 
****Al********* *RESIDENT . AS* 

* ENTRY * *-*-*-*-*-*-*-*-* 
* FROM PHASE AA * •••••••• X* CONTROLS * 
* * * LOADING OF * 

*************** :t~!~~!*:¥,~~,~~: 

X 
*****B2********** 
*INITIALIZN AV* 
*-*-*-*-*-*-*-*-* 
* INITIALIZES * 
*COMM. REGION & * 
*SCRATCH STORAGE* 
******* •• * •••• *** 

X 
*****C2********** 
*INITIAL SCAN BC* 
*-*-.-.-.-*-.-.-• 

... x* INITIAL SCAN * 
*AND TRANSLATION* 

* * .****.* •• ****.*** 

X 
··*··02*·*·****** 
*FINAL SCAN BG* 
.-*-*-*-.-.-*-*-* 
*FINAL SCAN AND * 
* REPLACEMENT * 
* PHASE * 
***************** 

x .*. 
E2 *. • .* HAS * • 

• YES .* A % BEEN * • 
• ••• *. ENCOUNTERED .* 

*IN INCLUDEO* 
*.TEXT .* 

* •. * * NO 

X 
*****F2********** 
.DIAGNOSTIC BM* 
*-*-.-*-*-.-*-*-. 
* DIAGNOSTIC * 
*MESSAGE CDNTROL* 
* PHASE * 
****.***.******** 

X 
*****G2 ********** 

* * * PRINTS .. 
* DIAGNOSTICS * 
* IN DICTIONARY * 
* * *********.;.******* 

X 
*****H2********** 
*CLEAN-UP BW* 
*-*-*-*-*-*-*-*-* * KE-INITIALlZE * 
* CUMM. REGION * 
* AND TABLES * 
***************** 

x 
***** 
*02 * 
* Al* 

* * * 
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Chart AS • Phase AS Overall Logic Diagram 

• • •• A2·.*······ 
• ENTRY • * FROM • 
• PHASE AA • ••• *.* •• * •••••• 

AORP X 
•• ···B2.********* 
• PHASE AV • 
*-*-*-*-*-*-*-*-* • INITIALIZE ••••••••• 
• POINTERS AND. X * SWITCHES • • •••• 
*.*************.* *AV * 

:X ••••••••••• 
LOAOW • YAG2 X 

*****C2*·******** * PHASE. BC * 
*-*-*-*-*-*-*-*-* 
• . LOAD * * P~ASE BC INTO * * STORAGE * 
************** •• * 

X 
*****02********** * * * USE PHASE BC * * TO PROCESS * 
'" 'INPUT' TEXT * 
* * ******** ********* 

X 
*****E2********** * * * TURN * * INCLUDE-SW * * OFF' * 
* * ******** ********* 

LOADW X 
*****F2********** * PHASE BG * 
*-*-*-*-*-*-*-*-* * LOAD * * PHASE BG INTO * * STORAGE • 
***************** 

X 
*****G2·********* * * * USE PHASE BG * * TO PRODUCE * * OUTPUT * 
• * ***************** 

X 
INCTST • *. 

H2 * • • * *. . .* IS *. YES. *. INCLUDE-SW .* .... 
*. ON .* 

*. .* 
* .. * * NO 

X 
****J2********* * RETURN * 

* TO * * PHASE AA * 
*************** 
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Chart AV • 

..... 
*AV " ... :~* 

INIT X 

Phase AV Overall Logic Diagram 

•.••. A2.......... • •• **14.3 •• * ••••••• 
.. .. .. CREATE INPUT .. 
" INITIALIZE" .. AND OUTPUT • 
• COMMUN ICATIONS ••••••••• X. BUFFERS IN .. 
: REGION: :SCRATCH STORAGE! 

* ••• *******...... **** •• *.*.*.***** 

x 
:****83******* •• : 
.. MOVE TOKSCN • 
.. TABLE INTO • 
:SCRATCH STORAGE: 

** •••••• ** ••••••• 

WWN048 X :* ••• C 3**** ••••• : 
.. ALLOCAT E PDS • 
" I N SCRATCH " 

:*.**!:~:::: .. **: 
X ·· •• ·03······***· • SET UP DCB'S .. 

• AND BUFF ER .. 
• AREA FOR USER .. 
.. AND SYSLIB .. 
• INCLUDE FILES • ................. 

X 
**·.*E3**····***· 
• SET UP .. 
• KEYWORD TABLE. 
• IN SCRATCH .. : .. *.::~:::: .... : 

IfNOVLP X :** •• F3 ••••••••• : 

• SET UP TABLES. 
• TO TRANSLATE • 
• EXTERNAL CODE. 
• TO EBCDIC • ••• * ••••••••••••• 

WWOBCD X ··.**G3·········· .. MAKE • 
.. DICTIONARY .. 
• ENTRY FOR BUILT. 
• I N FUNCTION • 
• SUBSTR • ••••• ** •••••••••• 

X .••. *H3······.··· .. SET UP TEXT .. 
.. BLOCKS FOR • 
• PROCEDURE TEXT .. 
: AND IVB'S : 
•••••••••••• * •••• 

WWCHNBEG X ·· ... ·J3**········ .. CREATE • 
.. DICTIONARY • 
.. ENTRI ES FOR • 

:z~~g I ~A~ur~E SrR: ................. 
x 

: •• **K3 ••••••••• : : •••• K4 ••••••••• : 

• CREATE IVB'S .. .. SET UP BAS IS • 
• FOR VALUES TRUE" •••••••• X" FOR UNDEF I NED .. 
• AND FALSE" .. ENTRY CHAINS .. .. .... .. •••••••••••••••• * ••••••••••••••••• 

x 
**.** 
*BC * * A3* ... 
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Chart BC. Phase BC Overall Logic Diagram 

***** 
*BC * 
* A3* 
* * * 

PHl SCN X 
*****A3********** 
* * * START * 
* INITIAL SCAN * 

* * * * ***************** 

x .*. 
B3 * • . * *. 

YES.* IS * • 
••• •••••• •••••••• • *. INCLUDE-SW .* 

**** 
* *. * 02 *.x. 

*. ON .* *. .* 
* .• * * NO 

**** 
* *. * C3 *.x. 
* * **** • 

FINDPC X 
*****c 3********** 
* PUT CHARS * 
* INTO TEXT * 
* BLOCKS UNTIL * 
*HIT NEXT MACRO * 
* STATEMENT * 
***************** 

* ****. • X 
STB3 X ••• 

****.02.********* 03 *. * JOe .* *. 
* RECOGNIZE * NO.. HIT *. 
* STATEMENT *X •••••••• *. ENO-OF-FILE .* 
* * *. .• * * *..* 
***************** *. • * 

* YES 

X x 
LIAZ .*. .*. 

*****E 1********** E2 *. E3 *. *****E4****** ••• -
* * .* *. .* *. * PUT • 
* TURN * YES.* [S IT *. .* IS *. NO * END-OF-TEXT • 
* PROC-SW ON *X •••••••• *. PROCEDURE .* *. INCLUOE-SW .* •••••••• X. CODE INTO * 
* * *. .* *. ON.* * TEXT BLO:K * * • *..* *... * * 
***************** * •• * *. •• **.*****.*.* •• **. * NO • YE~ 

x .* ••• 
PROC X LlA3 X X *eG * 

* 53* 
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*****F 1 ********** 
* * * PROCESS * 
* PROCEDURE * 
• STATEMENT * 
• * 
*****.*********** 

x 
**** 

* * • 02 * * • 
• *** 

**.**F 2 *.******.* 
* PROCESS * 
* LABELS * 
* ATTACHED TO * 
* STATEMENT * 
* * ***************** 

LlE4P X 
***.*G2****·.**** 
• ENCODE STMNT • 
*-.-*-*-*-*-*-*-* 
*USES AND TESTS • 
• A PUSH DOWN * 
* STACK * 
***************** 

x .*. 

••••• F3 •••••••••• 
• ADO CODE • 
.TO CALL CLEANUP* 
• TO TEXT • 
• BLOCK * 

• * * •••••• * ••• * ••••• 

x 
***** 
.BG • 
* B3* 
* • 
* 

H2 *. *****H3********** .* *. • • 
•• WAS IT •• YES • TURN * 

•• THE END FOR •••••••••• X. PROC SW OFF • 
•• PROC.· * • 
*..* * * 

*. •• *.* •• ***** ••• * ••• 
* NO 

x . *. 
J2 •• 

••••••••••• X: 
X .* .. • • 

• C3 • • • .**. .* •. .*** 
• • YES.* IS •• NO • 
• 02 .X •••••• PROC SW ON •••••••• 
•• *. .* .*.. .... * •. * • 

• * • 



Chart BG. Phase BG Overall Logic Diagram 

OAEOBF X 
·····01·········· • • • • 
• END OF TEXT • • • • • ••••••••••• **.*** 

x . *. 
El *. . * •. 

NO.. IS *. 
•••• *. LEV-BIT 0 •• 

*. .* 
*. .* 

* .• * * YES 

••••• • BG • • 83· • • • 
••••••••••••••••••••••••••••••••••••••• X: X ••••••••••• 

OAIDEN X 
*****02 ***.***.** * • 
• * * lOENT IF IER * 
* • • • • **.****.* ••• **** 

x 
• * • 

E2 *. . * •. 
YES .* *. 

••••• *. ACTIVATED .* 
*. .* *. .* 

* •• * * NO 

PH2SCN it: ·····83 •• •••• •••• • GET NEXT TOKEN * .-.-.-.-.-.-.-.-. 
• STARTS FROM • 
• TOK-PTR TO GET • 
* NEXT TOKEN * 
* •• ***.********** 

x .*. 
C3 * • • * * • • * * • 

•• WHAT I SIT •• 
*. .* *. .* * .. * • 

DAMAC X 
**··.03 ••• *·· •••• • • * INTERPRETIVE • 
• MACRO CODE • 

• * • • .*.* •• ** ••• * •• * •• 

x .•. 
E3 *. .. . . 

NO.. IS •• 
• ••••• ACTION CALL .* 

*. CLEANUP •• 
*. .* * .. * 

• YES 

•••• • • 
• 04 • 

• * **** 

OAOTHR it: 
• •••• 04* •• ** •••• * • • • • 
• OTHER • * • • • ••••••••• * ••• *.* • 

X 
• •• ·*E4 ••• •• •••• * 
• CALLOUTPUT • .-.-.-.-.-.-.-.-. • • 
• OUTPUTS TOKEN • • • •••••••• * •• *.***. 

OAPRTC X ···.·05 .....•.... • • • • 
• PERCENT SIGN * 

• * • • .*.* ••• ** •• ****.* 

x :X •••••••••••• : 

X 
****F 1 *.******* 

* RETURN * 
* TO CALLER * 
* * *************** 

*****G1··*****·** 
* * • * SCAN OF * 

••• X*VALUE FINISHED * 

• * * * *.*************** 

DAEOB it: 
*****Hl·*******·* 
* SET LEV-BIT, * 
* TOK-PTR FROM * 
* STACK TOP * 
* THEN POP • 
* STACK * 
.**************.* 

*.** 
* * * 04 * 
* * **** 

.*. 
G2 *. . * *. 

•• .* PROCEDURE *. NO 

:OACLN x 
** ••• F 3 ••• *** •• *. 
• CALL CLEANUP • 
• -*-.-*-.-.-.-.-* 
• THROW AWAY • 
• INCLUDED TEXT. 
• SET TOK-PTR • •••• * ••••••••••• * 

••.••••••••• x 

•••. x*. NAME .* ••.•• 
*. .* *. .* ••• * 

* YES 

DAPENT X 
•• ***H2·********* * DO * 
• REPLACEMENT * 
* UN ARGS. GET * 
* VALUE FOR * 
* PROCEDURE * 
*****.*******.*** 

• :INTPRT 
*···*H3 •••••••••• 
• INTERPRET • 

•• *-*-.-.-.-.-.-.-* 
•••• x* MAY SET • 

• TOK-PTR • 
* • ** ••••• * ••••• * ••• 

: •••••••••• X: •• :X •••••••••• : 

it: 
***.*J2********** 
* PUSH LEV-BIT, * 
* TOK-PTR AND * 
* VALUE ONTO * 
* STACK * 
* * *.**.* •• **.****** 

it: 
*****K2*****·**** * • 

• * * •••• * LEV-BIT = 1 * 
* * * * ****** •• ***.***** 

x .*. 
J3 *. 

.* -. 
•• WAS *. NO • 

*. IT INCLUDED •••••• 
*. .* x 

*. .* 
* .• * 

• YES 

it: 
*.**.K3·***·.***· * • 
• TURN *. 
• INCLUDE-SW * •••• 
• ON * • • ** ••••••• *** •••• * 

x .*. F5 *. 
.* •. 

YES.* IS * • 
•••••••• *. INCLUOE-SW .* 
l( *. ON .* 

** •• * *... 
*8C * * ••• * A3. * NO • * 

* x 
****. 
*BM * 
• Al* 
• * • 
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Chart m·1:. Phase BM Overall Logic Diagram 

***** 
*BM * 
* AI* 
* * * 

XAO X XACI 
**** *A 1 ********** *****A2 * ********* 
* * * EST A bLl SH .. 
* SET * * LEVEL OF * 
* SEVERITY CODE * •••••••• X* DIAGNOSTIC * 
* * * PRINT OUT * 
* * * * 
***************** ***************** 

x 
XAI .*. XA2 

B2 * . *** ** *B 3******** * ** . * ANY *. 
YES.* ENTRIES *. NO * ••................ *. TO BE .* .•...•.. X 

*.PROCESSED.* 
*. .* *. .* 

* 

PUT OUT 
MESSAGE 

************* 

* * .•••.•. x 
***** 
*~w * * Al* 
* * * 

XM X 01 
*****Cl ********** *****C2********** *****c 3********** *****C4********** 
* LOAD * * * * MAKE UP * * RELEASE * 
* MESSAGE * '" SCAN * * LIST OF * * MfSSAGE * 
* ADDRESS * •••••••• X. MESSAGE * •••••••• X* BLOCKS * •••••••• x* ADDRESS '" 
* BLOCK * '" CHAINS * '" NEEDED * * BLOCK * 
'" * * * * * * * 
***************** ***************** ***************** ***************** 

**** 
* *. * 04 *. X. 

• **** * x .*. 
04 * . 

• * HAVE *. 
NO.* WE *. YES 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *.PROCESSEf) ALL.* •••••••• 

X XA22 • *. 
*****E 1 ********** *****E2********** E3 *. 
* * * * .* IS *. 

*. ENTRIES .* X 
*..* ***** 

* •• * *BW * 
* * AI* 

* * * 

XA12A 
******E4*********** 

PRI'lT OUT 
APPROPRI ATE * 

SEVERITY 
HEADER 

* GET TO * .. lOAD * .* THIS *. YES * 
* HEAD OF CHAIN * •••••••• X. NEXT Bt.nClI( * •••••••• X*. A NEW .* •••••••• X 
* * * * *. CHAIN .* 
* * *" * *..* 
***************** ***************** * •• * ************* 

.................................................... x························ .. 

XA30 it • *. . :NO 
*****Gl********** G2 *. G3 *. 
* * . * I S * • • * * • * ** * * GET TO * .* SKELETON *. NO .* END *. YES * * 

••• x* NEXT ENTRY * •••••••• X*. IN CURRENT .* •••••••• X*. OF CHAIN .* •••• X* 04 * 
* IN CHAIN * *. BLOCK .* *. .* * * 
* * *..* *..* **** 
***************** * •• * * •• * * YES * 

X XA32 .*. 
*****H2********** H3 *. *****H4********** 
* MESSAGE * .* HAS *. * STATEMENT * 
* NUMBER * .* IT GOT *. YES * NU~BER * 
... TO PRINT * ••• '", •• X*. A STATEMENT .* •••••••• x* TO PRI'lT * 
* BUFFER * *. NUMBER .* * BUFFER * 
* * *..* • * 
***************** * •• * ***************** * NO 

X 
*****Jl ********** *****J2********** *****J3***.*****. 

XA40 
.*****J4.********** 

* * * * * BUILD • 
* ACCESS * * SCAN * * MESSAGE * * 
* MESSAGE * •••••••• X* MESSAGE * •••••••. X* TEXT IN * •••••••• X 
* SKELETON * * SKELETON * * PRINT • 
* * * *. BUFFER • 
••• *****.******** **************.** ***.******.****** 

PUT ouT 
DIAGNOSTIC 

MESSAGE 

*********1<*** 

x .*. 
KV * • 

* 

• - ItIAS *. **** • NO.* TH IS *. YE S * ... 
••• •••••••••••• ••••• •••••• •••••• •••••• ••• ••• •••••••• •••••••••••••••••• •••••••••• •• *. LAST ENTRY .* •••• x* !'l4 • 

•• IN CHAIN •• • * 
*..* **.* ••• * 

* 
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Chart BW. Phase m1' Overall Logic Diagram 

***** "'BW * * AI'" 
'" * * 

X 
-**·*A{"'***.***"'· 
'" * '" RELEASE '" * ANY LOAOED * 
'" PHASES * 
* * ***************** 

X 
*****Bl *******"'*.* 
* * * RELEASE ALL * 
*ACTIVE TEXT AND* 
'" D'ICT ,B1.OCK5 * 

* * **"************* 

x 
*****c 1********** * FREE '" * ANY .", 
* OUTSTANDING '" 
*SCRATC<I!I 'STORAGE* 

* * **.********.******* 

x 
.*. 

01 * • 
. * * • 

• *COMP1l.ATION*'o NO * 
*. REQU1RED • * •••••••• x 

*. .* '*.. .* * •• * * YES 

X 
*****E 1 ****** **** 
* * * CLOSE SYSUTI * * AND. SYSPUNCH * 
* * '" * ******'********** * 

X 
*****F 1 *"'*"''''***** 
'" * * REALLOCATE '" 
* TEXT AND * * DICT BLOCKS * 
* * **"'*********'***** 

x .* .. 

PRINT 
sYSun 

"'**** *"'****** 

G 1 *. *****G2********** 
• * *. * * .* fK "'. yES * UPEN '" *. TEXT BLOCKS .* . ....... K* SPILL FILE * 

*. .* * .. 
*..* * * 

* •• * ***************** 
• NO 

:X •• " ••••••••••••••••••••• : 
x 

*****Hl *******"'** 
* * * SET UP * 
*COMMUNICATIONS * * REGION * 
'" * **"'************** 

'x 
***"'* 
*CI * 
'" Al* 

'" * * 

.....•. x 
***** 
*AA * 
* K3* .* .", 

* 
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Table AS. Phase AS Resident Phase for Compile-time Processing 
r--------------------------~--------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type 1 Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes switches for compile- IADRP I I 
I time processor I I I 
~-----------------------------------+------~--------+-----------------------------------~ 
ILoads phases for compile-time IADRP ILOADX (AA) I 
I processor I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines whether Phase BC should IADRP I I 
I be reloaded I I I L ___________________________________ i _______________ L_--------------____________________ J 

Table ASl. phase AS Routine/subroutine Directory 
r------------------~--------------------------------------------------------------------1 I Routine/Subroutine I Function r 
~------------------+--------------------------------------------------------------------~ 

ADRP Initializes switches for compile-time processor. 

CLSBUF 

COMENT 

FREVAL 

GETIVB 

GNC 

HASH 

INCTST 

INPUT 

INRD 

OUTPTC 

SRHDIC 

Outputs onto SYSUT3 the record just completed by OUTPT or OUTPTC. 

Scans the limits of a comment, outputting each character into the 
output buffer. 

Releases a chain of IVBs containing a no longer needed value and 
returns chain to free list. 

Removes an IVB from the free chain for use by the calling routine. 

Updates TOKPTR to point to the next character in a particular input 
stream. 

Accepts an EBCDIC identifier as input and outputs an index. The 
index indicates the beginning of the HASH chain with which the iden­
tifier is associated. 

Determines whether Phase BC needs to be reloaded on return from 
Phase BG. 

Reads in an input record from the source data set or from included 
text. 

Reads physical records from the included data set; deblocks and 
sends them back one logical record at a time. 

outputs a single character into one of the three output media: IVBs, 
text blocks, or external records. 

Searches the dictionary for the presence of a named item. 

STRING Scans the limits of a string constant, outputting each character. I 
I 

TOKSCN Examines text, character by character recognizing and returning each I 
logical unit of text (called a token). Tokens include identifiers" I 
constants, operators " delimiters, etc. I 

I 
IYAG2 Loads processor phases for compile-time processor. I L __________________ ~ _______________________________________ ~ ____________________________ J 
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rable AV Phase AV Macro Processing Initialization 
r------------------------~----------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes communication area for IINIT I I 
Icompile-time processing I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Allocates push down stack from IINIT I I 
Iscratch storage I J I 
~--------------------------------~--+---------------+-----------------------------------~ 
IAllocates translation tables IINIT I I 
~-----------------------------------+---------------+-----------------------------------~ 
IEnters SUBSTR into dictionary IINIT I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Creates dictionary entries and IINIT I I 
Ivalues for constants pool I I I 
L ___________________________________ ~ _______________ ~_----------------------------------l 

Table AV1. Phase AV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IINIT Entry point to the initialization phase. This initializes the com-
I munication region for compile-time processing. 
I 
IWWN048 
I 
I 
IWWOVLP 
I 
I 
IWWOBCD 
I 

Allocates the push down stack (to be used by Phases BC and BG) from 
scratch storage. 

Sets up tables to translate external code to EBCDIC: tests the 
BCD, EBCDIC option. 

Enters built-in function SUBSTR into dictionary. 

1WWCHNBEG Creates dictionary entries and values for compile-time constant 
I pool. L __________________ ~ ____________________________________________________________________ J 

Table BC. Phase BC Initial Scan and Translation 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IRecognizes statement type IPH1SCN I TOKEN, DELETE I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans until next % character IPH1SCN IFINDPC I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes PROCEDURE statement I PH1SCN I TOKEN, DELETE, IDSRCH., I 
I I IADDSP (FREVAL, OUTPTC) I 
~----~------------------------------+---------------+-----------------------------------i 
IProcesses labels attached to state-IPH1SCN IIDSRCH I 
Iment I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Encodes statement into internal I PH1SCN I PARSE., TOKEN.. IDSRCH, ADDSP I 
I text I I DELETE" CHECK I 
~-----------------------------------+---------------+-----------------------------------i 
ICleans up after INCLUDE in initial IPH1SCN I I 
Iscan I I I 
~-----------------------------------+---------------+-----------------------------------i 
IBegins statement identification IPH1SCN I I 
I process I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table BC1. Phase BC Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

ADCONS Obtains the dictionary reference of a constant, entering it into thel 

ADDSP 

ADICT 

ADPROC 

CHECK 

DELETE 

FINDPC 

IDSRCH 

LIA2 

ILIA3 
I 
I 
ILIA4P 
I 
I 
IPARSE (BE) 
I 
I 
IPIF4 
I 
IPH1SCN (BE) 
I 
ISTB3 
I 
I 

dictionary if necessary. I 

Adds .a processor-created item to the dictionary. 

Adds a normal item to the end of the appropriate hash chain and 
returns the dictionary reference. 

Processes PROCEDURE statement. 

I 
I 
I 
I 
I 
I 
I 
I 

Checks back for undefined labels and identifiers not declared within I 
the block. I 

Skips over bad text up to the end of a statement, field or proce­
Jdure. 

I 
I 
I 
I 

Scans source text, character by character, searching for macro per- l 
cent character. 

Obtains the dictionary reference of an identifier, entering it in 
the dictionary if necessary. 

Determines whether scan is inside a procedure block. 

Processes label list. A label list for a PROCEDURE statement is 
handled differently from other labels. 

Produces code for identifier statement. 
to code all expressions. 

The PARSE routine is used 

Parses and generates interpretive macro code for compile-time 
expressions. 

Provides special handling for end of included text. 

Main controlling routine for phase. 

Collects labels into label list and identifier statement type on 
first two tokens of statement. 

I TOKEN Returns significant tokens to PH1SCN and outputs diagnostics for 
I tokens in error. L __________________ ~-_~ ________________________________________________________________ _ 



Table BG. Phase BG Final Scan and Replacement 
r-----------------------------------T---------------T-----------------------------------, 
I IMain processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t------------------.----------------~ 
IFinal scan for replacements IPH2SCN I OUTPUT, TOKSCN, SRHDIC I 
~-----------------------------------t---------------t-----------------------------------~ 
IRecognition of end of text lPH2SCN I OUTPUT, TOKSCN" SRHDIC I 
~-----------------------------------t---------------t-----------------------------------~ 
IRecognition of an identifier IPH2SCN I OUTPUT, TOKSCN. SRHDIC I 
t-----------------------------------t---------------t-----------------------------------~ 
I Recognition of macro action I PH2SCN I OUTPUT, TOKSCN" SRHDIC I 
t-----------------------------~~---t---------------+-----------------------------------~ 
I Recognition of % character I PH2SCN I OUTPUT" TOKSCN., SRHDIC I 
t-----------------------------------t---------------t-----------------------------------~ 
IRecognition of other characters IPH2SCN I OUTPUT, TOKSCN, SRHDIC I 
t-----------------------------------t---------------t---------------------------~-------~ I Terminates and cleans up INCLUDE I PH2SCN I OUTPUT, TOKSCN., SRHDIC I 
I handling I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IRe-establishes scan at next higher IPH2SCN IOUTPUT, TOKSCN~ SRHDIC I 
Ilevel text I ~ t 
t-----------------------------------+---------------+-----------------------------------i 
IPerforms replacement on activated IPH2SCN I. OUTPUT, TO'KSCN. SRHDIC I 
I identifiers I I I L ___________________________________ i _______________ i ___________________________________ J 

Table BG1. Phase BG Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine} Function t 
t---·---------------t-------------------·---------------------------------------------t 1 CONVRT Handles conversions between t.he three data types used in the I 

DACLN 

DAEOB 

DAEOBF 

DAIDEN 

I.DAMAC 
I 
I DhOTHR 
I 
IDA-PENT 
I 
IDAJ?'RTC 
I 
IGETDIC 
I 
I 
I 
I.INTPRT 
J 
'IIOUTPT 
I 
JPH2SC.N 
I 
I·POP 
I 
IPROINV 
J: 
I 

(.Bl) 

'(Bl) 

compile-time processor I 

Terminates INCLUDE text hand1ing and frees text blocks containing 
included text. 

Re-establishes scan at next higher level text. 

Recogn~zes amd processes end of text condition. 

Recognizes and processes identifier in text. 

I Recognizes and pr.ocesses macro action character. 
I 
IRecognizes character and Olatputs it. 
.\ 
IHandles replacement operation for text identifiers. 
I 
I Recognizes % character and recalls Phas'e Be if approp:riate. 
I 
\Picks up a two-byte di.ctionary !ref'er~ce fTom scrubbed text, per-
Iforms error checking, resolves indirect re'ferences, and returns both 
I'relative and absolute address,. 
I 
IInterprets the macro code generated by the P.hase'I scan. 
\' 
IHandles the O'll-tput of t.okens. 
I 
\Scans text blocks. 
I 
I Pops the top bemporary off tl1l-e Phas€ 1'1 stack. 
I 
I Special, entry poi.nt to itlterp,reter for invocartion of procedures 
Ifound in source program text. 
I 

I 
I 
I 
l 
I 
I 

l 
I 
l' 
I 

I,PUSH 'I.pushes next availa'ble temporiil'ry ;onto tne Phase II stack.. t L _____ ~ ________ ~~~----~_~ ____ ~ __ ~~ _______________________________ . ___ ~ _________ ~ _____ J 
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Table BM. Phase BM Diagnostic Message Determination and Printing 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
, Statement or Operation Type I Routine I Subroutines Used , 
~-----------------------------------+---------------+-----------------------------------~ 
,Determines whether error messages IXA I None I 
lare to be printed I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans error message text skeletons IXA8 IXA50, XA70, XA90, XA110, ZUPL I 
land prints them out I I I L __________________________________ -~---------------~-__________________________________ J 

Table BM1. Phase BM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine' Function I 
~------------------+--------------------------------------------------------------------~ 
IXA IDetermines whether error messages are to be printed. I 
, , I 
IXAO Sets severity code. I 
I I 
IXAOl Establishes which message types to suppress. I 
I 
IXAl counts number of error chains to be processed. 
I 
IXA2 Puts out messages if there are no diagnostics. 
i 

XA4 Prints out "COMPILER DIAGNOSTIC MESSAGES". 

XA7 

XA8 

XA9 (BN) 

XA12A 

XA30 (BN) 

XA32 (BN) 

XA35 (BN) 

XA40 (BN) 

XA50 (BN) 

XA70 (BN) 

XA90 (BN) 

XAllO (BN) 

I 

First scan of message chains. 

Scans error message text skeletons and prints them. 

Scans to head of next non-empty chain. 

Selects and prints header for messages of given severity. 

Gets next entry in message chain. 

Builds up first part of message in buffer. 

Accesses message skeleton. 

Puts out completed message. 

Moves message text to print buffer. 

Converts binary statement number to character representation, and 
moves it to print buffer. 

C0nverts binary numeric value to character representation and moves 
it to print buffer. 

Moves identifier from dictionary entry to the print area. 

IZUPL Prints a line on SYSPRINT data set. L __________________ ~ ___________________________________________________________________ _ 

Table BW. Phase BW Cleanup Phase 
r-----------------------------------T---------------~~---------~------------------------, 
I IMain processing I I 
I Statement or Operation Type I Routine' Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Resets all tables and communi- I IEMBW I None I 
Ications region cells to the value I I I 
,required by the compiler proper " I L ___________________________________ ~ _______________ ~ ___________________________________ J 

82 



Chart 02. Read-In Logical Phase Diagram Flmvchart 

***** 
*02 * 
* Al* 
* * * 
x .*. 

Al *. *****A2********** 
.* 48 *. *48-CHAR BX* 

.* CHARACTER *. YES *-*-*-*-*-*-*-*-* 
*. SET • * •••••••• x* CONVERT TO * 

*. OPTION .* * bO CHARACTER * 
*..* * SET * 

*. • * ***************** * NO 

. . • x ••••••••••••••••••••••••• 
X 

*****B 1********** *lST PASS CI* 
*-*-*-*-*-*-*-*-* 
* lIST IF REQ'D * 
*AND CONVERT TO * 
*INTERNAl CHARS * 
***************** 

X 
*****Cl********** *MAKE DICT ENTRY* 
*FOR LABELS AND * 
* CHECK FOR * 
* LOGICAL END * 
* OF PROGRAM * 
***************** 

X 
*****01********** *2ND PASS CL* 
*-*- *-*- *-*-*-*-* 
* SCAN TEXT TO * 
*ANALYZE SYNTAX * 
* OF STATEMENTS * 
***************** 

x .*. 
El *. *****E2********** .* ANY *. *3RO PASS CO* 

*:riE~t~~~!T~ALt:*~:~ ••••• x:-~C:~*T~X~-~U*-: 
*STATEMENTS.* *ANALYZE SYNTAX * 
*..* * OF STATEMENTS * 

*. • * ***************** * NO 

:X •••••••••••••••••••••••• : 
x .*. 

Fl *. *****F2********** .* ANY *. *4TH PASS CS* 
.*STREAM 1/0 *. YES *-*-*-*-*-*-*-*-* 

*. OR FORMAT .* •••••••• X* SCAN TEXT TO * 
*STATEMENTS.* *ANALYZE SYNTAX * 
*..* * OF STATEMENTS * 

*. • * ***************** * NO 

:X •••••••••••••••••••••••• : 
x 

*****G 1 ********** *5TH PASS CV* 
*-*-*-*-*-*-*-*-* 
*MAKE CHAINS OF * 
:C~ttbcDE~L==8f : 
*******,********* 

x 
***** 
*03 * 
* Al* 
* * * 
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Chart BX. Phase ,13K 0verall Logi.c Dia.gram 

***** 
*BX * 
* Al* 
* * * 

**** 
* * * A2 * 
* * **** 

:x ............................................................. , . 
~Al ~ SAlA ~ 

x 
*****Al**"'******* *****A2******"*** 
* .* * * 
* READ AND""* * SCAN FIRST * 

••• x*" COpy ONE * •••••••• X* COpy OF * 
* RE-CORD * * THE TEXT * 
*" * * * ***************** ***************** 

x·· ....................... . 
• *. 8A70 

B 1 *. *****B2********** 
.* *. * READ ONE * 

.* NEAR *. YES * RECORD * 
*. END OF .* •••••••• X* AHEAD AND * •••• 

*. RECORD .* * TACK "IT DN * X 
*'..'* * * 
~ •• * ***************** * NO 

x 
.*. BA25, 8A45 

C 1 *. *****C2********** 
.* *. * * 

.* START *. YES " SET * 
*·*?bRC~~~¥~~.*.*., •• ".,X: A~~~~t~I~~E ;···x 

*. ~* * * 
* •• * ***************** * NO 

x .*. 8A25, BA5U 
01 *. ****"*02********** 

.* *. - * .* END *. YES *." SET * 
*. OF COMMENT .* •••••••• x* APPROPKIATE * •••• 

".OR STRING.* * SWITCH OFF * 
*..* * * *. . * ***************** * NO 

x 
.*. BA5 .*. 

El *. E3 *. *****E4********** 
.• *. . * *. * ... 

• * POSSIBLE *. YES " .* IN *. YES * * • 
*. KEYWDRO, .* .................................. X*. COMMENT .* •••••••• )(* ,tGNOR~ * •••• 

• PERIOD, OR.* *.OR STRING.* " * )( 
*~COMMA.* *..* * * 

* •. ~ * •• * ***************** * NO * NO 

x .*. Fl *. 
• * *.. **** . * END *. NO * * *. OF .* .•.. X* A2 * 

*. RECORD.* * * 
*. . * **** * •• * * YES 

:BA90 x 
**** *G 1 *********"* 
* WR{TE ~ * ON • 
" eACKING " 
" STORE * 
" * lo<**'I''I'"*'I''I'****'I'**** 

x . *. BA80 
Hl *. *****H2********** 

.* *. * * 
.* NEXT *. YES * ADJUST * 

~. RECORD .* •••••••• X* TEXT " ••• ~ 
*. ALREADY .* "IN CORE * 

*. IN .* * * 
* •• * ***************** * NO 

x .*. 
Jl *. 

.* *. • NO.* IS *. •••• *. IT LAST .* 
*. RECORD .* 

*. .* * •• * * YES 

x 
***** 
*CI * * A1* 
* * * 

x 
**** 

* * * A2 * 
* * **** 

x .*. BAll 
F3 'II. *****F4********"'I<* .* *. * REPLACf * 

.* OPERATOR *. YES * BY * • 
*. KEYWORD .* •••••••• x* OPERALJR * •••• 

*. .* * SY"IBOL * 
*. .** * * •• * '1<**************** * NO 

x 
.*. .*. BA4fl 

G'3 *. G4 *. *****G5**·******** 
• * *. .* *. "* * 

.* *. YES .* FJ~~OWED *. YES * REPLACE * *. PERIOD .* ........ )("'. BY"PERIJD .*.' ....... X* BY 
*. .* *. .* * CJLON 
*..* *..* * * .. * * .. * ***************** *, NO * Na 

:x ...•... ~ .........•...... : 
X 

. *. .* . 

**** 
• * * •• x* A2 * 

* * **** 

H3 *. H4 *. *****H5*****'*"'*** 
.* *. .* *. * * 

.* *. YE:S .* FOLLOWED *. NO * * 
*. COMMA .* •••••••• x*. BY A .* •••••••• X* IGIIIORf * 

*. .* *. PERIO) .* * * 
*..* *..* * * 

'II •• * * •• * **********'******* * NO '" YES 

*****J 3*}**'"****** 
* * * * * IGNORE 

* 
'" * ***O$O$************ 

x 
**** * .. * A2 * 

* * **** 

**** 
• * * •• x* A2 * 

X * **** * .*. BA20 
J4 *. *****J5********** 

.* *. * * 
.* FOLLOWED *. N] * REPLACE * '*. BY A .* •..• -•... x* BY * *. f)IGIT .* '" SEMI-COLON * 

*. . * * *" 
* •• * ****"'************ * YES 

X 
*****K4********'** 
* * **** 
* '* * '* * IGNORE * •••• X* A2 * 
* * * "* * * "**** 
***************** 

x 
**** 

* * * A2 * 
* * '**** 



Chart CI. Phase CI Overall Logic Diagram 

***** 
*CI * 
* Al* 
* * * NOTE: 

• CONTROL IS PASSE'ODIRECTLY FROM PHASE AA IF 
RSTART X 48-CHARACTER SET OR COtlPILE-TlME PROCESSOR 

*****A1**********IS NOT SPECIFIED * • 
* MAIN SCAN .. 
• OF TEXT * 
* * * * ************.**** 

**** 
* *. * B1 *.X. 
* **** * x 

.*. POPLST 
B1 *. *****82********** 

.* TEST *. * I~SERT LABELS • 
• FOR LABEL OR*. YES * AND lOR PREFIX * 

*. PREFIX .* •••••••• X* OPTIONS IN * 
*. OPTIONS .* * DICTIONARY * 

lOt. . .* .. • 
* •• * •• *************** * NO 

: X •••••••••••••••••••••••• : 
x 

PROC,ENTRY,*.DO,BEGIN 
C1 *. *****C2********** 

.* TEST *. * INCREASE * **** 
.* FOR BLOCK *. YES .. BLOCK AND lOR * • * 

*. HEADING "''" .......... x* LEVEL COUNT * •••• X* E2 * 
*.STaTEMENT.~ * BYl * • * 
*..* * .. * ••• 

* •• * .**************** * NO 

X 
STID .*. .*. END .*. 

01 *. D2 *. *****03********** D4 * • 
• *... .* *. .. OECREASE * .* TFST * • 

• * TEST *. YES .* TEST *. YE'S * BLOCK AND/OR * .* IF UVFL *. '*. FOR .* •••••••• X*. FOR .* •••••••• X* LEVE'L COUNT. * •••••••• )4;*. COI)1llT IS •••••••••• 
*. ,KEYWORD .* *. 'eND' .* • TRANSfER'END' * *. Z£RO.* X 
*..* *..* *TO OUTPUT 'rEXT '," *..* ***** 

* •• * * •• * ***************** * •• * *CL * 
* NO * NU * NO * B2* 

**** * * 
: E2 :.X: x * 

x * **** * • * **** * 
ASSIGN .... STAT2 X * B1 * 

E1 *. *****E2********** * * 
.* TEST *. * * **** **** 

.*FOR NULL OR*. YES * TRANSfER * * * 
*. ASSIGtH4ENT .* ......... X* STATEMENT TO * •••• X* 61 * 

*. STATEMENT.* * OUTPUT TEXT * * * 
*..* * * **** 

*. .* ***************** * NO 

BADSTl X 
*****F 1********** 
'* * * SK I P * ••• * TO NEXT .. 
• SEMI-COLON * 

. * * x ***************** 
**** 

* * * B1 * 
* * **** 
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Chart CL. Phase CL Overall Logic Diagram 

TEST FOR: 

PROC, ENTRY, 

~g~1 ~llTb!D~AIT 
~~b8~'~~~liDo~fop, 
RETURN, FREE, CALL, 
DISPLAY, FORMAT, 
END 

TEST FOR: 

LOCATE, IGNORE, 
UNLOCK 

TEST FOR: 

~HD P~~ITE' 
REWRITE, DELETE, 
OPEN, CLOSE 

TEST FOR: 

ALLOCATE, DECLARE, 
ON, SIGNALS 
~g~~ ~T fF~SpAg~i 
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***** 
*CL * 
* 62* 
* * * :X •••••.•.•••••••••••••••••••••••.••••• 

X 
SCNA • *. 

62 *. *****63********** 
.* *. * * 

.* TEST *. YES * PROCESS * 
*.FOR SPECIFIC .* •••••••• X* THE * 

*.KEYWORDS .* * STATEMENT * 
*..* * * 

*. • * ***************** * NO 
**** 

. * * •• x* G2 * 
X * **** * 

.*. 
C2 *. *****C3********** 

.* TEST *. * PUT OUT AN * 
.* FOR *. YES * ERROR MESSAGE * 

*. DEFERRED .* •••••••• x* AND DELETE * 
*.FEATURES .* * THE * 
*..'" * STATEMENT * 

* •• * ***************** 
'" NO· 

**** 
. * * •• x* G2 * 

X * **** * 
. *. 

D2 *. *****03********** 
.* TEST *. * * 

.* FOR *. YES * MARK THE * *. I/O .* •••••••• x* I/O PHASES * 
*.STATEMENT.* * AS 'WANTED' * ...* * * 

*. • * "'**************** * NO . 

x .*. X 
E2 *. *****E3********** 

.* *. * TRANSFER * 

*:* FO~EMHER *:*~:~ ••••• X: S6M~niNtE~~ ! ... : 
"'STATEMENTS.* * WITHOUT * 
*..* * CHECKING * 

*. • * ***************** * NO 

x .*. 
F2 * • 

• * TEST * • 
• * FOR *. YES 

*. END OF .* •••••••• 
*. PROGRAM .* X 
*..* ***** * •• * *co * * NO * 61* 

**** 
* *. * G2 *.X. 
* * **** • 

* * * 

NOTE: 

GOES TO PHASE CS IF 
PROGRAM DOES NOT 
CONTAIN A DECLARE, 
CALL, OR ALLOCATE 
STATEMENT 

6AOST X .*. 
*****G2********** G3 *. *****G4********** 
* * .* *. * * 
* SKIP TEXT TO * .* TEST *. YES * TRANSFER * 
* SEMI-COLON OR * •••••••• X*. FOR .* •••••••• X.ELSE STATEMEI\jT • 
*KEYWORD 'ELSE' • *. 'ELSE' .* *TO OUTPUT TEXT * 
* . * *..* * * 
.**************** *. • * **************.** * NO 

x 
**** 

* * * 62 • 
* * **** 

x 
**** 

* * * G2 * 
* * .*** 



Chart CO • Phase CO Overall Logic Diagram 

••••• 'CO • 
• B1' • • • 

x 
SCANZ .'. DECl .'. B1 '. BZ '. • •••• B3 •••••••••• 

. * *. .* *. • • 
• ' TEST '. YES .' TEST FOR '. YES • DELETE • 

•• X'. FOR •••••••••• X.. lABElISI •••••••••• X. THE LABELISI • 

• * •• • • 
• B1 • • • •••• 

*. DECLARE .' '. .' • • *..* *..* • • ' .• ' * .. ' .* ••••••••••••••• 
• NO • NO 

.~. BCDl ~X •••••••••••••••••••••••• : 

Cl '. • •••• CZ •••••••••• 
• ". • CHECK SYNTAX' •••• 

• ' TEST '. YES • OF • • • 
'. FOR •••••••••• X. DECLARATION ••••• X. B1 • 

'.ALLOCATE .' • OR • X' • 
•••• • ALLOCATION' .... '. .' ................ . 

• NO 

x 
.'. CAllOP 

01 '. ""'OZ""""" .* *. • • 
• ' TEST '. YES • PROCESS • • 

'. FOR •••••••••• X. CALL ••••• 
'. CALL.' • STATEMENT • X 
*..* * * ' .. ' ................ . 

• NO 

x 
.'. SCANT E1 '. ""'E2""""" .". • TRANSFER • 

• ' TEST '. NO • STATEMENT • • 
'. FOR END OF •••••••••• X. TO OUTPUT ••••• '0 PROGRAM o' • TEXT WITHOUT • 

•••• • PROCESSING • ' .. ' ................ . 
• YES 

x ••••• 'CS • 
• BZ* • • 

* 

Section 3: Charts and Routine Directories 87 



Chart CS .. 

TEST FOR: 

READ, WRITE, 
GofT, PUT, 

~~~~h~~og~lETE 
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Phase CS Overall Logic Diagram 

***** 
*CS * 
* 82* 
* * * 

NOTE: 

INPUT FROM PHASE' C.L IF PROGRAM 
DOES NOT CONTAIN DECLARE, CALL 
OR ALLOCATE STArEME~TS 

: X ••••••••••••••••••••••••••••••••••••• 
X 

SCNA .*. 
B2 *. *****83********** 

.* *. * * 
.* *. YES * PROCESS THE * *. TEST .* •••••••• x* STATEMENT * •••• 
*. .* * * x 
*..* * * 

* •• * ***************** * NU 

x 
.*. UIliLOCK 

C2 *. *****C311<,*-,****#** 
.* *. * DEFERRED * 

.* TEST FOR *. YES * FEATURE_ Pur, * • 
*. 'UNLOCK' .* •••••••• X*OUT A MESSAGE. * •••• 

*. .* * DELETE THE,' * x 
*..* * STATEMENT, * 

*. • * **** **********,* ** * NU 

x 
.*. FORMAT 

02 *. *****03********** 
.* *. * * 

.* TEST FOR *. YES '" PROCESS THE * • 
*. 'FORMAT' .* •••••••• X* FORMAT LIST * •••• 

*. .* * * X 
*4.* * * 

* •• * ***************** * NO 

x 
.*. TRTSC 

E2 *. *****E3********** 
.* TEST *. * * 

.* FOR *. NO * TRANSFER * • 
*. END UF .* •••••••• x* STATEMENT TO * •••• 

*. PROGRAM .* * OUTPUT TEXT * 
*..* * * 

*. • * ***************** * YES 

x 
***** *cv * * 82* 

'" * * 



Chart Cv. 

TEST FOR: 

ENTRY, PROC, 
BEGIN, CALL, 
DECLARE 

Phase CV Overall Logic Diagram 

***** 
*cv * 
* B2* 
* * * :X ••••••••••••••••••••••••••••••••••••• 

X 
SCNA • *. SCNl 

B2 *. *****B3********** 
.* *. * * 

.* TEST *. YES * PROCESS * 
*. FOR .* •••••••• X* LABEL(SI * 

*.LAI3ELlSI .* * * 
*..* * * 

*. • * ***************** * Nt] 

:x ...••.••.•...•.......•.• : 
x 

.*. POAl 
C2 *. *****c 3********** 

.* *. * * 
NO.* TEST *. YES * PROCESS * 

•••• *. fOR PREFIX .* •••••••• X* PREFIX * 
*. OPT IONS .• * * OPTIONS * 

*. . * * * 
*. • * ***************** 

* 

x························· . 
• *. POCl 

02 *. *****D3********** 
.* TEST *. * FORM THE * 

.* FOR CHECK *. YES * NECESSARY * • 
*. AND NOCHECK .* •••••••• X* PSEUDO * •••• 

*. LI STS .* * STATEMENT * 
*..* '" * 

*. • * ***************** * NO 

x 
.*. CHAIN 

E2 *. *****E4********** 
.* *. * SLOT THESE * 

..* *. YES * STATEME~TS * 
••• X*. TEST .* •••••••••••••••••••••••••.••••••••• x* INTO FIE * 

*..* x * RELEVANT * 
*. .* * CHAINS * 

* •• * **.*.*.****.*.*** 
• NO 

x .*. CHEKON 
F2 *. .****F 3********** 

.* TEST *. * SURROUND * 
.* FOR AN *. YES * THE ON-UNIT. • 

*.ON-ST~TEMENT •••••••••• x. BY A * •••••• 
*. .* * PROC-END * 
*..* * • 

* •• * **.************** * NO 

x .*. EN03 
G2 *. *****G3********** 

.* *. * * 
.* TEST *. YES * PROCESS * 

*. . FOR .* •••••••• x* END * 
.. *. '"END' .* * * '. *..* (I: • 

*.' • * ***************** 
* 'NO 

x 
• *. 

H2 *. .* •. 
• * TEST *. YES 

*. FOR END OF .* •••••••• 
*. PROGRAM .* X 
*..* ***** 

* •• * *EG * 
* NO * Al* 

* * * 

x 
**** 

* * * 82 * 
* * **** 

: X ••••• '.' •••••••••••••••••••••••••••••••••.••••••••••••• : 

TRTSC X 
*****J2********** 
* * .*** 
* TRANSFER', * • * * STATEMENT" * •••• X* B2 * 
* WITHOUT * * * 
• CHECKII'IG * •••• 
*******.********* 
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Table BX. Phase BX 4B-Character Set ~reproce~~or 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------t---------------t-----------------------------------~ 
ITranslates keyword table to inter- IBAOO I None I 
Inal code and initializes I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IReads a record IBAl IZURD (AA) I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans text IBA1A I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IHandles operators and keywords I BAS I None I 
~-----------------------------------t---------------+-----------------------------------~ 
IReplaces operator keywords I BAll I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces comma-dot by semi-colon IBA20 I None I 
Iwhere applicable I I I 
~-----------------------------------t---------------+-----------------------------------~ 
IDeals with quote marks IBA2S I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IMaintains parenthesis level count IBA30 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces period-period by colon IBA40 I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IProcesses a slash IBA50 I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IReads one record ahead in case of IBA70 I None I 
I need I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IRestores the situation when a read IBABO I None I 
lahead has taken place I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IPuts out converted text and origi- IBA90 IZUBW I 
Inal text onto backing store I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table CA. Module CA Read-In Common Block 1 

r-------------------------------------------T-------------------------------------------, 
I Function I Subroutines I 
~-------------------------------------------+-------------------------------------------~ 
IProvides subroutines common to all five I ACONST, DECINT. EXP, EXPAND, EXPLST, IDENT,1 
Ipasses of the read-in phase IMVCHAR, OPTOR, SCONST, SINGLE, SQUID I L ___________________________________________ ~ ___________________________________________ J 

Table CAl. Module CA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
I ACONST Checks for a valid arithmetic constant. I 
I I 
IDECINr Checks decimal integer. I 
I I 
IEXP Diagnoses expressions. I 
I I 
I EXPAND Expands iterations of string constants and picture characters. I 

EXPLST 

IDENT 

MVCHAR 

OPTOR 

SCONST 

SINGLE 

Checks for a list of expressions separated by commas but enclosed in 
parentheses. 

Checks for a valid identifier. 

Moves text from one address to another. 

Checks for an operator and replaces the two-byte operators by one­
byte codes. 

Checks for a valid string constant. 

Diagnoses a single expression in parentheses. 

I SQUID Checks for a valid subscripted and qualified identifier. L __________________ ~ ___________________________________________________________________ _ 

I 
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ranle CC. Module CC Read-In Common Block 2 
r-------------------------------------------T-------------------------------------------1 
1 Function I Subroutines , 
~-------------------------------------------+-------------------------------~-----------~ 
IProvides subroutines common to all five JCHAR, CHECK, KEYWD. MESAGE, NONEX, , 
I passes of the read-in phase lNULINS., OPTESTI' PICT, FREe,.., SOFLOW , L ________________________________ - _______ ~~-~---------__________________________________ J 

rable CC1. Module CC Routine/Subroutine Directory 
r------------------T------------------~-------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+-----------------=~-------------------------------------------------i 
I CHAR Diagnoses the CHARACTER and BIr data attributes. l 
I , 
,CHECK Tests the top entry in the stack. J 
I I 
IKEYWD Identifies keywords and hands back the replacement character. to the' 
f caller. , 
I f 
,MESAGE Provides a diagnostic message.. , 
I I 
I NONEX Checks stack for non-executable statements. I 
f I 
I~NS Inserts null statement in output text. I 
I , 
IOPTEST Tests the output string and moves text to the output. I 
, 1 
IPICT Diagnoses a picture. It uses a TRT table set up for the purpose. I 
I, I f 

-I PREC I Diagnoses the precision, and the attributes and format items which I 
1 I use it. I 
f I , 
1 SOFLOW I Bumps stack pointer and checks for stack overflow. I L __________________ ~ ____________________________________________________________________ J 

Table CE. Modules CE, eK, CN. and CR Read-In Keyword BlOck 
r-------------------------------------------T-------------------------------------------, 
I Function , Subroutines , 
~-------------------------------------------+-------------------------------------------~ 
JProvides tables of keywords in internal I None I 
Icode, together with replacement code. I I 
t. No functional code exists in these modules. I I 
fRefer to Appendix B for details of keyword I 1 
I tables. I I L ___________________________________________ ~ ___________________________________________ J 
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fable CI. Phase CI Read-In First· Pass 
r-----------------------------------T---------------T-----------------------------------, 
I IMain processing I I 
I Statement or Operation Type I Routine I Subroutines U,sed I 
~-----------------------------------+---------------+----------------------~------------~ I controls main scan. identifies I RSTART t ASSIGK, B'ADSTl., BEGIN, 00, , 
I statements, and analyzes some in I I ELSE, BUMP. END, EO;P, ERROR, IF., I 
I detail I ION, POPLST, PROe, READ. SIGRVT" I 
I I I STAT2, STRING. plus those I 
I I Isubroutines contained in modules CAl 
, I land CC , L ___________________________________ ~ __________ - ____ ~ ____________ ~ ___________ ~~---------J 

Table CI1. Phase CI Routine/Subroutine Directory 
r------------------T----------------------------------------------~---------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IASSIGN (CG) IDiagnoses an assignment statement. I 
1 I 'I 
I,BADST1. I Re€:overs from failure to recog;nize a sta,tement type;- skips to next .1 
I I semi-colon. il 
r I I 
I BEGIN (CG) I Checks the BEG·IN statement and makes an entry in the first pass I 
I I stack. I 
I I I 
I BUMP IAdvances the input Data Pointer (OP), skips blanks, if any, forcing I 
t 1 source text to b.e. read into storage as necessary... I 
I I I 
100 (CG) IChecks the DO statements and makes an entry in the' first pass stack. I 
I I I 
IELSE (CG) Iunstacks an IF compound statement. I 
t 1 ·1 
lEND (CG) IProcesses three different types o£ END statements; PROCEDURE-BEGIN; t 
I 100; iterative DO. I 
I I I 
I ENTRY IProcesses ENTRY statement. I 
l I 1 
lEap IProcesses end-of-program marker. and returns to compiler contro~ in t 
I lorder to load next pass. I 
I I I 
IERROR (CG) IHandles false starts on possible statements. I 
l I I 
IIF (CGl lScans the IF statement and makes entry in first pass stack. I 
I 1 ~ 
ION (CG) rDiagnoses the ON statement and makes entry in first pass stack. 1 
I I I 
IPOPLST IRemoves prefix options from the text and places them in the dic- I 
I Itionary. I 
I I 1 
IPROC IScans the PROCEDURE and ENTRY statement and makes an entry in the t 
l tfirst pass stack. I 
\ '\ \ 
I READ IReads source text into storage. translating it into internal code. I 
I lexcept for character strings; removes conunents; prints source list- I 
I ling and prefix options. ~ 
1. , I 
I RSTART IControls the first pass scan. Enters statement labels into the I 
I I dictionary. I 
I I I 
ISIGRVT (CG) IScans SIGNAL and REVERT statements. 1 
1 l ~ 
ISTAT2 (CG) IHandles all other statements. I 
I I I 
ISTID IStatement identifier routine. I 
I I I 
ISTRING (CG) lScans character strings. , l __________________ ~ ____________________________________________________________________ J 
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rable CL. Phase CL Read-In Second Pass 
r-----------------------------------T---------------~-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans for statements handled in ISCNA I BUMP, DELAY, DSPLAY, DO, FREE" I 
I this pass, analyzing them in I I GOTO, ITDO'I LABEL,' PROC" RETURN, I 
Idetail. Skips over other statements I ITRTSC, plus those subroutines con- I 
I I Itained in modules CA and CC I L ___________________________________ ~ _______________ ~ ___________________________________ J 

rable CL1. Phase CL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 

BUMP Increments the input Data Pointer (DP), skipping over blanks, I 
obtaining a new text block if necessary. I 

I 
DELAY Processes DELAY statements. I 

I 
DSPLA~ Processes DISPLAY statements. I 

I 
DO Processes DO statements. I 

EOP 

FREE 

GOTO 

IrDO 

LABEL 

Processes end-of-program marker, and releases control to phase CO or 
CS, or CV (CO and CS are optional phases). 

Processes FREE statements. 

Processes GOTO statements. 

Processes iterative DO statements. 

Diagnoses LABEL attributes. 

OPTION IHandles OPTIONS attribute on PROCEDURE or ENTRY statements. 
I 

PROC (CM) IAnalyzes PROCEDURE attributes and options, and completes the diag-
Inosis of PROCEDURE and ENTRY statements. 
I 

RETURN IProcesses RETURN statements. 
I 

SCNA IMain controlling routine of this pass. 
I 

ITRTSC ISkips over all other statements. L __________________ ~ ___________________________________________________________________ _ 
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Table co. Phase CO Read-In Third Pass 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans for DECLARE, CALL, and ISCAN2 IATTLST, BUMP, CALLOP, DECL. DEFINO, I 
IALLOCATE statements. Analyzes I IDIMS, ENTRY, ENVMNT, EOP, I 
lsyntax of attributes by calling I IGENRIC, LABEL, LIKE, USES, IVLIST. I 
lappropriate subroutines I land those subroutines contained in I 
I I Imodules CA and CC I L ___________________________________ ~ __ - ____________ ~_--__________________ --------------J 

rable COl. Phase CO Routine/Subroutine Directory 
r------------------~--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
ATTLST IProcesses an attribute list. (Recursive) 

I 
BDCL IProcesses DECLARE or ALLOCATE statement. 

I 
BUMP ,Advances Data Pointer (DP), obtaining neW input block if necessary_ 

CALLOP (CP) 

DECL 

DEFINO 

DIMS 

ENTRY 

ENVMNT (CP) 

EOP 

GENRIC 

IVLIST (CP) 

LABEL (CP) 

LIKE 

Checks CALL statements and options. 

Processes the DECLARE and ALLOCATE statements. 

Checks the DEFINED attribute. 

Examines the dimension specifications. 

Checks the ENTRY attribute. 

Removes environment information from the text and inserts it into 
the dictionary. 

Processes the end-of-program marker, and releases control. 

Processes the GENERIC attribute. 

Processes the INITIAL attribute 

Analyzes LABEL attribute. 

Processes the LIKE attribute. 

SCAN2 IScans for DECLARE, CALL, or ALLOCATE statements, moves others to the 
loutput string unaltered. 
I 

SCANT IMoves text to semicolon without alteration. 
I 

I USES IProcesses the USES and SETS attributes. L ___ - ______________ ~ ____________________________________________________________________ J 
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rable CS. Phase CS Read-In Fourth Pass 
r-----------------------------------T---------------r-----~-----------------------------1 
I 1Main Processing1 I 
I statement or Operationrype J Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls main scan and identifies ISCNA IEOP, FORMAT, GET, LIST, OPEN, I 
11/0 statements for further analysis I lREAD, rRTSC, plus those subroutines1 
I 1 1 cO[l,tained in modules CA and CC I L _______ - ___________________________ ~ _______________ ~ ___________________________________ J 

Table CS1. Phase CS routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function , 
~------------------t--------------------~-----------------------------------------------~ 
J I I 
1 EO£> I 'Processes end-of-program marker and releases control. 1 
I J I 
IFORMAT (CT) IProcesses the FORMAT statement and format lists. 1 
I t f 
I GET (CT) 1 Processes GET and PUT statements. ,I 
J IJ 
tLISTIProcesses data lists. I 
I 1 1 
10PEN (CT) IDiagnoses OPEN and CLOSE statements. I 
I J I 
tREAD IChecks the syntax of RECORD I/O statements READ, WRITE" REWRITE .. and I 
I I DELETE. This routine also checks for permissible combinations of I 
I I these statements. I 
I f J 
ISCNA lMain scan of this pass. f 
I J 1 
ITRTSC ISkips over all statements other than I/O, moving them to the output J 
I I text. I 
I I I 
I UNLOCK I Deferred feature. Puts out a message and deletes the statement,. I L __________________ L _______________________________________________________ --------_____ J 
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Table CV. Phase CV Read-In Fifth Pass 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Identifies statements for which it I SCNA I CALLIN, CHAIN., 'OECL3. 003., END3, I 
I must build c4ains I I ENTRY3, EOP, POAl, PROC3, TRTSC, I 
I I land those subroutines contained in I 
I I I modules CA and CC. I L ___________________________ --______ ~ _______________ ~ ___________________________________ J 

Table CV1. Phase CV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CALLIN <CW) Makes up the CALL chain. I 

CHAIN 

CHECKON 

OECL3 

003 

EN03 

ENTRY3 

EOP: <CW) 

ILABSN <CW) 

POAl 

POCl 

PROC3 

SCNA 

SCNZ 

F'orms chains. 

Checks the fifth pass stack for ON entry, in order to insert 
PROC-END statements round the ON unit. 

Chains the DECLARE statement to the appropriate PROC or BEGIN state-
mente 

Makes a stack entry for DO block. 

Checks the fifth pass stack. 

Makes an entry in the ENTRY chain. 

Processes end-of-program marker, and releases control. 

Creates pseudo-assignment statements for initial labels. 

Analyzes prefix options in greater detail. 

Processes check lists. 

Makes an entry in the PROCEDURE-BEGIN chain. 

Main controlling routine of the pass. 

Extracts statement number for label entry .• 

ITRTSC Skips over statements not required for analysis in this phase. 
I L __________________ ~ ___________________________________________________________________ _ 

I 
I 
I 
I 
I 
I 
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Chart 03. Dictionary Logical Phase Flowchart 

X 
••••• Al·********* • •• ·*A3*···*·.**· 
!.!~~E!~EL.-i~: :~i~;~~~U~U~: 
.SET UP HASH TAB* 
*& INSERT TABLE. 
• ENTRIES IN CHNS. .*.* .... ****.*.*. 

••• x* CHANGE BCD TO • 
* OICTIONARY • 

X ..... 81·········· *CREATE DICT ENT* 
*FoR PRoC. BEGIN* 
*ANo ENTRY STMNT* 
*AND SETUP ENTRY. 
* TYPE 1 CHA INS * 
•• *** ••• ********* 

X 
***·*C1***··**··· 
*oECL PASS 1 E 1* 
*-*-*-*-*-*-*-*-* 
*SCAN DECL CHAIN* 
*PREPARE ATTRIBS* 
*FoR NEXT PHASE. 
•••• *.*********** 

X 
*·***01*.****···· 
:~i~U~~~*~*-~~: 
*SCAN DECL CHAIN* 
.MAKE ENTRY FOR • 
*EACH DEC VARUB* 
•• ******.*.*.*.*. 

X 
*·*·*El********** 
:~~~~~~~i~!~U~: 
*SET LATE PHASES. 
*WANTED OR UNWTD* 
* Ace TO FLAGS • 
.******* •• **.* ••• 

X 
***.*F 1 ••••• ****. 
*SCAN ENT TYPE 1* 
*eHN MAKING ENT * 
• TYPE 2 t 3 DieT. 
* ENTS FOR DATA * 

:I:~*~;!*~X*~:~i: 

X 
*·*·*Gl·*··****·· 
• SCAN CALL * 
.. CHAIN MAKING .. 
*DIC ENTRIES FOR* 
*EXTERNAL ENTRY * 

: •• *.*~~:~i**.**: 

x .*. HI *. • ••• *H2********.* 
.* DOES •• .L1KE EW* 

•• PROGRAM •• YE S *-.-*-*-*-.-*-*-* 
*.CONTAIN LIKE .* •••••••• X*SCAN LIKE CHAIN* 

*.ATTRIBUTE.* • EXPAND ALL * 
*. • * *LI KENEO STRUC TS. 

* .. * .*******.******.* * NO 

:x ••••••••..•.••••••••..•• : 
x .*. 

J 1 *. *****J2*.*.*.**.* 
.* DOES •• .ALLOCATE EY. 

• * PROGRAM *. YES *-*-*-*-*-*-*-*-* *. CONTAIN AN .* ........ X*SCAN ALLOC.COPY* 
*.ALLOCATE .* .DICT ENTRIES OF* 

*.STMNT.* .ALLOCATED VARS.* * .. * * ••••• * ••• **** ••• * NO 

:x •....•.................. : 
x ***.*K 1 ••• * •••••• • •• **K2*** ••••••• 

• CONTEXT FA* * MAKE DieT * 
*-*-*-*-*-*-*-*-* *' ENTRI ES FOR" • 
.SCAN TEXT. MAKE" •••••••• X*CDNSTANTS USED * •••••• 
"ENTRY FOR CONO * *1 N THE PROGRAM * 
" NAMES & FILES * * * ................. . ............... . 

9~ 

:*.:i~i~i~i~~ ••• : 

x ... 
C3 *. .*.**C4*.*.*** ••• 

." SETS *. *ATTRIBUTES FK* 
.* OR USES *. YES *-*-*-*-*-*-*-*-* 

*.ATTRIBUTE IN .* •••••••• X*PROCESS SETS & • 
*. PROGRAM .* * USES LISTS IN * 
*..* *THE DICTIONARY * *. . * ••••••••••••••••• 

* NO 

:X •••••••••••••••••••••••• : 
x 

*****03****·*··.· 
:~~-*-*-*-*-.-~~: 
*CONSTRUCT DICT * 
* ENTRIES FOR * 
• ON-CONDIT IONS * . ... _ ........... . 

X 
*****E3********** 
* REPLACE BY AN " 
*ERROR STA TEMENT* 
* ANY STATEMENT * 
*CONTNG A DUMMY * 

:~!i!*~;~~~~~~i*: 

x .*. 
F 3 *. ****.F4***** •• *** 

.* ANY *. *PICTURE FQ. 
.* PICTURES *. YES *-*-*-*-*-*-"-*-* 

*. IN THE •••••••••• X.CHECK VALIDITY • 
*. PROGRAM .* • OF PICTURE • 
*..* * CHAIN .. *. .• • •••••••••••••••• 

* NO 

:x •.....•.•............... : 
x ·····G3·········· 

!~~~~~~~~~!~U!: 
"CHAIN VARIABLES. 
*OF EACH STORAGE* 

:;i:~i*:.~~~:!~.: 

X •.•.. H3-····_·_·-
* UNCOMMON • 
* PICTURE AND • 
*DIMENSION TABLE. 

:.~~~::*:::::::*: 

X 
·*.*.J3**· ••• **** 
.MERGE 2ND FILE • 
*STA TEMENTS AFTR" 
"APPROPRIATE PRC. 
" BEGIN OR • 
*ALLOCATE STMNTS* . ............... . 

x .*. K3 *. • ••••• K4 •••••••••• * 
•• ATR •• • * OR XREF ". YES • PRINT ATR 

". LISTING •••••••••• X ANDIOR XREF 
•• REQUIRED .* LISTING 

*. .• 
*. . * .* •• *.** •• *** * NO 



Chart EG. Phase EG Overall Loqic Diaqram 

***** 
*EG * * AI* 
* * * 

X 
*****A1 ********** 
* * * INITIAL! ZE * 
* HASH TABLE * 
* * * * ***************** 

CAA 1 X 
*****B-1********** 
* INSERT LABELS * 
*IN HASH CHAINS,* 
* CHECKING FOR * 
* MULTI PLE * 
* DEFINITION * 
***************** 

CA7 X 
*****c 1********** 
* * * SCAN * 
* PROC-BEGIN * 
* CHAIN * 
* * ***************** 

**** 
* *. * 01 *.X. 

**** 
* * * 02 * 
* * **** 

* * 
**** .!. CAPROC x CFORP CTYPBL 

01 *. *****02********** *****03********** *****04********** *"."*05***"**"*"* 
.* *. * * * SCAN FORMAL * *SCAN ATTRIBUTE * * CHAIN .. 

• * *. YES * GENERATE * *PARAMETER LIST * • LIST. CREATE * * VARIOUS * 
•• PROC .* •••••••• X* ENTRY TYPE 1 ••••••••• X* AND CREATE * •••••••• X* ENTRY TYPE 2 * •••••••• X* E~TRY DIeT * 

*. .* * * * F.P. TYPE 1 * .. FOR THE. * ENTRIES • 
...... * * * ENTRIES * *STATEMENT LABEL. * * 

* •• * ***************** **********.****** ***************** ** .. ************ .. * * NO 

x 
.*. CABA 

E1 *. *****E2********** *****E3********** 
.* *. * * * * 

.* *. YES * CREATE" * CHAIN * 
*. BEGIN .* •••••••• X* ENTRY TYPE 1 * •••••••• X* ENTRY TYPE 1 * 

*. .* * * * • 
*..* * * * * 

*. • * ***************** ***************** * NO 

x 
***** 
*El • 
* A2* 
* * * 

NOTE: 

GOES TO PHASE EP 
IF THERE ARE NO 
DECLARE STATEMENTS 

X 
*****F 3********** 
* * * UPDATE * 
* MAPSTACK * 
* * * * ***********.* •• ** 

........... x: 
x 

**** • • * D1 * 
* * .*.'" 

X 
*****E5********** 
* UPDATE * 
* MAPSTACK IN * 
* SCRATCH * 
* STORAGE * 
* * ***************** 

TYPW X 
.** **F5********** 
* * * SCAN * 
* ENTRY CHAIN * 
* * * * .* •••••• *.*.***** 

x .*. 
GS *. 

*.*. .* •. 
• * YES.. * • 
• 02 .X...... ENTRY .* 
* * •. .* 
**** *..* * ••• * NO 
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Chart EI. 

100 

Phase EI Overall Logic Diaqram 

***** 
*EI * 
* A2* 
* * * 

CCGSOO X 
*****A2********** 
* * * SCANS * 
* SOURCE TEXT * 
* * * * ***************** 

••••••••••• x. 
:CCGSE x 

*****B2********** 
* PICK UP * 
* NEXT ENTRY * 
* IN OECLARE * 
* CHAIN * 
* * ***************** 

**** 
* * * B3 * 
* * **** 

: x ••••••••••• 
CCGS2 X 

*****B3********** 
* * * CONTINUE * 
* SCAN OF * 
* DECLARATION * 
* * ***************** 

:X •••••••••••••••••••••••• : 
X 

.*. CCFLP,CCFRP 
C2 *. *****C3********** 

.* TEST *. * REPLACE * 
.* FOR *. YES * PARENTHESES * • 

*. FACTORED .* •••••••• X* BY SPECIAL * •••• 
*ATTRIBUTES.* * CODES FOR * X 
*..* * LATER PHASES * 

* •• * ***************** * NO 

:CCGSAT J. 
OZ *. *****03********** 

.* *. * PARTIALLY * 
.* *. YES * PROCESS THE * • 

*. TEST .* •••••••• X* ATTRIBUTE TO * •••• 
*. .* * ASSIST LATER * X 
*..* * PHASES * 

* •• * ***.*******.*** •• * NO 

x 
.*. GENTRY 

E2 *. *****E3*******.** 
•• TEST *. * KEEP A COUNT * 

.* FOR *. YES * OF THE *. 
*. ENTRY OR .* •••••••• X*PARENTHESES TO * •••• 

*. GENERIC .* *ASSIST FACTORED* 
*..* *ATTRIBUTE SCAN. 

*. • * *.*******.******* • NO 

x .*. 
F2 * • 

•• TEST *. **.* 
.* FOR *. NO * * *. END OF .* .... x* B3 * *. DECLARE .* * * 

*..* **** * •. * 
* YES 

:CSGSOO • t 
G2 *. 

• .* TEST * • 
• NO.* FOR END * • .... *. OF DECLARE .* 

*. CHAIN .* 
*. .* * .. * * YES 

x 
***** 
*EK * 
• A1* 
* * • 



Chart EL. Phase FL Overall 'Logic Diagram 

***** 
*EL * 
* A1* 
* * * 

ECHSKP x 
.****AI**.******* 
* * * INITIALIZE * 
* PASS CONTROL * 
* TO IEMEM * 
* * ***************** 

SCANO X 
*****Bl ********** 
* * * SCAN CHA IN * 

•• x* OF PROCEDURE * 
* STATEMENTS * 
* * • ***************** 

**** 
* * * B1 * 
* * **** x 

.*. SCAN4 .*. 
C! *. *****C2********** C3 * • 

• * *. • • •• *. **** 
.* END *. NO * SCAN CHAIN * .* END *. YES * * 

*. OF CHAIN .* •••••••• X* OF DECLARE * ........ X*. OF CHAIN .* •••• x* B1 * 
*. .* * STATEMENTS * *. .* * * 
*..* * * *..* *.*. 

* •• * **.***.********** * •• * 
* YES X * NO 

x 
***** 
*EP * 
* A1* 
* * * 

.*.YES COCLSC X 
02 *. *****03********** 

.* *. * PICK UP NEXT * 
.* END OF *. NO * IDENTIFIER * 

*. DECLARATION .* ........ X*IN DECLARATION * 
*. lIST.* * LIST * 
*..* * * 

••• * ***************** 
* x 

DC I DPR X 
*****E 3********** 
* * * DEC IDE * 

NATURE OF * 
IDENTIFIER * 

* * ***************** 

ATLSCN X 
*****F3********** 
* APPLY * 
* ATTRIBUTES IN * 
* ATTRIBUTE' * 
* LIST * 
* * ***************** 

CDFATT X 
*****G3********** 
* * * APPLY * 
* FACTORED * 
* ATTRIBUTES * 
* * ***************** 

IMPATT X 
*****H3 ********** 
* APPLY * 
* IMPLICIT * 
* AND DEFAULT * 
* ATTRIBUTES * 
* * '**************** 

CDrCEN X 
*****J3********** 
* MAKE * 

• * DICTIONARY * 
•••••••••••••••••• * ENTRY FOR * 

* IDENTIFIER * 
* * ****.***.* ••••••• 

Section 3: Charts and Routine Directories 101 



Chart EP • Phase EP Overall Logic Diagram 

••••• *EP • 
• AI· 
• • • NOTE: 

•• ** 
* * * B2 * 
* * **** 

EPL20 X LBPROC X EPL 75 X .*. EPLlOO • 
• *.**Bl********** *****B2********** *****B3********** B4 *. **.**B5********** 
• GO TO.. • * CONSTRUCT * .* *. * * 
'" FIRST ENTRY • • GO TO DICT * * ENTRIES * .* LAST *. NO * GO TO DIeT * * IN * •••••••• X. ENTRY FOR * •••••••• X* TYPE 2 AND ••••••••• X*. LABEL .* •••••••• x* E~T~Y FOR * 
* ENTRY TYPE 1 * * FIRST LABEL * * 3 IF NOT * *. .* * t>.IEXT LABi=L * 
* CHAIN. * • * THERE * *..* * * 
.**************** *********.******* ***************** * •• * .**************** 

* YES 

EPL40 X .* • 
•• ***C2********.. C3 *. 
* GO TO NEXT * .* *. **** 
* ENTRY IN * .* *. YES * * 
* PROCEDURE * •••••••• X*. PROCEDURE .* •••• X* B2 * 
* ENTRY CHAIN * *. .* * * 
* * *..* **** 
** ••• ************ *. • * * NO 

:X ••••••••••••••••••••••••••••••••••••••••••••••••••• 
X • t>.IO 

EPL600 • *. • *. 
*****01********** 03 *. *****04********** 05 *. 
* GET TEXT * .* *. * * .* *. 
* REFERENCE * YES.* END OF *. NO * GO TO NEXT * •• *. 
* OF START OF *X •••••••••••••••••••••••••••••••••• *. ENTRY CHAIN .* ....... . x* ITEM IN CHAIN * •••••••• X*. Pi(J:EJURF •• 
* CALL CHAIN * *. .* * * *. .* 
• * *..* * * *..* 
***************** * •• * ***************** * •• * * * YES 

**** **** 
* *. * El *.X. . * * •• x* B 2 * 
* **** * x * * **** 

.*. .*. EPL340 .*. CDICEt>.I 
El *. *****E2********** E3 *. E4 •• *****E5********** 

.* *. * SCAN THE * .* *. .* IS *. *MAI(E DICTIONARY* 
.* END *. NO * DICTIONARY * .* *. NCl .*IDENTIFIER *. NO * EiIITRY USING * 

*. OF CALL .* •••••••• X* FOR THE * •••••••• X*. KNOWN .* •••••••• X*. BuILT-II>! .* ........ X* DEFAULT RULES * 

102 

*. CHAIN .* * IDENTIFIER * *. .* *.FUNCTI:J~ .* * FOR DATA TYP~ * 
*..* * * *..* *..* * * 

* •• * ***************** * •• * * •• * ***************** 
* YES * YES * YES 

x 
***** CONTROL PASSED TO 
*EW * PHASE EW (OPTIONAL) OR 
* Al* PHASE EY (OPTIONAL) OR 
*. PHASE FA (NON-OPTIONAL) 

* 
.~. X 

F3 *. *****F4********** 
.* *. * Gi=NERATE * 

.* IS *. NU * ERROR * 
*. CALL .* ........ X* MESSAGE * 

*. VALID .* * INSERT DU"''''Y * 
*..* * REFERENCE * 

* •• * ****.************ 
* YES 

EPL360 X EPL29G X 
*****G3********** *****G4********** 
• REPLACE * • GET TEXT * 

EPL360 X 
*****F5********** 
* REPLACE * 
* BCD BY * 
* DICTIONARY * 
* REFERENCE * 
* * ***************** 

• BCD BY" * REFEREiIICE * • 
* DICT IONARY * ........ x* OF NFXT *X ................ . 
* REFERENCE * * ITEM I'IJ * * * * CALL CHtdill * 
***************** ***************** 

x 
**** 

* * * El * 
* * **"'* 



Chart EW. 

***** 
*EW * 
* Al* 
* * * 

EWBEGN X 

Phase EW Overall Logic Diagram 

*****Al********** 
* INITIALIZE. * 
* GET SCRATCH * 
* STORAGE AND * 
* FIRST ITEM IN * 
* LIKE CHAIN * 
***************** 

**** 
* *. * B1 *.X. 
* * **** • 

EWSTRT X 
*****B1********** 
* * * SAVE ADDRESS * 
* CODE BYTES * 
* LEVEL ETC * 
* * ***************** 

CESCN X 
*****c 1********** 
* * *SCAN DICTIONARY* 
* FOR STRUCTURE * 
* WITH SAME BCD * 
* * ***************** 

x 
.*. EWERNC .*. EHELDM 

01 *. *****02********** *****03********** D4 *. *.***05*.******** 
.* IS *. * * * PICK UP * .* IS *. * COpy ENTRY UP * 

.* THIS A *. NO * SET UP ERROR * * STRUCTURE * .* THIS A *. NJ * Tll THIS POINT * 
*. VALID .* •••••••• X* CODE * •••••••• X* WITH THE LIKE * •••••••• X*. MAJOR .* •••••••• x* INTO SCRATCH. * 

*.STRUCTURE.* * * * ATTRIBUTE * *.STRUCTURE.* * ADO DEFAULT * 
*..* * * * * *..* * VALUES * 

*. • * ***************** ***************** *. • * ***************** 
* YES * YES 

........... x: 
:EWNOLK .~. EWORDM .*. EWCOPY 

E1 *. E2 *. *****E3********** 
• * IS *. • * IS TH I S*. * * 

.* ORIGINAL *. NO .* ELEMENT *. YES *COPY STRUCTURE * 
*. STRUCTURE .* •••••••• X*. DIMENSIONED .* •••••••• x* ELEMENT INTO 

*. DIMENS- .* *. .* * SCRATCH 
*.IONED.* *..* * * 

* •• * * •• * ***************** * YES * NO 

x 
:EWELTS .*. 

F1 *. 
.*IS THIS*. 

.* ELEMENT *. YES 
*. DIMENSIONED .* •••••• 

*. .* 
*. .* 

* •. * * NO 

EWONDM X 
*****F2********** 
* * * EXPANDS ENTRY * 
* INTO SCRATCH * 
*WITH NEW DIMENS* 
* * ***************** 

X 
*****F 3 ********** 
* CALCULATE NEW * 
* NUMBER OF * 
* DIMENSIONS. * 
• PICK UP * 
*DIMENSION TABLE* 
***************** 

x 

X EHHSCN X 
*****E4********** * •••• E5 •• **** ••• * 
* SET UP * * PUT CJPY INTO * 
*ERROR MESSAGE. * * JICTIONARY. * 
* CHANGE ENTRY *X •••••••• * UPDATE * 
* TO A CB * * STRUCTURE AND * 
* ENTRY * * HASH CHAIN * 
***************** *****.******.**** 

x 
**** 

* * * J2 * 
* * **** 

:EWCOPY x 
**·**Gl********** 

.*. 
G3 *. *****G4*** ••• ***. 

* * *COPY STRUCTURE * 
• .* ARE •• *SCAN DIMENSION '" 
X NO •• THERE ANY *. YES • TABLF FOR '" 

* ELEMENT INTO * • • ........... ....... ..... ....... VARIABLE •••••••••• x* VARIABLE * 
* SCRATCH * 
* * ***************** 

:X .......... : : 

:EWINCH x EWELDM X 
*****Hl********.* *****H2 ********** 
* MAKE DICT * * COpy FNTRY. * 
* ENTRY, UPDATE. * INCLUDE • 

FORWARD AND *X •••••••• * DIMENSIONS IF * 
HASH CHAINS * * PRESENT • 

* '" '" '" ****"''''''''''****'''**** ******"'********** 

**** **** 
* *. * * * Jl *.X. * J2 * ••• 
* **** * x * **** * x 

• *. .*. EWEND 

•• DIMENS- .* X *OIMENSION ENTRY* 
*.IONS •• * * 

*. . * ***************** 
* 

:EW2FNT x 
*****H4********** * COpy * 
*2ND FILE DICT. * 
*ENTRY AND TEXT * 
* FOR ENT~Y * 
* * ***************** 

x 
.* . 

Jl *. J2 *. *****J3********** J4 * • 
• * *. **** .*IS THIS*. .*IS THIS*. * GO TO * 

• NO.* THE END *. YES .* THE END *. YES * END ROUTINE * 
•••• *. OF A NEW .* •••••••• X*. OF THE LIKE .* •••••••• X* TO RELEASE * 

*.STRUCTURE.* *. CHAIN .* *SCRATCH STORAGE* 
*..* *..* * * * .. * * .. * ***************** 

* * NO 

x 
**** 

* * * Bl * 
* * 

x 
***** 
*EY * 
* AI* NOTE: 
* * 

• NO.* END OF *. YES * * 
.... *. DIMENSIiJ'JED • * .... x* Jl * 

*. TABLE.* * * 
*..* **** 

* .. * 
* 

**** * CONTROL IS PASSED TO 
PHASE EY (OPTIONAL) OR 
PHASE FA (NJN-OPTIONAL) 
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Chart EY. Phase EY Overall Logic Diagram 

***** 
*EY * 
* AI* 
* * * NOTE: 

• INPUT FROM PHASE EP OR 
IEMEY X PHASE EW (OPTIONAL) 

*****AI********** 
* * * REVERSE * 
* SECOND FILE * 
* POINTERS * 
* * ***************** 

EY16 X 
*****Bl********** 
* SCAN PROC * 
* AND DECLARE * 
* CHAINS FOR * 
* ALLOCATE * 
* STATEMENTS * 
***************** 

.•.•••••••• x: 
x .*. 

Cl * • . * * • • * END OF *. YES 
*. CHAINS .* •••••••• 

*. .* x 
*..* ***** 

* •• * *FA * 
* NO * A2* 

:EY17 x 
*****01********** 
* * * EXAMINE EACH * 
* ITEM AND PICK * 
* UP ATTRIBUTES * 
* * ***************** 

:EY21 x 
*****El********** 
* IF ITEM IS * 
*STRUCTURE,CHECK* 
*DESCRIPTION IN * 
* ALLOCATE WITH * 
* DECLARATION * 
***************** 

:DICBLD x 
*****F 1********** 
* MAKE NEW DICT * 
*ENTRY FOR EACH * 
* ITEM, COPYING * 
*ATTRIBUTES FROM* 
* DECLARATION * 
***************** 

:MOVEST x 
*****G 1********** 
*COPY ANY SECONO* 

• *FILE STATEMENTS* 
•••• * ASSOCIATED * 

* WITH * * DECLARATION * 
***************** 
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Chart FA. Phase ~~ .. Overall Logic Diagram 

•• *. · . • A1 •••• · .. .... . 
CE32 X .••.. Al.········· " MOVE BYTE • 

• FROM INPUT .. 
• TO • 
: OUTPUT AREAS : ................. .... . · .. • B1 •• X. · .. .... . 

CE3l X ·····81·········· " BUMP, OUTPUT ,.. 
" TEXT POINTER • 

.FA • 
" A2· 
"" . 

NOTE: 

• INPUT FROM PHASE EP OR 
IEMFAX PHASE EW OR PHASE EY .···.AZ·.···· ••• · "INITIALIZE. GET* 

" SCRATCH CORE, " 
" INPUT IDUTPUT " 
• TEXT BLOCKS. " 
"SET UP POINTERS • . ............... . 

CE300 X ·····82 ••..•••.•• .. PICK UP TEXT .. 
.SYTE. SAVE HIST" 

" AND CALL • 
" CENOTS • 

: •• X:TR~~~LmC~w :- - - - - - - - - - - - - - - - --, · . ................. 
CE30 it 

: •••• C1 ••••••••• : 

• BUMP INPUT" • 
" TEXT POINTER * •••.•. : : ... ~ ............ . 

CEINT 

x . . ... 
." " ... : .~~.: 

••••• Fl •• •••••••• · " " CALL CECON • 
• CONS TANTS " 
: ROUTINE : ................. 

CE ISUB 
••••• Gl •• **·.···. " MOVE SUB .. 
" AND BINARY .. 
" CONSTANT " 
" TO OUTPUT " 
: •••• ** ••••••••• : 

CESMCL 
: •••• Hl ••••••••• : 

" CLEAR FLAGS " 
" AND " 
: BRACKET COUNT : ................. 

CEKPRC 

••••• Jl •• •••••••• .. UPDATE BLOCK " 
.. LEVEL AND " 
"COUNT AND SK IP " 
: OVER CHAINS : ................. 

• TRANSFER " I ••••••••••••••••• I 

~ .... I 
•• " x 
••• : B2 : r---------------------T--------T-~t.;;~-~~;~i~~-l 

.... I I t-----T------i 

CEKEY *.··.FZ· .• ·*· .• ·* .PICK UP KEYWORD'" 

: IMN~~Wlh : 
• RELEVANT • 
: ••• !~~~~~;: •••• : 

CEDWAX ····.GZ·········· • MOVE TEXT FROM. 
*1"lPUT TO OUTPUT" 
• TEXT UNTI L • *= SIGN I S FOUND. 

! .•••••••••••••• ! 

CEKPFR 
: •••• H2*.** ••• **: 
• GO TO PICTURE. 
" ROUT! NE • :.*.::.::::: .... : 

CEKDCL 
:*.*.JZ* ••• ****.: 
.REMOVE SN. ETC * 
• FROM • 

:**~~::~:.:::: .. : 

CE2L 

I Function I Routine I To I Return I 
t---------------------t--------t-----t---------i 
I Constants I CEINT I F1 I B1 I 
I Keyword I CEKEY I F2 I B1 I 
I Second Level Marker I CE2L I F3 I B1 I 
I 00 or Blank I CEBNK I Fq I B2 I 
I Right Parenthesis I CERP I FS I A1 I 
I Left Parenthesis I CELP I FS I A1 I 
I ISOB I CEISOB I Gl I B2 I 
I Down Arrow I CEDWAX I G2 I Ai I 
I Semicolon I CESMCL I Hi I A1 I 
I P Format I CEKPFR I H2 I B1 I 
I Identifier I CUD I G3 I I 
I SN, SN2, SL I CEKSN I H5 I Bl I 
I CALL I CEKCEN I J3 I Bl I 
I PROC, BEGIN I CEKPRC I J1 I' I 
I DECLARE, ENTRY I CEKDCL I J2 I" I 
I ITDO I CEKIDO I Jq I Bl I 
I ON I CEKON I J5 I Cl I 
I End of Block I CEKEOB I K3 I B2 I 
I End of Program I CEKEOP I Kq I * I 
I End of Text Block I CENDTS I K5 I 81 I 
t--------------------J.---------J.---___ J. ______ ~ 
I • See Chart I L _______________________________________________ J 

CEBNK CEl P,CERP • •••• F3··· •• ••••• 'SAVE 2ND LEVEL. 
••••• F4 •••••••••• 
• IF VAllI) DICT • 
"REF MOVE TO O/P. 
o ELSE SKIP TO • 

••••• F5 •••••••••• 
'FO~ t I NCREASF • 

.CODE BYTE THAT' 
" FOLLOWS. • 
• SET 2NO LEVEL. 

:** •• ~~l!i~ •• * •• : 
• NEXT BLA'I~ OR • 
• NON ZERO BYTE • . ............... . 

• BUC~ET COll'lT • 
• FOR I REPuce • 
: B~ACKET COUNT: . ............... . 

CEIU ••• ••• CESCN 
G'3 •• G4 •• • •••• GS •••••••••• 

." IS '. ." IS *. 0 • 
." THIS A •• NJ •• THIS A *. YES • GO TJ SCAN • 
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Chart FK. Phase FK Overall Logic Diagram 
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*INITIAL STATEMT* * * 
* FOR ARRAY * **** 
***************** 
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Chart FQ. Phase FQ Overall Logic Diagram 

***** 
*FQ * 
* Al* 
* * 
* 

**** 
* * * A2 * 
* * **** 

**** 
* * * A3 * •.. 
* * X CYTABL X CYFN;*** X 

*****Al********** *****A2********** *****A3****.* •• ** *****A4********** 
* * * CLEAR FLAGS * *PICK UP PICTURE*. * 
.INITIALIZE AND * * CALCULATE * * CHARACTER. * * EXECUTE * 
* PICK UP START * •••••••• X*POSITION OF KEY* •••••••• X* CALCULATE * •••••••• x. TRANSFER * 
* OF CHAIN * * BYTES IN * * OFFSET. GET * * INSTRUCTION * 
* * * PICTURE TABLE * • CODE BYTES * * • 
******** •• *.*.**. • •••••••••••• **** ***************** ····*···r·····*** 

CYNINE 
.**.*F 1 ********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER 9 * 
* * ***************** 

CYK 
*****Gl********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER K * 
* * ***************** 

CYG 
*****Hl********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER G * 
* * ***************** 

CYEK • *. 

CVSDPM 
*****F2********** 
* PROCESSES * 
* PICTURE * 
* CHARACTERS * 
* $,S, +,- * 
* * ***************** 

CVCRDB 
*****G2********** 
* PROCESSES * 
* PICTURE * 
* CHARACTERS * 
* CR, DB * 
* * ***************** 

CVSS 
*****H2********** 
* * * PROCESSES * 
* PICTURE * 
*CHARAC TER S 6,7 * 
* * ***************** 

J 1 *. *****J2********** 
.* IS *. * MAKE SURE * 

.* THIS *. NO *PICTURE LENGTH * 
*. STERLING .* •••••••• X* AND PRECISION * 

*. PICTURE .* * ARE CORRECT * 
*..* * * * •• * ***************** 

* YES 

••• 000.0.00 x: 

X 
.****Kl ********** 
* GO THROUGH * 
* AGAIN, * • 
* CHECKING * •••••• 
* INDIVIDUAL * 
* FIELDS * 
***************** 
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x 
**** 

* * * A2 * 
* * **** 

I 

I 
I 
I 
I 
I 
I 
I 

r--------------------------~-------.,.---------------, 
I I I Chart Location I 
I I ~----T---------i 
I Function I Routine I To I Return I 
.----------------------------t--------t-----+---------i 
I Picture Character 9 CYNINE I Fl I A3 I 
I Picture Characters S CYSDPM I F2 I A3 I 
I Picture Character V CYV I F3 I A3 I 
I Picture Characters, / B CYCPBS F4 I A3 I 
I Picture Character E CYE FS I A3 I 
I Picture Character K CYK Gl I A3 I 
I Picture Characters CR, DB CYCRDB G2 I A3 I 
I Picture Character Z CYZ G4 I A3 I 
I Picture Character Y CYY GS I A3 I 
I Picture Character G CYG Hl I A3 I 
I Picture Characters 6, 7 CYSS H2 I A3 I 
I Picture Characters 8, H CYSSEH H3 I A3 I 
I Picture Character M CYSTM H4 I A3 I 
I Picture Character F CYF HS I A3 I 
I Completes Entry CYEK Jl I I 
I End of Chain CYENDD J3 I * I • ____________________________ .1. _________ .1. _____ .L-________ i 

I * See Chart I L _____________________________________________________ J 

CVV 
*****F3********** 
* * * PRDCESSES * 
* PICTURE * 
* CHARACTER V * 
* * ***************** 

CYOTT 
*****G3********** 
* PROCESSES * 
* PICTURE * 
* CHARAC TERS * * 1,2,3 * 
* * ***************** 

CYSSEH 
*****H3****.***** 
* * • PROCESSES * 
* PICTURE * 
*CHARACTERS 8,H * 
* * ********.******** 

CYENDD 
*****J3********** 
* * * END OF * 
• PICTURE CHAIN * 
* * * * ***************** 

x 
**.** 
.FT • 
* A2* 
* * * 

CYCPBS 
***·*F4********** 
* PROCESSES * 
* PICTURE * 
* CHARACTERS * 
* ., I B * 
* * ***************** 

CYZ 
*****G4********** 
* * * PROCESSES * 
* PICTURE * 
* CHARAC TER Z * 
* * ***.************* 

CYSTM 
***·*H4********** • * 
* PROCESSES * 
* PICTURE * 
* CHARACTER M * 
* * ***************** 

CYE 
*****F5********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER E * 
* * ***************** 

CVY 
*****G5********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER Y * 
* * ***************** 

CYP 
*****H5********** 
* * * PROCESSES * 
* PICTURE * 
* CHARACTER F * 
* * ***************** 



Chart FT. 

TEST FOR: 

DATA VARIABLE, 

~~~~P~~~I ABLE, 
LABEL VARIABLE, 
CONSTANT, 
LABEL CONSTANT, 
PROC, 
ENTRY, 
FILE PARAMETERS 
BUILTIN, 
BUILTIN GENERIC, 
FILE 

Phase FT Overall Logic Diagram 

****'" 
*FT * * A2* 
* * * 

AC 1 X 
*****A2********** 
* * '" SCANS * 
* SECOND FILE * 

* * * * ***************** 

••••••••••• x:x ••••••••••••••••••••••••••••••••••••• 
• X 
.AC2 • *. AF3 

B2 *. *****B3********** 
.* TEST *. * POINT THf * 

.* FOR *. YES * RELEVANT * • 
*. SECOND FILE .* •••••••• X* DICTIONARY * •••• 

*. STATEMENT.* * ENTRY AT THE * 
*MARKER.* * STATEMENT * 

*. • * ***************** 
'" NO 

x .*. 
C2 * . 

• * * . 
• NU.* TEST * • 
••• • *. FOR END OF .* 

*. TEXT .* 
*. .* 

* .. * * YES 
**** 

* *. * 02 *.x. 
* * 

IHA **** X 
*****02********** 
* * * * *DICT IONARY SCAN* 
* * * * ***************** 

x 
.*. TRVECT 

E2 *. *****E 3********** 
.* *. * CHAIN THE * 

.* TEST *. YES * DICTIONARY * 
*. DICTIONARY .* •••••••• X*ENTRY INTO THE * 

*. ENTRY .* * APPROPRIATE * 
*..* * CHAIN * 

*. • * ***************** * NO 

X 
FO .*. 

F 3 *. *****F4********** 
.* *. * GIVE DIHENS. * 

.* TEST FOR *. YES *TO BASE ELEMENT* 
*. INHERITED .* •••••••• X*CREATE 2ND FILF* 

*DIMENSIONS.* *STATEMENTS FOR * 
*..* *VARIABLE BlJUNOS* 

*. • * ***************** * NO 

x : x .•.•.......•••.•.....••• : 

.*. X 
G2 *. *****G3********** 

.* TEST *. * * 
.* FOR END *. NO * SKIP TO NEXT * 

*.OF DICTIONARY.* •••••••• X* DICTIONARY * 
*. .* * ENTRY * 
*..* * * 

*. • * ***************** 
* YES 

x 
***** 
*FV * * B1* 
* * * 

x 
**** 

* * * 02 * 
* * **** 
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Chart FV • Phase FV Overall Logic Diagram 

•••• * 
.FV * 
• B1* • * • 

FVO X 
••••• B 1 ••••••• * •• 
* • 
• REVERSE • 
• SECOND FILE * 
• POINTERS * • • *.* •••••••• * •• *** 

FV9 X 
*****Cl********** 
* GET SCRATCH * 
* STORAGE AND * 
* PICK UP START * 
* OF TEXT * * • 
***************.* 

FVIO X 
*****01·********* 
* * * IDENTIFY * 

••• x* TEXT ITEM *X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * x x 
• * ***.*****.******* 

x • NO 
:x .......... . 

.*. DEFTST .*. DEFMOV. 
EI *. E2 *. *****E3********* • 

. * *. .* *. * * 
.* *. YES • *oYNAM ICALL Y*. YES * ADO BASE • 

*. DICT. REF •••••••••• x.. DEFINED •••••••••• x. REFERENCE * 
*. .* *. .* * TO OUTPUT * 
*..* *..* * • 

* •• * * •• * ***************** * NO * 

x 
••• fV18 

Fl *. "* •• FZ ••••••••• * .* *. • SCAN' * .* *. YES '" ALLOCATE LIST • 
*. ALLOCATE .* •••••••• X*MAKING SEPARATE*X ••••••••••••••••• 

*. .* * STATEMENT FOR * 
*..* * EACH ITEM * 

* •• * **********.****** 
• NO 

DATCPY X ... NO 
*****G2********** G3 *. 
* ADD 2ND FILE * .* *. • 
*STATEMENTS Fn~ * .* END *. YES. 
* EACH ITEM TO * •••••••• X*. OF LIST .* •••• 
* OUTPUT * *. .* 
* * *..* 
***************** * •• * 

* 

x 
.*. FVl9 DATCPY 

HI *. *****H2********** *****H3********** 
.* *. * SCAN CHAIN * * IF LABEL * 

.* *. YES *OF ENTRY TYPES * * RETURNS * 
*. PROC .* •••••••• x* FOR ENTRY * •••••••• x* ADJUST STRING * 

*. .* * LABELS * * ADO 2ND FILE * 
*..* * * *STATEMENT TO Opt 

*. • * ***************** ***************** * NO 

.a. FV20 FV34 X OATCPY .,.YFS 
Jl *. *****J2********** *****J3********** *****J4* •••••• *.* J5 •• 

• * *. * * * * * MOVE ANY 2ND '" .* * • 
• * *. YES • PICK UP. * SCAN AUTO * *FIlE STATEMENTS* .* END *. 

*. BEGIN .* •••••••• X* ENTRY TYPE I * •••••••• X* CHAIN FOR * •••••••• X*FOR VAPIABlE TO* •••••••• x*. OF CHAIN .* 
*. .* * * * BLOCK * * OUTPUT * *. .* 
*..* * * * * * * *..* 

* •• * ***************** ***************** ***************** * •• * 
* NO X * NO 

x .*. 
Kl * • 

. * * • 
• NU .* *. YES .... *. EOP .* ....... . 
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Chart FX. Phase FX Overall Logic Diagram 

••••• • FX • 
• AZ· • • • 

X 
• •••• AZ •• * •• ***** 
• lOAD IEMFY. • 
• GET SCRATCH * 
• STORAGE AND * 
.TEXT BLOCK FOR • 
* SORT TABLE * 
•• *.* •• ***.**.*** 

: X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

FXOOOO X ••• YES FXOOIO FXOu30 ••• NO 
.****BZ*.******** B3 *. .****B4********** B5 *. 
* * .* FILE *. * * .* *. 
: SCA~HII~TIC : •••••••• x*f~~~lrIRUll~Et:*~~ •••••• X: SORT ENTRY : •••••••• X*:* OF E~~IN *:. 
* * ON CONDITION* * * *. •• 
* * *.NAME .* * * *..* 
********.****.*.* * •• * .**************** * •• * 

FXOIOO X 
*****C2********** 
* * *SCAN PROC-BEGIN* 

* * YES 

* CHAIN *X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * * * ****.***.*.****** 

X: • YES 
.*. ••• FX012C .*. 

02 *. 03 *. * ••• *04*.* ••••• ** 05 * • 
• * *. .* *. * * .* * . 

• * END *. NO .* ANY *. NO *SCAN AUTmlATIC * .* END *. 
*. OF •••••••••• X*. PARAMETERS •••••••••• x* CHAIN * •••••••• X*. OF .* 

*. CHAIN .* *. .* x * * •• CHAIN •• 
*..* *..* * * *..* * .. * * •• * •••••••• *.*****.* * .. * 

* YES * YES X • NO 
**** · .. * EZ *.x. * * .x •••........ 
**** • 

FX011Q x 
*****EZ********.* 
* * *SCAN CONTROlLED* 
* CHAIN * 
* * * * ***************** 

X 

FXOIOI i 
*****e3********** * • * SORT • 
• PARAMETERS ••••••• • • * • 
*.*** •• * •••• *.*** 

i .*. 
E5 *. . .* NO *. : .............. ~::*:. c~~glr~~N .:* 

x *ENTRY TYPE.* 
*.3,4,'5.* 

* •.• * NO 

FXO~~2**Fl********** FZ·*·*. F3·*·.. .****F4********** 
FXCOIO X 

*****F5********** * • .* *. .* *. • ... * * * * YES .* END OF *. NO .*AllOCATION *. NO. * • * * ••• x* SCAN TEXT *X •••••••• *. CHAIN .* •••••••• X*. OR .* •••••••• X* SDRT ENTRY * •••••• * SORT fNTRY * 
* * *. .* *.PARAMETER.* * * • • * * *..* *..* ... * • • 

.****.*.****.**** ******** *** ••• **. *. • * *. • * ************** •• * 
* * YES 

**** 
* * * GZ * ... 

X * *.** * • 
.*. FXPRNT X 

Gl *. **.**GZ********.* 
•• *. * * 

**** 
. * * • .x* EZ * 

* * **** 
FXBCO 

******G3*·********* 

.* END OF *. YES. * * PRINT BCD 
AND OCl NO. 

(IF ANY) 
*. TEXT .* •••••••• X*SCAN SORT CHAIN* •••••••• X 

*. .* * * 
*..* * * 

*. • * *******.**.****** * NO 

x .*. 
Hl *. 

. * *. 
• NO •• *. 
.X •• *. DICT REF .* 

*. .* 
*. .* 

* •• * 
* YES 

X 

• 
*.**.***** •• * •••• • * * GZ * . . 

.*.* x 
x : NO 

.*. .*. .*. 
H3 *. H4 *. H5 •• 

.* *. .* *. .* * . 
.* ATTR *. NO .* XREF •• ~J .* END OF *. 

*. lISTING .* •••••••• X*. lISTING .* •••••••• x*. SORT .* 
*. REQD.* X *. REQD.* X *. CHAIN .* 
*..* *..* *..* 

* •• * * •• * * •• * 
.YES *YES *Yf'S 

X :REFMOV x 

i 
***.* 
·GA * * A2· 

*****Jl********** 
* ADO STATEMENT * 

******J 3*******.*.* ****.*J4*********** 
SCAN CHAP>J OF 

STATEMENT 
NUM6l'RS AND 

• * • • *NUMBER TO CHAIN* •..• * FOR THIS DIeT * 
* ENTRY * 
* * ***************.* 

PRINT 
ATTRIBUTES 

************. 

* PRINT THEM 

************* 
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rable EG. Phase EG Dictionary Initialization 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IHashes labels ICAAl ICHASH, CBCDL2 I 
~-----------------------------------+---------------+-----~-----------------------------~ 
I PROCEDURE-BEGIN chain I CA7 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I BEGIN ICA8A I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I PROCEDURE I CAP ROC ICANATP, CFORP I 
~-----------------------------------+---------------+-----------------------------------~ 
I ENTRY ICA10 ICANATP, CFORP I 
~-----------------------------------+---------------+-----------------------------------~ 
IFormal parameters ICFORP ICHASH, CBCDL2 I 
~-----------------------------------+---------------+-----------------------------------~ 
I Attribute list I CANATP I CAPRE1, CATCHA." CATBIT, CATPI: I 
~-----------------------------------+---------------+-----------------------------------~ 
ICreates entry type 2 entries for ICTYPBL IENT2F, CDEFAT I 
I labels I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table EG1. Phase EG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CAAl IScans label table and hashes labels. 

I 
CANATP IProcesses attribute list. 

I 
CAPROC IProcesses PROCEDURE statements. 

I 
CAPREl 

CATBIT 

CATCHA 

CATPIC 

CA6 

ICA8A 

CA10 

CBCDL2 

CDEFAT 

CFORP 

Processes precision data. 

Processes BIT attribute. 

Processes CHARACTER attribute. 

Processes PICTURE attribute. 

Scans the PROCEDURE-BEGIN chain for the relevant statements. 

Processes BEGIN statements. 

Processes ENTRY statements. 

Traverses the hash chain looking for entries with the Same BCD as 
that just found. 

Completes data byte for entry type 2 entries by default rules. 

Processes formal parameter lists. 
I 

CHASH Obtains an address in the hash table for an identifier. I 
I 

CTYPBL creates entry type 2 entries for lapels. I 
I 

ENT2F ~reates or copies second file statements. I 
I 

I TYPW Scans ENTRY chain. I L __________________ L ____________________________________________________________________ J 
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rable EI. Phase EI Dictionary Declare Pass One 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation I Routine I Subroutines Used I 
t-----------------------------------t---------------t-----------------------------------~ 
IScans DECLARE statement . ICCGSO INone I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans text ICCGS2 I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IProcesses structure level ICCGSCM I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IFactored attribute, left ICCFLP ICFPMCR I 
I parenthesis I I I 
~-----------------------------------t---------------t-----------------------------------~ 
lFactored attribute, right ICCFRP INone I 
I parenthesis I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IData following DEFINED attribute ICCDEF INEWBLK., CTXTRM I 
t-----------------------------------t---------------t-----------------------------------i 
I POSITION I POSIT I None I 
t-----------------------------------t---------------t-----------------------------------i 
I CHARACTER, BIT ICHABIT ICTXTRM I 
~-----------------------------------t---------------t-----------------------------------~ 
I PICTURE ICATPIC I None I 
t-----------------------------------t---------------t-----------------------------------~ 
IUSES, SETS ISETS INone I 
t-----------------------------------t---------------t-----------------------------------i 
I LIKE I LIKE I None I 
t-----------------------------------t---------------t-----------------------------------~ 
IKEY I KEYED INone I 
t-----------------------------------t---------------t-----------------------------------i 
I Dimension ICDDIMS ICTXTRM, AST, TOMENE, ERRORB I 
r-----------------------------------t---------------t-----------------------------------~ 
I Precision ICDPREC IERRNEG, SCLBIG I 
t-----------------------------------t---------------t-----------------------------------~ 
IINlrIAL IEJINIT ICECON, EHINIT I 
t-----------------------------------t---------------t-----------------------------------~ 
I INITIAL CALL IINCALL ICTXTRM I L ___________________________________ L _______________ L ___________________________________ J 

rable Ell. Phase EI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------t--------------------------------------------------------------------~ 
lAST IDeals with the case of * dimension bounds mixed with non-* bounds. 
I I 
ICATPIC IProcesses PICTURE attributes. 

I 
CCDEF IProcesses data following DEFINED attribute. 

I 
CCFLP IProcesses factored attributes (left parenthesis). 

I 
CCFRP IProcesses factored attributes (right parenthesis). 

I 
CCGSCM 1Processes structure level. 

I 
CCGSAT IAttribute routine selector. 

I 
CCGSE IScans DECLARE chain. 

I I 
ICCGSOO lScans text. 
I I 
ICCGS2 IScans source text. 
I I 
ICDDIMS (EJ) IProcesses dimension attributes. I L __________________ L ____________________________________________________________________ J 
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Table Ell. Phase EI Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I FUnction I 
t------------------+--------------------------------------------------------------------~ 
ICDPREC (J) IProcesses precision attributes. I 
I I I 
I I I 
ICECON (BB) IMakes a dictionary entry for a constant unless one has already been I 

I made. Returns the dictionary reference of the constant entry. I 
1 I 

I 
CFPMCR Obtains more storage for the factored attribute table. I 

CHA~IT 

CSGSOO 

CTXTRM 

EHINIT (EH) 

EJINIT (EJ) 

ERRNEG 

ERRORB 

GENTRY 

INCALL (EJ) 

I VROOM (EH) 

IVPUTL (EH) 

IVPUTC (EH) 

IVPUTO (EH) 

KEYED 

LIKE 

NEWBLK 

POSIT 

SCLBIG 

Processes CHARACTER and BIT attributes. 

Detects end of DECLARE chain. 

Tests for space in current text block and obtains new block if nec­
essary. 

Processes the INITIAL attribute except for the initialization of 
label variables and INITIAL CALL. 

Processes INITIAL attribute and LABEL with a label-constant list. 

IDeals with the case of a negative precision specification. 
I 
IDeals with the case of lower dimension bound declared greater then 
Ithe upper bound. 
I 
Keeps a count of parentheses in GENERIC and ENTRY processing. 

Processes INITIAL CALL attributes. 

Checks if there is space in scratch storage for another entry. If 
not. it makes a dictionary entry and chains it to the previous one 
or to the C8 in text as required. 

Places a dictionary reference in the 'initial list' for a label 
constant. If the constant is not known. a dununy reference is 
inserted. 

Places a dictionary reference in the '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. 

Processes LIKE attributes. 

Obtains new text block. 

Processes POSITION attributes. 

Deals with the case when the scale factor in a precision specifi­
cation for fixed-point data is declared too large. 

SECON Creates a dictionary entry for a constant provided the appropriate 
entry has not been already made. 

I 
SETS IProcesses USES and SETS attributes. 

I 

J 

ITOMEN~ IDeals with the case when the number of dimensions declared is great-I 
I I er than 32. I L __________________ ~ __________________________________ - _________________________________ J 
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rable EL. Phase EL Dictionary Declare Pass Two 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans chain of DECLARE statements ICGENSC ICDCLSC I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans each item of DECLARE ICDCLSC IATLSCN, BCDPR, CDFLT, CDICEN. I 
I statement I ICDlMAT, DCIDPR, INTLZE. POSTPR. I 
I I I SELMSK, STRPR I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes each identifier IINTLZE I DCIDPR I 
I declared I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iprocesses factor brackets and levellDCIDPR ITEMSCN, BCDPR I 
I numbers I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans for next level number ITEMSCN ICDATPR I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses BCD of identifier I BCDPR I BCDISB, CHASH, SELMSK I 
~-----------------------------------+---------------+-----------------------------------~ 
IHashes BCD of identifier ICHASH I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans list of attributes following IATLSCN ICDATPR I 
I identifier I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IApplies factored attributes ICDFATT ICDATPR I 
~-----------------------------------+---------------+-----------------------------------~ 
IApplies implicit attribute IIMPATT I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I Attributes controlling routine I CDATPR I CDAT40, 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, CDATBB I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable ELl. Phase EL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------t--------------------------------------------------------------------~ 
IATLSCN Scans the list of attributes following the identifier. 
I 
I BCDISB Checks for multiple declarations, etc. 
I 
I BCDPR Processes BCD of identifier. 
I 
CDATB4 (EK) Processes SECONDARY attribute. 

CDATB8 (EK) Processes POS attribute. 

CDATPR (EK) Attribute controlling routine. 

CDAT40 (EK) Processes DECIMAL attribute. 

CDAT41 (EK) Processes BINARY attribute. 

CDAT42 (EK) Processes FLOAT attribute. 

CDAT43 (EK) Processes FIXED attribute. 

CDAT44 (EK) Processes REAL attribute. 

CDAT45 (EK) Proce~ses COMPLEX attribute. 

CDAT48 (EK) Processes VARYING attribute .. 

CDAT49 (EK) Processes PICTURE attribute. 

CDAT4A (EK) Processes BIT attribute .• 

CDAT4B (EK) Processes CHARACTER attribute. 

CDAT4C (EK) Processes FIXED DIMENSIONS attribute. 

CDAT4D (EK) Processes LABEL attribute. 

CDAT4F (EK) Processes ADJUSTABLE DIMENSIONS attribute,. 

CDAT54 (EK) Processes ABNORMAL attribute. 

CDAT55 (EK) Processes NORMAL attribute. 

CDAT56 (EK) I Processes USES attribute. 

CDAT57 (EK) Processes SETS attribute. 

CDAT58 (EK) Processes ENTRY attribute. 

CDAT59 (EK) Processes GENERIC attribute. 

CDAT60 (EK) Processes EXTERNAL attribute. 

CDAT61 (EK) Processes INTERNAL attribute. 

CDAT62 (EK) Processes AUTOMATIC attribute. 

CDAT63 (EK) Processes STATIC attribute. 

CDAT64 (EK) Processes CONTROLLED attribute. 

CDAT69 (EK) Processes INITIAL attribute. 

ICDAT6A (EK) Processes LIKE attribute. L __________________ ~ ____________________________________________________________________ J 
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Table ELl. Phase EL Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
\ Routine/Subroutine I Function \ 
~------------------+--------------------------------------------------------------------~ 

CDAT6B (EK) Processes DEFINED ATTRIBUTE. 

CDCLSC Scans each item of DECLARE statement. 

CDFATT (EM) Applies factored attributes. 

CDFLT (EM) Applies default attributes. 

CDICEN (EM) Constructs dictionary entry. 

CGENSC (Ervi) Performs phase initialization and scans chain of DECLARE statements. 

CHASH (EM) Hashes BCD of identifier. 

DCID1 Main scan routine. 

DCIDPR Processes factor brackets and level numbers. 

ECHSKP (EK) Initializes and passes control to Module EM. 

IMPATT (EM) Applies implicit attributes. 

INTLZE Performs initialization for each identifier decla~ed. 

POSTPR I Post-processor. 
I 

SCAN4 (EM) IScans chain of DECLARE statements. 
I 

SEL~ffiK ISelects correct test mask to be initialized. 
I 

STRPR \Processes inheriting of dimensions in structures. 
\ 

\TEMSCN \Scans ahead for next level number. L __ ~ _______________ ~ ___________________________________________________________________ _ 
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Table EP. Phase EP Dictionary Entry III and Call 
r-----------------------------------T---------------T------------------------------~----l 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans for PROCEDURE entries type 1 IENTRY3 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IFollows chain of ENTRY statement IEPL40 INane I 
I entry type 1 entries from a PROCE- I I I 
IDURE entry type 1 I I I 
~--------------------------------~--+---------------+-----------------------------------~ 
IExamines all labels belonging to;anILBPROC I None , 
lentry type 1, constructing an entry I I , 
Itype 3, if necessary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFollows CALL chain in text making IEPL290 I None I 
Idictionary entries for entry points I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamines the first character of an ICDlMAT I None I 
lidentifier and sets a flag indicat-I I , 
ling the range in which it lies I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IApplies default rules ICDFLT I None , 
~-----------------------------------+---------------+-----------------------------------i 
IGiven an identifier calculates its ICHASH INane , 
,offset in the hash table 'I I 
.-----------------------------------+---------------+-----------------------------------~ 
IConstructs a dictionary entry ,CDICEN I None I 
~-----------------------------------+---------------+-----------------------------------i 
ISets address slot to zero or the IFNDEND I None I 
lend of the dictionary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs list of numbers of knowniBLDST2 I None I 
I blocks I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilt in function name ISCANBF I None I L ___________________ - _______________ ~ _______________ ~_-_________________________________ J 
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Table EP1. Phase EP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
BLDST2 constructs list of numbers of known blocks. 

CDICEN constructs dictionary entry. 

CDI~AT Sets flag for default routine. 

CDFLT Applies default rules. 

CHASH Calculates offset in hash table for given BCD. 

ENTRY3 Scans ENTRY chain for PROCEDURE statements. 

EPL20 First entry in entry type 1 chain. 

EPL40 Scans ENTRY chain for ENTRY statements type 1. 

EPL75 Return point from LBPROC routine. 

EPL100 Processes new entry label. 

EPL290 Scans CALL chain. 
1 

EPL340 Searches built-in function table for BCD of identifier. 

EPL360 Blanks out BCD in text. 

EPL600 Scans the CALL chain. 

FNDEND Sets address slot for label. 

LBPROC Processes labels of PROCEDURE or ENTRY statements. 
I 
IPHSINT Initialization of phase. 
I 
lPHSMRK Marks later modules as 'wanted' or ·not wanted'. 
I 
\SCANBF Checks for built-in function name. L __________________ ~ _________________________________ ----------------------_____________ J 
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Table EW. Phase EW Dictionary LIKE 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Scans LIKE chain I EWBEGN I EWCOPY, EWELDM. EWINCH., EWONDM I 
~-----------------------------------+---------------+-----------------------------------~ 
IUpdates hash chain for new entry I EWHSCN I None I 
~-----------------------------------+---------------+-------------~---------------------~ 
ICalculates start of structure data IEWVART I None I 
I from start of variable information I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IChanges error entry to base elementlEWCHEN INone I 
~-----------------------------------+---------------+-----------------------------------~ 
ICopies dimension table entry and I EW2FNT I EWNWBK I 
Isecond file statement I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 

rable EW1. Phase EW Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I FUnction I 
~------------------+--------------------------------------------------------------------~ 
CESCN Scans dictionary to find entry corresponding to BCD in text. 

EWBEGN Scans LIKE chain. 

EWCHEN Changes error entry to base element. 

EWCOPY Copies dictionary entry into scratch storage. 

EWELDlVl Copies entry into scratch storage with dimension data removed. 

EWELTS Tests whether the likened structure is dimensioned. 

EWEND Handles transfer of control to next phase. 

EWERNC Processes erroneously "likened" major structure. 

EWHSCN (EX) Updates hash chain for new entry. 

I EWINCH Completes entry copy and places it in dictionary. 
I 
I EWNOLK Tests whether original structure is dimensioned. 
I 
I EWNWBK Obtains new dictionary block and terminates current one in use. 
I 
I EWONDM Copies entry into scratch storage, inserting dimension information. 
I 
I EWORDM Processes dimension information in original structure. 
I 
I EWSTRT Tests validity of likened structure. 
I 
JEw2FNT Copies second file statement and associated dictionary reference. l __________________ ~ _____________ -----_________________________________________________ _ 
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rable EY. Phase EY Dictionary ALLOCATE 
r-----------------------------------T---------------T---------------------------------~-1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I second file pointers. Scans ALLO- I IEMEY I ATPROC, DICBLD" HASH. STRCPY I 
I CATE statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompletes copied dictionary entry IATPROC with I MOVEST I 
Ifor an allocated item Isecond entry I I 
I I point ATPROD I I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls ATPROC and ATPROD routineslSTRCPY IATPROC, ATPROD I 
Ifor each member of a structure I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table EY1. Phase EY Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I FUnction I 
~------------------+--------------------------------------------------------------------~ 
ATPROC/ATPROD (EZ) Complete copied dictionary entry for allocated item by including I 

attributes from ALLOCATE and second file statements. I 
I 

DICBLD Collects attribute given for an identifier and copies its dictionary 
entry. 

EY16 Processes ALLOCATE statements. 

EY17 Processes identifier in ALLOCArE statement. 

EY21 Processes major structures. 

HASH Hashes BCD of identifier to obtain its dictionary reference. 

IEMEY Scans second file, reverses pointers. Scans ALLOCATE statements. 

MOVEST (EZ) Copies second file statement and associated dictionary entry. 

ISTRCPY Controls ATPROC and ATPROD for each member of structure. L ___________ --_____ ~ ___________________________________________________________________ _ 

Table FA. Phase FA Dictionary Context 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans text ICE30 ICENDTS, CETRAN I 
~-----------------------------------+---------------+-----------------------------------~ 
IReorders subscripts; makes dic- ICEID ICESCN I 
Itionary entry for file and event I I I 
I var iabl€s I I I 
r-----------------------------------+---------------+-----------------------------------~ 
\ Identifies keywords I CEKYWD I CEKEND, CEKEOB., CEKEOP. CEKON, I 
I \ ICEKPRC, CEKSND I 
r-----------------------------------t---------------+-----------------------------------~ 
IScans dictionary ICESCN ICESTUC, CEYES, CFPDER, CFPDR2, I 
\ \ \CHASH, CE3XX I 
r-----------------------------------+---------------+-----------------------------------~ 
\Makes dictionary entry for varia- ICFPDR2 \CDFLT, CDICEN, CDIMAT, CEONCK I 
Ibles I I I 
r-----------------------------------+---------------+----------------------~------------~ 
\Scans dictionary entry for con- ICECON ICHASH I 
Istants and makes new entry, if I I I 
I necessary. \ I I 
r-----------------------------------+---------------+-----------------------------------i 
IScans PICTURE chain entry and makeslCEPICT I None I 
I new entry, if necessary. I I I L ___________________________________ ~ ______________ -~ ___________________________________ J 
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Table FA1. Phase FA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CDFLT IDetermines default attributes for identifier. 

I 
CDICEN IConstructs default dictionary entry for identifier. 

I 
CD I tvlAT Determines default scale for identifier .• 

CEBNK 

CECON (FB) 

CEDWAX 

CEID 

CEINT 

CEISUB 

CEKCEN 

CEKDCL 

CEKEND 

CEKEOB 

CEKEOP 

CEKEY 

CEKIDO 

CEKON 

CEKPFR 

CEKPRC 

CEKSN 

CEKSND 
I 

Transfer point for zero or blank. 

Scans dictionary entry for constants. 

Subscript prime text marker. 

Reorders subscripts and makes dictionary entries for files and event 
variables. 

Transfer point for constant routine. 

Transfer point for iSUB. 

Transfer point for CALL to get over chain. 

Removes SN from DECLARE statements. 

Processes END keyword. 

Processes end-of-block marker. 

Handles end-of-program marker. or start of second file. 

Transfer pOint for keyword. 

Transfer point for iterative DO. 

Processes ON keyword. 

Transfer point for picture~format item. 

Processes PROCEDtJRE.keyword. 

Moves SN, etc., to output stream. 

Processes start of second file statement. 

ICE~YWD Identifies keywords. 
I 
ICELP Transfer point for left parenthesis. 

CENDTS End of text block in output file routine. 

CEONCK Makes entry for programmer-named ON condition. 

CEPFDR Makes dictionary entry for variables. J 
I 

CEPICT (FB) Scans picture chain entry. I 
I 

CERP Transfer point for right parenthesis. I 
I 

CESCN Scans dictionary. I 
I 

CESMCL Handles semicolon. I 
I 

ICESTUC Points at next entry in structure chain. I L __________________ ~ __________________________________ - _________________________________ J 
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Table FA!. Phase FA Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function , 
~------------------+--------------------------------------------------------------------~ 
CETRAN ITranslates keyword into transfer instruction. 

I 
CEYES ICompares structure levels. 

I 
CE2L 'Transfer point for second level marker. 

I 
CE30 IControlling scan of text. 

I 
CE31 ITests for end of block. 

I 
CE32 IMoves one byte to output stream. 

I 
CE300 ISwitches to appropriate routine. , 
CE3XX Icompares identifier in text with entry in dictionary. 

I 
CFPDER (FB) IMakes dictionary entry for ordinary identifier. 

I 
CFPDR2 (FB) IMakes dictionary for formal parameter. 

I 
CHASH IHashes identifier. 

I 
CHASHC IHashes constant. 

I 
IEMFA I Initializes phase.. , L __________________ ~ __________________________________ - _________________________________ J 

rable FE. Phase FE Dictionary BCD to Dictionary Reference 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I , 
, statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text ICE30 ICENDTS, CETRAN I 
~-----------------------------------+------------+--+-----------------------------------~ 
IScans dictionary ICESCN ICESTUC, CEYES. CFPDER, CFPDR2. I 
I I ICHASH, CE3XX I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks for array, function, or ICELP ICEFNCT , 
Ipseudo-variable if left parenthesis I I , 
I is found I I , 
~-----------------------------------+---------------+-----------------------------------~ 
I Tests for end of text block I CENDTS I CEKEND, CEKIDQ., CEKPRC I 
~-----------------------------------+---------------+-----------------------------------~ 
IIdentifies keywords ICEKYWD ICEKEOB, CEKEOP I 
~-----------------------------------+---------------+-----------------------------------~ 
I Makes dictionary entry I None I CDFLT. CDICEN. CDlMAT , L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable FE1. Phase FE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 
ICDFLT IApplies default rules. 
I I 
ICDICEN IConstructs dictionary entry. 
I I 
ICDlMAT Isets flag for default routine. 
I I 
ICEFNCT lTests validity of function reference in text. 
I 

CEKEND Processes END keyword. 

CEKEOB 

CEKEOP 

CEKIDO 

CEKPRC 

CEKYWD 

CELP 

CENDTS 

CESCN 

CESTUC 

CETRAN 

CEYES 

CE30 

CE3XX 

CFDICN (FF) 

Processes end-of-block marker. 

Processes end-of-program marker, or start of second file. 

Processes iterative DO keyword. 

Processes PROCEDURE keyword. 

Identifies keyword. 

Checks for array, function, or pseudo-variable if left parenthesis 
is found. 

Tests for end of text block in output file. 

Scans dictionary. 

Points at next entry in structure chain. 

Translates keyword into transfer instruction 

Compares structure levels. 

Controlling scan of text. 

Compares identifier in text with dictionary entry. 

Makes dictionary entry. 

CFPDER IMakes dictionary entry for statement with ordina~y identifiers. 
I 

CFPDR2 IMakes dictionary entry for formal parameters. 
I 

CHASH ICalculates offset in hash table for given BCD. l __________________ ~ ___________________________________________________________________ _ 

Table Fl. Phase FI Dictionary Checking 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans text ICESTRT ICEKEYW I 
t-----------------------------------+---------------+-----------------------------------~ 
I Identifies keywords I CEKEYW J CEKEOs', CEKEOP. CEKIDO" CEKSN I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks GO TO statement references ICEGOTO I None I 
t-----------------------------------+---------------+-----------------------------------~ 
IConverts GOTO to GOOB, if necessarylCEGOB I None I 
t-----------------------------------+---------------+-----------------------------------~ 
IChecks file references ICEFILE I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks data list items for validitylCEDTCK I None I l ___________________________________ ~ _______________ L ___________________________________ J 
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Table FI1. Phase FI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine \ Function \ 
~------------------+--------------------------------------------------------------------~ 

CECMBK Tests value of previous second level marker. 

CEDDOL 

CEDOND 

CEO REF 

CEDTCK 

CEFILE 

CEFNMK 

ICEGOB 
I 
ICEGOTO 
I 
ICEISUB 
I 
ICEJUMP 
\ 
\CEKEND 
I 
CEKEOB 

CEKEOP 

CEKEYW 

CEKIDO 

CEKON 

CEKSN 

CELRCT/CERPCT 

CEOOPS 

CEPRBG 

Processes function names used as control variables for DO groups. 

Processes end of iterative DO groups. 

Tests whether dictionary reference needs to be checked. 

Checks data list items for validity. 

Checks file references. 

Processes function markers. 

Converts GOTO to GOOB, if necessary. 

Checks GOTO statement references. 

Processes iSUBs. 

Bumps scan pointer over dictionary reference. 

Processes END statements. 

Processes end-of-block marker. 

Processes end-of-program marker. 

Identifies keywords. 

Processes iterative DO keyword. 

Processes ON statements. 

Processes statement number. 

Process left and right parentheses. 

Checks validity of keywords in the text. 

Processes PROCEDURE and BEGIN statements. 

CERFMT Processes rerr,ote format references. 
1 

CESMCL IProcesses semicolons. 
I 

ICESTRT IControlling scan of text. l __________________ ~ ____________________________________________________________________ J 
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Table FK. Phase FK Dictionary Attribute 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans attributes area for SETS I F01A I None I 
Ilists I I f 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans SETS list IF02 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses constants ICONPRO I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses identifiers ICESCN ICESTUC, CE3XX. CHASH I l ___________________________________ ~ _______________ ~_-----_____________________________ J 

'Table FK1. Phase FK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
CEIDLP Scans qualified name. 

CENQUL Processes unqualified name. 

CESCN Processes identifier 

CESTUC Finds address of next structure in chain. 

CE3XX Compares current BCD with BCD in hash chain. 

CRASH Calculates offset in hash table for given BCD. 

CMPERR Provides terminal error action. 

CONPA Inserts constant in ordered stack. 

CONPRO Processes constants. 

ENDFO Releases control. 

FOERR2 Diagnoses constant greater than 255. 

F01A Scans attribute tidy-up area. 

F02 Scans SETS list. 

rF04 Completes SETS dictionary entry. 
I 
IGETSCR Obtains scratch storage. l __________________ ~ ___________________________________________________________________ _ 
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rable Fa. Phase Fa Dictionary ON 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used 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 
Iblock to output text block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries for ON- IFKDCEN ILABCD I 
Iconditions found in ON. SIGNAL, andl I I 
IREVERT statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamines BCD of file entries ref- IMVSIG ICENDTS I 
lerenced in ON, SIGNAL, and REVERT I I I 
1 statements; scans previous entries I I I 
Ifor ON conditions I 1 I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses CHECK and NOCHECK list. IBEFCHL ICENDTS, LABCD I 
~-----------------------------------+---------------+-----------------------------------~ 
Icreates dictionary entries for I NOMOVE IQP I 
Icondition prefixes I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 

Table F01. Phase Fa Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IBEFCHL IProcesses CHECK and NOCHECK list. 
I I 
IBEFTRN IReplaces statements containing dummy dictionary references by error 
I statements, and generates error message. 
I 
ICENDTS 
I 
IFKDCEN 
I 
! 
!FKMVIr 
I 
IFKNOCK 
1 
IFKPROC 

FP010 (FP) 

F2 

LABCD 

MVSIG 

I NO MOVE 
I 
IQ3 
I 
IQP 
1 

(FP) 
I 

Requests a new text block for output. 

Makes dictionary entries for ON conditions found in ON, SIGNAL. and 
REVERT statements. 

Scans input text for ON, SIGNAL, and REVERT statements. 

Processes CHECK and NOCHECK lists. 

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, SIGN~L, and REVERT 
statements; scans previous entries for ~N conditions. 

Creates dictionary entry for condition prefix. 

IProcesses condition prefixes changed in current block. 
I 
IDetermines which condition prefixes require dictionary entries. 
1 

IR8 IMoves statement to output buffer. I L __________________ ~ ____________________________________________________________________ J 
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Table FQ. Phase FQ Dictionary Picture Processor 
r-----------------------------------T---------------T-----------------------------------1 
I IMain processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
r-----------------------------------+---------------+-----------------------------------~ 
IControls scan of PICTURE chain; ICYBR3 ICYEK, CYFIND, CYTABL I 
I initializes I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IPicture character 9 ICYNINE I None I 
t-----------------------------------+---------------t-----------------------------------~ 
IPicture characters Sf $, +, -. ICYSDPM I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I Picture character V I CYV I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IPicture character E ICYE ICYC21 I 
~-----------------------------------t---------------t-----------------------------------i 
IPicture character K ICYK ICYC21 I 
~-----------------------------------+---------------+-----------------------------------~ 
IPicture characters C.R.D,B. ICYCRDB I None I 
t-----------------------------------t---------------t-----------------------------------~ 
IPicture characters 1,2,3 ICYOTT I None I 
t-----------------------------------+---------------+-----------------------------------~ 
I Picture character P I CYP I None I 
t-----------------------------------t---------------t-----------------------------------~ 
IPicture character Z ICYZ ,None , 
t-----------------------------------+---------------t-----------------------------------~ 
I Picture character * I CYAST I None I 
~-----------------------------------+---------------t-----------------------------------~ 
I Picture character Y I CYY I None I 
r-----------------------------------t---------------t-----------------------------------i 
I Picture character G I CYG I None I 
t-----------------------------------t---------------t-----------------------------------~ 
IPicture characters 6, 7, 8, H ICYSSEH I None I 
t-----------------------------------t---------------t-----------------------------------i 
I Picture character M I CYSTM I None I 
t-----------------------------------+---------------+-----------------------------------~ 
I Picture character F I CYF I None I 
r-----------------------------------t---------------t-----------------------------------~ 
IConverts integer constants to scalelCYC97 ICYCONV I 
I factor I I I 
r-----------------------------------t---------------t-----------------------------------~ 
ICalculates scale factor ICYFNT I None I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable FQ1. Phase FQ Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
!Routine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 

CYAST Processes picture character *. 

CYBR2 Identifies picture character. 

CYBR3 Controlling scan of PICTURE chain. 

CYCONV Converts integer constant to scale factor. 

CYCPBS Processes picture characters slash (/) 'II comma ( .. ), point (.).. and B. 

CYCRDB Processes picture characters CR, DB. 

CYC21 Adjusts data to terminate picture before illegal character. 

CYC97 Converts integer constant to scale factor. 

CYE Processes picture character E. 

CYEK Completes entry for correct picture. 

CYENDD Releases control at end of picture chain. 

CYF Processes picture character F. 

CYFIND Obtains code for next character in picture. 

CYFNT Calculates scale factor. 

CYG Processes picture character G. 

CYK Processes picture character K. 

CYNINE Processes picture character 9. 

CYOTT Processes picture characters 1" 2,3. 
I 

CYP Processes picture character P. 

CYSDPM Processes picture characters S'II $, +, -
CYSS Processes picture characters 6,7. 

CYSSEH Processes picture characters 8" H. 

CYSTM Processes picture character M. 

CYTABL Code table for picture characters. 

CYV Processes picture character V. 

CYY Processes picture character Y. 

CYZ Processes picture character Z. 
L __________________ ~ _______ ---------------------------__________________________________ J 
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rable FT. Phase FT Dictionary Scan 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or operation Type 1 Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Scans second file I AC1 rNone I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans dictionary IB1 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I Data variables I DATVAR I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IEvent or label variables 1 EVLABV I None I 
~-----------------------------------t---------------t-----------------------------------~ 
IDimension attributes IFO I None t 
~-----------------------------------t---------------t-----------------------------------~ 
I Scans AUTOMATIC chain I G2 I None I 
r-----------------------------------t---------------t-----------------------------------~ 
I Scans STATIC chain I G3 I None I 
~-----------------------------------t---------------t-----------------------------------~ 
I Scans CONTROLLED chain I GEl I None I 
r-----------------------------------+---------------+-----------------------------------~ 
ISets dope vector required bit IP1A I None I 
~-----------------------------------+---------------t--------------------------------.--~. 
I ENTRY type 1 entries I QA4 I None r 
~-----------------------------------t---------------t-----------------------------------~ 
I ENTRY type 2 entries I QA3 I PROPIC I 
~-----------------------------------t---------------t-----------------------------------~ 
I ENTRY type 3 entries t QA2 I None j 

r-----------------------------------+---------------t----------------------------------~. 
I ENTRY type 4 entries I QX I None I 
r-----------------------------------t---------------t-----------------------------------~ 
IENTRY type 5 and 6 entries IQAl IPROPIC I 
~-----------------------------------+---------------+-----------------------------------i 
I Constants ICONST I None I 
~-----------------------------------t---------------+-----------------------------------~ 
I Structures ISTRUCT IAJDMRT, MKDMTB. MVTXT I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable FT1. Phase FT Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 

~------------------+---------------------~----------------------------------------------~ 
IACl Scans second file. I 
I I 
IAC2 Detects second file statement marker. I 
I I 
IAF3 Points relevant dictionary entry at statement. I 
I I 

AJDMRT Modifies second file statements to initialize dope vectors for base I 

Bl 

BIA 

CONST 

DATVAR 

EVLABV 

FO 

FULIN 
t 
I 
IGEl 
I 
IG2 
I 
IG3 
1 
I MKDMTB 
I 
I MVTXT 
I 
lPROPIC 
I 
IP1A 
I 
IQAl 
t 
IQA2 
I 
IQA3 
I 
IQA4 
I 
lQx 
I 
ISTRUCT 
I 

elements, rather than for the containing structures. I 

Scans dictionary. 

Initializes dictionary scan. 
I 
IProcesses constants. 
I 
IProcesses data variables. 
I 
lProcesses event or label variables. 
I 
IProcesses dimension attributes. 
I 
IMoves initial label statement to the second file, collecting 
fer all statements for the same array. 
I 
IScans CONTROLLED chain. 
I 
IScans AUTOMATIC chain. 
I 
IScans STATIC chain. 
I 
Icreates dimension tables. 
I 
I Moves text blocks .• 
I 
Extracts precision data from picture tables. 

Sets 'dope vector required' bit. 

Processes ENTRY type 5 and 6 entries. 

Processes ENTRY type 3 entries. 

Processes ENTRY type 2 entries. 

Processes ENTRY type 1 entries. 

Processes ENTRY type 4 entries. 

Processes structures. 

togeth-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ITRVECT Transfer vector for appropriate chaining routine. L __________________ ~ ___________________________________________________________________ _ 
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rable FV. Phase FV Dictionary Second File Merge 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Reverses second file pointers; IIEMFV I DATCPY, DEFMOV" DEFTST. F2MOVE.. I 
Iscans text for block heading state-I I MOVE I 
Iments; allocates statements and I I I 
Ireferences to dynamically defined I I I 
I data I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamines ADF references in second IDEFCOM I None I 
Ifile; completes defined item dic- I I I 
Itionary entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetects dictionary references whichlDEFTST I None I 
Irefer to dynamically defined data I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExamines dictionary references and IDATCPY IF2MOVE, MOVE I 
Imoves any associated second file I I I 
Istatements to the output string I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table FV1.. Phase FV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 

DATCPY Moves second file statements associated with dictionary reference to 

DEFCOM (FW) 

DEFMO\l 

DEFTST 

FVO 

FV9 

FV10 

FV16 

FV18 

FV19 

FV20 

FV34 

F2MOVE 

IEMFV 

output string. 

Examines ADF references in second file; completes defined item dic­
tionary entry. 

Modifies text references to dynamically defined data. 

Detects dictionary references which refer to dynamically defined 
data. 

Scans second file reversing pointers. 

Initializes text scan. 

Scans text. 

Releases control. 

Processes ALLOCATE statements. 

Processes PROCEDURE statements. 

Processes BEGIN statements. 

Scans AUTOMATIC chain. 

Moves second file statement to output string. 

Controlling scan of second file; invokes processing routines. 

I MOVE Moves text from input string to output string. L __________________ ~ ___________________________________________________________________ _ 
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Table FX. Phase FX Dictionary Attributes and Cross Reference 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans STATIC chain for all items IFXOOOO IFX0010 I 
~-----------------------------------+---------------+-----------------------------------i 
IScans PROCEDURE-BEGIN chain IFX0100 IFX0010, FX0101. FX0105. FX0120 I 
~-----------------------------------+---------------+-----------------------------------i 
IScans CONTROLLED chain for non- IFX0170 I None I 
Iparameter DECLARED, CONTROLLED I I I 
I dictionary entries I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans parameter list from PROCEDUREIFX0101 I FX0010 I 
land ENTRY statements I I I 
~-----------------------------------+---------------+-----------------------------------i 
ISorts BCD of variables and creates IFX0010 I None I 
lentries in scratch text storage I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans circular chain of ENTRY IFX0105 I FX0101 I 
Istatement dictionary entries asso- I I I 
Iciated with a particular PROCEDURE I I I 
I statement I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans AUTOMATIC chain associated IFX0120 IFX0010 I 
Iwith particular PROCEDURE or BEGIN I I I 
I block I I I 
~-----------------------------------+---------------+-----------------------------------i 
IPrints heading line for tables I FXHD IATTMOV I 
laccording to options specified I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans sorted chain of identifiers I FXPRNT IFX0299 I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines attributes of a given IFX0299 IATTMOV, FXBCD, FXDCLN, FXEND, I 
lidentifier if the ATR option is I IREFMOV I 
I specified I I I 
~------~----------------------------+---------------+-----------------------------------i 
IScans the chain of references for alREFMOV I FXDCLN I 
Igiven identifier (if XREF is I I I 
)specified) and prints them in I I I 
lexternal decimal form ) I I 
~-----------------------------------+---------------+-----------------------------------i 
IConverts EBCDIC of particular IATTMOV I None I 
lattribute to required external forml I I 
land moves it to print area I I I 
~-----------------------------------+---------------+-----------------------------------i 
IPrints BCD of identifier having I FXBCD I None I 
Iconverted it from internal form to I I I 
I external form I I I 
~-----------------------------------+---------------+-----------------------------------i 
IConverts an internal binary number IFXDCLN I None I 
Ito external decimal form and moves I I I 
lit to print buffer I I I 
~-----------------------------------+---------------+-----------------------------------~ IFrees all scratch text storage and IFXEND I None I 
Ireleases control to next phase I I I L ___________________________________ L _______________ L _ __________________________________ J 
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Table FX1. Phase FX Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+----------------------------------~---------------------------------~ 

ATTMOV (FY) IConverts EBCDIC data to required form, moves data to print area. 
I 

FXBCD (FY) IMoves identifier BCD to print area. determines options to be print-
led. 
I 

FXDCLN (FY) I Converts binary number to external BCD., moves it to print area. 
I 

FXEND (FY) IFrees scratch storage, releases modules, releases control. 
I 

FXHD (FY) IPrints heading line for table according to options specified. 
1 

FXPRNT (FY) Scans sorted chain of identifiers. 

FXOOOO 

FX0010 

FX0030 

FX0100 

FX010l 

FX0105 

FX0120 

Scans STATIC chain. 

Sorts BCD of variables and creates entry in text for each item. 

Tests f or end of STATIC chain,. 

Scans PROCEDURE-BEGIN chain. 

Scans parameter list from PROCEDURE and ENTRY statements. 

Scans circular chain of ENTRY statement dictionary entries associat­
ed with a particular PROCEDURE statement. 

Scans AUTOMATIC chain associated with particular PROCEDURE or BEGIN 
block. 

FX0170 Scans CONTROLLED chain for nonparameter DECLARED CONTROLLED dic-
Itionary entries. 
I 

FX0250 I Scans text" making chain of references to each dictioary entry. 
I 

FX0299 IDetermines attributes of a given identifier if the ATR option is 
I specified. 
I 

IREFNOV (FY) IMoves the references to an identifier to the print buffer and 
I I prints. L __________________ ~ ____________________________________________________________________ J 
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Chart 04. Pretranslator Logical Phase Flowchart 

***** *04 * 
* Al* 
* * * 
x .*. 

Al *. *****A2********** 
.*STREAM *. *1/0 MOD. GA* 

.* 1/0 STMNT *. YES *-*-*-*-*-*-*-*-* 
*.OR 2ND LEVEL .* •••••••• K* MODIFY * 

*. MARKERS .* *1/0 PARAMETERS * 
*..* * * 

* •• * ***************** * NO 

: X •••••••••••••••••••••••• : 
x .*. 

Bl *. *****B2********** .* ANY *. *MATCH 1 GK* 
.* FUNCTION *. YES *-*-*-*-*-*-*-*-* 

*. REFERENCES .* •••••••• X* CHECK 
*. .* * PARAMETER 
*..* * MATCHING * 

*. .* ***************** * NO 

X 
*****C2********** 
*MATCH 2 GP* 
*-*-*-*-*-*-*-*-* 
* SECOND CHECK * 
* ON * * PARAMETERS * 
***************** 

: X •••••••••••••••••••••••• : 
x • *. 

01 *. *****02********** 
.* *. *CHECK LIST GU* 

• * *. YE S *-*-*-*-*-*-*-*-* *. ANY CHECK •••••••••• X* PROCESS * 
*. LISTS .* *CHECK CONDITION* 
*..* * STATEMENTS * 

* •• * ***************** * NO 

:X •••••••••••••••••••••••• : 
x .*. 

El *. *****E2********** 
.*STRUCT *. *STRUC ASSIGN HF* 

.*ASSIGNMENTS*. YES *-*-*-*-*-*-*-*-* 
*. OR EXPRESS- .* •••••••• X* PROCESS * 

*. IONS.* * STRUCTURE * 
*..* * ASSIGNMENTS * 

* •• * ***************** * NO 

: X •••••••••••••••••••••••• : 
x 

.*. 
Fl *. *****F2********** 

.* ARRAY *. *ARRAY ASSIGN HK* 
.*ASSIGNMENTS*. YES *-*-*-*-*-*-*-*-* 

*. OR EXPRESS- .* •••••••• X* PROCESS * 
*. IONS.* * ARRAY * 
*..* * ASSIGNMENTS • * .. * ***************** * NO 

:X •••••••••••••••••••••••• : 
x .*. 

G1 *. *****G2********** 
.* ANY *. *ISUB DEFINE HP* 

.* ISUB *. YES *-*-*-*-*-*-*-*-* 
*. DEFINED .* ........ X*PROCESS ITEMS* 

*. ITEMS .* * DEFINED USING * 
*..* * ISUBS * 

*. • * ***************** * NO 

x 
***** 
*05 * 
* Al* 
* * * 

x 
***** 
*05 * 
* A1* 
* * * 
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Chart GA. Phase GA Overall Logic Diagram 

***** 
*GA * 
* AI* 
* * * 

**** 
* * * A3 * 
* * **** 

:X ••••••••••••••••••••••••• 
MR X A6 X 

*****A2****>I<***** *****A3********** 
* * * * 
* INITIALIZE * * SCAN * 
* TEXT * •••••••• x* TEXT * 
* POINTERS * * * 
* * * * 
***************** ***************** 

x 
.*. AFORMT. 

B3 *. *****B4********** 
.* *. * FORLST >I< 

.* FORMAT *. YES *-*-*-*-*-*-*-*-* 
*. STATEMENT .* •••••••• )(* SCANS 

*. .* * FORMAT LIST 
*..* * (SEE 041 * 

*. .* ***************** * NO 

X 
A8 .*. 

*****C2********** C3 *. 
*SCAN STA.TEMENT,* .* GET *. 
* SKIPPING DATA * YES.* OR PUT •• 
*SPECIFICATIONS,*X •••••••• *. STATEMENT .* 
* TRANSMITTING * *. .* 
* OTHER OPT! ONS * *.. * 
***************** *. .* * NO 

**** 
* * * 04 * 
* * **** 

x x :x ...••.•.......•....•.•...•••••.••..•. 
. *. .*. FORLST X 

02 *. 03 *. *****04********** 
.* *. .* *. * * .* WERE *. NO .* END OF . *. NO * SCANS * 

*. ANY OPTIONS •••••••••• X*. TEXT .* •••• * FORMAT LIST * 
*. SKIPPED .* *. •• * * *..* *. ..* x * * * .. * * •• * *******.********* 

* YES * YES **** 

••••••••••••••••••••••••• )(:x ••••••••••• 
A21 X 

*****E2********** 
* RETURN * 
* TO SCAN * 
* FOR * 
* SKIPPED * 
* OPTIONS * 
***************** 

•••.••..••. x: X 
:LAB178 • .*. 

*****Fl********** F2 *. 
* FORLST * .* *. 
*-*-*-*-*-*-*-*-* YE S • * FORMAT *. 
* SCANS *x •••••••• *. OPT ION .* 
* FORMAT LIST * *. .* 
* (SEE 04) * *..* 
***************** * •• * * NO 

x 
:SCAN2 .*. .*. 

Gl *. G2 *. 
• .* DOES *. .* *. 
• NO .* IT *. YES.* DATA, *. 
•••• *.CoNTAIN ITOO .*X •••••••• *.EDIT, OR LIST.* 

*. .* x *. OPTION .* 
*..* *..* * .. * * •. * 

* YES * NO 

LLODIT X 
*****Hl********** 
* OUTPUT PRIOR * 
* TEXT AND END. * 
*SCAN TO THE ). * 
* REPLACE IT BY * 
* SEMI-COLON * 
***************** 

X 
*****Jl ********** 
* MAKE ROOM * 
* IN OUTPUT * • 
* TEXT AND * •••• 
* INSERT DO * 
* STATEMENT * 
***************** 
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x 
• *. 

HZ *. 
. * *. 

• * END OF *. NO • 
*. STATEMENT .* •••• 

*. .* *. .* * .. * 
* YES 

x 
**** 

* * * A3 * 
* * **** 

**** 
• *GK * 
.. x* A3 * 

* * **** 

* * * A3 * 
* * **** 

X 
F7 .*. 

*****E3********** E4 *.' 
* OUTPUT BUY * • * *. 
* TEMP AND * YES .* *. NO 
* ITDO *X •••••••• *. ITERATION .* •••••••••••••••••• 
* STATEMENTS * *. FACTOR .* 
.. .. *..* 
***************** *. • * 

* 

x .*. F5 
F3 *. *****F4********** 

.* DOES *. * * 
.* LEFT *. NO * OUTPUT * 

*. PARENTHESIS .* •••••••• x* FOLLOwiNG * 
*. FOLLOW .* * FORMAT ITEM * 
*..* .. .. 

* •• * ***************** 
* YES 

X F5A X 
*****G3********** *****G4********** 
* STACK * * OUTPUT END * 
* DICTIONARY * 
* REFERENCE * 

* AND * • 
* SELL (TEMP) * •••••••••••••••• X. 

* OF TEMP * 
* * ***************** 

x 
**** 

* * * 04 * 
* * **** 

* STATEMENTS * 
* * ***************** 

X 

X 
F6 .* . 

H5 *. 
.* * . 

.* RIGHT *. NO • 
*. PARENTHESES .* •••• 

*. .* 
*. .* 

* •• -
* YES 

X 
*****J4********** F6A J5' *. *. 
* UNSTACK * .* *. 
* DICTIONARY * No.* END *. 
* REFERENCE *X •••••••• *. OF FORMAT .* 
* OF TEMP * *. LIST .* 
* * *..* 
***************** * •• * 

* YES 

F6B j( 
*****K5********** 
* * * OUTPUT * * AND * 
* RETURN * 

* * ***************** 



Chart GK. Phase GK Overall Logic Diagram 

*.*.* *GK • 
.. 43· 

* *. 
X 

•• **.A3*** ••••••• 

• * • INITIAL! ZE • * TEXT POI NTERS * 
: ETC. : 
•••••• * •••••••••• 
*.*. . 

* * • .. 83 *. x. 
• * • ••• * • 

BASCAN X 
.·.**83* ••••••••• 
• SCAN TEXT, * 
• NOTING • ••••••••••••••••• x* BLOCK lEVel • 
: ANO COUNT : 
•••••••••••••• * •• 

: NO X 
BAPVM .*. BATST3 ••• ....• Ct.......... C2 *. C3 *. 

• SET 'BUIlT- • •• IS *. .••. 
• IN GENERIC'. yes.. pseUDO- *. YES.. PSEUDO- •• 

BIT IN .X.......... VARIABLE •• X.......... VARIABLE •• 
TEBYTE.. •• 'SUBSTR' •• *. MARKER •• .. .. *.... *-.FOUND.*-•• ** •••••••••• *.. *. ... * •• * 

.. .. NO 

X 
BAFM • * • ..... 02.**....... 03 *. 

• SET BITS IN • •• *. 
• TEBYTE FOR. YES •• FUNCTION •• 
• GENERIC ANO/OR .X....... ••• MARKER •• 
• BUilT-IN. •• FOUND •• 
• FUNCTIONS • •••• ••••••••••••••••• * •• * 

• NO 

x 
BARECQ X ••• BAS TOP 

: •••• EZ ••••••••• : . . . 
................. X:PUSH DOWN STACK: 

•••••••••••••• **. 

BAFST X 

.. ·.e:
ToP 

•••••• YES : •••• ~:;::; ..... : 
• ••• M~~~~~ ............ X: ARGUMENT : 

*..* • .. * •• * ••••••••••••••••• 
• NO 

x .•. 
.... . · .. .. F4 •• X. · .. .*.. X BADElH ••• 

••••• FZ •••••••••• 
• SET POINTERS TO • 
• PARAMETER 1I ST • 
• AND SETS 1I ST • 
.FOR NON-BUllT- • 
• IN FUNCTI ONS • 

• ••• F4 Ih•·•· •. NO r· .. :~::::·***·:* 
•• DELIMITER A .......... X. END-liST 

•• F3 *_ •• 
•• END OF •• NO 

•• TEXT ...... ...... -........ _. 

X 
BAlPQ ••• ..... G1.......... G2 *. 

: ARGNO = 0 t ...... ~?:···F~~t~w .'.:. 
• • *. MARKER .* .. • *..* ••••••••••••••••• * •• * 

i< ..... . 
• G5 • · . .... 

• YES 

BACAlQ X 
•• ••• H2-••••••••• 
• ARGNO· 1 • 
• OUTPUT PRIOR • 
• TEXT, TEOYTE, • 
• STMT NUMBER, • 
mm.:~2.~~~~I: 

*. .* *. .* * .• * * YES .: .. · . • B3 • · . .... 
•• COliMA •• • MARKER • *..* .. • * •• * ••••••••••••••••• 

• YES .... . · .. * G5 •• X • * •• .... . 
ARGNOQ X BAOIORE i< 

••• •• Gft •••••••••• 

• * • ADO ONE TO • 
: ARGNO : ................. 

• .. ··G5 •••••• •• •• 
• CHECK ARGNO • 
• AGAINST DICT • 
• ENTRY OF • 
• FUNCTION. • 
• POP UP STACK • .................. 

x .... . . 
: B3 : . ... 

. . .x ••••••••••••••••••••••••• ~ ••••••••••••••••••••••••• 
BALOOP X •• •• ·J2.···· ..• ·• .OUTPUT ARGUMENT. 

: HmE~~ mI : 
:sE~P~~bEA~eTE : ................. 

X 
BARGFN BARESC ••• 8ANORM 

:m;M*::m~z·: .• ~~ ARG·.. :m·~~~;·=:::~:: : •••• K4 ••••••••• : 
• MESSAGE SKIP. 'fES •• A FUNCTION •• NO • AT END OF. • (SCAN FROM. • • 

I~Go=MF :X .. · .... ·•· •. A~~~~E~~S •• •• ........ x: ~~~~~~N~El~ : ........ x: nmEg~1 : .... x: 83 : 
.. .. *..* • •• • •••• ................. ..... ................. . ............... . 

x .... • • 
• F4 • .. ..... 
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Chart GP. Phase GP Overall Logic Diagram 

•• *. 
* * : .::.: 

..:te . 
o * 
: .:!.: 

x 
x : YES 

EXSCAN,Ml .*. .*. _*. 
A3 *. A4 *. A5 * • 

• * *. .* *. .* * • • * PARAMETER *. YES .* PARAM *. NO .* IS •• *. DESCRIPTION .* •••••••• X*. SCALAR .* •••••••• X*. ARGUMENT .* 
*. 1.* •• 1.. *. SCALAR .* 

*. . *' *..* *... * •• * * •• * * ••• * NO * YES * NO 

X 
ES1:,ES2 X EX36, '124 .*. 

* •• **61*********: :***~~~:~;.:*.**: .. * 63 * .. *. 
x 

. *. B4 •• 

x 
.* . 

B5 •• 

• SCAN TEXT * * CHAMELEON * NO •• IS •• 
• * •• 

NO.* IS *. •• DO •• 

••• X* FOR ARGUMENT *X •••••••• * AGGREGATE oX •••••••• *. ARGUMENT .* • •• *. ARGUMENT • * NO.* PAR AND *. 
'" *.ARG AGGREGATE •• 

*STRUCTURES. * 
*.'!ATCH •• 

: LIST : : DUMMY: ••• ~CAlAR •••• 

***************** ***************** * ••• * YES 

x 

x .... 
• * • Hl • · . * ••• 

*. SCALAR • * *. .• * ••• * YES .~*. 
* * : *:~.: 

* ••• 
• YES 

x .*. :BSIO 
• ****. 
: E3 : 

**~* .. 
• J3 * * • 

:BS4 

Cl *. . * •• 
•• ENO *. YES *. OF TEXT • * ....... . 
*. .* x *..* ••• *. * •• * *GU • 

• NO *.:1* 

*.* • 

•• :te. 
* •• 
.. 04 •• x. 

X ...... *' : 
.*. BS33 .*. '116 .*. COPYTP,M22 x 

01 *. 02 *. 03 *. • •••• 04 •••••••••• • * IS *. .* *. .* *. • CREATE SCALAR * 
.* ITEM *. NO .* IS *. YES .* PARAMETER *. YES • DUMMY OF * 

*. BUILT-IN .* •••••••• X*. ARGUMENT .* ..••.... x •• DESCRIPTION •••••••••• x. PARAMETER • *. FUNCTlDN •• *A CONSTANT.* •• .* .. TYPE • 
*..* :te..* *..* *' *' *. ... *. .. *' *. • *' ****.* ••••••••••• * YES * NO * NO .*.. . · .. 

• E 3 ... x • 
x x 

.... .*.o 
.. ****. . x :nSTC 

.. ~*. *' 
: 81 : E1 •• E2 •• 

. ... 

• .o...o .o* *.o :****E3*.*.**.**: •• ** 
.VES •• IS ".NO .* IS •• YES 
• X •• *. ARGUMENT .* •••••••• X •• ARGUMENT •••••• 

•• CONSTANT •• "EXPRESSION." 
*.o.o* *.o.o* 

*.o .o* *.o .* * • Nil 

i .*. .-. 
F 1 *. F2 *. 

• .o*.. .* *.o 
• NO •• BUILT-IN •• NO •• PARAMETER * • 
• X.... FUNCTION •• X •••••••••• DESCRIPTION .* 

*.o .* *.o .* .".o.o* ...* * • .o- * •• * 
.. YES 0 YE S 

x x 

.:** 
" * 
• A3 * .. *.* •• 

.. CREATE SCALAR. • * 
• CHAMElEON * •••• x* 81 • 
• DUMMY .. • • 
.. * *.** .**.*.** .. *** •• *** 

.*. M4 .*. .•. .*. MID 
G1 *. 

• .o* IS • .o 
• NO .* ARGUMENT *. 
.x.... AN ENTRY •• 

*. .* 

G2 *. (;3 *. G4 *. .. •••• G5 ••••••• * •• .*.. .••. .* IS •• • ARGUMENT • .* PARAMETER ". NO •• IS *. ~O ." ARGUMENT ". NO *1 S A PARTIAllY" 
*' •. SCALAR ............ x*·o. A~m~~T ............ X*·~~~~Rmln~~··········)(: S~mmHD : 

*. .- *..* *... *...* • • * ••• *. •• *. •• •. . * ••••••••••••••••• * YES .... . • YE S * YE S * YE S .... . 
* •• .. .. 
• HI •• x. • H3 *.x • · *.... . x x .*.o 

• • .x ........... . ••• * • x X 

: •• **Hl** •• *****: .o. H2 * ••• 
• * ERROR " NO .* ARGUMENT *. 
•••• : MESSAGE :X •••••••• *.*. SCALAR .*'. 

* • *..* ... *............. . .. * 
.. YES 

X 
CHCKT M6.*. 

J2 *. . * *. •• ARG AND •• YES *. PAR SAKE .* ..... 
•• OATA TYPE." 

*. .* *.o .o. ~ 
• NO .... 

MI2 '=U*H3.~.**.** •• 

~ m~l~~ ~ 
* •• * ••• * •• * •••• ** 
.*.* • 

* *. 
• J3 *.x. · .. ••• * • 

COPt:b=H.~** ... * .... * * CREATE AN • 
.. AGGREGATE .. 
• DUHl'IY OF * 
* PARAMETER " 
* DATA TYPE " ................. 

CHECKS.M44... CHCKS1,B2 ••• 
H4 •• H5 •• .* DO *. •• DOES •• .* AGGREGATE •• NO NO." REDUCED •• 

•• STRUCTURES •••••• X... ••• ARGUMENT .* *. MATCH .* ". STRUCTURE. * 
..~. ..MATCH •• 

*·.·~es •• :... * •• ·~ES 

x 
: .:!.: 

X 
• CHECKT .*. CHECKT ••• 

J4 •• J5 •• 
•• 00 * • .* DO •• 

• NO.. DATA *. NO.. DATA *. 
•••• •••• TYPES •• • •••• TYPES •• *. MATCH •.• •• MATCH •• 

*. .* • • .o* *. •• * ••• x 
• YES .... • VES 

* • 
• 81 • · ..... :X •••••••••••••••••••••••• : * * • H3 .. 

140 

x 

•
: •••• ::::::: ••• *:** 

MESSAGE 

: : ................. 
. : .. 
• * * 04 * ...... 

x X * • .... .... 
• • 
: 61 : Zll ;.H~*K5.~ .... ** .. .... • CONSTRUCT • * A REDUCED * 

• DOPE VECTOR • 
• FOR ARG • 

• * ................. 



Chart GU. Phase GU Overall Logic Diagram 
***** 
*GU * 
* A1* 
* * * 

**** 
* * * A2 * 
* * **** 

X ASCAN x 
*****A1 ********** *****A2********** 
* GET SCRATCH * * * 
* STORAGE FOR * * * 
* CHECK TABLE. *H •••••• X* SCAN TEXT * 
* INITIALIZE * * * 
* TEXT POINTERS * * * 
***************** ***************** 

x .• *'. 
B2 * • 

. * * . 
• * ENO *. YES 

*. OF TEXT .* ....... . 
*. .* x 
*..* ***** 

* •• * *HF * 
* NO * A2* 

* '" * 

**** 
* * * C3 * 
* * **** 

ATSO 
x 

.*. ASTMT,AEI'lOSr ASPECL,AENDNLl ASC 
C2 *. *****C3********** *****C4********** *****C5********** 

**** 
* * * 01 * 
* * **** 

.* *. * HOUSEKEEPING * * UPDATE CHECK * * SET PCSW FOR * 
.* *. YES *FOR ENDS, ETC. * * TABLE FOR * *POSSI8LE CHECK * 

*. STATEMENT .* ........ X* RESET * •••••••• X* PROC OR BEGI"l * ........ X* STATEMENT. * 
*. .* *IF-SWITCH ONCE * * STATEMENTS * *PRJCESS SIGNAL * 
*..* * * * * * OR CALL c;r~TS * 

* •• * ***************** ***************** ***************** * NO 
**** 

* * * 04 * ... 
* * 

BSCA~*** X ASCL X AFM X ATEST4 .! .. 
*****01********** 02 *. *****04********** *****05********** 

* * * CALLS * 
* * *-*-*-*-*-*-*-*-* 

* CALLA * .* *. 
*-*-*-*-*-*-*-*-* YES .* FUNCTION *. 

••• *SIGNAL CHECKEO *X •••••••• *. MARKER .* * SCAN TEXT *x ........ *SIGNAL CHECH[1 * 
* ARGUMENTS * *. .* * • * STATEMENT * 

• * RESET FMPTR * *..* * * * LABEL * 
X ***************** *. • * ***************** ***************** 

**** * NU 
* * * A2 * 
'" * **** 

X X 
ABGNDO ATEST5 .*. BTEST3 .*. 

*****El********** E2 *. 
* * .* *. * SET * YES.* ELSE *. NO 
* IF-SWITCH *X ........ *. OR .* .. .. 
* TWICE * *. THEN .* 
* $: *.. * 
******* •••• ****** * •• * 

* 
x 

x 
**** 

* * * A1 * 
* * .*** 

* •• *.E3***.****** E4 *. 
* * .* •. * OUTPUT * YES .* *. 
* PRECEDING *X •••••••• *. STATEMENT .* 
* STATEMENT * *. .* 
* • *..* *** •• *.* •••••• *.* *. • * 

* NO 

X x 
BPC BSTMT .*. BTEST4 .*. 

.*** * • * C3 * • * **.**F2**.******* F 3 *. F4 *. .****F5********** 
**** **** * GO TO * • * *. .* *. * CALL~ * 

* * * PSEUDO-CODE * YES.* IS *. NO .* FUNCTIO"l *. YES *-*-*-*-*-*-*-*-* 
* A2 .X •••• * ROUTINE TO *X .... o ... *. PCSW .* ... *. MARKER .* ......... X*SIGNAL CHECKEO * 
* * * CHECK THIS * *. SET .* *. .* • FUNCTION * 
.*** *STATEMENT TYPE * ...* x *..* * NAME * 

***************** * •• * ••• * ******.***.****** 
* NO 

x .*. 
G3 *. 

**** 
* * * 04 * 
* * **** 

* 

x 
BENTON .*. 

G5 * • . * *. **** **** . * * • • * IS *. YES * * * * NO. * PC SW *. 
*. FMPTR .* •••• x* 01 * * D4 * X •••• *. AND FMPTR •• 

•• SET.. *. * * x *. BOTH .* 
*..* .*** **** *.RESET.* 

****Hl********* 
* ENTRY TO * 
* CALLA/CALLB * 
* • 

*************** 

X 

••• * * NO 

BVARNO X 
*****H3 ********** 
* OOWNDATE * 
* CHECK TABLE * 
* FOR END • 
* STATEMENT * 
* * .* •• ******.* •• ** • 

• *** 
• * * •• x* 01 * 

* * .*** 
CALL IF .*. CALLBA .*. CALSTM 

J1 *. *****J2***.**.*** J3 *. **.**J4********** 
.* *. * RESET IFSW. * •• *. * RE-COPY * 

.* IS *. YES • OUTPUT 00 * .* WAS IT *. NO * STATEMENT * 
*. IFSW .* ........ X* STATEMENT. * •••••••• X*. CAllS .* •••••••• x* FROM * 

*. SET.* * GET END-FLAG * *. .* * SOURCE TEXT * 
*... * OR ENOSW * *... * * 

*. • * ****.*.***.**.*** *. • * *** ••• **.******** 
* NO * YES 

:X •••••••••••••••••••••••• : 
CALSYM X CALLEX 

*****K3*****.**** 
* OUTPUT * ****K4********* 
* REQUIRED * * • 

••••• ••••••• ...... •••••••• ••••••••••••••••• X* SIGNAL * ........ x* RETURN * 
• STATEMENT * * • 
* * .*.************ 
***.*.** •• ** •• **. 

* .. * * YES 

X 
·****H5********·* 
* SET FMPTR IF * 
* ANY ARGUMENTS * * IN LI ST ARE * 
• CHECKEO. SCAN * 
* FROM MARKER * 
******.* **.****** 
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Chart HF. 
***** 
*HF * 
* Al* 
* * * 

Phase HF Overall Logic Diagram 

**** 
* * * A2 * 
* * **** 

:X .................................................. . 
MR x MRTRT X MRBYN .*. 

*****A 1 ********** *****A2********** A 3 *. 
* * * * • * *. **** 
* INITIALIZE * * * .* STRUCTURE *. YES * * 
* TEXT POINTERS * ...... .. x* SCAN TfXT * ........ X*. ASSIGNMENT ...... x* E2 * 
* * * * *.STATEMENT.* * * 
* * * * *..* **** 
***************** *******.********* *. • * * NO 

x 
LSGET .*. 

83 o. • 
• * *. o.**o. 

.* ITEM IN *. YES * • 
*.PUT STATEMENT.* •••• X* G2 * 

*DATA SPECN.* * * 
*..* **** * •• * * NO 

x . NO 
LS21 .*. . *. 

C3 *. C4 * • . * *. .* *. 
YES .* STRUCTURE *. NO .* END *. YES 

.................. *. IN GET STMT .* ........ X*. OF TEXT .* ....... . 

X 
LS23 .*. 

*DATA SPECN.* *. .* x 
*. . * *.. * ****. * .. * * .. * *HK * 

* *. Al* 
* * * 

**** 
* * * DS * 
* * **** 

*****D1 ********** D2 *. 
SA END/SA 73 X 

*****05* ********* * OUTPUT END * * * .* *. * EXPAND * YES.* IS IT *. * STATEMENTS * 
* STRUCTURE *X ........ *. GET DATA .* • AND SFLl * * ITEM * *. LIST .* * TEMPS IF * 
* * *..* * NECESSARY * 
*********.***.**. * •• * *.*****.***.**.** 
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x 
.*** 

* * • A2 * • * 
**** 

* NO 
**** 

* *. * E2 *.x. 
* **** * • X 

SADRAB X SA79 .*. 
*****E2********** **.**E4.********* F5 *. 
*SUILD UP STACK * • * •• ARE •• 
* FOR STRUCTURE * * RESET * YES.. THERE *. 
*UNT IL FIND BASE*X •••••••••••••••••••••••••••••••••• *SOURCE POI\lTER *X ........ * •. MJRE ELEMENTS.* 
* ELEMENT. BUY * X * TO START * *. .* 
*TEMPS IF NEEDED* * * *..* 
*****.*********** *** •• ******.***.*.. • * 

X 
SA20 .*. SA32 

F2 *. .*.**F3***.**.*** 
.* IS *. * OUTPUT BASE * 

.* SOURCE *. NO * ELEMENT AND * *. POINTER AT .* •••••••• X* REPLACE IT IN * 
*. START .* *SOURCE TEXT BY * 
*..* * NEXT ITEM * 

* •• * ****************. 
* YES 

........... X:X ........................ : 

: SATRT X 
**** *G2********** 
* * **.* 
* SCAN S TRUC TURE * * * 
* EXPRESSION *K .... * G2 * 
* OR STATEMENT * * * 
* * **** 
**********.****** 

x 
:SAOP .*. .*. 

H2 •• H3 *. 
.* *. .* *. 

•• *. YES .* HAS *. NO • 
*. STRUCTURE .* ... ..... X*. STACK BEEN .* ... . 

*. .* *. BUILT .* *..* *..* * •• * * .• * • NO * YES 

• NO 

x 
**.* 

* * * A2 • 
* * .*** 

**** 
* * * D5 * 
* * **** x 

BYNll • 
*.**.HS*.***· •••• 
* BACKSPACE * 
*OUTPUT POINTER * 
* TO START OF • 
• THIS SCALAR * 
• ASSIGNMENT * 
*.** •• *.*.* •• **.* 

x 

x x • NO .•. 
J2 •• 

. * *. 
• NO.. END *. 
•••••• OF ExPRN .* 

*. OR STMT .* 
*. .* * .. * * YES 

X 
**.* • * * 05 • * • 
.*** 

SA36 .*. BYNI BYN13 .* • 
J3 *. ..**.J4.*.*.*.**. JS *. 

.* *. * • .* * . 
•• BY NAME *. YES * SEARCH FOR * •• * • 

*. ASSIGNMENT .......... X* BCD-MATCHING * ........ X.. FaUN!) .* 
*.STATEMENT.* * BASE ELEMENT • *. .* 
*..* * • *..* 

* •• * **.*** ••• **.**... • •• * 
• NO • YES 

SAXI ETC X 
*****K3·*****·**· 
* CHECK ITEM * • ***. 
*AGAINST PATTERN* X. * 
* OF STACK. * .... X. G2 * 
• OUTPUT IT AND * * * 
*REPLACE BV NEXT* .... 
***************** 

X 
* ..... KS •••• ****** 
• OUTPUT * 

• * BCD-MATCHING * 
.................. * BASE * 

* ELEMENT • 
* * .** •• *** ••• **.*** 



Chart HK. 

***** 
*HK * 
* Al* 
* * * 

MRTRT x 

Phase HK Overall Logic Diagram 

*****Al********** 
* * * * * SCAN TEXT * 
* * * * ***************** 

: x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
X X 

MREOP .*. 
Bl * • . * IS * • 

• * THIS * • 
••• X*. END OF .* •••••••• 

*. TEXT.* X 
*..* *** •• 

* •• * *HP * 
* NO * AI* 

x 

* * * 
.*. NESTAT 

Cl *. *****C2********** 
.* *. * * 

.* IS IT *. YES * SEARCH NESTED * • 
*. NESTED •••••••••• X*SlATEMENTS FOR * •••• 

*.STATEMENT.. * ASSIGNMENTS * 
*..* • * 

*. • * ***************** * NO 

x 
.*. LSTSCN .*. ARROUT, ARRIN 

01 *. D2 *. *****D3********* • 
• * IS *. .* *. * * 

.*IT 110 LIST*. YES .* IS IT •• NO * SEARCH FOR * 
*. OTHER THAN .* •••••••• X*. INPUT .* •••••••• X. FIRST ARRAV * 

*. GET .* *.STATEMENT.* * IN EXPRESSION * 
*.OATA .* *..* * * 

*. • * *. • * *.*************** 
• NO * YES 

x 
. *. 

El * • 
. * * . • NO.* IS IT * • 

•••• *. ASSIGNMENT .* 
*.STATEMENT •• 

*. .* * •. * 
* YES 

• X • • X ••••••••••••••••••••••••••••••••••••••••••••••••••• 
X 

ARRASS • *. AAOOP 
Fl *. *****F2********** *****F3.********* *****F4********** *****F5********** 

.* IS *. * CHECK NUMBER * * FXAMINE * * MAKE ONE * * GENERATE AND * 
.* THIS A *. YES * OF ARGUMENTS * * LEFT MOST * * ENTRY IN * *CHAIN TEMPORARY* 

*. PSEUDO- .* •••••••• X* AND WHETHER * •••••••• X* OPERAND * •••••••• x. STACK FOR * •••••••• X* A'IO GENERATf * 
*.VARIABLE .* * VALID * * (ARRAV OR * *EAC>! DI'lfNSID"I * *BUY STATEMENTS * 
*..* * * * SCALAR) * * * * * 

* •• * ***************** ***************** ***************** .******.********* * NO X 

x" •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AAMULA • *. AA3 

Gl *. *****G2********** 
.* IS *. * CHECK OTHER * 

.* THIS A *. YES *PSEUDO-VARIABLE* 
*. MULTIPLE .* •••••••• x* TO LEFT * 

*ASSIGNMENT.* * OF EQUALS * 
*.ARROW.* '" '" 

*. . * ***************** * NO 

:X •••••••••••••••••••••••• : 
ARREXP X AETRT SLMCG FRFTMP 

*****Hl *.** ****"'* *****H2 ********** *****H 3*********'" ***** H4* .******** *** **H5* ********* 
* GENERATE * * SCAN * * CHECK BOUNDS * * * * GFNF.RATE * 
* DO STATEMENTS * * STATEMENT * * AND * *ADD SUBSCRIPTS * * SELL *. 
* USING * •••••••• X* FOR * •••••••• X* DIMENSIONS * •••••••• X* APPROPRIATELY * •••••••• X* STATEMENTS * •••• 
* INFORMATION * * ARKAVS WHICH * * AGAINST STACK * * * .~OR TEMPJRARItS* 
* IN STACK * *NEED EXPANSION * * * * '" * * 
***************** ***************** ***************** ***************** ***************** 
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Chart HP. 

***** 
*HP * * Al* 
* * * 

Phase HP Overall Logic Diagram 

**** 
* * * A2 * 
* * **** 

INIT X MASCAN X .*. 
*****AI********** *****A2********** A3 *. 
* * * SCAN SOURCE * .* *. 
* INITIALIZE * * TEXT UNTIL * .* END *. YES 
* TEXT * •••••••• X* FIND DEFINED * •••••••• X*. OF TEXT .* •••••••• 
* POINTERS * * SUBSCI{IPT * *. .* X 
* * * MARKER * *..* ***** 
***************** ***************** * •• * *1 A * 

* NO * AI* 

DETEMQ • *. DEFSUB X 
B2 *. *****B3********** 

.* IS *. *SKIP TO SECOND * 
NU .* 2ND LIST *. *SUBSCRIPT LIST.* 

•••• *.ITEM A SIMPLE.*X ••• x •••• * BUY TEMPS FOR * 
*.DICT REF .* * MULTIPLIERS. * 
*..* * SET T2SW TO 0 * 

*. *' ~E S **** ***************** 
**** 

* *. * C2 *.x. 
* * * B2 * 
* * 

* * * 

* * x **** ........................... 
• **** • 2 
.DENGB .*. DEGUBO .*. DEGBD8 

C2 *. C4 *. *****C5********** 
.* *. .* *. * * 

.* EITHER *. YES .* *. I * BUMP POINTER * 
*. AN INTEGER .* •••••••••••••••• • •••••• •••••• ••• X*. TEST T2SW .* •••••••• x* TO END OF * 

**** 
* * * Fi * 
* * **** 

*OR CONSTANT* 
*. .* * •• * * NLJ 

x 
:DEGUB • *. 

02 *. 
.* *. **** 

.* IS *. YES * * 
*. T2SW 2 .* •••• X* HI * 

*. .* * * 
*..* **** 

* .• "'" * NO 

:DEEND2 x 
***·*E2********** 

**** . $ * 
* * x * OUTPUT * 
* E2 * •••• X. BUY TEMP, * 
* * * TEMP EQUALS * 

**** * * 
***************** 

x 
DUISQ x .*. 

*****Fl********** F2 *. 
*SET T2SW TO 2. * .* *. 
* OUTPUT TEMP * NO.* IS *. 
*OF ISUB, AND * *X •••••••• *. T2SW .* 
* IF IT HAS A * *. 0 .* 
* MULTIPLIER * *..* 
***************** * •• * 

* YES 

DELOOO 
i 

. *. SUMOVE X 
Gi *. 

• * IS *. 
• *MULTIPLIER *. YES 

*.A SIMPLE DICT.* •••• 

*****G2********** 
* * *MOVE SUBSCRIPT * 
* TO OUTPUT * 

*. REF .* 
*. .* 

* .• * * NO 
**** * *. * Hi *.X. 

* * **** • 
DELTMP X 

*****Hl ********** 
* OUTPUT NESTED * 
*ASSIGNMENT STMT* 
* TO MULTIPLIER * 
* TEMP. SUMOVE. * 
* OUTPUT TEMP * 
***************** 

x 
**** 

* * * C2 * 
* * **** 

* * * * ***************** 

DEN2GB 
*****H2********** 
* * * OUTPUT * • 
* DIC T REF *X ••••••••••••••••• 
* OF MULTIPLIER * 
* * ***************** 

:X •••••••••••••••••••••••• : 
X 

DENEXT .*. 
Jl *. 

.* *. **** 
• * END OF *. NO * * 

*. SUBSCRIPT .* •••• X* Fi * 
*. .* * * 
*..* **** * •• * * YES 

x 
DESCL/'l .*. 

Kl *. *****K2********** 
.*END OF *. * OUTPUT BASE * **** 

.* FIRST *. YES * ARRAY WITH * * * 
*. SUBSCRIPT .* •••••••• X*SUBSCRIPT LIST * •••• X* A2 * 

*. LIST.* *OF TEMPS. SELL * * * 
*. • * * ALL TEMPS * **** 

* •• * ***************** * NO 
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*. .* * FIRST-LIST * 
*. • * * SUBSCR IPT * 

* •• * ***************** 
* 0 

X 
*****04********** 
* SET DICT REF * 
* INTO * 
*TABLE OF TEMPS * 
* FOR ISUBS * * ,.. 
* •• * •• * •••••••••• 

........•.. x: 
:UEGBDI .~. 

E4 *. 
.* ANY *. **** 

.* MORE *. YES * * 
*.SlJBSCRIPTS IN.* •••• x* B2 * 

*. SECOND.* * * 
*.LIST .* **** 

* .. * * NO 

:OEDONE x DEUMQ i 
*****F4********** *****F5********** 
* * * * *SET POINTER TO * * SET * 
*START OF FIRST * •••••••• X* T2SW *x ••• 
*SUBSCRIPT LIST * * TO 1 * 
* * * * ***************** ***************** 

......................... x: 
X .* . 

G5 *. 
**** .*IS IST-* • 

* * YES.* LIST ITEM * • 
* C2 *X •••• *.SUB 0 (SIMPLE.* 
* * *. DICREFI .* 
***. *..* * .. * * NO 

X 
DEOLP • *. 

H5 *. 
**** .* *. * * .* IS IT *. 

* E2 *x •••• *. SUB N .* 
.. * *. .* 
**** *..* * .• * 

* YES 

X 
*****J5********** 
* SET TEMP FOR * 
* ISUB INTO * • 
* TABLE OF * •••• 
* TEMPS FOR * 
* SUBSCRIPTS * 
***************** 



Table GA. Phase GA Pretranslator I/O Modification 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IRemoves all second level markers I Throughout I None I 
I I phase I I 
~-----------------------------------+---------------+-----------------------------------~ 
IReorders options to put EDIT, DATA lAB ISCNS, SCAN2 I 
lor LIST last I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves DO specifications to precede ISCAN2 ILLDOIT I 
Irelevant list in data lists, adds I I I 
lEND statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands iteration factors in formatlFORLST I None I 
I lists I I I L ___________________________________ L-______________ ~ ___________________________________ J 

Table GAl. Phase GA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
I A.FORMT I Processes FORMAT statements. 
I I 
1A.6 IScans source text for GET and PUT statements. 
I I 
1A.8 IRecorders options to put EDIT, DATA, or LIST last. 
I I 
IA21 IScans GET or PUT statement for data specification. 
I I 
I FORLST lExpands iteration factors in format lists. 
I I 
IF2 ICreates and buys integer temporary. 
I I 
IF5 IScans and outputs format item. 
I I 
IF5A ISells temporary. 
I I 
IF6 ITests for end of format list. 
I I 
IF6A. ITests for end of format specification. 
I I 
F6B loutputs end of format specification. 

I 
F7 IScans format list. 

I 
LAB17B IProcesses format list in GET or PUT statement. 

I 
LLDOIT IMoves DO specifications to precede relevant list in data lists, adds 

I END statements .• 
I 

MKROOM IProvides space in a statement in new source file. 
I 

MR IInitializes text blocks and pointers, and obtains scratch storage. 
I 

SCAN2 IScans option list for end of option or statement, expands DO speci-
Ifications, and changes certain function markers into pseudo-variable I 
I markers. I 
I I 

ISCNS IScans option list for end of option or statement. I L __________________ ~ _________________________________________________________________ ~ __ J 
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Table GK. Phase GK Pretranslator Parameter Matching 1 
r-----------------------------------T---------------T-------------------------------~---, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans source text for function I BAS CAN ICPSTMT, CRSTMT I 
I markers I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses function, puts out ref- IBAFM ISCANRP I 
lerence and initial code bytes I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses arguments IBALOOP IADDT3T, SCNCRP I 
~------------------~----------------+---------------+-----------------------------------~ 
IChecks numbers of arguments IARGNOQ I None I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table GK1. Phase GK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

I 

ADDTGT Adds data to output text. 

ARGNOQ 

BABT3 

BACALQ 

BADELM 

BAFM 

BAFST 

BALOOP 

BALPQ 

BAMORE 

BANORM 
I 

BAPVM 

BARECQ 

Checks number of statements. 

Tests for STOP marker. 

outputs function and first bytes of argument list. 

Tests for end of argument list. 

Processes function, puts out reference and initial code bytes. 

Locates SETS list and parameter list for function. 

Processes arguments. 

Tests whether argument list is present. 

Accesses next argument in list. 

Sets STOP marker to scan argument. 

Examines pseudo-variable. 

Tests for nested function reference. 

BARGFN Outputs warning message. 

I BAS CAN Scans source text for function markers. 
I 
I BAS TOP Outputs argument. 
I 
ICPSTMT Adds closing bytes of a statement to output text. 
I 
ICRSTMT Adds first bytes of a statement to output text. 
I 
ISCANRP Scans argument list. 
I 
ISCNCRP Scans argument. L __________________ ~ ________________________ - __________________________________________ _ 
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Table GP. Phase GP Pretranslator Parameter Matching 2 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans text for procedure and func- IBSi IADDTT, STKINF, UNSTCK I 
I tion calls I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IExamines argument lists for expres-IBS4 I EXSCAN, Mi, M4, M16, SCANFR I 
Isions I I I 
t-----------------------------------t---------------t-----------------------------------i 
I Creates temporaries for scalar I ~n.6 I ADDTT, COPYTP, MKDCEN, SETBUY I 
I expressions and constants I I I 
t-----------------------------------t---------------t-----------------------------------i 
I Creates temporaries for array I E2 I ADDTT, CHCKBi, COPYTP., MKDCEN, I 
I expressions I ISETBUY I 
t-----------------------------------t---------------t-----------------------------------~ 
ICreates temporaries for partially IE3 IADDTT, CHCKB4. COPYTP, MKDCEN. I 
Isubscripted array expressions I I SET BUY I 
~-----------------------------------t---------------t----------------------------~------~ 
ICreates special temporaries for IEX16 IADDTT., BS2, CHCKB4, CHECKT, COPYTi, I 
Ipartially subscripted arrays I IMKDCEN, STKINF., UNSTCK., Zll, I 
I I I SETBUY, SETMT I 
t-----------------------------------t---------------t-----------------------------------i 
IChecks single arguments (except IM4 ICHECKT. M16 I 
Istructures) with parameter descrip-I I I 
Itions I I I 
t-----------------------------------t---------------t-----------------------------------~ 
I Checks single structure arguments I MS I CHECKS., CSTTMP I 
t-----------------------------------t---------------t-----------------------------------~ 
ICreates temporaries for structure IM2i ICSTMP2, MKDCEN, CHCKB4, SETMT, I 
I expressions I IADDTT I 
t-----------------------------------t---------------t-----------------------------------~ 
ICreates temporaries for partially IZ22 IBS2, ADDTT I 
Isubscripted structure I I I 
t-----------------------------------t---------------t-----------------------------------i 
ICompare the two arguments of the IPOLYi, POLY2, IBS2 I 
Ipoly function and create IPOLY3, POLY4, I I 
Itemporaries if the arguments are I POLYS I I 
Inot both floating and do not have I I I 
Ithe same scale and precision I I I 
t-----------------------------------t---------------t-----------------------------------~ 
ICreates special dictionary entries IM37 INane I 
Ifor generic entry labels used as I I I 
I arguments I I I L ___________________________________ ~ _______________ ~ ___________ ----____________________ J 
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rable GP1. Phase GP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
lRoutine/Subroutinel Function I 
~----~-------------+--------------------------------------------------------------------~ 
ADDTT I Adds text to output block. I 

BSl 

BS2 

BS4 

BS10 

BS33 

CHCKBl (GR) 
I 
I 
ICHCKB2 (GR) 
I 
I 
I 
ICHCKB3 (GR) 
I 
tCHCKB4 (GR) 
I 
I 
ICHCKSi (GR) 
I 
1 CHECKB (GR) 
I 
1 CHECKS (GR) 
I 
I 
ICHECKT (GR) 

1 
ICOPYTP (GR) 
I 
tCOPYTi (GR) 
I 
I 
\CSTTMP/CSTMP2 
I 
IEXSCAN (GQ) 
I 
1 EX16 (GQ) 
I 
I EX36 (GQ) 

I 
I E2 (GQ) 

1 
I E3 (GQ) 

MKDCEN (GQ) 

Mi (GQ) 

M2 (GQ) 

M4 (GQ) 

M5 (GQ) 

M6 (GQ) 

I I 
IScans input text. 1 
I I 
IScans input text. I 
I I 
IExamines argument lists for expressions. I 
I I 
IEnd-of-program routine. I 
J 1 
ITests for constant argument. I 
I I 
ICompares the bounds of argument and parameter arrays. and creates t 
Inew dimension tables for temporary arrays. I 
I I 
jcompares the bounds of argument and parameter arrays Where the argu-t 
lment is partially subscripted, and creates new dimension tables for I 
Itemporary arrays. I 
I I 
ICreates a new dimension table from a parameter description. I 
I I 
ICreates new dimension tables for partially subscripted array and I 
1 structures. I 
I I 
ICompares the structuring of argument and parameter structures. I 
I I 
ICompares the bounds of argument and parameter arrays. I 
I I 
ICompares structuring and data types of argument and parameter struc-I 
Itures. I 
I I 
ICompares data types of arguments and parameters.) 
I 
ICreates a temporary dictionary entry from a parameter description. 
I 
ICreates a temporary dictionary entry for a partially subscripted 
larray from a parameter description. 
I 

(GQ) I Create temporary structure dictionary entries. 
\ 
Scans expressions for arrays and structures. 

Creates temporary arrays for partially subscripted array arguments. 

~reates a chameleon dictionary entry. 

Creates temporaries for array expressions. 

Creates temporaries for partially subscripted array expressions. 

Makes dictionary entries. 

Examines argument expressions. 

Examines single arguments with parameter descriptions. 

Compares single arguments with parameter descriptions. 

Examines structure arguments. 

Tests for st~ucture parameter. 

I MiO (GQ) I Processes subscripted variable argument. L __________________ ~ __________________________________ ~ ___ ~ ____ ~ _______________________ _ 
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Table GP1. Phase GP Routine/Subroutine Directory (cont'd) 
r------------------T-----------------------~--------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

M12 (GQ) I creates a warning message. t 
I 

M13 (GQ) IGets BUY text. 
I 

M1q (GQ) IProcesses scalar argument. 
I 

M16 (GQ) ICreates temporaries for scalar expressions and constants. 
I 

M21 (GQ) 1Creates temporaries for structure expressions. 

M22 (GQ) 

M23 (GQ) 

M2q (GQ) 

M37 (GQ) 

Mql (GQ) 

Mqq (GQ) 

Processes data item parameter. 

Processes label parameter. 

Creates a structure temporary. 

Creates dictionary entries for generic entry labels which are argu­
ments. 

Error routine. 

\Processes dimensioned scalar argument. 
I 

IPOLY1, POLY2, ICheck the arguments to the POLY function and generate code to buy 
IPOLY3, POLY4" 
IPOLYS (all in 
I 
ISCANFR 
I 
ISETBUY (GQ) 
I 

SETMT (GR) 

STKINF 

TESTC 

GR) 
Itemporaries, if the arguments are not both floating and do not have 
jthe same scale and precision. 

Scans for matching parentheses. 

Inserts skeletons to buy temporaries in the output text. 

sets temporary dictionary references in MTF compiler functions for 
array and structure bounds. 

stacks information on encountering nested functions. 

Tests for constant argument. 

UNSTCK Unstacks information. 
I 

Z11 (GR) \Generates text to set up the dope vectors of partially subscripted 
larray temporaries. 
I 

IZ22 (GR) IGenerates text to assign the structure subscripts of partially sub-
I Iscripted structures to temporaries, and then to set up the dope 
I Ivector for the partially subscripted structure temporary. L __________________ ~ _____________________ ~------------________________ ~ ________________ _ 

Table GU. Phase GU Pretranslator Check List 
r-----------------------------------T---------------~-----------------------------------1 
I I Main Processing) 1 
I Statement or Operation Type I Routine I Subroutines Used I 
~---------------------~--~----------+---------------+-------------------~---------------~ 
IScans statement; checks if preced- IBSCAN I CALL, LIST, MOVE, SUOPQ I 
Ii-ng SIGNAL statement is needed 1 I -I 
.-----------------------------------+-----------_._-+-----------------------------------~ 
I Scans statements; checks if follow-I ASCAN I None I 
ling SIGNAL statement is needed I I I 
.~---.... ----------------------.----'------+---------------+-----------------------------------','" 
IProvides a SIGNAL CHECK statement ICALLIGEN'I'ST I 
~-----------------------------------+---------------+-----------------------------------i 
I Searches list for checked items I SUOPQ t CALL, LIST 1 
L~_.~_~_~ ___ ~_~ ___ ~ ___ ~ __ ~ ____ ~ __ ~ __ ~ _____ ~~ _____ ~ __ ~ __________ ~ ______ ~ ____________ ~ ____ J 
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Table GU!. Phase GU Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
IABGNDO ISets IF-switch for THEN or ELSE clause. 
I I 
lAFM lSignals checked items in argument list. 
I I 
IASC iTests statement identifier and takes action if necessary. 
I I 
I ASCAN IScans statements; checks if following SIGNAL statement is required. 
I I 
ASCL Examines statement dictionary entry. 

ASPECL Examines statement dictionary entry which is not a label. 

ASTMT Housekeeping for end of statement. 

ATEST4 Tests for argument list. 

ATEST5 Tests for THEN. 

ATST3 Tests for end of statement. 

BENTON Test whether argument list contains checked item. 

BPC Processes "possible check" statement. 

BSCAN Scans statement; checks if preceding SIGNAL statement is required. 

BSTMT Tests whether SIGNAL statement may be needed after statement output. 

BTEST3 Tests for end of statement. 

BTEST4 Tests for argument list. 

BVARNO Tests for END statement. 

CALL (GV) Outputs SIGNAL statement for checked item. 

CALLBA (GV) Tests whether SIGNAL precedes or follows statement responsible. 
I 

CALLEX (GV) IExit from subroutine CALL. 
I 

CALLIF (GV) ITests whether DO statement must be output. 
I 

CALSTM (GV) IRe-outputs overwritten statement after DO statement. 
I 

CALSYM (GV) loutputs SIGNAL statement. 
I 

GENTST IChecks space in output text block. 
I 

LIST (GV) IUpdates and searches list of currently checked items. 
I 

MOVE IMoves text from source to output. 
I 

ISUOPQ (GV) ISearches list for checked items. l __________________ ~ ___________________________________________________________________ _ 
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rable HF. Phase HF Pretranslator Structure Assignment 
r-----------------------------------T---------------T-----------------------------------, 
I IMain processing I I 
I statement or Operation Typ~ I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for structure assignmentlMR I BYNAME, GENTST, LSTSCN, MOVE, I 
IStatements, regions of nested I I NSTSCN, STRASS., STREXP, STRURE I 
Istatements. output list expres- I I I 
Isions, and structure references in I I I 
linput lists I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands structure assignments and I BYNAME, STRASS,IDVCON, GENTST. LSTSCN. MOVE, I 
lexpressions into a set of scalar ISTREXP, STRURE I NSTSCN, SBGN I 
lassignments or expressions corres- I I I 
Iponding to the base elements of thel I I 
I structure operands. Where the basel I I 
lelements are arrays, the corres- I I I 
Iponding component expressions or I I I 
lassignments are surrounded by I I I 
lappropriately iterating DO groups I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans regions of nested statements INSTSCN I MOVE, NSTSCN, STRASS I 
Ifor structure assignments I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds text to the output string I MOVE IGENTST I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines space availability in anlGENTST IMOVE I 
loutput text block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans function argument and sub- I LSTSCN I MOVE, NSTSCN I 
Iscript lists I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs DO statements and checkslDVCON IGENTST I 
Ibound equivalence I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs subscript lists for ISBGN IGENTST I 
Ireferences to dimensioned structure I I I 
I base elements I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable HF1. Phase HF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

I 

BYNAME (HG) IExpands BYNAME structure assignments. 
I 

BYNl (HG) ISearches for matching BCDs down to base elements. 
I 

BYN11 (HG) IReturns to start of current output assignment statement. 
I 

BYN13 (HG) ITest for matching BCDs. 
I 

DVCON (HG) IConstructs DO statements, checks bound equivalence. 
I 

GENTST Determines space in output text block. 

LSGET 

LSTSCN 

LS21 

LS23 

MOVE 

MR 

MRBYN 

MRTRT 

NSTSCN 

SADRAB (HG) 

S~END (HG) 

SAOP (HG) 

S~TRT (HG) 

SAX1 (HG) 

SA20 (HG) 

S~32 (HG) 

SA36 (HG) 

SA73 (HG) 

SA79 (HG) 

SBGN 

STRASS (HG) 

STREXP (HG) 

Tests for GET statement. 

Scans subscript arguments and subscript lists. 

Tests for structure item in data specification. 

Tests for data-directed data specification. 

Adds text to output string. 

Scans text for structure assignment statements,. nested statements, 
output list expressions, and structure references in input lists. 

Tests for BY N~ME assignment statement. 

Scans source text for structures. 

Scans regions of nested statements for structure assignments. 

Builds up stack to show pattern of structure. 

Tests whether END statements need to be output. 

Examines dictionary reference found. 

Scans structure expression or assignment. 

Tests whether item matches the stack pattern. 

Tests for start of structure expression. 

outputs base element and replaces it in source text. 

Tests for BY N~ME assignment statement. 

outputs END statements. 

Resets scan pointer to start of expression/assignment. 

Constructs subscript lists for references to dimensioned structure 
base elements. 

Expands structure assignments into DO loops. 

Expands structure expressions. 

ISTRURE (HG) Expands structure references. L __________________ ~ __________________________________ -------___________________________ J 
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Table HK. Pretranslator Array Assignment 
r-----------------------------------T---------------T-----------------------------------1 
I IMain processing I I 
I Statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for array and scalar IMR I None I 
lassignment statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for nested array and IMR INESTAT I 
Iscalar assignment statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for array expressions inlMR IARRASS, LSTSCN I 
11/0 lists in GET and PUT statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands arrays into DO loops and IARRASS IFRETMP" MOE. OPTST, SLGCH, SUBSKP I 
Iscalar assignments: checks dimen- I I I 
ISions and bounds I I I L ___________________________________ L _______________ L ___________________________________ J 

rable HK1. Phase HK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IAADOP (HL) Examines leftmost operand. I 
I I 
IAAMULA (HL) Tests for multiple assignment. I 
I I 
IAA3 (HL) Checks pseudo-variables. I 
I I 
IAETRT (HL) Scans array expression. I 
I I 
lARRASS (HL) Expands arrays into DO loops and scalar assignments: checks dimen- I 
I sions and bounds. I 
I I 
IARREXP (HL) Generates DO loops and subscripts for array references. I 
I I 
IARRIN (HL) Entry point for array expressions in input lists. I 
I I 
I ARROUT (HL) 
I 
IFRETMP 
I 
I 
I LSTSCN 
I 
I MOE 
I 
IMR 
I 
I 
I 
IMREOP 
I 
IMRTRT 
I 
INESTAT 
I 
10PTST (HL) 
I 
I SLGCH (HL) 
I 
ISLMCG (HL) 
I 

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 array expressions. 

Makes a temporary dictionary entry. 

Scans text for array and scalar assignment statements, for nested 
array and scalar assignment statements,. and for array expressions in 
GET and PUT statements. 

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. 

ISUBSKP (HL) Skips a subscript or subscript list. I L __________________ L ____________________________________________________________________ J 
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Table HP. Phase HP Pretranslator iSub Defining 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans source text for references IMASCAN I MOVE I 
Idefined by iSUB I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses references defined by IDEFSUB IGENTST. MOVE. SULIST. SUMOVE I 
liSUB I I I 
~-----------------------------------+---------------+-----------------------------------i 
IScans subscripts ISUMOVE I None I 
I I(in SULISTl I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table HP1. Phase HP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

DEDONE Resets pointers to scan first subscript list. 

DEEND2 

DEFSUB 

DEGBD1 

DEGBD8 

DEGUB 

DEGUBD 

DELISQ 

DELTMP 

DELOOO 

DENEXT 

DENGB 

DEN2GB 

DEOLP 

DESCLN 

DETEMQ 

DEUMQ 

IGENTST (HQ) 
I 
IINIT 
~ 
IMASCAN 
I 
IMOVE (HQ) 
I 
ISULIST 
I 

Creates and buys temporary. 

Processes references defined by iSUB. 

Tests for end of second subscript list. 

Bumps pointer to end of first-list subscript. 

Tests T2-switch when temporary assignment needed. 

Tests T2-switch when no temporary assignment needed. 

output temporary for non-zero iSUB. 

Outputs nested temporary assignment statement for multiplier. 

Tests whether first-list multiplier is simple dictionary reference. 

Tests for end of first-list subscript expression. 

Tests whether dictionary reference is constant or integer variable. 

Outputs multiplier dictionary reference. 

Tests whether first-list subscript consists of a single iSUB. 

Tests for end of first subscript list. 

Tests whether second-list subscript is simple dictionary reference. 

Tests whether first iSUB in first-list subscript has a multiplier. 

Checks space in output text block. 

IInitializes text blocks and pointers, gets scratch storage. 
I 
'Scans source text for references defined by iSUB. 
I 
IMoves text from source to output. 
I 
IScans subscript lists. 
I 

ISUMOVE IScans subscripts. L __________________ ~ __________________________________ ------____________________________ J 
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Chart 05. Translator Logical Phase Flowchart 

***** 
*05 * 
* A1* 
* * * 

X 
*****A1********** *STACKER IA* 
*-*-*-*-*-*-*-*-* * STACK * * OPERATORS * 
* * ***************** 

x .*. 
B1 *. *****B2********** .* *. *PRE-GENERIC IG* 

.*B.I.F. WITH •• YES *-.-.-.-.-.-*-*-* 
•• AGGREGATED •••••••••• X* PROCESS • 

*.ARGUMENT .* * PRE-GENERIC * 
*... * FUNCTIONS * 

* •• * **.********.***** • NO 

.~. X 
C1 •• *****C2****.*.*** 

.* ANV *. *PRE-GENERIC IL. 
•• FUNC T ION •• VE S *-*-*-*-*-*-*-*-* 

*. REFERENCE .* •••••••• X* GENERIC * 
*. •• * FUNCTIONS * 
*..* * PREPROCESSOR * 

*. • * * ***** *********** • NO 

x 
***** 
*06 • 
* A1* 
* * * 

X 
.****02********** 
*GENERIC IM* 
*-*-*-*-*-*-*-*-* 
* PROCESS * 
* GENERIC * 
* FUNCTIONS * 
***************** 

x 
***** 
*06 * * A1* 
* * * 
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Ch.art IA. Phase IA Overall Logic Diagram 

****. 
*IA • 
* Al* • • 

* 

X 
***·*Al··*·****** 
* * * LOAD MODULE * * AND * * INITIALIZE • 
* * *************.*** 

.*** 
• *. • 61 •• X. • *. x ••••••••• ....... ..................................................... 
**.. • 

€~AN X 
**···61*··.**·*·· 
• SCAN TeXT FOR * 
• OPERATOR. • : .. X: OP~~~N8~ OR : 
* PROGRAM * ****.** •• *.* ••••• 

x ... 
C 1 •• .. .. 

•• IS IT •• YES 
•• END OF •••••••••• 

•• PROGRAM .* X 
*..* ***** * •• * *16 * * N.O * Al* • * 

* 
x .*. ESTCAC 

01 •• **.**02**.****** • • * *. * PLACE OPERAND * .* IS IT •• NO * IN STACK AND • 
•• AN •••••••••• X. SCAN TO • 

*.OPERATOR .* * FOLLOWING '" *..* • OPERATOR • 
*. •• ***.,.*********** * YES 

:X •••••••••••••••••••••••• : 
:EACTNC x 

*****El***.*·**** 
*COMPARE WEIGHTS* * Of STACK AND • 
• TEXT • * OPERATORS * 
* • ***.* •• * •• ******* 

x 
••• . *. 

Fl *. F2 * . • * IS *. .* IS *. 
•• STACK *. YES .* SPECIAL *. YES *. WEIGHT .* ........ X.. ACTION .* ................. . *. LESS .* *. NEEDED .* 

*..* *..* 
* •• * * .. * * NO * NO 

X 
*.**.Gl******·*** * SELECT * * APPROf'RI ATE * 
• ROUTINE TO • 
• HANDLE * * OPERATOR • 
* •• * •• ***.*.***** 

:EGENR x 
•• ***Hl·*******·· 
* • • • MOVE TRIPLES • 

••••• TO * * OUTPUT * 
* * *** •• * •• ***.***** 
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X 
**·**G2**·***··*· 
* * • FILL OUT * 
* TRIPLE * * IN STACK * 
* * ***************** 

x 
**** 

* * * 61 • 
* * ***. 

X 
*****G3********.* * SELECT • * APPROPRIATE • * ROUT! NE TO * HANDLE * OPERATOR • 
****** ••• ******** 

EGENR X 
*****H 3.********* 
* * * MOVE TRIPLFS * • * TO * .•.. * OUTPUT * 
* * ***.* •• ** •• * •• * •• 



Chart IG. 

***** 
*IG * 
* Al* 
* * * 

GSI X 

Phase IG Overall Logic Diagram 

*****Al********** 
* * **** 
* * * * ••• x* SCAN TEXT *X •••• * Al * 
* * * * 
* * **** 
***************** 

x .*. BR .*. .*. 
Bl *. B2 *. *****83********** B4 *. *****R5********** 

.* *. .* FIRST *. * * .* 'iAS *. * * 
.* BUILT-IN *. YES .* BUILT-IN *. YES * REPLACE * .* nU~MY *. NJ * MARK DUMMY * 

*. BUY .* •••••••• X*. BUY OP .* •••••••• X* BY BUYS * •••••••• X*. BFEN USE') .* •••••.•.•• )\... USED * 
*. .* *. PAIR.* * TRIPLE * *. .* * * 
*..* *..* * * *..* * * 

* •• * * •• * ***************** * •• * ***************** 
* NO * NO * YE S 

BR4 X .*. 
*****C2********** C3 *. 

BR3 X . X 
*****C4********** *****e5********** 

* * . * IS *. * * * * * REPLACE * .* DUMMY *. Y~S * MA~ t NfW * * ADD OIJMMY * 
* tlY BUY * •••••••• X*. = TOP OF .* •••• * nu"!"!y * •.••.... x* TO * 
* TRIPLE * *. STACK .* * * * STACK * * * *..* x * * * * ***************** * •• * ***************** ***C<*******C<*C<1C<** * NO 

.t FR X 
01 *. *****02********** *****03********** 

**** 
* * * Al * 
* * **** 

.* *. * * * PLACE REF * **** 
.* FUNCTION *. YES * * * FROM TOP OF * * * 

*. TRIPLE .* •••••••• X* BU"!P STACK * •••••••• X* STACK IN * •••• X* Al * 
*~ ~* * * * BUY TRIPLE * X * * 
*..* * * '" * **** 

*. • * ***************** ***************** * NO 

x 
.*. FRP 

El *. *****E2********** 
.... *. * * **** 

.* FUNCTION *. YES * OECRHIENf * * * 
*. TRIPLE .* •••••••• x* STACK * •••• x* Al * 

*. PRIME .* * * * * 
*..* * * **** 

*. . * ***************** * NO 

x .*.. SRI. *. BR2 
Fl *. F2 *. *****F3********** *****F4********** 

.* *. .* IS *. * INSERT * * * 
.* IGNORE *. YES .* THERE *. YES * ASSIGN TO * * CLEAR TOP * • 

*. TRIPLE .* •••••••• X*. A ~UMMY .* •••••••• X* DUMMY IN * •••••••• X* OF STACK * •••• 
*. .* *.IN STACK .* * TEXT * * * 
*..* *..* * * * * 

* •• * * •• * ***************** ***************** * NO * NO 

i< .•. 
GI *. 

.* * . 
• NO.* END * • •... *. OF .* 

*. PROGRAM .* 
*. .* * •. * * YES 

K 
***** 
*IM * * A2* 
* * * 

x 
**** 

* * * Al * 
* * **** 

x 
**** 

* * * Al * 
* * **** 
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Chart IM. Phase IM Overall Logic Diagram 

***** 
*IM * 
* A2* 
* * * 

it 
*****A2********** 
* * * LOAD * 
'" MODULES AND * 
'" INITIALIZE * 

'" '" ***************** 

**** 
* *. * 82 *.X. 
* * **** • 

GNTP, III X 
*****B2********** 
'" SCAN FO~ * 
* P~OCEDURE, * 
* FUNCTION, * 
*INVOCATION, OR * 
*ENfl OF PROGRAM * 
***************** 

x 
. *. 

C2 * • 
• * HAS * • 

• * END OF *. YES 
*. PROGRAM BEEN .* •••••••• 

*. FOUND .* X 
*..* ***** 

* •• * *JK * 
* NO * AI* 

X 
*****02********** 
*IDENTIFY LOWEST* 
* LEVEl * 
* INVOCATION * 
*STACKING START * 
*OF OUTER LEVELS* 
***************** 

**** 
* *. * E2 *.X. 
* **** * it 

* * * 

.*. GNBIFH 
E2 *. *****E4********** 

.* *. * ACCESS * 
.* IS *. YES * BUILT-IN * 

*. FUNCTION .* •••••••••••••••••••••••••••••••••• x* FUNCTIO~ * 
*.BUILT-IN .* * TABLE E"'TRY * 

*. .* * * *. • * ***************** * NO 

X 
GNPLIb .*. 

*****FI********** F2 *. 
* FORM TABLE * .* *. 
* OF FAMILY * YES.* IS IT *. 
* MEMBER *X •••••••• *.PL/I GENERIC .* 
* DESCRIPTIONS * *. .* 
* * *.. * ***************** * •• * 

X 
*****Gl ********** 
* IDENTIFY ANU * 
* RESOLVE * 
* CHAMELEON * 
* ASSIGNMENTS * 
* * ***************** 

GNLOb it 
*****HI********** 
* FORM ENTRY * 
* RELATING TO * 
* PARTICULAR * 
* INVOCATION * 
* * ***************** 

* NO 

X 
*****G2********** 
* IDENTIFY AND * 
* RESOLVE * 
* CHAMELEON * 
* ASSIGNMENTS * 
* * ***************** 

GNF027 X 
*****H2********** 
* PLACF RESULT * 
*DESCRIPTION IN * 

••• X*TEXT FOLLOWING * 
*FUNCTION PRIME * 
* TRIPLE * 
***************** 

it 
*****F4********** 
* * *CHECK ARGUMENTS* 
* FOR CORRECT * 
* NUMBFR * 
* * ***************** 

GNARID it 
*****G4********** 
*CHECK ARGUMENTS* 
*FOR VALID TYPE * 
* CONVERTING IF * 
* NECESSARY * 
* * ***************** 

it 
*****H4********** 
* IDENTIFY AND * 
* RESOLVE * 
* CHAMELEON * 
* ASSIGNMENTS * 
* * ***************** 

: x ••••••••••••••••••••••••••••••••••••• x 
it :GNF04 J. 

*****J 1 ********** 
* CHECK FOR * 
* ONE AND ONLY * 
* ONE AGREEMENT * 
* * * * ***************** 

GNFM3 it 
*****Kl********** 
* REPLACE * 
* ORIGINAL * • 
* REFERENCE * •••••• 
* IN TEXT * 
* * ***************** 
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J2 *. *****J3********** 
.* WAS *. *RESTORE POINTER* 

.* FUNCTION *. YES *TO NEXT LOWEST * 
*. INVOCATION .* •••••••• x* LEVel OF * 

*. NESTED .* * INVOCATION * 
*..* * * 

*. • * ***************** * NO 

x 
**** 

* * * B2 * 
* * **** 

**** 
• * * •• x* E2 * 

* * **** 

.*. GNB08 
J4 *. *****J5********** 

.* *. * SELECT * 
.* IS *. YES * RELEVANT * 

*. FUNCTION .* •••••••• X* FAMILY * 
*. GENERIC .* * MEMBER * 
*..* * • 

*. • * ***************** * NO 

GN816 it X 
*****K4********** *****K5********** 
* PLACE RESULT * * REPLACE * 

• *DESCRIPTION IN * • ORIGINAL * 
• •••••• TEXT FOLLOWING .X......... REFERENCE • 

*FUNCTION P.RIME * • IN TEXT * 
* TRIPLE * * * 
••• ** •• *****..... • •• * •••••• * ••••• * 



Table IA. Phase IA Translator Stacker 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans source text I ESCAN I None I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompares transfer vector IEACTNC IECOO to ECOF I 
~-----------------------------------+---------------+-----------------------------------i 
IStacks transfer vector IEACTNS IESOO to ES2C I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates triples IEGENR IEGENR2, EGENR3, ENEWBLw ENOREP, I 
I I IEREPL, ETRB~~ I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table IAl. Phase IA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I FUnction I 
~------------------+--------------------------------------------------------------------~ 

EACTNC 

EACTNS 

ECOO to ECOF 

EGENR 

EGENR2 

EGENR3 

ENEWBL 

ENOREP 

EREPL 

ESCAN 

ESTCAC 

ESOO to ES2C 

ICompares transfer vector. 
I 
IStacks transfer vector. 
I 
IProvide comparison action for each operator. 
I 
IGenerates triples. 
J 
IGenerates triple for top stack operator, with blank first operand, 
Ithen deletes the operator from the stack. 
I . 
IGenerates triple with two blank operands. 
I 
IObtains and chains new text block for output, resets output pointer. 
I 
Deletes top stack operator, flags new top operand as the result of 
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. 

Places operand in stack. 

Handle stacking of operators. 

IETRBMP 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-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for BUY aggregate argu- IGSl IFR, BR, TRF1, GS12 I 
Iment dummies, end-of-block, and I I I 
lend-of-program triples I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IObtains next text block IGS12 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
ITransfers text to output block ITRFl INone I 
~-----------------------------------+---------------+-----------------------------------~ 
ITransfers text skeletons to output ITRF2 IGS1, TRF1 I 
~-----------------------------------+---------------+-----------------------------------~ 
IStacks and unstacks information on IFR, FRP I None I 
lencountering function and function I I I 
I triples I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInserts assignment statement for IBR IGS1, TRF2 I 
laggregate argument dummies I I I L ___________________________________ L _______________ L_- _________________________________ J 

Table IG1. Phase IG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IBR IInserts assignment statements for aggregate argument dummies. 
I I 
IBRl ITransfers point for IGNORE triple. 
I I 
IBR2 IInserts assignment into text. 
I I 
IBR3 Makes new dictionary entry for temporaries. 
I 
IBR4 
I 
IFR, FRP 
I 
I 

Processes second BUY. 

Stack and unstack information on encountering function and function' 
triples. 

IGSl Scans text for BUY aggregate 
program triples. 

argument dummies, end-of-block, end-of-I 
I 
I 
IGS12 
I 
ITRFl 
I 

Chains to next text block on encountering an end of block marker4 

Transfers text to the output block. 

I 
I 
I 
I 
I 
I 

ITRF2 Transfers text skeletons to the output block. I L __________________ L __________________________________ - _________________________________ J 
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Table IL. Phase IL Translator Pre-Generic 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves function table to scratch IBASROU I None I 
I storage. I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table 1M. Phase 1M Translator Generic 
r-----------------------------------T---------------T-----------------------------------, 
1 IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
ISelects function for processing IGNFUNC IGNXTRP I 
~-----------------------------------+---------------t-----------------------------------~ 
ISelects generic procedure IGNPLIG IGNDRTAw GNXTRP, GNFMID I 
~-----------------------------------+---------------+-----------------------------------~ 
I Selects generic Library routines; I GNBIFH I GNARID, GNCBEF., GNCACI., GNCTBI. I 
Idetermines function result I IGNGNCR, GNPRSC .. GNSACH, GNSAPC, I 
I I IGNSBAR, EXPANL I 
~-----------------------------------+---------------t-----------------------------------~ 
ISelects chameleon dummy and insertstGNCHAM lGNXTRP .. EXPANL I 
lit in relevant dictionary entry I I I 
~-----------------------------------t---------------+-----------------------------------~ 
IControls scan of text -- branches IEXPANL IARITH. LST1. SUBSPT, ASSIGN I 
Ito processing routine I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Section 3: Charts and Routine Directories 161 



Table 1M!. Phase 1M Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 

~------------------+--------------------------------------------------------------------~ 
ARITH (10) Calculates type of result of arithmetic operation (except **). 

ASSIGN (10) 

EXPANL (10) 

GNARID (IP) 

GNBIFH (IP) 

GNB08 (IP) 

GNB16 (IP) 

GNCACI 

GNCBEF 

GNCHAIvl 

GNCTBI 

GNDRTA 

GNEOB 

GNEOP 

GNFMID (IQ) 

GNFUNC 

IGNF04 
I 
IGNF027 
I 
. GNFM3 (IQ) 

GNL06 (IQ) 

GNGNCR 

GNPLIG (IQ) 

GNPRSC (IP) 

GNSACH 

GNSAPC 

GNSBAR 

GNTRID 

GNXTRP 

LSTl (10) 

I 

Returns to calling phase with result. 

Controls scan of text -- branches to processing routine. 

Identifies 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. 

IStandardizes argument code byte to a form for generic selection. 
I 
ISelects chameleon dummy and inserts it in relevant dictionary entry. 
I 
IConverts from decimal to binary. 
I 
IAnalyzes dictionary type. 
I 
Processes end-of-block marker. 

Processes end-of-program marker. 

Identifies family member. 

Selects function for processing. 

Checks for nested function situation. 

Sets up result type of a PL/I function. 

Replaces original reference in text • 

Forms entry relating to particular invocation. 

General conversion routine. 

Forms table of family member descriptions. 

Selects highest mode, scale an:i precision of variable argument list. 

Performs special argument check. 

Calculates scale and precision of a function result. 

Handles a subscripted argument. 

Scans source text. 

Gets next triple. 

Calculates type and length of result of string operation. 

ISUBSPT (10) Adds type of array to stack. l __________________ ~ ___________________________________________________________________ _ 
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Chart 06 • Aggregates Logical Phase Flowchart 

•• ** • 
• 06 • 
• AI· 
• • • 
X 

**.**A1***··*·**· *STRUCTURE JK* 
*-.-.-*-*-*-*-*-* 
* STRUCTURE • 
* PROCESSOR * 
*SCANS DATA CHNS* 
***********.**.** 

x .•. 
61 *. *.**.62****.***.* 

.* *. *DEFINED JP* 
.* ANY *. YES *-*-*-*-*-*-*-*-* 

*. DEFINED .* •••••••• X. * 
*. ITEMS .* * DEFINED CHECK * 
*..* • * 

"'. • * ****************'" * NO 

x 
***** 
*07 * 
'" Al· 

'" * * 

x 
***** 
*07 * 
* Al* 

'" '" * 
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Chart JK. Phase JK Overall Logic Diagram 

**** * * 
: .::. : 

X 
CHNSCN X • *. MKDVD 

:***;~l~*ti:t:***: . * A21 S *. *. :****A3*********: 
• CHAINS FOR. ND.* DVD •• VfS. • .. X. STORAGE .X.......... REQUIRED .* ........ x. MAKE A DVD • 

• *' ITEMS * *.?* * *' 
. * *' *..* *' *' 

* .*** :***********"'**** *. *. * *** •• ************ 
* •• A.i ••• * 

• X > .~ .. " 
_.61-·-._._ :*:~*: 

." END *. YES 
>. OF CHAINS •••••••••• 

*. .* x 
*..* ***** * •• * *JP *' 

*' NO *' .:1* 
X 

CHKDEF .>. .* . 
• *' C 1 *. *. :****C2*********: • *' C3 *. *. :****C4*********: 

.* IS *. YES *' * .* HAS *. 1'110 *' ... 
•• ITEM .* .•.....• X. GET BASE " •••••••• X •• BASE BEEN •••••••••• (. 'lAP RASE * 

". DEFINED .* * * •• PROCESSED.. • * 
*..* * * *..* * * * •. *' ***************** * .. * **************'0:** • NO • YES 

:X •••••••••••••••••••••••• : 
x STBASE 

*****D3********** *****D4 ***.**.*.* *****D5********** 
.. ... &ENERATE > * GENERATE • 
., MAP *' *' CODE T:J *' *' CODE TO *' 
: OfF INEO ITEM : •••••••• x; S~bD~m : •••••••• x: DE~f~~~A nEM : 
***************** ******** **** ***** ** ******** ******* 

**** * • *' E4 * ••. 
· ** •• 
· * * 

x *' **** * x 
.. x: AI: 

SFTDVS, SETDVA > ... 
••• PROCST .*. .* . 

• *' El *. *. . * E2 *. *. :****E 3*******.*: .* E4 :+:. *. :***~~(~t:;;****: 
.* IS *. YES .* ANY *. '10 .. MAP. .*:TL *. YES * BY DOPE * *. ITEM A .* •••••••• X*. ADJUSTABLE •••••••••• X* STRUCTURE * •••••••• X*. JR TE~P •••••••••• X. VFCTOP • 
•• STRUCTURE.> *. EXTENTS •• • .. •• 1.* X. SIZE * 

*. . * *... :$ :$ *... . .. * * .. * * .• * ****.* ••• *.**.*** * .. * . ***.*.*** •• * ..... * 
* NO *.** : YES •• *. ***. ~ ~J • **** * 

: F2 !.x: : F3 :... : F4 :.1(: :.::.: 
... 1Ie •• • .~. * .*** * ~ **** .!. •• j** * 

F2 *.. **.**F3********** F4 * • : A2 : 

• * *. * *' .* [5 *. **.* .• *. YES" * . * AN ROV *. NO • * *. .*., ...... X* MAKE AN ROV * *. REQUIRED .* .... X* A.l * 
*.*. .*.. : : *.*. .••• * ••••• 

**** * * *. ... *********.******* *. . * *NO • YES : K5 : 

.t MKDVD X 
G2 *. *****G3*.*:tt*'**** • • " IS •• • • 

•• RDV *. NO. • 
•• REQUIREO •••••••••.• ".. MAKE avo • *. ? •• ;* * *..* .. * *. ... * ••• ***.*** •• ***. * YES 

· **** · * • 

**** x 
x .:.. YES 

:****G::::****.*: .*. * G5 *. *. *. 
• ROV A'IJ * •.•••••. X*. AUTOMATIC .* 
" CHAIN" •• •• 
• * *..* * •• * •• * ...... *... * •. * .. NO 

x •• x: *:!*: 
. *. PROCDT. *. x .*. * *~** * 

:*:~* : ~i *. HZ * • • * *. .* *. • * •• YES • * ". YES *. ARRAY .* ........ X •• ADJUSTABLE .* ... . *. ... *.?. 
*..* ...* * .. * ••• * 

• NO • NO 

x .*. 
Ji *. .* *. • * •• YES *. FIXEO •••••• *. SCALAR .* *. .* * ..• K 

o NO * •••• * 
: F4 : .... 

X 
****.J 2***** ••• ** o 0 

: MAP ARRAY : 

o * * • .************* ••• 
· •• *. .. . 
•• x* E4 " • * 

* *~** *' 
: .::.: 

**.**H3********** H4 *. 
• GEi'lERATE" .* * • * LIBRARY" .* ClL *. YES * * 
• CALLING " •••••••• X". OR TE~P •••••• X" E5 • 
• SEQUENCE. *. .* •• 
• *' *..* **** **** * * ******.*.*******.. *. • * • NO : Ai : 

** •• x 
• : NO 

Al"~~~**J4*~""'***.*** ... 5· *. *r 
> GENERATE. • > IS *. 
> CODE TO > • > ROV •• 
> RELOCATE BV 0 •••••••• X". REQUIRFD .> 
.. VDA 0 o. 1 •• 
• ACCUMULATOR * •••• 
••• ************** * ••• 

• YES .*** . 
* ' • * K5 *.X • * •• 

x .*. .*.* ALVACI 
.... . 

ADRDV X ** ••• Kl**** •• ***. K2 *. * •••• K3 •• ******** * * .••. • GENERATE • 
• ADJUSTABLE * .* *. YES * CODE TO * * STRING > •••••••• X*. AUTO .* •••••••• X. RELOCATE • • * o. .* 0 BY VDA • 

:.****** ••• * •••• : *. *. .•.• :**:~i~:~~:I~:*.: * NO 

x ....... 
: .~!*: 
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• CODE TO • 
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* • 
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Chart JP. Phase JP Overall Logic Diagram 

lEMJP X 
: •••• Al ••••••••• : 

***. 0< 0< 

: *~~*: 
x 
: NO .*. 

A2 *. .* *, 

................................................................. 
• YES .•. .-. : STRCMP 

A3 •• A5 •• 
• ." DOE S *, •••• A4......... ." IS *. 

• SCAN. •• END •• • YES.O< DEF INED •• NO. • NO.. DEF INED •• 
.. x. DEFINED CHAIN * •••••••• x*. OF CHA[N •• X ••••• STRUCTUR ING •••••••••• X. ERROR .X •••••••••• ITEM A SUBSET •• 
· .. .. *. .• •• MATCH •• • • •• OF BASE •• 
• *' $: *... *. BASE .* ••••••••••••••• *..* 

**~... *·f· X *·f· · ***** ••• *.******* *. ." .. ***. *' *' YES 

: .::. : *. a.* : .::.: 
:~ .~ :~ *LA 0< 

* .:1* .*. JP54I .0<. JP20 ••• 
83 •• ' 84 •• 85 •• 

•••• •• ARE •• ..[ S 8ASE •• 
•• •• IS •• YES •• DEFINED •• YES .* DEFINED •• 
• 83 ••••• X.ITEM STRUCTURE •••••••••• X •• ITEM AND 8ASE •••••••••• XO<. ITEM .* 

JP200 

•• •• •• X •• SAME DATA.. X •• ADJUST- .0< 
•••• ...0< •• TYPES.. •• ABLE •• 

• '.'- •••• •.•.• •••• ··.·~ES . ..... ..... .... 
• 84 .. .. .. 85 .. .." ••••• : F4 :X.: •••••• ..X: Al : 

•••• • NO •••• 
I.' • *. 1.' ,., 1-' 

Cl *. C2 *. C3 0<. C4 •• C5 •• . *.. .* IS •• •• IS *. .*., ,* *, 
•• CORRESPOND-*. NO .* DEF[NED •• YES .* DEF[NED •• YES •• IS BASE *. YES •• [S BASE •• YES 

•• X.. ENCE •••••••••• X.. ITEM A .* •••••••• X*. ITEM .* •••••••• x*. A STRUCTURE •••••••••• X.. PACKED •••••• 

••• * 
* * : .~~.: 

JP543 

*.DEFINING .* *.STRUCTURE.* •• PACKED •• •• .0< •• •• *..* *..* •. ,. *..* *.. • • , .* * •• * * •• * ., .* *. e· 
• YES * NO • NO • • NO 

* .~.* * X : •••••••••••••••••••••••••••••••••••••••••••••••••• X: 
: .::. : OZ·*·.. 03···.. 04·*-.. X 

•• ·*oE~iNEO*·*. YES •• ··~~~~N~~*·*. NO •••• ANy·· •• YES ..... 05 ......... . 
*. ITEM •••••••••• X •• ITEM OIMENS- •••••••••• X.. POS •••••••••• X. ERROR • 

*. A LABEL •• X *. IONED •• •• •• • • *..* *..* *..* ••••••••••••••• 
* •• * * •• * * .. * X *' NO ••••• *' • YES • NO 

: .~~.: .: .. · . x : NO 
• *. JP54C. *. * Al * GETCLS . .. 

EI •• E2 *. 
• t: IS *. .* IS •• • * .... E5 •• 

•• ARE •• 
YES.* BASE *. YES.* DEFINED *. * • YES •• DEFI~EO.. • .•• *. CODED .*X •••••••••• ITEM CODED .* * B5 .X •••• *. ITEM AND .$X ••• 

*~ •• ,. ,. 
* 03 • 

• •• *. * 

•• ARITH .* *. ARITH .* 
*..* *..* * •• * * ••• * NO ,. NO 

x 
X F2· *. *. 

.... · . : F4 : 

* ••• 

• * *. BASE SAME •• •••• *. TYPES.· .... ,. . . .... 
• B't .X •• 

X *' ••••• : YES ,.. .-. 
F4 *. F5 - • 

: ****F~:::: ... *. :X ••••• ;~~.:r ;:~EHm:~ *:* 
• * *. .* ARE ., 

.t: IS *. YES .*STRUCT ElE-*. 
*. BASE •••••••••• X •• ME .. TS STRINGS •• 

* * *. STRING •• 
••••••• ***.**** *'.. *' 

***·Gl····**·** 
: ERROR : ............... 

x 

* •. * * NO 

:x .••.•..•..•.....•••.•••. : 
• NO X ... ,., 

HI.. H2 * • 
• *IS BASE*. .*[S BASE* • 

• *A STRUCTUKE*. NO •• A STRING *. *. OF PACKED .*X •••••••• *. OF SAME .* *. STRINGS .* *. TYPE •• 
*..* *... * •• * * ..• 

* YES * YES 

*. STR[NG .* •• OF BASE •• *. .• *. TYPE •• •.• * * ••• 
• NO • NO 

:X •••••••••••••••••••••••• : 

..** 
• * : J4 : 
••• * 

: •••••••••••••••••••••••• X~ X 

NOTE: 

ERROR AC T ION 1ST 0 
OUTPUT AN A~PROPR[ATE 
ERROR MESSAGE AND 
TERMINATE THE COMPILAnON 

... .•. . .. 
J2 *. J 3 *. J4 •• 

.* IS *. .* IS *. .*15 BASE*. : .... J::::: ..... : .* BASE *. YES •• BASE •• YES •• OR DEFINED •• YES *. DIMENSIONED .* ........ X*. SUBSCRIPTEO .* •••••••• X.. ITEM .* •••• •. .* *. •• X *. ADJUST- •• *..* *,.t: •• ABlE •• • ••• t: •••••••••• 

* .!.... X 
* •• * * •• * * •• * 
*~ .~ *~ 
· **** · * * • Al * 
• .X: J4 : 

•• ** X .*. 
••• * •• 

:GETLTH X .i.. NO 

K3 •• 
• ****KZ********* *' t.l3 •• '. IS *- •. YES • 
* ERROR *X •••••••• *. ARRAY .* ..... . 
* * *. PACKED •• 
*************** *..* ..... 

.*.*.K4 ••• *.*.*.* K5 *. 
*COMPARE DEF [NED. • * * • 
.LENGTH AND POS • •• BASE *. 

WlTrl BASE •••••••• ·.X.. GREATER •• 
LENGTH * *. •• • • *..* •• *.*.** ••• ****.* •. . • • YES 

.! •• 
* * : Al : .... 
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Table JK. Phase JK Aggregates structure Processor 
r-----------------------------------r---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Scans AUTOMATIC" STATIC, and I SCNCHN I ADRDV" CHKDEF" MKDVD., MKRDV., I 
ICONTROLLED chains I IPROCDT, PROCST., SETBRF, TERMWS I 
~-----------------------------------+-------------~-+-----------------------------------~ 
IProcesses DEFINED items ICHKDEF ICMPIL1, INOBJ. PROCDT., PROCST" I 
I I I STBASE I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses structures (calculates IPROCST ICMPIL1, INOBJ., ELSIZ I 
I offsets, multipliers, sizes, I I I 
lalignments and padding; generates I I I 
lobject code) I I I 
.-----------------------------------+---------------+-----------------------------------~ 
I Processes arrays (calculat.es mul- I PROCDT I CMPIL1, INOBJ, LOADCN, SP54 I 
Itipliers and generates object code I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates storage offsets for IPS25 ICMPIL1 I 
ladjustable items in structures I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates storage offsets for IALVACA ICMPILl I 
ladjustable arrays I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Icalculates storage offsets for IALVACI ICMPILl I 
ladjustable strings I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Generates code to initialize string I SVARY I CMPI,.,l., INOBJ" IPDV, VOBJC I 
Idope vectors for arrays of varying I I I 
Istrings in structures I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IGenerates code to initialize stringlVOBJC ICMPIL1,INOBJ, IPDV I 
I dope vectors for varying" non- I I I 
Istructured arrays I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates code to calculate the ISTBASE ICMPIL1 I 
Istarting address of storage for J I I 
loverlay defined items I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds text skeletons to the output ICMPIL1 I None I 
I stream I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries for dope IMKDVD IELSIZ I 
Ivector descriptions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entries for recordlMKRDV IMKCNST, CMPIL1 I 
Idescription vectors I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates code to set the address IADRDV IINOBJ, CMPIL1 I 
lin a record description vector at I I I 
lobject time I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates the length and alignrnentlELSIZ I None I 
lof scalar data items I I I L ___________________________ - _______ ~ _______________ ~_----------------__________________ J 
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rable JK1. phase JK Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

I 

ADRDV (JL) Generates addressing code for ~UTOMATIC RDVs. 

ALVACA (JL) 

ALVACI (JL) 

CHKDEF (JM) 

CMPIL1 (JL) 

ELSIZ 

INOBJ (JL) 

IPDV (JJvl) 

LOADCN (JL) 

MKDVD 

MKRDV (JM) 

Calculates storage offsets for adjustable arrays. 

Calculates storage offsets for adjustable strings. 

Processes DEFINED items. 

Adds text skeletons to the output stream. 

Determines size of storage required for structure base elements. 

Initializes object code statements. 

Generates code to set up primary dope vectors. 

Generates object code to load object registers with constants known 
at compile time. 

Makes dictionary entries for DVDs. 

Makes dictionary entries for RDVs. 

NXTREF/NXTRF1 (JM) Gets the next structure base reference. 

PROCDT (JM) 

PROCST 

PS25 

CHNSCN (JL) 

SETBRF (JL) 

SETDVS 

SP54 

STBASE (JM) 

SVARY (JL) 

Processes arrays. 

Processes structures. 

Calculates storage offsets for adjustable items in structures. 

Scans AUTOMATIC, STATIC, and CONTROLLED chains. 

Sets the reference to the current entry type 1. 

sets the dynamic dope vector size for non-adjustable structures. 

Calculates base element multiples. 

Generates code to initialize starting address storage for overlay 
defined items. 

Generates code to initialize string dope vectors for arrays of 
varying strings in structures. 

ITERMWS (JL) Terminates object code. 
I 
IVOBJC (JL) Generates code to initialize string dope vectors for varying, non-
I structured arrays. L __________________ L ___________________________________________________________________ _ 
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Table JP. Phase JP Translator Defined Check 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
r-----------------------------------t---------------t-----------------------------------~ 
I Scans DEFINED chain; checks I IEMJP I GETCLS" GETLTH." STRCMP I 
I validity I I I 
r-----------------------------------t---------------t-----------------------------------~ 
IChecks that two structure descrip- ISTRCMP I None I 
Itions are the same and that they I I I 
Imay be validly overlaid I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

rable JP1. Phase JP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/subroutine I Function I 
r------------------t--------------------------------------------------------------------~ 
IGETCLS IAnalyzes structure descriptions, and checks that all elements are ofl 
I Ithe same defining class. I 
I I I 
IGETLTH Obtains length of string or numeric field from associated dictionary 
I entry. 
I 
IIEMJP Controlling scan of DEFINED chain; checks validity. 
I 
JP8 Tests whether defined item is packed. 

JP20 Tests whether base defined item is adjustable. 

JP200 Tests whether item is a structure. 

JP540 Tests whether defined item is coded arithmetic. 

JP541 Compares base and defined item. 

JP542 Tests whether defined item is dimensioned. 

JP543 Tests whether base code is arithmetic. 

ISTRCMP Compares structure descriptions. L __________________ L-----_____________________________ ---______________________________ _ 

Table JZ. Module JZ Compiler Control 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Function I Routine I Routines Used I 
r-----------------------------------t---------------t-----------------------------------~ 
IReconstructs the phase directory II£MJZ IRLSCTL, ZUPLe ZEND I 
Ifor the second half of the compiler I I I 
I I I I 
IEntry to OS/360: BLDL I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

168 



Chart 07. Pseudo-Code Logical Phase Flowchart 

***** 
*07 * 
* Al* 
* * * 

X 
*****A 1 ********** 
*SCAN LA* 
*-*-*-*-*-*-*-*-* 
* UTILITY * 
* SCANNING * 
* PHASE * 
***************** 

x .*. 
til *. *****B2********** 

.* *. *INITIAL LB* 
.* DYNAMIC *. YES *-*-*-*-*-*-*-*-* 

*. I NI T IAL • * •••••••• X* CONSTRUCT * 
*. .* * TRIPLES FOR * 
*..* *DYNA'1IC HHTIAL* 

* •• * ***************** * NO 

: x •••••••••••••••••••••••• : 
x 

.*. 
Cl *. *****C2********** 

.* *. *INITIAL LO* 
.* STATIC *. YES *-*-*-*-*-*-*-*-* 

*. INITIAL .* •••••••• X* CONSTRUCT * 
*. .* * TRIPLES FOR * 
*..* *STATlC INITIAL * 

* .. * ********I(c******** * NO 

: x •••••••••••••••••••••••• : 
x 

• *. 
01 *. *****02********** 

.* *. *00 EXPANSION LG* 
.* DO *. YES *-*-*-*-*-*-*-*-* 

*. STATEMENTS .* •••••••• X* EXPAND 
*. .* * 00 LOUPS 

*. . * $: * 
* •• * ***************** 

* 

: X •••••••••••••••••••••••• : 

x 
*****E 1 ********* * 
*EXPN EVAL LR,LS* 
*-*-*-*-*-*-*-*-* 
*CONVERT EXPR- * 
*ESSION TRIPLES * 
*TO PSEUDO-CODE * 
***************** 

X 
*****F 1********** 
*STRING UTILS LV* 
*-*-*-*-*-*-*-*-* 
* PROVIDE * 
*STRING HANDLING* 
* FACILITIES * 
***************** 

**** 
* *. * Gl *.x. 
* **** * x 

. *. Gl *. *****GZ********** 
.* ANY *. *STRING HANOL LW* 

.* STRING *. YES *-*-*-*-*-*-*-*-* 
*. EXPRESSIONS .* •••••••• X* CONVERT * 

*. .* *STRING TRIPLES * 
*..* * * 

* •• * ***************** * NO 

: X •••••••••••••••••••••••• : 
x 

• *. 
Hl *. *****H2********** 

.* ANY *. *PSEUDO-VARS MB* 
.*PSEUDO-VARS*. YES *-*-*-*-*-*-*-*-* 

*. OR MULTIPLE .* •••••••• X* CONSTRUCT * 
*. ASSIGNS .* *PSEUDO-CODE FOR* 
*..* *PSEUDO-VARIABLS* 

* •• * ***************** * NU 
**** 

• * * •• X* Gl * 
X ****** 

• *. 
Jl *. *****J2********** 

.* ANY *. *IN-LNE MG,MI,MK* 
.* IN-LINE *. YES *-*-*-*-*-*-*-*-* 

*. FUNCTIONS .* •••••••• x* CONSTRUCT * 
*. .* *PSEUDO-CODE FOR* 
*..* *IN-LINE FUNCTNS* 

* •• * ***************** * NO 

•••••••••••• x 
.*. A3 *. *****.A4********** 

.* ANY *. *CALLS & FNS ML* 
.* GENfRIC *. YES *-*-*-*-*-*-*-*-* 

*. ARGUMENTS .* •••••••• X* PRJCFSS 
*. .* * GENFPIC 
*..* * ENTRY NI\~ES * 

* .. * ******~********** * NU 

x .*. X 
53 *. *****B4********** 

.* ANY *. *CALLS 1; F"lS MM* 
.* FUNCTION *. YES *-*-*-*-*-*-*-*-* 

*. REFERENCES .* •••••••• X*PPOCESS CALL * 
*. .* *& FN PROCEDURE * 
*..* * INVOCATllJr.JS * 

*. • * ***************** * NO 

X 
*****C4********** 
*STR Ir.JG LV* 
*-*-*-*-*-*-*-*-* 
* PROVIDE * 
*STRING HI\r.JDLING* 
* FACILITIES * 
***************** 

:X ........................ : 
x 

• * • 
03 *. *****04********** 

.* NEED *. *BUY & SELL MP* 
.* TO *. YES *-*-*-*-*-*-*-*-* 

*REORDER STRING.* •••••••• x* REORDER 
*. BUYING •• * BUY I\~O SELL 

*.CODE .* * STATEMENTS * 
* •• * **.************** * NO 

:x ..........••......•..•.. : 
x 

.*. 
E3 *. *****E4********** 

.* *. *SUBSCRIPTS MS* 
.* ANY *. YES *-*-*-*-*-*-*-*-. 

*. SlJBSCRIf-TS .* ........ X* COr.JSTRUCT * 
*_ .* * PSEUDD-CI10f * 
*..* *FOR SUBSCRIPTS * 

*. • * *.**.************ 
• NO 

: X •••••••••••••••••••••••• : 

x 
*****F3********** 
*BR,ON,RETNS NA. 
*-*-*-*-*-*-*-*-* 
* MAKE PSEUDO-. 
*CODE FOR BRAN- * 
*CHE S, RETURN, ETC. 
.****.******.**** 

x 
.* • 

G3 *. *****G4********** 
.* *. *O/S SERVICES NG* 

.* DISPLAY *. YES *-*-*-*-*-.-*-.-* 
*. OR DELAY •••••••••• X* MAKE LIB CALL * 

*.STATEMENT.* .SEQS FOR DELAY * 
*..* *r. DISPLAY STATS* 

* •• * ******.********** * NO 

:X •••••••••••••••••••••••• : 
X 

.* • 
H3 *. *****H4********** 

• *.. *RECORD-I/O NJ* 
.* ANY *. YES *-*-*-*-*-*-*-*-* 

•• RECORO-1I0 .* ........ X* MAKE LIB CALL * 
*. .* *SEQS FOR STREAM* 
*..* * ORIENTED 110 * * .. * .**************** 

* NO 

:X ........................ : 
x 

.* • 
J3 •• *****J4*.**.***** 

.* ANY *. *STREAM-1I0 NM* 
.*STREAM-IIO.*. YES *-*-*-*-*-*-*-*-* 

•• *.OPe~OS~R .*.* •••••••• X:S~~~EF~kBSf~~kM: 
*... * ORIENTED 110 * 

*. •• **.****.********* 
* NO 

: •••••••••••••••••••••••• X: ••••••••••••• : 
:X •••••••••••••••••••••••• : 
x .*. 

K3 *. *****K4*****.**** 
.* ANY.. *DATA FORM NT,NU* 

.* DATA OR *. YES *-*-*-*-*-*-*-*-* 
*. FORMAT .* •••••••• X* MAKE LIB CALL * 

*. LISTS .* *SEQS FOR DATAl * 
*..* * FORMAT LISTS * 

* •• * ***************** * NO 

X 
*****B5* ********* 
*COMPILER ~NS OB* 
*-*-*-*-*-*-*-*-* 
* PROCESS * 
*CJ~PILER ~r.JS & * 
*PSEUOO-VARIABLS* 
***************** 

X 
*****C5********** 
*ASSIGNMENT Of* 
*-*-*-*-*-*-*-*-* 
* CUNSTRUCT * 
*PSE~OO-CODE ~OR* 
* ASSIGN'1F"'T<; * 
*****.*********** 

X 
*****D5********** 
* I<ELEASE * 
* UTlLlTI~S, • 
* IF"'LA, A/>.jD * * I E'lL V * 
* * *********** •• **** 

x 
*** **E 5********** *LIBRAI<Y CALL OG* 
*-*-*-*-*-*-*-*-* 
* GENERAT~ * 
*L IBRARY CALLlNG* 
* SEQUENCES * 
***************** 

X 
*****F 5********** 
*CONSTANTS OS* 
*-.-*-*-*-*-*-*-* 
*Cl1"1VERT CONSTS* 
* TO REQUIRFD * 
* INTER"IAL FORM * 
*.***.*********** 

x 
***** 
·OB * 
*.A1* 

* 

: ••••••••••••••• '\ •••••••• X: ••••••••••••• : 
Sect10n 3: Charts and Routine Directories 169 



Chart LA • Phase LA Overall Logic Diagram 

••••• ·LA • 
• AI. • • • 

X 
••••• AI· •••• ••• •• 
• INITIALIZE • 
:FLAX~b rgl~TERs: 
., ADDRESS • 

• * *** ••• *.***.*.*** 

X 
*****B 1* •• ***.**. 
* * * TRANSFER TO * 
* APPROPRIATE * 
* SCAN ROUTI NE * 
* * *.*************** 

x 
••• ** 
*LB • * AI* 
* * • 

NOTE: 

THESE ROUTI~ES ARE SCAN 
ROUTINES CALLED BY 
COMPILER PHASES IEMLB 
THROUGH I EMOE. 

MV1, MV2 
MV4,MV4A 

*·***B3*···*·**** 
* MOVE SOURCE • .***B4* •• ** ••• * 
• TEXT FROM.. • 
* INPUT BLOCK ••••••••• X. RETURN • 
.TO OUTPUT BLOCK* X * * 
• * .**** •• ** •••• ** 
•• * •••••••••• *.** 

MV 
3 '~~~:C 3* •• ******. 
• • • MOVE USER. • 
.GENERATED TEXT * •••••• 
• TO OUTPUT BLOCK* 
* • 
• *.*** •••• *.****. 

SC2 SC3,SC5 SCI 
.**.*01.********* *****D2***.*****. *****03.** ••••••• 
* * * *. • .*··04** •• ***** 
• MOVE CURRENT * • UPDATE TO. • SCAN FOR *. * 
• TRIPLE TO ••••••••• X* NEXT TRIPLE ••••••••• X* RFQUESTED * •••••••• X. RFTUR'J * 
• OUTPUT * * * * TRIPLE * * * 
* * * * * * *************** 
•• ***.***** ••• **. .*.* •• *.**.* •• *** .* ••••• ****.***** 

SC4,SC6 .* • 
• ****El********.* *.**.E2.********* E3 *. 
* * * * .* *. ****E4********* 
* MARK CURRENT * * ACCFSS * .* WAS ENTRY *. NO * * 
• INPUT BLOCK * •••••••• X* NEXT * •••••••• X*.AT SC6 OR SC7.* •••••••• X* RETURN * 
* WANTED '" * TRIPLE * *. .* ~ * * 
• * * * *... *.*** •• **.*.*** 
*.********.****** **********'«*****>Co *. • * 

X * YES 

SC5,SC7 x 
*****F 1********** * >Co 
* MARK CURRENT • • 
• INPUT BLOCK * •••••••••••••••••• * NOT WANTED • 
* * .** •• * •• *.***.*** 

:****F 3 **u**** *! 
* IDENTIFY * • 
• NEW TRIPLE ••••••• 
* * • • •••• *.*********** 

sce t.~il~~1 **.*****.* •• * •• G2 ••• ******* G3' *. *. *****G4********** 

SC9 

* .. * UPDATE INPUT * .* *. * ,~OVE THE * ****~5****.***. 
• MARK CURRENT * • POINTER TO * •• WAS *. Ill) .CODE Df:LI"1ITEO * * * 
• INPUT BLOCK * •••••••• X*REGISTER STATUS* •••••••• X.. ENTRY AT .* •••••••• X* BY JMP TRIPLF * •••••••• X* RETURN * 
• WANTED * * BYTES * *. SCIOA .* *TO !)uTPUT BLOCK* X * * 
* *. * *.. * • • ***** •• *.****** 
************:6:**** ***************** *. . * ***************** 

•• ***Hl**·*****·· * • * MARK CURRENT * 

x * YES 

• INPUT BLOCK * •••••••••••••••••• 
* NOT WANTED .. 

• * .*********.****** 

5CI0 
*** •• Jl******.*** *****J2* *******.* 
* CONVERT THE * * * *.*.J3*.******* 
* SYMBOLIC * * ADJUST * * * 
• INPUT POINTER ••••••••• X.PARAMtTER BlileK* •••••••• x* RETURN • 
• TO ABSOLUTE * * * * * 
• •• * .************** 
•• ***********.*** ***************** 
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Chart LB. Phase LB Overall Logic Diagram 

**.*. 
·LB • 
• A2· 
• * • 

SCAN X 
*****A2********** 
• SCAN TEXT FOR • 
• PROC, BEGIN, • 

••• •••••••••••••• x* ALLOC', EJP .X ••••••••••••••••••••••••••••••••••••••••••• 
• TRIPLES * 

• * .**************** 

x .•. 
B2 * • 

. * * . 
• * WAS *. 

*. EOP TRIPLE •••••••••• 
*. FOUND .* X 
*..* ***** 

* •• * *LD * 
• NO * Ai* 

SF SCAN X 
*****C2********** 
* * * SCAN TEXT FOR * 
*SN2 STATEMENTS * 
* * * * ***************** 

X 
*****D2********** 
* * 

* * * 

• YES 
. *. 

04 *. 
.* *. 

NO.* END OF * • * DELETE * 
*IDV STATEMFNTS * 
* * 

•••••••••••••••• •• *. AUTOMATIC .* 
*. CHAIN .* 

* * ***************** 
*. .* 

* .• * 
* X 

X 
*****El ********** E2' *. *. SCA~I~**E 3*~*******. **.*.E4*********. 
* MAIN * .* WAS *. * * * MAIN * 
.-*-*-.-*-*-*-*-* YE S • * ALLOCATE *. NO * SCAN DOWN * *-*-.-*-*-*-*-*-* 

PROCESS *X •••••••• *. TRIPLE .* •••••••• X*· AUTOMATIC ••••••••• x* PROCESS 
ANY INITIAL * *. FOUND .* * CHAIN * • ANY INITIAL 

* ATTRIBUTE * *..* * *. ATTRIBUTE * 
**.*.* •• ********* * •• * .***.************ *.**.**.**.****** 

* 

.*. 
GZ *. 

****Gi********* • * *. ****G3********* 
* ENTRY * .* IS *. NO * * 
* TO MAIN * •••••••• X*. INITIAL .* •••••••• x* RETURN * 
* * *. FLAG ON .* * * 
******.***.**** *.. * *************** * .. * x * YES 

x 
.*. ARRENT. 

H2 *. *****H3********** 
.* *. * * 

.* IS *. YES * DELETE * 
*. ITEM AN .* •••••••• x* INITIAL * 

*. ARRAY .* * ATTRIBUTE * 
*..* * * * •• * **.*************. * NO 

MAIN X 
*****J2********** * • 
• LOCATE * 
* INITI AL ENTRY * 
* * * * *"'*"'****"'******** 

CNSTWK X 
*****K2********** * OUTPOT * ****K3********* 
* SN2 AND * * * 
* ASSIGNMENT * ........ X. RETURN * 
* TR I PLE S * * * 
* * *************** 
***************** 
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Chart LD. 

***** 
*LO * 
* Al* 
* * * 

STATIC x 

Phase LD Overall Logic Diagram 

*****Al********** 
* SCAN STATIC * 
* CHAIN FOR * 

••• x* INITIAL * 
* ITEMS * 
* * ***************** 

:ST0006 x 
*****61********** 
* LOCATE * * INITIAl * 
* VALUE * 
* STRING * 
* * ***************** 

x 
.*. GAAI .*. CNSTWK 

Cl *. *****C2********** C 3 *. *****c 4********** 
.* IS *. * SCAN * .* IS *. * ORTAI~ * 

.* DATA *. YES * INITIAL * .* ITEM A *.'lO * CDRRfCT E'IJTRY * 
*. ITEM AN .* •••••••• X* VALUE * •••••••• x*. REP .* •••••••• x* LlIII * 

*. ARRAY .* * STRING * *. FACTOR .* * CJN5TA~T * 
*..* * * *..* * CHAI~ * 

*. • * ***************** *. • * ***************** * NO * YES 

:CNSHIK x 
*****01********** 
* OBTAIN * 
* CORRECT ENTRY * 
* ON * * CONSTANT * 
* CHAIN * 
***************** 

:ST9999 x 
*****El********** 
* MAKE SLOT * 

CNVFRT X 
*****03********** 
* * * CONVERT TO * 
* FULL WORD * 
* BINARY * 
* * ***************** 

ARRENT X 
*****1' 3********** 
* * 

GAC3 X 
*****04********** 
* MAKE SLJT * 
* FOR * * cnIllVERTE~ * 
* CONSTANT * 
* * ***************** 

* FOR * * SET UP * . 
* CONVERTED '" 
* CONSTANT * 
* * ***************** 

:ST0068 i 
*****Fl********** 
* RESET * 
'" INITIAL '" 
* VALUE * 
• ENTRY * 
* * ****.************ 

x .*. 
Gl * • 

• * *. 

* TABLE OF *X ••••••••••••••••• 
* ENTRIES * 
* * ***************** 

STl'006 X 
***·*F3********** * POINT * * INITIAL * 
* VALUE SLOT * * TO TARLE * 
* * **"'************** 

• NO .* END *. • 
•••• *. OF CHAIN .*K ••••••••••••••••••••••••••••••••••••••••••• 
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Chart LG. Phase LG Overall Logic Diagram 

***** 
*LG * 
* Al* 
* * * 

**** 
* * * A3 * 
* * **** 

LGOOO(' X 
x .*. L:ii"\l'Z2,COOE3 

*****Al********** 
*INITIALIZATION * 
* GET SCRATCH * 
* STORAGf FOR * 
* -DO BLOCKS * 
* * ***************** 

A3 *. *****A4********** 
.* *. * * **** 

.* *. YES * GENERATE TEST * * * 
*. WHILE' .* •••••••• X* CODE FRO'1 00 * •••• x* Bl * 

*. .* * STACK ENTRY * * * 
* .. * * * **** 

*. • * ***************** * NO 

LGC002 K LGOO 10 X 
*****61********** 
* LA * *-*-*-*-*-*-*-*-* 

*****83********** 
* * * RELEASE * 

•• x* USE SCI TO * *SCRATCH STORAGE* •••••••• 
*LOOK FOR TRIPLE* 
* OF INTEREST * * * x 

* * ***** 
• ***************** ***************** *LS * 

* Al* **** 
* * * 81 * * * * * * **** x .*. LGOUI3 

Cl *. *****Cz********** 
.* *. * PUSH DOWN DO * 

.* *. YES * STACK AND * 
*. DO .* •••••••• X* INITIALIZE * 

*. .* * NEW STACK * 
*..* * ENTRY * 

* •• * ***************** * NO 

x 
.*. LGOOll 

**** 
• * * •• x* 81 * 

* * **** 

01 *. *****02********** *****03 ********** 
.* *. * PUSH DOWN DO * * SCAN CONTROL * • **** 

.* *. YES * STACK AND * * VARIABLE TEXT * l( * * 
*. ITDO .* •••••••• X* INITIALIZE * •••••••• X* AND SET UP * •••• X* Bl * 

*. .* * NEW STACK * * SKELETON IN * * * 
*..* * ENTRY * * STACK ENTRY * **** 

*. • * ***************** ****************'* * NO 

x 
.*. LG0012 

El *. *****E2********** .* *. * GENERATE LOOP * U** 
.* DO' *. YES * CLOSING CODE * * * 

*. OR ITOO' .* •••••••• X* AND POP UP * •••• X* 81 * 
*. .* * DO STACK * * * 
*..* * * **** 

*. • * ***************** * NO 

x 
.*. LG0015 EXPEVL 

F 1 *. *****F2 ********** *****F3********** 
.* *. * ALLOCATE * * * 

.* CONTROL *. YES * SYMBOLIC REG * * ANALYZE THE * 
*. VARIABLE .* •••••••• x* FOR LOOP * •••••••• X* EXPRESSION IN * 

*. .* * CLOSE * X * ENSUING TEXT * 
*..* * * * * 

*. • * ***************** ***************** * NO 

x .*. 
Gl *. 

.* * . • * *. YE S • *. TO,BV .* ............................... . 
*. .* *. .* * •. * * NO 

x 

x 
**** 

* * * Bl * 
* * **** 

.*. LG0024 .*. CODEZ 
HI *. *****H2********** H3 *. *****H4**.*.*** •• 

• * *. * GENERATE TEXT * •• *. * * 
.* TO',BY', *. YES • TO ASSIGN * •• END OF •• YES • GENERATE TEST •• 

*. OR DO .* •••••••• x* PRECEDING * •••••••• X*ITERATIVE PART •••••••••• X. AND ••••• 
•• EQUALS .* * EXPRESSION TO • *. OF THIS .* * COUNT CODE * 
*..* * A TEMPORARY • *.SPEC •• * * 

* •• * ***************** * •• * ***************** 
* NO * NO 

x .*. LG0021 
Jl *. ** ••• JZ********** 

.* *. *SAVE LOOP ENTRY* 
.* *. YES * AND NEXT • 

•• WHILE •••••••••• X* SPECIFICATION * *. .* " LABEL REF IN • 
*..* * DO STACK * 

* •• * ***************** * NO 

x 
•• ** • * * A3 * 

* * **** 

x 
**** 

* * * Bl * 
* * **** 

x 
** •• • * 

• 61 * * • 
**.* 
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Chart LS. Phase LS Overall Logic Diagram 

***** 
*LS * 
* Al* 
* * * 

it 
*****Al ********** 
* INITIALIZE * 
* WORKSPACE * 
* AND TEMPORARY * 
* DESCRIPTION * 
* STACK * 
***************** 

**** 
* *. * Bl *.X. 
* * 

LBO **** it 
*****Bl********** 
* LA * *-*-*-*-*-*-*-*-* * USE SCI TO * 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

it 
.*. EOP2 

Cl *. *****C2********** 
.* *. * MARK NEXT * 

.* END OF *. YES * PHASES IF * 
*. PROGRAM .* •••••••• X* WANTED AND * •••••••• 

*. .* * RELEASE LS * X 
*..* * * ***** 

* •• * ***************** *LV * 
* NO * Al* 

x 
• *. 

01 *. • * *. 
LBE2l • * • 

02 * • 

* * * 

.* *. **** .* OPERAND *. NO * * NO .*EXPRESSION *. 
•••••• TYPE TRIPLE .* ••• X*. CONVERSION .* •... X* F3 * 

*. .* *. . * * .. * * YES 

:ARITH it 
*****El********** 
* * * SET UP * 
* OPERAND * 
* DESCRIPTIONS * 
* * ***************** 

*.REQUIRED .* * * 
*..* **** * •. * * YES 

it 
.*. CONST 

E2 *. *****E3********** 
.* *. * CREATE * 

.* IS *. YES * DICT IONARY * 
*. OPERAND .* •••••••• x* ENTRY FOR * 

*A CONSTANT.* * TARGET * 
*..* * CONSTANT * 

*. • * ***************** * NO 
**** 

* *. * F3 *.x. 
* * 

it :CONVT x **** 
ARITH2 

it 
.*. LBFLI 

*****Fl********** 
* * * DETERMINE * 
*CHARACTERI STICS* 
* OF RESULT * 
• * 
***************** 

x 
.*. 

Gl *. .* *. .* STRING *. NO • 
*. TYPE .* •••••• 

*. RESULT .* 
*. .* * •• * * YES 

:STRING it 
*****Hl********** 
* OUTPUT * 

• * NECESSARY * 
••• x* TRIPLES AND * 

* TEMP * 
* DESCRIPTIONS * 
***************** 

: X ••••••••••• 

RELSTK X 
*****Jl********** 
* RELEASE * 
* TEMPS USED * 
* FROM TEMP * 
* STACK * 
* * ***************** 

X 
*****Kl********** 
* ADO ANY * 
* RESULT TEMPS * 
* TO TEMP * 
* STACK * 
* '" ***************** 

174 x 
**** 

* * * 81 * 
* * **** 

F3 *. *****F4********** 
.* *. * GENERATE * 

.* *. NO * PSEUDO-CODE * 
*****F2********** 
* CALCULATE * 
* BASE. SCALE * 
* MODE. PREC.. * 
* OF TARGET * 

••• X*. FIXED POINT .* •••••••• X* FOR FLOAT * 

* * *****.*.********* 

X 
*****G2********** 
* SET UP TO * 
* GET OBJECT * * TIME * * WORK·SPACE * 
* FOR TARGET * 
***************** 

ASSIGN X 
*****H2********** 
* GENERATE * 
* ASSIGN TRIPLE * 
* OF SOURCE * 
* TO TARGET * 
* * ****************. 

*.OPERANDS .* • EXPRESSION * 
*..* * * 

*. • * ***************"'* 
* YES 

X 
*****G3********** 
* * * CALCULATE * 
* SHIFT FOR * 
* ALIGNMENT * 
* * ***************** 

j. FXCI X 
H3 *. *****H4********** .* *. * GENERATE * 

.* FIXED *. NO * PSEUDO-CODE * 
*. DECIMAL .* •••••••• X* FOR FIXED * 

*. .* * BINARY * 
*..* * EXPRESSION * '. .' ................ . 

* Y~S 

X :ASSIGN it 
*****J2********** 
* REVERSE * 
* SOURCE AND * • 
* TARGET IN * •••••• 
* TEMP STACK * 
* IF NECESSARY * 
***************** 

.****J3********** 
* GENERATE * 
* ASSIGN TRIPLE * 
* FOR DECIMAL * 
* SHIFT IF * 
* NEEDED * 
***************** 

x X 
*****K3********** *****K4********** 
,* GENERATE * * COMMON * 
* PSEUDO-CODE * * WORKSPACE FOR * 
• FOR FIXED * •••••••• X* TEMPS USED * 
* DECIMAL * * IF POSSIBLE * 
* EXPRESSION * * * 
***************** ***************** 



Chart LV • Phase LV Overall Logic Diagram 

••••• • LV • 
• AI. 
• • • 

STUTO X 
· ... ·Al·········· • INITIALIZE • 
• COMMON • 
• TRANSFER • 
• VECTORS • • • ••••••••••••••••• 

x * •••• 
·LW • 
• AI· • • • 

····A2········* 

• * • ZSTUTl • 

• * ••••••••••••• *. 

NOTE: 
THESE TWO ROUTINES ARE 
THE STRING UTILITIES. 
THEY ARE CALLED BY 
COMPILER PHASES IEMLW 
THROUGH I EMOG. .···Alt.""., •••••• 

• * * ZSTUT2 * • • • ••••••••• ***** 

x •.•........ x: 
STRUll ... : STRUT2 X 

82 *. • •••• S3 ••• * •• * •• * 
.* IS *. * CREATE NEW • 

•• SOURCE *. YES * DICTIONARY • 
•• OPERAND A .* •••••••• X* ENTRY FOR •••••• 

•• CONSTANT .* • CONSTANT * 
*..* * • 

* •• * .* •••• ********.** * NO 

X 
LSUTl7 • *. 

C2 *. .****C3**** •••••• 
•• RESULT •• • • 

• * STRING *. YES * CONSTRUCT * 
•• LENGTH •••••••••• X. BUY-ASSIGN • 

*. > 256 .* * TRIPLE * 
*..* * * •• •• ***.*.*.** ••••• ** 

• NO 

LSUT27 X 
*.***02·**··*.*·* 
* * • CONSTRUCT * 
* ASSIGN * 
* TRIPLE * 
* * .*****.** •••• **.* 

:X •••••••••••••••••••••••• : 
LSUT26 X 

*****E2********** 
* GENfRATE * 
* ASSIGN ANO * 
* ANY TMPD * 
* TRIPLES * 
* * .................. 

:x .................................... : : 
x 

LSUT 22 • *. 
F2 *. 

.*STRING * • 
• *!lOPE VECTOR*. YES • 

*. RESULT .* •••••••••••••••••••••••••••••••• 
•• REQUIRED .* 

*. .* 
* •. * * NO 

X 
*****G2***·****** 
* RfTURN * 
* DESCRIPTION * 
* OF RESULT * 
* STRING * 
* * ****************. 

X 
*.**H2··***·**. 

• * * RETURN * 
* * *************** 

·.·*·S4.** ••••• *. 
.OETERMINE TYPF * 
.OF STRING DOPE. 
• VECTOR • 
• REQUIRED • • • •••••••• * •••••••• 

X 
..···C4* ••• **.**. 
• GENERATE • 
• PSEUDO-COOE • 
'" TO INITIALIlF '" 
• DOPE VECTOR • 
• IF REQUIRED • .* ••••• * ••••• * •• * 

X 
••• ·*04 •• *.**.*.* 
* SET DOPE • 
• VECTOR • 
* REQUIRED BI T * * ON I~ DIeT * 
* FOR STRING • 
***.*.******.**** 

X 
***·.E4********** 
* INCREMEtliT * 
• RETURN ADDR • 
• DEPENDItliG • 
• ON TYPE OF • 
• DOPE VECTOR • 
• "'."''''''' •• * ....... *."'* 

X 
.·**F4********· * • * RETURN • 

• * *************** 
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Chart LW. Phase LW Overall Logic Diagram 

***** ·LW • 
• Al* 
* * * 

BEGIN X 
*****Al********·· 
* * * * * INITIALI ZE * 
* * * * ***************** 

: x ••••••••••••••••••••••••••••••••••••••••••••••••••• 
X 

*****B 1 ********** * LA * *-*-*-*-*-.-*-*-* 
•• x* USE SCI TO • 

*LOOK FOR TRIPLE* 
* OF INTEREST * 

• ***************** 
**** 

* * * Bl * 
* * **** x 

.*. LB 
C 1 *. *****C2********** 

.* *. * * 
• * END OF *. YES * MARK * 

*. PROGRAM .* •••••••• x* PHASE MP * •••••••• 
*. .* * IF WANTED * X 
*..* * * ***** 

*. • * *****"'*********** "'MEl * * NO * A 1 * 

x 
• *. FUNT .*. 

01 *. 1)2 *. 
.* *. .* *. 

.* STRING *. NO .* ROOL *. YES 
*. OPERATION .* •••••••• x*. FUNCTION .* •••• 

*. .* *. .* 
*..* *..* 

* .. * * .. * * YE S * NO 

STROP X 
*****E 1********** 
* * * SET UP * 
* OPERAND * 
* DESCRIPTIONS * 
* * ***************** 

X 
*****F 1********** 
* * * DETERMINE * 
*CHARACTERI STICS* 
* OF RESULT * 
* * ***************** 

x .*. 
Gl ". 

.* ". NO.* OPERAND *. 
•••• *. CONVERSION .* 

*.REQUIRED .* 
*. .* * .. * * YES 

:lll x 
*****Hl********** 
*lSTUTI LV* 
*-*-*-*-*-*-*-*-* 
*GENERATE PSEUDO* 
*-CODE TO CONV- * 
'" ERT TO STRING * 
***************** 

: .......... x: 
x .*. 

Jl * • 
. * * • 

T5 X 
*****E2 ********** 
* SET FLAGS * * ETC. FO~ * 
* OTHER TRIPLE * 
* TYPES * 
• * 
***************"* 

X 
*****F2********** 
* * * MOVE TRIPLE * 
* TO * * OUTPUT * 
* * ***************** 

x 
**** 

* * * Bl * 
* * **** 

X 
*****H2********** 
* * * CREATE MASK * 
* FOR * 
* BOOL FUNCTION * 
* * ***************** 

• * STRING *. NO • 
*. LENGTH .* •••••••••••••••• x. *. KNQWN .* *. .* * •• * * YES 

**** 
* *. * K2 *.x. 

X * **** * • 
• *. LIBI X 

Kl *. *****K2********** 
.* *. * GENERATE * 

.* LENGTH *. YES * PSEUDO-CODE * 

* * * 

•••••••••••• x 
.". L I L? 

At. *. *****A5********** 
.* *. * GE"IERAT~ * 

.* \JOT *. YFS * PSEUDO-CODE * 
*. OPERATI:J"I .* •••••••• X* FOR * •••• 

*. .* • \jlT llPE~ATION * 
*. . * * • 

* •• * *********** •• **** 
" "lO 

x .*. LlL'I 
04 *. *****B5********** 

.* *. * GE"lERATE * .* C,l'ICAT *. Yf;S * PSFuoo-rOOE * 
*. OPE'\ATI.l1IJ .* ........ X* FOR * •••• *. .* * CJ"lCATENATII1N • 

*..* * OPERATI(lN * 
* •• * ***************** * 'U 

x ."'. C4 *. 
.* * . 

.* STRING *. NO 
*. LEIIJGTHS .* •••• *. f:jUAL .* 

*. . * * .• * 
'" YES 

x 
• * • 

04 *. 
.*STRING *. • **** 

.* LENGTHS *.\jJ X * * *. MULTIPLf .* .... x* K2 * *. OF 8.* * * 
*..* **** * .. * 

'" YES 

x .*. LlLP 
E4 *. *****E5********** 

.* *. * GE"IERATE * 
.* AI\JD-OR *. YFS * PSEUOO-CODF * 

*. OP[RATIO"l .* •••••••• x* FOR * 
*. .* * AI\JD-OR * 
*..* * OPEKATIDN * 

* •• * ***************** ,. I\JO 

: x •••••••••• : 

X RELSTK X 
*****F4********** *****F5********** 
'" GEI\JERAH '" * RfLfASf '" 
* PSEUDO-CODE * * ANY TE~PS * 
* FOR * •••••••• X* USED FROM * 
* CO'1PARf * X * TE"1P STACK * 
* OPERATION * * * 
***************** ***************** 

ADDSTK X 
*****G5********** 
* ADD * 
* ANY TEMPS * 

• •••• * (;REATFI) * 
* TO * * TEMP STACK * 
***************** 

*. > 256 .* •••••••• x* TO * ••••••••••••••••••••••••••••••• 
*. • * * CALL LIBRARY * 
*..* * * 

*. • * ******** ********* * NO 
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Chart MB. Phase MB Overall Logic Diagram 

***** 
*148 * 
* A1* 

* * * 

X 
*****Al********** 
*INIT I ALIZAT ION. * 
* LOAD SCRATCH. * 
* GET SCRA TCH * 
* STORAGE * 
* FOR STACK * 
***************** 

**** 
* *. * 81 *.X. .. ... x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

**** • X 
1480001 X 

*****B1********** 
* LA * 
*-*-*-*-*-*-*-*-* 
* USE SC1 TO * 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

X 
MBOOU4 .*. MBG011 

C1 *. *****C2********** *****C3********** 
.* *. * IDENTIFY * * SET LEVEL AND * 

.* PSEUDO- *. YES * PSEUDO- * * COUNT TO ZERO * 
*. VARIA8LE .* •••••••• X*VARIABLE. MAKE * •••••••• X* AND SET TRT * •••• 

*. PSI.* * STACK ENTRY * * TO SCAN FOR * X 
*..* *SET PSI SWITCH * * ARGUMENTS * 

*. • * ***************** ***************** * NO 

x 
.*. MB0012 .*. 

01 *. *****02********** 03 * • 
• * END *. * PLACE MARKER * .* IS * • 

• * PSEUDO- *. YES *AND TMPD ENTRY * .*PSEUOO-VAR *. NO • 
*. VARIA8LE .* •••••••• X* IN STACK. * •••••••• X*. A DATA LIST .* •••• 

*. PSI·.* * RESET TRT * *. ITEM.* X 
*..* * * *..* 

* •• * ***************** * •• * 
* NO * YES 

**** 
• * * •• x* J4 * 

X * **** * 
.*. MB0014 

E1 *. *****E2********** *****E3********** 
.* *. *FOR FIRST MULT * * SET TRT TABLE * 

.* MULTIPLE *. YES * ASSIGN MARKER * * TO SCAN FOR * • 
*. ASSIGNMENT .* •••••••• x* SAVE POINTER * •••••••• X*SIMPLE ASSIGN. * .... 

*. .* * TO CURRENT * *MOVE ANY TMPDS * 
*..* * STACK LEVEL * * TO STACK * 

*. • * ***************** ***************** * NO 

**** 
* * * F4 * 
* * **** 

.~. MBuOl3 .*. 1461310 ~B1311 X 
Fl *. F2 *. *****F3********** *****F4********** 

.* *. .* MULT *. * RESET INPUT * *RESCAN ASSIGNS '" 
.* SIMPLE *. YES .* ASSIGN OR *. YES * POINTER TO * * AND ASSOCIATE * 

*. ASSIGNMENT .* •••••••• X*. PSV SWITCH .* •••••••• X* START OF * •••••••• X* TMPOS FROM * 
*. .* *. ON.* * SEQUENCE OF * X * STACK IN * 
*..* *..* * ASSIGNS * * REVERSE ORDfR * 

*. • * *. • * ***************** ***************** * "l0 * Nil 

x 
• *. "160020 

**** 
• * * •• x* B1 * 

'" * **** 

Gl *. *****G2********** 
.* *. * MAKE ENTRY * 

.* PSEUOO- *. YES * I"l STACK FOR * 
*. VARIABLE .* •••••••• X* ARGUMENT. * 

*.ARGUMENT .* *ADD 1 TO COUNT * 
*..* * * *. • * ***************** * NO 

x 
.*. 

HI *. .* *. 

x 
**** .. .. 

* Ell >I< 
>I< * 

**** 

x 
.*. M8134:J • 

G4 *. *****G5********** 
.* *. * RfSE'T MUL T * 

.* END OF *. YES * ASSIGN AND * 
*. STACK .* •••••••• x* PSV SWITCHES. * 

*. .* * ::LEAR STACK * 
*..* * * 

* •• * ***************** * ~O 

x 
:M61318 .*. 

H4 *. . .* *. 
NO.* END OF *. • NJ.* PSEUDIJ- *. 

••• *. PROGRAM .* 
*. .* *. .* * •• * x 

**** * YES 
* * * 81 * 
* * **** 

1460010 X 
*****Jl********** 
*RELEASE SCRATCH* * STORAGE. * 
* RELEASE * 
* IEMMB, IEMMC * 
* * ***************** 

x 
****.* 
*MG * * Al'" 
* * * 

• ••• *. VARIABLE .* *. T"IPD .* *. .* 
* •• * * YES 

**** 
* *. * J4 *.X. 
* * **** . ..,61320 X 
*****J4********** 

**** * * 
* * * GENERATE c!Joe * 
* F4 *1( •••• * FOR PSEUDO- * 
01< * * VARIABLE * 

***'* * * 
*****'************ 
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Chart MG. Phase MG Overall Logic Diagram 

••••• • MG • 
• AI· 

* * . 
X 

*****AI·*****··*· 
• LOAD PHASE MH • 
• AND * .8ASE REGISTER. • 
*08TAIN SCRATCH. 
• STORAGE • 
• *****.**** •••••• 

*.** * •• 
• Bl •• x. * • .x ••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••• 
***. x X 

**···81····*·**·· 
* PHASE LA • 
*-*-*-*-.-*-.-*-. 
* USE SCI TO • 
*LOOK FOR TRIPLE* 
• OF INTEREST * 
**.* ••••••••• ***. 

x 
••• LFAKIN ••• LFARII 

Cl •• C2 •• • •••• C3 •• * ••••••• 
•• IS *. •• IS •• • MAKE ENTRY * 

•• IT A •• YES •• CODE TO •• YES * IN STACK. * • 
•• FUNCTION •••••••••• X*. BE PRODUCED .* •••••••• X* MODIFY SCAN * •••• 

*. TRIPLE .* BY THIS PHASE * PARAMETER • X 
*..* *..* * * 

*. •• *. •• ********* •• *.**** 
* NO • NO 

x 

.*** 
• * * •• x* Ell * 

* * **** 
.*. LFIGN .*. 

Dl *. D2 *. ****.03*.* •• ***** 
.* IS *. .* IS *. * • 

• * IT AN *. YES .* iT IN *. YES • REMOVE TRIPLE * • 
*.IGNORE TRIPLE.* •••••••• X •• AN IN-LINE •••••••••• X. FROM TEXT ••••• 

•• •• *.FUNCTION.* * • X 
*..* *..* * * 

* •• * * •• * * •••••• ***.*.***. 
* NO * NO 

x 

.**. 
• '" * •• X. Bl * 

* * **** 
.*. LFSPEC .*. 

El *. E2 •• *****E3********** 
.* IS IT *. .'" IS "'. * MAKE ENTRY * 

.* A SPECIAL "'. YES .'" IT IN "'. YE'S '" IN STACK TO * • 
*. ASSIGNMENT .* •••••••• X*. AN IN-LINE ........... X" PRODUCE A * •••• 

•• TRIPLE .* *.FUNCTION .* '" BUY TRIPLE * X 
*..* *..* * * 

* •• * * •• * ***************** 
* NO * NO 

**** 
· * * •• x* Bl '" 

X * **"'* '" 
.*. LFCOM .*. LFOR 

Fl *. F2 *. *****F3********"'* 
.* IS *. .* IS *. * INSERT A * 

.* IT AN *. YES .* IT IN *. YES .. DESCRIPTION * • 
*. ARGUMENT .* •••••••• X*. AN IN-LINE .* •••••••• x* OF * •••• 

*. TRIPLE .* *.FUNCTION .* * ARGUMENT * 
*..* *..* * INTO STACK * 

*. • * *. • * "'**************** * NO * NO 
**** ... * 

•• x* Bl * 
X ****** 

.*. LFEOF2 .*. LFEIJF3 LF!.1QVE 
Gl *. G2 *. *****G3********** *****G~********** 

.* IS IT *. .* IS *. '" PRODUCE THE *. • 
.* AN END OF *. YE'S • * iT FNO OF •• YES • APPROPRI ATE • * MOVE CODE TO * • 

•• FUNCTION .* •••••••• x*. AN IN-LINE • * .••••••• x* IN-LINE * •••••••• x* OUTPUT. R.ESET * •••• 
•• TRIPLE .* *.FUNCTION .* * CODE * *SCAN PARA'1EHR * 
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...* *..* * * * * 
••• * * •• * .**********.***** ***********.***.* 

* NO * NU 

x 
**.* • 
• MI • 
• Al* 
• * 
* 

x 
**** 

* * * Bl * 
* * **** 



Chart ru. 

***** 
*MI * * Al* 
* * * 

X 
*****Al********** 
* LOAD PHASE MJ * 
* AND * 
*BASE REGISTER. * 
*OBTAIN SCRATCH * 
* STORAGE * 
***************** 

**** 
* *. * Bl *.x. 

Phase MI Overall Logic Diagram 

* *. X ••••••••••••••• ~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
**** x x 

*****Bl ********** 
* PHASE LA * 
*-*-*-*-*-*-*-*-* 
* USE SCI TO * 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

x 
.*. LFARIN .*. LFARII 

C1 *. C2 *. *****C3********** 
.* IS *. .* IS *. * MAKE FNTRY * 

.* IT A *. YES .* CODE TO *. YES * IN STACK. * • 
*. FUNCTION .* ........ X*. BE PRODUCEO .* •••••••• X* MODIFY SCAN * .. .. 

*. TRIPLE .* BY THIS PHASE * PARAMETER * X 
*..* *..* :(I; * 

* •• * * •• * ***************** 
* NO * NO 

x 

**** 
· * * •• x* Bl * 

* * **** 
.*. LFIGN .*. 

01 *. 02 *. *****03********** 
.* IS *. .* IS *. * * 

.* IT AN *. YES .* IT IN *. YES * REMOVE TRIPLE * • 
*.IGNORE TRIPLE.* •••••••• X*. AN IN-LINE .* ........ x* FROM TEXT * •••• 

*. .* *.FUNCTION .* * * x 
*. . * *.... * * 

*. • * *. • * ***************** * NO * NO 

x 

**** 
• * * • .x* 61 * 

* * **** 
.*. LFSPEC .*. 

E1 *. E2 *. *****E3********** 
.* IS IT *. .* IS *. * MAKE ENTRY * 

.* A SPECIAL *. YFS .* IT IN *. YES * IN STACK TO * • 
*. ASSIGNMENT .* •••••••• X*. AN IN-LINE .* •••••••• X* PRODUCE A * •••• 

*. TRIPLE .* *.FUNCTION .* * BUY TRIPLE * X 
*..* *..* • • 

* •• * * •• * ***************** * NO * NO 
**** 

• * * •• x* B1 * 
X * **** * 

.*. LFCOM .*. LFDR 
Fl *. F2 *. *****F3********** 

.* IS *. .* IS *. * INSERT A * 
.* IT AN *. YES .* IT IN *. YES * DESCRIPTION * • 

*. ARGUMENT .* ........ X*. AN IN-LINE .* ........ X* OF * •••• 
*. TRIPLE .* *.FUNCTION .* * ARGUMENT * 
*..* *..* * INTO STACK * 

*. • * *. • * ***************** 
* NO * NO 

**** 
• * * •• x* 61 * 

X * **** * 
.*. LFEOF2 .*. LFEOF3 LFMOVE 

G1 *. G2 *. *****G3********** *****G4********** 
.* IS IT *. .* IS *. * PROOUCE THE * * * 

.* AN END OF *. YES .* IT END OF *. YES * APPROPRIATE * * MOVE CODE TO * • 
*. FUNCTION .* •••••••• X*. AN IN-LINE •••••••••• X* IN-LINE * •••••••• X* OUTPUT. RESET * •••• 

*. TRIPLE .* *.FUNCTION .* * CODE * *SCAN PARAMETER * 
*..* *..* • * * * 

*. • * *. • * ***************** ***************** * NO * NO 

x 
***** 
*MK * 
* Al* 
* * * 

x 
**** 

* * * Bl * 
* * **** 
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Chart MK. Phase MK Overall Logic Diagram 

***** 
*MK '" 
* AI* 
* * 
* 

X 
*****A1********** 
* LOAD BASE * 
'" REGISTER * 
* AND * 
*OBTAIN SCRATCH * 
* STORAGE * 
***************** 

**** 
* *. * Bl *.X. * .. .x .................... . -.................................................................... . 

**** x X 

*****61********** 
* PHASE LA * 
*-*-*-*-*-*-*-*-* 
* USE SCI TO * 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

x 
.*. LFARIN .*. LFARII 

Cl *. C2 *. .****C3.**II<**II<*** .* IS *. .* IS *. '* MAKE ENTRY * 
.* IT A *. YES .* CODE TO *. YES * IN STACK. * • 

*. FUNCTION .* •••••••• X*. BE PRODUCED •••••••••• X* MODIFY SCAN * •••• 
*. TRIPLE .* BY THIS PHASE * PARAMETER * X 
*..* *..* * * 

* •• * * •• * ***************** 
* NO * NO 

x 

**** 
• * * •• x* Bl * 

* * **** 
.*. LFIGN .*. 

01 *. 02 *. *****03********** 
.* IS *. .* IS *. * * 

.* IT AN *. YES .* IT IN *. YES * "REMOVE TRIPLE * • 
*.IGNORE TRIPLE.* •••••••• X*. AN IN-LINE .* •••••••• X* FROM TEXT * •••• 

*. .* *.FUNCTION .* * * x 
*. ... *.. * * * 

* •• * * •• * ***************** 
* NO * NO 

x 

**** 
• * * •• x* Bl * 

* * **** 
.*. LFSPEC .*. 

El *. E2 *. *****E3********** 
.* IS IT *. .* IS *. * MAKE ENTRY * 

.'" A SPECIAL *. YES .* IT IN *. YES * IN STACK TO * 
*. ASSIGNMENT .* •••••••• X*. AN IN-LINE .* •••••••• x* PRODUCE A * •••• 

*. TRIPLE .* *.FUNCTIDN .* * BUY TRIPLE * X 
*..* *..* * * 

* •• * * •• * ***************** 
* NO * NO 

**** 
• * * •• x* Bl * 

X ****** 
.*. LFCOM .*. LFOR 

Fl *. F2 *. *****F3********** 
.* IS *. .* IS *. * INSERT A * 

.* IT AN *. YES .* IT IN *. YES * DESCRIPTION * • 
*. ARGUMENT .* •••••••• X*. AN IN-lINF .* •••••••• X* OF * •••• 

*. TRIPLE .* *.FUNCTWN .* * ARGUMENT '" 
*..* *..* * INTO STACK * 

*. . * *. . * ***************** * NO * NO 
**** 

• * * •• x* B1 * 
X * **** * 

.*. LFEOF2 .*. LFEOF3 LFMOVE 
Gl *. G2 *. *****G3********** *****G4********** 

.* IS IT *. .* IS *. * PRODUCE THE * * * 
.* AN END OF *. YES .* IT END OF *. YES * APPROPRIATE * * MOVE' CODE TO * • 

*. FUNCTION .* •••••••• X*. AN IN-LINE .* ........ X* IN-LINE * •••••••• x* OUTPUT. RESET * •••• *. TRIPLE .* *.FUNCTION .* * conE * *SCAN PARAMETER * 
*..* *..* * * * * 
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* •• * * •• * ***************** ***************** * NO * NO 

x 
***** 
*ML * * A2* 
* * * 

x 
**** 

* * * B1 * 
* * **** 



ChartML. Phase ML Overall Logic Diagram 

***** 
*ML * 
* A2* 
* * * 

X 
*****A2********** 
* * • INITIALIZE • 
• MODULE * 

* '" * '" ***************** 

••••••••••• x :x ••••••••••••••••••••••••••••••••••••••••••••••••••• 
:FPAlJl x 

*****B2********** 
* SCAN FOR * 
* FUNCTION * 
* ARGUMENT OR * * END OF * 
* PROGRA'1 * 
***************** 

x .*. 
C2 * • 

. * * . • * IS IT *. YfS *. END OF .* ....... . 
*. PROGRA'1 .* K 
*..* ***** * •• * *MM * * NO * A2* 

x 
:FPFNAR .*. 

02 *. 
• • *- * . 
• NO.* IS IT * • 
•••• *. AN fNTRY .* 

*. NAME .* 
*. .* * .. * * YES 

X 

* * * 

E2' *. *. FPE ~~~**E 3********** *****E4********** 
.* IS *. * GENERATE CODE * * REPLACE * 

.* GENERIC *. NO * TO CONSTRUCT * * ARGUMENT WITH * 
*. SELECTION .* •••••••• X* AN ENTRY * ........ X*ENTRY PARA'1ETER* 

•• REQUIRED .* K. PARAMETER * * REFERENCE • 
*..* $; * * • 

*. •• * •• *.**** •••••• ** ••• *.* •• ********* 
* YES 

x 
.*. 

F2 * • • * IS IT *. 
NO .*A BUILT-IN * • 

..... .......... ••• *. FUNCTION .* 

FPGAR X 
*****Gl**·******* 
* FORM TABLE * 
* OF FAMILY * 
* MEMBER * 
* DESCRIPTIONS * 
* * ***************** 

FPARD3 X 
*****Hl********** 
* FORM ENTRY * 
• RELATI'NG TO * 
* ARGUMENT • 
* DESCRIPTION * 
* * *******.*.**.* ••• 

X 
*****Jl********** 
~ * 
* CHECK FO~ * 
* ONE AND ONLY * 
* ONE AGREE ME NT * 
* * ****'*********4<*** 

X 
•• ***Kl********** 
* REPLACt: * 

*. .* 
*. .* 

* •. * * YES 

FPBIF X 
*****G2********** 
* ACCESS * 
* RELEVANT * 
* FUNCTION * 
* TABLE ENTRY * 
* * ********.******** 

X 
****"'H2********** * SELEcr * 
* RELEVANT * 
* FAMILY * 
* MEMBER * 

* * *.*************** 

FPFD4 X 
*****J2*********'" 
* REPLACE * 
'" ORIGINAL '" • 
* REFERENCE * .... X. * IN TEXT * 
* * '. *"'*************** 

: ~~~~l~~Ee ! ............................... : * iN TEXT * 
* * ****************'* 
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Chart MM. Phase MI1 Overall Logic Diagram 

***** 
*"'M * * A2* 
* * * 

BEGIN X CFEXIT 
*****A2********** *****A3********** 
* * * SCAN FOR * 
* LOAO * *CALL, FUNCTION,* 
* MODULE AND * •••••••• x* INVOCATION, *X ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* INITIAL lIE * * OR * 
* * *END OF PROGRAM * 
***************** ***************** 

x .*. 
B3 * . 

• * HAS * • 
• * END OF *. YES 

*.PROGRAM BEEN .* •••••••• 
*. FOUND .* X 
*..'" ***** 

* •• * *MP * 
* NO- * AI* 

CFCALL X 
*****c 3 "'********* 
'" * * SCAN ARGUMENT '" 
'" LIST FORMING * 
* TABLE ENTRIFS * 
* * *****"'******"'**** 

CFBO 36 X 
*****03********** 
* RESTORE '" 
* POINTER TO '" 
* START OF '" 
* INVOCATION * 
* * ***************** 

* * * 

••••••••••••••••••••••••• X: 

CFNEST • 
*****F2 ********** 
* * * SAVE * 
* ENVIRONMENT * 
* * * * ***************** x 

x 
CFB02I .*. CFFBIR .*. 

E3 *. E4 *. *****E5********** 
.* *. .*IS THIS"'. * GENERATE THE '" 

.* IS THIS *. YES .* AN ARRAY *. YES *ARRAY BUILT-IN * 
*. A BUILT-IN .* •••••••• X*. BUILT-IN .* •••••••• x* CALLING '" 

*.FUNCTION .* *.FUNCTION .* * SEQUENCE * 
*..* *..* * * 

*. • * *. • * ***************** 
* NO * NO 

**** 
* *. * F3 *.X. 

* **** * • X 
CFCFSS X .*. 

****~F3********** F4 *. 
*SCAN" ARGUMENTS * .* IS *. 
* AND GENERATE * NO.* CALLING *. 
* CODE TO FORM *X •••••••• *. SEQUENCE • * 
* ARGUMENT LIST * X *. SPECIAL .* 
* BLOCK * *..* 
***************** *. • * 

X 
CFC03C .*. 

G3 *. 
.* *. 

* YES 

CFY007 X 
*****G4********** 
*SET PARAMETERS * 

• YES .* IS THERE *. • * TO PRODUCE * 
•••••••••••••••••• *. A NESTED .* •••••• * THE EXTRA * 

*.FUNCTION .* * ITEMS * 
*. .* * * * .. * ***************** * NO 

x X 
CFl06 • *. • *. CFCALP • *. 
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*****Hl********** H2 *. H3 *. *****H4********** H5 *. 
* GENERATE CODE * .* *. .*IS THIS*. * GENERATE * .* *. 
* TO SET UP * YES .* IS RESULT *. FUNC .*INVOCATION *. CALL * CODE TO * .* WAS *. NO • 
* RESULT *X •••••••• *. A STRING .*x •••••••• *. A CALL OR A .* •••••••• x* TRANSFER * •••••••• X*. INVOCATION .* •••• 
• DOPE VECTOR • *. .* *.FUNCTION •• X. CQNTROL. *. NESTED •• 
• * *..* *..* * * *..* 
*.***.*.*.******* * •• * * •• * .**.************. * •• * * NO * • YES 

CFL043 X 
.***.JZ****"'***** 
* GENERATE CODE * 

• *TO PLACE RESULT* • 
••••••••••••••••• X. ADDRESS IN * •...•••.••••••••..•••••••••..••• 

* ARGUMENT LIST * 
* * ****.************ 

CFB04 ic 
*****J5**·******* • * 
* RESTORE * 
* ENVIRONMENT * * • 
* * * ••• **.*.* •••••• * 

it 
.*** 

* * * F3 • • • * •• * 



Chart MP • Phase !vIP Overall Logic Diagram 

..... 
• MP • 
• • A~ • . 

:x •....•........••....................................•......•......•...................... 
MPS X ··· .. Al.········· · . • SCAN TE XT AND • 

:MOVE TO OUTPUT : · . ................. 
:SWITCH ON 
.APPROPRIATE TRIPLE 

HP4 X MP3 X ··· .. SI·········· · . • BUYS TRIPLE FORO 
: •••• S2 ••••• **.*: 

o TEMP ADJUST • 
• STRING • 

: END OF TEXT : 

o • ................. : ............... : 

X ·····C1·········· .STACK BUYS OR. * 
'. STACK INPUT. 0 

•• X. POINTER. 0 
• • SKIP TO NEXT 0 . * BUY * ..•.. : ............... . 

: .~~.: 
x 

: •••• 01 ••••••••• : 

• ADD DICT REF * • * * TO SELL LIST oX •••• * 01 • 
• • X· • • * . • ••• ................. 

..•........ x: 
:MP23 x ··· .. El·······*·· * SCAN * 

• TEXT • o WITHOUT • 
• MOVING • 
• IT • ................. 

• SWITCH ON 
.APPROPR[ATE TRIPLE 

:MP31 x ..... Fl·········· • BUYS FN ARG. 0 
o MOVE BUYS-BUY • 
• TEXT TO OUTPLlT •• 
• REMOVE FROM * * STACK * •••••••••••••••• * 

x .*. 
G1 *. •• *. 

• NO .0 OUTERMOST * • .•.. *. BUYS .* *. TRIPLE .* 
*. .• . , .-

o YES 

.. : .. 
*MS * ... :~* 

•• * ••• 
: H2 : .... 

x 

X 
MP882 • *, 

B3 o. .. .. 
.0 SELL. *. NO • *. BUYX FLAG .0 •••• 
*. ON .* 

*. .-. ... 
* YES 

MP~A X ·····84 ..... · .... 
o BUYX TR[PLE. • 
*CHANGE TO BUYS. 0 • 
• SET BUYX FLAG, * •••• 
o IF CU~RENTLY • X 
o Off • . ............... . .... 
• * 
.. C4 * ..• 

x· •••• • : 
.'. MP8B7 X 

•• C3 •••• : •••• C4 ••••••••• : 

•• LAST '. YES 0 GENERATE 0 • *. SELL •••••••••• X' TRIPLES FROM ••••• 
'. .' • SELL LIST 0 X *..* • • * .• * •••••••••• * ••••• * 

* NO 

AOOSEL 
: •••• 04 ••••••••• : 

• • ADD O[CT REF * • 
• •••••••••••••••• X: TO SELL LI ST : •••• 

x 
: •••• G3 ••••••••• : 

* * ..***.***** ••• *.* 

.' /lOVE BUYS-BUY • • • 
:TEXT TO OUTPUT : •••• x: 01 : 

* • • ••• 
••••• *.*.**.* • .00.* 

:X •••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••• 
X MP87 ic 

: •••• Hl ••••••••• : : •••• H2.* •• * •• **: 
• RESET [NPUT 0 * SCAN TEXT AND * 
: b8l~~E~u~~ : •••••••• X:MOVE TO OUTPUT: · .. . ••••••••••••••••• * •••••••••••••••• 

x 

:SWITCti ON • 
• APPROPR[ATE. TRIPLE 

J2' X·*. 
.• *. 

• • YES.* BUYS. *. 
• C4 .X •••••• [S FN ARG. .* 
.... •• OUTE-RMOST.* 
***. *. ONE .* .... 

* NO 

x :* ••• J3 ••••••••• : 

• BUY. • 
• REMOVE TR[PLE • 

: ... ::~:.::::*.*: 

:* •• *K3 •• *****.*: 
. * REMOVE BUYS • 
••••••••••••••••• X. FUNCTION • 

• ARGUMENT FROM • 

:*.**.r~!!.** •• *: 

.~** 
* * 
: HZ : 
.**. 

'IP66 X 
• ••• *J4***.*·.*** * BUYS. • 
.R EMOVF BUYS-BUY. • 
o TEXT FRO~ * •••• 

:**.*~~::~:**.*.: 
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***** 
*MS * 
* A2* 
* * * 

BEGIN X 
*****A2********** 
* LOAD * 
* MODULE * 
* AND * 
* INITIALIZE * 
* * ***************** 

**** 
* *. * B2 *.X. 
* * **** 

X 
*****B2********** 
* SCAN FOR * 
* SUBSCRIPTED * 
* ELEMENT OR * 
*END OF PROGRAM * 
* * ***************** 

x .*. 
C2 * . 

. * * . 
• * HAS END *. YES 

*. OF PROGRAM .* •••••••• 
*. BEEN.* X 

*.FOUND.* ***** 
* •• * *NA * 

* NO * A2* 

SBSUBl X 
*****02********** 
* * * SAVE * 
* ARRAY * 
* NAME * 
* * ***************** 

* * * 

••••••••••••••••••••••••• X :X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SBTRID X 
*****E2********** 

**** *SCAN FOR COMMA,* 
* * * SUtiSCRIPT * 
* E2 * .... x* PRIME, * 
* * * OR SUBSCRIPT * 

**** * TRIPLE * 
***************** 

x 
.*. SBSTIH .*. SBS06 

F2 *. F3 *. *****F4********** 
.* *. .* IS *. * * .* IS IT *. YES .* ARGUMENT *. NO * CONVERT IT * 

*. A COMMA .* •••••••• X*. FIXED .* •••••••• X* TO FIXED * 
*. .* *. BINARY .* * BINARY * 
*..* *..* * * * .. * * .. * ***************** 

* NO * YES 

•.•.••...•• x. 
:SBNEST. SBTRID .~. 

*****Gl********** G2 *. 
'" * .* *. * SAVE * YES.* IS IT *. 
* ENVIRONMENT *x ••••••• ~*. A .* 
* * *.SUBSCRIPT.* 
* * *..* 
***************** * •• * * NO 

:SBERR .t 
H2 *. 

****Hl********* .* IS *. 
-I< TERMINATE * Nil .* SUBSCRIPT *. 
* COMPILATION *X •• ' •••••• *. COUNT .* 
* * *. CORRECT .* 
*************** *.. * * .. * * YES 

x .*. 
****~Jl********** J2 *. * * .* *. 

• * RESTORE * Y[S.* IS *. 
•••• '" ENVIRONMENT *X •••••••• *. SUBSCRIPT .* * * *. NESTFD .'" * * *..* 

***************** *. • * 
'" NO 

x 
**** 

* * * B2 * 
* * 

: x •••••••••••••••••••••••• : 
x .*. SBS02B 

G 3 *. *****G4********** 
.* *. * MAKE ENTRV * 

.* IS *. YES * FOR IT IN * 
*. MULTIPLIER .* •••••••• x* CONSTANT * 

*A CONSTANT.* * POOL * 
*..* * * 

*. • * ***************"'* * NO 

X 
SBSU5 X .*. 

*****H3********** H4 *. 
* GENERATE CODE * .* *. 
* TO MULTIPLY * NO.* IS *. 
* SUBSCRIPT BY *X •••••••• *. MULTIPLIER .* 
'" MULT[PLIER * *. 4 OR 8 .* 
* * *..* 
***************** * •• * 

'" YE S 

SBS029 X 
*****J4********** 
* GENERATE CODE * 

• '" TO ADD '" .X •••••••••••••••• * SUBSCRIPT TO * 

x 

* ITSELF TWO OR '" 
* THREE TIMES * 
***************** 

.*. SBSBRN 
K3 *. *****K4*"'*****"'** 

***'" **** .* *. * GENERATE CODE * 
* * NO.* [S *. YES * TO CHECK * 
* E2 *x •••• *. SUBRG .* •••••••• x* RANGE OF * •••• 
* * *. ACTIVE .* * SUBSCRIPT * 

**** *..* * * 
*. • * ***************** 

* 
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Chart NA. Phase NA Overall Logic Diagram 

..... 
• NA • 
• A2 • .. . 

X 
•• ••• AZ**···**··· • LA • 

.. • *-*-*-*-*-*-*-*-* • A2 * •••• x* USE SC 1 fO .. 
• " .LOOK FOR TRIPLE. 
.. n "OF I NTE REST • ................. .... · .. .. B3 •• x. · .. 

IF ••• NA8003. 
A4 *. • •••• A5 •••••••••• .* *.. .. • 

• • •• MASK •• YES • OUTPUT PIC TO • 
• A4 ..... x •• AS OPERA~D .......... X. BRANCH ON • 
... •• •• • MASK TO LABEL • •••• *..* • .. * •• * ••••••••••••••••• 

• NO 

.... . 
NASC2 NASC3 x 

)c 
• *. NA8010 

: •••• S1 ••••••••• : : •••• S3 •••••••• .-: 84 •• • .... B5 ......... . 
•• IS.. .ZSTUTl LV. 

• HOVE. • • DELETE • ._ OPERAND A *. NJ *-*-*-*-*-*-*-*-* 
• LAST TRIPLE .................. X.X ................. LAST TRIPLE •• X ... •• BIT STRING .......... X* OUTPUT PIC TO • 
• GET NEXT • • GET NEXT • •• •• .CONVERT OPERAND. .... .. •••• • TO BIT STRING. ................. . ............... . * •• * ••••••••••••••••• 

X X • YES 

x 
PROCP • .•. 

: •••• Cl ••••••••• : C2 •• ... *. 

:X ........................ : 
NAB012 X •• ••• C4.·· •• • •••• 

• OUTPUT PIC TO • 
• OUTPUT CAll. YES •• PROC PRM •• • .. COMPARE BIT. 

• ...... STRING TO ZERO. 
• AND BRANCH • 

: TO IHESAFA :X .......... ~~ BEGIN PR~ .. .. 

.. .. *..* : ••• 1:.;~~~; •• *.: ••••••••••••••••• *. . • 

EXIT 
: •••• El ••••••• **: 
• OUTPUT CALL • 
: TO IHEOSEA : .... 

* .. 
*.* •• * •• ~ •••••• ** ... ! .... 

: 63 : 

.. NO 

x ... 
02 •• 

• * *. •• •• YES *. EOP2 • * .••. 
*. .* *. .* * ••• 

• NO 
x ••• ** 

*NG .. 
• Al*-

:NA3005 
•• ••• 04 •• • ••• • ••• . .. . :****03 ••••••••• : 

• OUTPUT CALL. X. OUTPUT • 
: TO IHESAFB r ........ : AS~~mgtH : 

• ••••••• _........ • •••••• ** •••••••• 
x x ... 

X : NO : NO 

••••• 05 •••••••••• 
• GENERATE • 
• ASSIGN TRIPLF • 
.FOR EACH ENTRY •• 
• FOLLOW WI TH • 
• BRANCH TO ... . . ............... . 

x 

E2···.. RETURN E3 ••••• NA3002 E4 ••• *. • .... E5 .......... . 
•••• •••• •••• .GIVE EACH ENTRY. 

•• •• YES •• VALUE •• YES •• VARIOUS •• YES .POINT A SWITCH. 
•• RETURN .......... X.. RETURNED .......... X.. TYPES .......... X.VALUE AND OUTPT. 

•• •• •• •• ..RETURNED •• .CODE TO BRANCH. *..* *..* *..* .ON swrCH VALUES. * ... ·~o * .... * * .... * ••••••••••••••••• 

: YES •• ** X .*. .*. GOOB 
Fl.. F2 *. 

::g~i~~i:t{t:I~:: r"·::::~:·····: ...... • * *. .* * • • * *. YES.* EXIT *. *. EXIT •• X....... .•. OR STOP •• • AODRESS OF ......... X. FOLLOWING ..... X. A2 • 
*. .* *. .* -LABEL, AND CALL. • GOTO TRIPLES. • • 
*..* *..* - IHESAFC.· • • ••• * .. * * ..• •• ** ••• *......... . ............... . 

• NO • NO X X 

STOP X ·····Gl·.········ · .. .. OUTPUT CALL .. ! TO IHEOSSA : · . ••••••••• * ••••••• 

.. • ! .... 
: B3 : 
*_ •• 

x : YES .*. .0. GOTO. 
G2 *. G3 *. • •••• G4*** ••••••• ... *. .* *. • OUTPUT .. 

':GOTO OR GOOB":';~~""'X.:· GOOB ·:.~? ...... x:PSf~~2~~SD~oTO" •.•. .•.• *... .•.• : LABEL .. 

*. ... *. ... ***************.* * NO .. 

x .•. .*. NAlloe .*. 
H2 *. H3 *. H4 *. ***.*H5*.* •• *.** • • * *. .* *. .* *. • INCLUDE * .• *. YES •• SYSTEM OR '. NO •• *. YES • PSEUDO-CODE • *. ON .......... X*. SYSTEM/SNAP .......... x*. SNAP .* ........ X* TO SET SNAP • *. .* *. .* *. .* • BIT 0""' IN .. 

* •••••• * * .•..•. * * .•.. *.* : •• **2~;~~1!* •• *: 
• NO * YE S • NO 

X 
:x ........................ : 

REVERT • *. ic NA1l40 X 
*****J 1* •••• ***** J2 •• • •••• J 3 .* ••• ***** 

• OUTPUT PIC TO • 
-SET SYSTEM BIT • 

• OUTPUT PSEUDO- • • * •• 
• CODE TO SET. YES .' *. 
• REVERT BIT ON *X ........ *. R~VERT .* • • • ' ON I N ONE OR • 
"IN ONE OR MORF • •• •• ... '"'ORE • 

:**.~~;~~l~~*.**: *. * •••• * • • ON-UNITS • 

• *~** :****.*********** 

*~** o • 
• 83 .. . . 
*.*. 

* NO 

: 63 : 

it **** 
••• SIGNAL 

K2 *. ***.*K3*******.** •• *. * OUTPUT PIC TO * 
.' IF OR •• SGNL • INSERT CODE " 

-. SIGNAL .......... X. BYTE IN PRV • 
'. .' • AND CALL • .....* * IHEERRB .. * •• 0: ••• *."'**.* ••••• * • 

.. IF 

.a •• . . 
: .::*: 

* .~ •• * 
: *::.: 

**.**J4***.****** • OUTPUT PIC TO • 
.PUT ADDRESS OF • * • 
• PROCEDURE IN * .... X. B3 • 
• ONE OR MORE. • • 
• ON-UNITS • • ••• 
************** ••• 
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Chart NG. Phase NG Overall Logic Diagram 

***** 
*NG * 
* AI* 
* * * 

NGO X 
*****A I ********* * * LA * *-*-*-*-*-*-*-*-* 

••• x* USE SCI TO *X ••••••••••••••••••••••••••••••••••••••••••• 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

x . NO 
.*. .*. .*. 

Bl *. ~2 *. B3 * • 
. * *. .* *. .* * . 

• * *. NO .* *. NO .* *. 
*. EOP2 .* •••••••• X*. DELAY .* •••••••• X*. DISPLAY .* 

*. .* *. .* *. .* 
*..* *..* *..* * .. * * .. * * .. * 

* YES * YES * YES 

x 
***** 
*NJ * * AI* 
* * * 

OLAY X 
*****C2********** 

: CONVERT : 
* OPERAND TO * 
* INTEGER * 
* * ***************** 

X 
*****02********** 
* * 

DSPY,CHAR X 
*****C3********** 
* CONVERT * 
* OPERAND TO * 
* CHARACTER * 
* STRING * 
* * ***************** 

X 
DSPYIO .*. aSPY3 

03 *. *****04********** 
.* *. * CHECK THAT * 

• * GENERATE CALL * .* REPLY *. Y~S * OPERAND IS * 
.X •••••••••••••••••••••••••••• * TO IHEOSIA * 

*LIBRARY MODULE * 
* * ***************** 

*. OPTION .* •••••••• X* CHARACTER * 
*. PRESENT .* * VARIABLE * 
*..* * '* 

* •• * ***************** * NO 

:X •••••••••••••••••••••••• : 
DSPY4 X 

*****E3**** •••• *. 
* '" * BUILD UP '" 
*PARAMETER LIST * 
* * * * ***************** 

X 
*****F3********** 
* * • * GENERATE CALL * 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• * TO IHEDSPA * 
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Chart NJ. Phase NJ Overall Logic Diagram 

***** 
*NJ * 
* A1* 
* * * 

**** 
* * * A2 * 
* * **** 

**** 
* * * A5 * 
* * **** 

STRTNJ X NUSTAT X SCRHOP SCNOPT X 
*****Al********** *****A2********** *****A3********** *****A4********** *****A5********** 
* * * * * SET PROPER * * SETUP * * * 
* INITIALIZE. * * SCAN UNTIL * * OPERATION * * OPTION * * BRANCH ON * 
*SCAN MECHANISM * •••••••• X* RECORD 1/0 * •••••••• X* CODE IN * •••••••• X* TRIPLES TO * •••••••• X* APPROPRIATE * •••• 
* * * VERB FOUND * * REQUEST-CODE * * BE SCANNED * X * OPTION * 
* * * * * * * FOR * * * 
***************** ***************** ***************** ***************** ***************** 

.......................... x·················· ............................................. . 
DYNMPL • 

*****B2********** 
PRCENO 

*****65********** *****61********** 
* GENERATE * * * * * .. x! I ~ °e5R~~p ~g~, ! * PUT IN * 

.. x* STATIC PARM * 
*END OF PROGRAM * • 

•••••••• *R EL EASE CONTROL *X ••• 
* PARM LIST * * LIST * x * * * * * * ***** * * 

• ***************** • ***************** *N"I * ***************** 
**** x **** x * Al* 

* * * * * * * * 61 * * 62 * 
* * * * **** **** 

• CONS 
.*. FILOPT 

C2 *. *****C5********** 
.* *. * * 

• PARM.* PARM *. * * • 
• X •••••••••••••••• *. OR CONSTANT .*x •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * FILF JPT *x ••• 

*. ARG .* * * 
*. .* * * 

* •• * ***************** 
* 

• YES 
••• TXTARG .*. KYTOPT 

01 *. *****03********** 04 *. *****05********** 
.* *. **** *ZSTUT2 LV* .* *. * SET '" 

.* DYNAMIC *. * * *-*-*-*-*-*-*-*-* TEMP.* DICT *. * KEY TO •• 
•• X*. STORAGE .* •••• x* 62 * DETERMINE *X.......... REF OR .*x •••••••• * RE:;)UEST *'1( ••• 

*. CLASS.* * * MODf OF * *. TEMP.. * CODE * 
*..* **** • REFERENCE * *..* * * 

**** 
* * * 01 * * * 

*. •• ***************** * •• * **.************** 
* * DICT 
X • 
.X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

x 
**** 

: YES' 
*****El********** E2·*·*. SCALAR E3·*·*. TXTARG E4·*·*. KEY~rI.*F5********** 
* CONVERT TO * .* *. .* *. .* *. * SET * 
* CHAR STRING * NO.* CHAR *. CONS .* CONSTANT *. DICT.* DICT *. * KEY/KEYFROM * • 
* AND DETERMINE *X •••••••• *. STRING .*X •••••••• *. OR VARIABLE .*X •••••••• *. REF OR .*X •••••••• * RE:;)UEST *x ••• 
* MODE OF REF * X *. .* *. .* *. TEMP.* * CODE * 
* (ZSTUTll * *..* *..* *..* * * 
***************** * •• * * •• * * •• * ****** •• ********* 

* * VAR • TEMP 

: ••••••••.•••••••••••••••••••••••••••• :X ••••••••••••••••••••••.• : 

CINTEG .*. SCALA'R .*. .*. IGNOPT 
*****Fl********** F2 *. F3 *. F4 *. *****F5********** 
* REQUEST * .* *. .* *. .* *. * SET * 
* CONVERSION * NU .* *. CONS .* CONSTANT *. DICT.+ DICT *. * IGNORE *. 
* TO INTEGER *x •••••••• *. INTEGER .*x •••••••• *. OR VARIABLE .*X •••••••• *. REF OR .*x •••••••• * REQUEST *x ••• 
* THRU DICT * *. .* *. .* *. TEMP.* * CODE * 
* ENTRY * *..* *..* *..* * * 
***************** * •• * * •• * * •• * ***************** 

* YES * VARI * TEMP 
· . **** ..•...••••••.•..•..•.••.. x. * * 

**** 
* * * Bl * 
* * **** x 

*****Hl********** 
* CREATE RDV * 
* IN WORKSPACE * 
* FROM DOPE * 
* VECTOR * 
* * ***************** x 

• .x* B2 * * ... :x .•....••.•.•............ : 
**** x 

COHEG .*. SYSFLL 
*****G2********** G3 *. *****G4********** *****G5********** 
* * .* *. * PUT ENTRY * * * 
* GENERATE * NO .* *. * ON SELL *.. * • 
* ASSIGNMENT *X ........ *. INTEGER .* * CHAIN *x ........ * SELL *x ••• 
* TRIPLE * *. .* * SELLSW ON * * * * * *..* * * * * ***************** * •• * ***************** ***************** 

**** 
· * * •• x* B1 * 
X * * 

**** 

*****H2********** 
* CREATE RDV * 
* IN WORKSPACE * * FROM INFO * 
* IN ROV ENTRY * 
* * ***************** x 

• NO 

* YES 
**** 

• * * •• x* 01 * 
X * * 

**** 

**** 
. * * .. x* A'5 * 

* * **** 
REFRDV • .*. INTFRM 

*****H3********** H4 *. *****H5********** * * .* *. * $: 
* DETERMINE * NO .* *. * SFT *. 
* ROV *x ........ *. CONTROLLED .*X •••••••• * INTOIFROM *x ••• 
* REFERENCE * *. .* * REQ. cnnr * 
* • *..* * * 
***************** * •• * ***************** 

* YES 
**** 

* * * B2 *x •• 

* **** * X 
SC3 

*****Jl********** 
* LA* 
*-*-*-*-*-*-*-*-* 

. *. 
J2 *. • * *. 

• YES.* *. 

CALLIB. CRDV .* • 
*****J3********** J4 *. 
* GENERATE * .* * • 
* LIBRARY CALL * YES .* *. 

••• * CANCEL * 
* OPTION TRIPLE * 

• * IN SCAN * 
X ***************** 

**** x 
* * * A2 * 
* * **** 

...... *. STRING .* * TO RDV IN *X •••••••• *. AGGREGATI;' .* 
*. .* * WORKSPACE * *. • * 

*. .* * * *..* * .. * ***************** *. • * 
* * NO x 

SelL • CALLIB ENDIO 
*****K 1 ********** *****K2********** *****K 3********** *****K4***** ** *** *****K 5 * ****** *** 
* IF SELL * * * * CREATE * * PUT REQUEST * * * 
* CHAIN EXISTS * * IF WORKSPACE * * RECORO 110 * * CODE A~D * * END OF 110 * • 
* GENERATE *x •••••••• * USED MODIFY *X ........ * LIBRARY *x ........ * PAR.., LIST IN *X •••••••• * STATE *X ••• 
* SELL TRIPLES * * MOVE INSTR * * CALL * * DICTIONARY * * * 
* * * .. :I< *.. * * * 
**************:1<** ****** ******"'**** ******* **** ****** ******** ********* **** **** ****** *** 
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Chart NM. 

••••• • NM • 
• AI· • • • 

NMRl ~ 

Phase NM Overall Logic Diagram 
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• SCAN TO '" ••• X. NEXT TRIPLE .X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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• * *. .* *. .* *. .* *. .* *. 

•• *. NO •• *. NO • * *. NO • * *. NO • * *. 
•• EOP2 .* •••••••• X"'. OPEN .* •••••••• X*. CLOSE •••••••••• X*. GET •••••••••• X*. PUT .* 

*. .* *. .* *. .* *. .* *. .* 
*..* *..* *..* *..* *..* * .. * * .. * * .. * * .. * * •• * 

*YES * YES * YES • YES • YES 

x *.,*"'. 
*NT '" * AI. * • 

* 
OPENOD X 

·****C2···*·····* 
* * '" CHECK * * VALIDITY • 
'" OF OPTIONS • 

• * .*.*****.******** 

X 
*****02********** 
* BUILD UP * 
• PARAM.ETER * * LIST FROM * 
'" OPTIONS * 
* * ***.************* 

CALIB X 
*··*·E2·*······** 
* GENERATE CAL~ * 
,., TU LIBRARY • 
* MODULE * * r HEOClA • 

• * •• *************** 

OPENOD X 
*****c 3****.**.** 

• * • CHECK • 
'" VALIDITY '" 
* OF OPTIONS • · ,., * •• ***.******* •• * 

X 
*·***03**.*·.* •• • 
* BUILD UP • 
• PARAMET€ R • 
,., LIST FROM * 
• OPTIONS • • • **.* •••• * •••••••• 

CALI B X 
•• *.·E3*····*··*· 
* GENERATE CALL *' 
• TO LIBRARY • 
• MODULE • 
• lHEOCLB '" * • 
***** ••••••••• *** 

: X •••••••••••••••••••••••• : 
x 

GETuO .*. GET2~ 
C4 •• * •••• C5 ••• *** •••• 

•• IS •• '" GENERATE * 
.*NEXT TRIPLE*. YES *INITlALlZATION • 

• •• X*. DATA. EDIT •• * •••••••• x* CALL TO * 
•• LIST.. * LIBRARY * 
*..* • * * •• * •••••••• *.*.****. 

* NO 

X 
.****04.*·*·**.*. * • 
*CHECK VAUOITY • * OF OPTION • 
* * * * ********.******** 

:STORAO x 
··***E4****'****** 
'" INSERT • 

• '" OPTION 1"1 * 
• ••• '" PARAMETER • * LIST * 

* * ****.** •• ******** 

MVTRSP X 
·****05********** * MOVE DATA * 
*SPECIFICATIONS * 
* TO OUTPUT * 
* UNCHANGED * 
* * ********.**.** •• * 

GET85 X 
**"**E5.*.******* 
* GENERATE * 
* TERMINATION • 
• CAll TO * 
* LIBRARY • . . 
***** ••• *.***.*** 

: .••••••••••••.••••••••••••••••••••••• :X •••••••••••••. ••.••••••• :X •••••••••••••••••••••••••••••••••••••••••••••••••• : 
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Chart NT. 

***** 
*NT * 
- AI-

- * * 
NTOOOO X 

Phase NT Overall Logic Diagram 

.•••••..•••.•...•••....••• x 
.*. 

A4 *. .* *. .* *. YES 
*****Al********** 
* INITIALIZE * 
* PHASE AND * 
... GET 4K AREA * 
• OF SCRATCH * 
* STORAGE * 
***************** 

*. FMT' .* ••• &0 ••••••••••••• 

NT0001 

**** 
* * * B2 * 
* * ** .... 

• ~. NT1700 X 
B1 *. *****B2********** 

.* HAS *. * MOVE TEXT * 
.* SCAN BEEN *. NO * FOR USE BY * 

*.INDICATED BY .* •••••••• X* PHASE NU INTO * •••••••• 
*. PHASE .* * SCRATCH * X 

*. NM .* * STORAGE * ***** 
* •• * ***************** *NU * 

* VES * AI* 
**** 

* *. * C1 *.)t. * *. X ••••••••••••••••••••••••••••••••••••• 
**** X 

*****C1********** 
* SCAN FOR * 
* TRIPLES OF * 
* INTEREST TO * 
* THIS PHASE * 
*' * **.************** 

x 
.*. NTu021 

01 *. *****02********** 
.* *. * DETERMINE * .* COMMA *. YES "OED Of VARIABLE* • 

*.IN EDIT LIST .* •••••••• X*AND MA1<E ENTRY * •••• 
*. .* * IN DATA * X 
*..* * TVPES LIST '" 

*. • * ***************** * NO 

* * * 

..... .* *. . lit 
* •• * * NO 

NT0023 X 
.... ***B4********** 
*ASSOCIATE ITEMS* * IN THE * 
*OATA AND FORMAT* 
* TVPE LISTS * 
* * ***************** 

NTOOll X 
*****C4********** 
* SET INCLUDE * 
* BITS AND LIB * 
*ROUTINE REQUEST* 
* BITS * 
* * *****************, 

X 
*****04********** 
* SAVE TYP~ * 
* CODES lIF ANY * 
"eATA HEM IIHICH* 
* MAV INVOKE * 
*RE~OTE FORMATS * 
*.*************** 

: x •••••••••••••••••••••• x •...•......... 

x .*. NT0024 
E1 *. *****E2********-

.* *. .. * 
.* FORMAT *. YES * MAKE ENTRV * • 

*. ITEM • * •••••••• x* IN FORMAT * •••• 
*. .* * ITEM LIST * 
*..* * * 

* •• * ***************** * NO 

x .*. 
Fl * • 

• * END * • 
• * OF *. VES • 

*. FORMAT .* •••••••••••••••••••••••••••••••••••••••••••• *. LIST .* *. .* * •• * * NO 

x 
.*. NT0014 

Gl *. *****G2********** *****G3********** 
.*·~ROC' OR*·*. VES : ~~~3~~A~3R~~~ : : ~~~KR~Q~~~~~D: • 

*. SEGIN,' .* ••••.•••• X* ITEMS WITH * •••••••• XlI< AND SET ALL * •••• 
*. .* * ALL POSSIBLE * * NECESSARY * 
*..* * DATA ITEMS * * INCLUDE: BITS * 

*. .* ***************** ***************** * NO 

x 
.*. NTUOl7 

HI *. *****H2********** *****H3********** 
.* *. * MAiK,E ENTRIES * * PLACE DICT * **** .* ENO OF *. YES * FOR THOSE * * REFS OF THESE .. * .. 

*. PROGRAM .* ........ X* LIBRARY * •••••••• X*ENTRIES IN THE ••••• X* il2 * 
*. .* *ROUTINES MARKE!). 'I' LIB R{)UTlNE * * .. 
*..* * AS NECESSARY * * TABLE * **** 

*. • * ***************** ***************** * NO 

x 
**** 

* * * C1 * 
'" * **** 

NTOOII X 
*****B5*.******** 
* SAVE FORMAT * 
* ITEM lIST FOR * 
* USE AT PROC * 
* OR BEGIN * 
* * ***************** 

x 
**** 

* * * C1 * 
* * **** 
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Chart NU. Phase NU Overall Logic Diagram 
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*NU * 
* Al* 

* * * 

**** 
* * * A2 * 
* * **** 

.......••.. x: 
X 

*****Al ********** 
:DATA,OBDll x 

*****A2********** * I N I TI ALI ZE * 
* PHASE. * 
* LOAD * 
* MODULE IEMNV * 

* * ***************** 
**** 

* *. * Bl *.X. 

* * **** • 
OBII0 X 

*****B 1********** 
* LA * 
*-*-*-*-*-*-*-*-* 
* USE SC1 TO * 
*LOOK FOR TRIPLE* 
* OF INTEREST * 
***************** 

x 
• *. 

Cl *. 
.* *. • * *. YE S • 

*. DATA .* •••••• 
*. .* *. .* * .• * * NO 

x .*. 
01 *. 

.* *. 
.* *. YES 

*. LIST .* •••• 
*. .* 

*. .* 
* •. * * NO 

x 
**** 

* * * A4 * 
* * **** 

* * * SCAN FOR * 
* COMMA AND * 
* DATA' TRIPLES * 

'" '" ***************** 

x 
.*. OBUT24 

B2 *. *****B3********** 
.* *. * GENERATE ARG * 

.* *. YES * LIST ENTRY, * 
*. COMMA .* •••••••• x* SYMBOL TABLE * 

*. .* * ENTRY. SET * 
*..* * INCLUDE BIT * 

* •• * ***************** * NO 

x 
. *. 013011 X 

C2 *. 
.* *. 

.* *. NO *. DATA' •••••• 
*. .* 

*. . * 
* •. * * YES 

x 

x 
**** 

* * * A2 * 
* * **** 

*****C3********** 
* IF LIST FULL * 
* OR INSIDE * 
* REPLICATION * 
* GENERATE * 
* LIBRARY CALL * 
***************** 

**** 
. * * .. x* A2 * 

* * **** 
.*. OBD20 

02 *. *****03********** 
.* *. * GENERATE CALL * 

.* ANY LIST *. NO * TO LIBRARY * 
*. ITEMS FOUND .* •••••••• X* INDICATING NO * 

*. .* * DATA Ll ST * 
*..* * * 

*. • * ***************** 
* YES 

08012 X X 
*****1'3********** 

**** 
* * * A4 * 
* * **** 

OBElO X 
*****A4********** 
* * * SCAN FUR * 
* COMMA AND * 
* LIST' TRIPLES * 

* * ***************** 

x 
.*. OBUTl5 

B4 *. *****B5********** 
.* *. * GENERATE CAll * 

.* *. YES *TU LIBRARY AND * 
*. COMMA .* •••••••• X*SET LIST.DIRECT* 

*. .* * 110 BIT IN * 
*..* *I"ICLUDE MATRI X * 

*. • * ***************** * NO 

x 
.* • 

C4 *. 
.* *. **** 

.* *. YES * • 
•• LIST' .* ••• • x* A4 * 

*. .* * * 
*. . * **** * .. * * "10 

: x ••••••••••• 
x 

**** 
* * * B1 * 
* * **** 

x 
**** 

* * * A4 * 
* * **** 

*****E2********** 
* GENERATE LIB * 
* CALL FOR ANY * 

* MARK ALL DATA * **** 

* OUTSTANDING * •••• 

x 

* ARGUMENT LIST * 

* * ***************** 

.*. OBfOO 

x 
**** 

* * * 81 * 
* * **** 

*DIRECTED INPUT * * * 
*CONVERSIONS IN * •••• X* Bl * 
*INCLUDE MATRIX * * * 
* * **** 
***************** 

Fl *. *****F2********** *****F3********** 
.* *. * GENERATE CODE * * SCAN FOR * 

.* *. YES * TO LOAO THE * * COMMA AND * 
*. EDIT .* •••••••• X*ADDRESS OF THE * •••••••• X* EDIT' TRIPLES *x ••••••••••••••••• 

*. .* * FORMAT CODE * X * * 
*..* *INTO REGISTER 8* * * 

*. • * ***************** ***************** * NO 

x 
.*. PREFMT,OBC61 

G1 *. *****G2********** 
.* *. *GENERATE BRANCH* 

.* *. YES * ROUND REMOTE * 
*. PRE-FORMAT .* ...... .. x* FORMAT * 

*. MARKER .* *STATEMENT WHICH* 
*..* * FOLLOWS * 

* •• * ***************** * NO 

x 
. *. 

HI *. 
• * *. **** • * *. YES * * 

x 
**** 

* * * Bl * 
* * **** 

*. FORMAT .* •••• X* F5 * 
*. .* * * 
*..* **** 

* •. * * NO 

x .*. 
Jl *. *****J2***"'****** 

.* *. *RELEASE MODULES'" 
.* END OF *. YES * IEMNU, IEMNV. '" 

*. PROGRAM ."' ........ X.RELEASE SCRATCH. 
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*. .'" * STORAGE OF * 
*..* * IEMNT • 

•• •• .***.****."'****** 
* NO 

x 
**** 

* * * Bl * 
* * **** 

x ••••• 
*OB * 
'" Al* 
* '" * 

:OB721 .~. OB730. 
G3 *. .****G4*"'******** 

.* *. * GENERATE * 
• * *. YES * LA 1, ITEM * 

*. COMMA .* •••••••• X* LA 2, OED * 
*. .* * BALR 7,8 * 
*..* * * 

*. • * *"'*"'*"''''''' "'''' *"'***** * NO 
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:OB720 .*. 

H3 *. 
· .* * . 
• NO .* * • 
• ••• *. EDIT' .* 

*. .* 
*. .* * •. * 

* YES 

08840 X 
*****J 3*******"'** 
"'GENERATE BRANCH* 
* ROUND FORMAT * 

• •• * LIST WHICH * 

. :TbO~5~~~T ~i~~ : 
x *****"''''**'''**'''**** 

**** 
* * * F5 * 
* * **** 

**** 
* * * F5 * 
* * *"''''* 

08G30 X 
*"'***F5*"'******** 
* SCAN FOR * 
* FJRMAT ITEMS * 

• ••• x* AND GENERATE * 
* LIBRARY CALLS * 

* * *****."'''''''.******* 
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G5 *. 
.* *. 

• • NO.'" FORMAT' * • 
• •••••• OR FORMAT .* 

*. LIST' .* 
*. .* 

* .• * 
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*****H5.********* 
*GENERATE 8RANCH* 
* TO STAR T OF * 
*LIST OR RETURN * * (IF RE~OTEI * 
*GE~ERATE LABEL * 
*******.********* 



Chart OB. Phase OB Overall Logic Diagram 
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. *. 
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* * **** 
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*. TEXT.* X 
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X 

* * * 

Cl' *. *. ST4 *****C2********** *****C3********** 
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*****E2********** 
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*****E4********** *.***E5******.*.* 
* CALCULATE * * GENERATE * 

* TOFIKED * 0 * DOPE VECTOR * * CODE TO * 
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* TEXT * * PARAMETERS * * IN DOPE * 
* * * * * VECTOR * 
*********.******* **********.*****. * •• **.*******.*** 

*.** 
* * • A1 *x .. * * .x ........•.. 
.*** 
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*·*·*F5·*.··*·*·* 
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.* *. .* IS *. * REPLACE * * REPLACE * * * * DECREMENT * 
* STACK • 
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*. FUNCTION .* ........ X*. OPERAND .* ........ X* WORKSPACE * ........ X* PSEUDO-CClDE * 

*. .* *. CTL OR .* * REFERENCE * X • MVC * * • 
*..* *.TEMP .* * * * * * * *. • * *. • * ****.************ **.********.*.*.* **.****.********* 

* NO * NO 

x .*. ADVR 
Gl *. *****G2********** *****G3********** 

.* ADV *. * CALCULATE * * GENERATE * *** • 
• * OR SDV *. YES * DOPE VECTOR * * PSEUDO-CODE * * * 

*. FUNCTION .* •••••••• X* OFFSET FROM * •••••••• X* TO LOAD * •••• X. Al * 
*. ?* * PARAMETERS * * REGISTER FROM. * * 

*. • * * * * DOPE VECTOR. **** 
* •• * ***************"'* ***************** * NO 

x 
.*. ST7,ST8 .*. BY5 .*. 

HI *. H2 *. H3 *. *****H4********** *****H5*******.** 
.* *. .* IS *. .* *. * ALIGN. * PLACE * 

.* BUYS *. YES •• IT A *. NO .* SCALAR *. YES * WORKSPACE * * WORKSPACE * 
*. OR FIRST .* •••••••• X*. DOPE VECTOR .* •••••••• X*. < 256 •••••••••• X* TO * •••••••• x* OFFSET * 

*. BUY .* *.ONLY TEMP.* *. BYTES .* * REQUIRED * * IN OFFSET 1 * 
*..* *..* *..* * BOUNDARY * * SLOT * 

* •• * * •• * * •• * ***************** ***************** * NO • YES * NO 

x .*. Jl *. 
• •• *. 
.YES.* SELL *. 
.X •• *. D,R 2ND .* 
• *. BUY .* *. .* * •• * * NO 

:STlO J. 
Kl *. 

· .* *. 

**** 
• * * .. X. A1 * 

* * 
BYl9 X **** X 

*****J2********** **.**J 3********** **.**J 4********** *****J5**.******* 
* ALIGN * * PLACE *. • * • 
* WORKSPACE * • WORKSPACE * * BUMP * * REMOVE * 
* TO * ........ X* OFFSET * •••••••• X* WORKSPACE * ........ X* STATEMENT * 
* 4-BYTE BOUND * * IN OFFSET 2 * * COUNT * X * FROM TEXT * 
* * * SLOT * * * * * 
***************** ***************** ***************** ********.********* 

x 
.*** 

* * * A1 * 
* * **** 

• NO •• HAS •• YES • 
•••• *. BUYS BEEN .* ................................................................................... . 

*. REMOVED • '" *. .* * .. * 
* 
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x 
:*.*'.Al*********: 
.LOAD "ODULE OF • 
*ANO INIJ[ALIZE * 
:.:~::*:~~::::**: 
**** • * •• * B1 '.X. 

*' ****.. • 
X 

*****B1********** 
• SCAN TEXT • * FOR AN * * [NTERESTJ NG * 

!****::::~:** •• *: 
x 

.*. Assao ASS032 .*. SPASS 
(1 *. *****e2****.*.*** C3 *. ****.C4********* • 

• * *. 'OBTA[N OPERANO * .* *. * ALLOCATE OR * .* *. YES *DESCR[PTNS FRO~* .* SPECIAL *. YES * BUY STORAGE * 
*.*~Snm~NT.*.* •••••••• x: mDc~~W~5A : •••••••• x*.*~SmmNT.*.* •••••••• x: FO~pm~~D 

*..* .. VALIDITY" *..* .. .. 
* •• * .*............... * •• * ***************** 
*~ .~ 

x 
••• CALI B 

Jl *. • •••• J2 •••••••••• 
• * BUY, •• * GENERATE • 

.:. AL~mh, .. :*~:.~ ..... X: ~mm : *. FREE." .. SEOUENCE .. *..* • • * .• * •••• ** •• **.** •••• * NO 

X 
....... Kl ... * ....... . 
:Ets 2~R~R~~~~~,: 
.OJ. AND RELEASE. 
• ·-CONTROL • · . ................. 
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i ..... 
·OG • 
• A2* ... 

.. i ... 
: .:~*: 

: X •••••••••••••••••••••••• : 
x .*. ASFLGO 

03 *. .*-***n4********** 
• * ARE *. * GENERATE CODE * 

.* OPERANDS *. YES * FOR FLOAT[NG * 
*.*/L~~mG .*.* •••••••• X: ASSjg~~~~T : •••••••••••••••••• 

*..* .. .. 
* •. * ***************** * NO 

x .*. ASFBOO 
E3 *. • •• **E4********** 

.' ARE *. * GENERATE CODE * 
.* OPERANDS *. YES * FOR FIXED * • 

*'*. B~m~ .*.* •••••••• X: As~lm~NT : •••••••••••••••• ~. 

*..* .. .. 
*. ... ..*************** * NO 

x . *. ASFDOO 
F3 *. *****F4********** 

• * ARE *. * GENERA IF CODf * .* OPERANDS •• YES • FOR F[XED * • 
*'*. DW~~L .*.* •••••••• X: AS~m~~~T : •••••••••••••••• x. 

*. ... .. .. 
* .• * ****************. * NO 

x 
.*. ASTROO 

G3 *. .****G4********* • 
• * *. • GENERATE CODE' 

.* STR[NGS *. YES * FOR STR[NG OR * • *. OR NUMERIC •••••••••• x* NUMER[C F[ELD * •••••••••••••••• X • 
•• f[ELDS •• • ASS[GNMENT • 
*..* • * *. .• ***.********** ••• • NO 

j. ASLOO ASOROP X 
• .H3 *. *. :****H4******"': :'b~6~5;:~ri(!t*: 

.* ARE *. YES * GENERATE CODE' * REG[STER * 
•• OPERANDS .* •••••••• X. FOR LABEL * •••••••• x* USED [1'1 • 

*. *~:~E~!.*.* :.*:!~:::::::**.: :.:::~*::!:~~! .. : 
.. NO 

GENCN it 
:*"'J3""*"": 
* GENERATE * * * 
.. CONV MACRO * •••• x* B1 * 

: : •••• * * 
..******* •• *.*.** 

.!.* • * 
: 81 : 

*.* • 
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.... · . • Bl • · . • *** 

. .... 
• OG • 
•• A~* · 

MJGOll X ••••. A2····.·.··· •••• • TRANSLATE SN • 
• • • TRIPLE TO • 

: .::. : •••• X:Mmu~g-g8V~UT : ..-.* ........... . .*.. . . . . 
• 82 •• X. .. .. 

MJGOll X MJGot~*· X 
*.*.*SI •••• *.**** •••• *S2* •••• ****. 
• OUTPUT.· • 
• PSEUDO-CODE • .GET NEXT TRI PLE. 
• INSTRUCTION ••••••••• X. AND EXAMINE .. 
• CORRESPONDING.· • 

: ••• I~.I~l:k; ••• : :********* •••••• : 

x 
FMTDOI ••• MJG03D ••• ~JG034 ••• ··C1.········· '. SE T UP MARKER • 

C2 *. • •• *.C3.......... C4 *. • •••• C5 •••••••••• 

• SO THAT • 
•• PROC •• .STORE WORKSPAC E. •••• • SET UP • 

•• OR BEGIN •• YES .. COUNTS FOR. •• PRIMED •• YES • WORKSP4CE • 
..PRIMED OR NOT.* •••••••• X. CURRENT BLOCK ••••••••• X.. TRIPLE •••••••••• X. COUNTS FOR • 

•• PRIMED •• • UNLESS MAIN • •• •• • CONTAI"IING • 
• WORKSPACE 3 ••••• 
• IS EXAMINED BV • 

: •• ~~.I~mH ... : x *... • PROC. •••• • BLOCK • * •• * . * •••••••••• _..... * •• * ••••••••••••••••• x _ * •••• • ~ *~ 

• B2 • 
.. ••• * .. 

: NO x .*. .*. 
01 •• 02 -. 

•••• ..FORMAT •• 
•• •• YES •• U ST PRIMED •• 

•• PRIMED •• X. •••• ••••• OR NOT •• 
•• •• •• PRI MEO •• 
*..* *..* * •• * * ••• • YES • NO 

x 

MJG036 X X 
• •••• 04 •• * •••• *** .* ••• 05* ••••• ***. 
• SET UP. • LEAVE MARKER • 
.. WORKSPACE" .. SO THAT • 
.. COUNTS FOR ......... X.WORKSPACE 1 IS • 
• BLOCK" • EXAMINED BY • 
• •• S"l TRIPLES • ******.******.*** ••••••••••••••••• 

. **.* .. . 

.. x: .:~.: 
FMT002 X '''' ••• ••• ~JGC40 ·.·**El·········· E2 *. E3 *. E4 *. .****E5*.******** 

• CLEAR • .* ~ *. .* *. .* *. • seT "'ARKER * 
• WORKSPACE 3 • •• JUMP ". YES.. •• NO .* *. NO * SO THAT * 
• HARKER. • •• EOP OR EOP2 .* ........ X*. EOP2 .......... X.. JUMP .......... X*A~aTHER EOP I~ • 

: WmmC~OI : 
". TRIPLE •• •• •• •• •• .. TREATED AS • 
*..* *..* *..* * EOP2 * ••• * ••••••• * ••••• * .• * * •. * * •• * ••••••••••••••••• 

.. NO .. YE S * YE S 

x · ..... 
• B2 • 
* * ••• * 

x . ". 
F2 *. .* *. .. .. YES.. CL •• 

.. 61 .X...... TRIPLE •• 
* * *. .* ***. *..* * •• * 

• NO 

X 
MJG012 ••• 

*****Gl*******.*. G2 *. 
• wg~5~~~EE t ..... ;~~.:~;~~~~~h~:~·:* 
• UPDATE IF MORE * *. .• 
• REQUIRED" *..* 
***************** * ••• 

• NO 

x :* ..• 1i2*********: 
:COMPILER ERROR: 

•• * •••••••••••••• 

**~** 
*05 * .. AZ • ... . 

x . .. 
G3 •• 

•• END •• 

MJG045 X 
***·.F4****···*** .. DELETE • 
.. JUMP TRI PLF.. .. 
• GET FIRST • 
• P SE uon-CODE .. 

:*.!~~l~~~!L2~**: 

*~*. * .. 
: 61 : 

•• ** 

**** . .. 
: .~:*: 

MJGrI I X 

VE S.. OF •• NO • 

..***GS* •• ****.*. 

.. OUTPUT • 
• • .PSEUDO-CODE OF .. 
• G3 .X ..... RIGHT LFNGTH •• ..... PSEUDO-CODE .................. x. 

*. .* • • .GET NFXT PSFUDO. 

*~** 
* * 

*. .* *- ••• 
x 

**.. *--CODE INSTRCTN * **** •• * ••••• * •••• x 
: 82 : .... 

x : NO 
MJG308 • .*. NO ••• 

*****H3********.* H4 *. H5 *. 
* OHETE LENGTH • •• *. • * •• 
• OF PSEUDO-CODE. YES.* PSEUDO- •• "lQ • * PSEUDO- •• 
• GET NEXT .X ........... CODE IG"lORE .* ........ X •• CJOE CO~VERT ." 
.. PSEUDO-CODE * •.• ITEM .' •• MACRO •• 
.. INSTRUCTION .. *..' •..• 
****************. * .. * * •• * * * YfS 

MJG204 MJGZC3 MJG200 X 
:~~:~i~:*;;ti~*~*: :***~~~:~:~~****: :***~~~~~:;:****: 
*GENERATE PSEUDO. • PSEUDO-CIlDf * • PSEUDO-CODf * 
* -COOE TO CALL .X ......... TO POI ~T REG 3 *X ........ "T~ PJI ~T RfG I * 
*L1BRARY CONVER-. .AND 4 AT SOURCE* .AND 2 AT SOURCE • 
• SION ROUTINE .. • DATA • • DAT4 • 
**********.****** ***************** ********.******** 

MJG298 X 
*··**K3* •• **.*·*. * SET BITS ON * 
* IN ZINCL FOR • 
* CONVERSION • 

:****:~:~~:!****: 
*' .a .... 
: G5 : 

*.*. 
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• *.*. 
*OS * 
... A~. · 

X 
····*AZ*****·.*.* " GET SCRATCH .. 
• STORAGE TEXT * 

.... . . 
: .::.: 

it 
.". STPTST. *. 

A3 *. A4 •• .* *. .* •. 
NO ." •• YES.* END OF •• 

" BLOCK. • •••••• *. SCAN = 4 •• X..... ••••• CHAIN ." 

••• * .. .. 
• A4 • 

.. **** .. 

: SET SCAN = 0 : 

••••••••• *** ••••• 
:x .......... : 

LOCOMP X 
·****B2****·****. " GET FIRST .. 
• CONSTANT IN • 
* CHAIN. " 
" UPDATE SeAI'l .. 

: ••••• fl~*; ••• ***: 

*. .* *. .• *..* *..* * .. * * .•• 
• YES .. NO 

*.:** .PO " 
" AI· ... x 

:**.*84.*.******: 
• GET NEXT • 
* CONSTANT IN * 
.. CHAIN .. 

• * ................. 
VSEA 

• •••• S5***··.***. • * 
" CHAR TO • 

•••• PICTURED CHAR .. 
• .. CONYERS ION , . .. .. 
x •••••••• • •• ••• ••• 

.. **** .. x 

x · . • x ••••••••••••••••••••••••••••••••••••••••••••••••••• : *~!.: 
: YES X 

****'C1********** SCAN4 CZ·*·*. 
* CONVRT * ."STATIC *. 
• -,,-.-,,-*-.-.-,,-* YES." INITIAL ". 
" INTO LOCATION .X •••••••• *. CONSTANT •• 
, GIVEN. ..AND SCAN .* 
" SEE C3" '. = 4 •• ••••••••••••••••• * .•• 

" NO 

X 
SCAN 1 .*. •• * •• 01.......... 02 *. 

• CONVRT" • *TARGET •• 
*-.-,,-.-.-.-*-,,-. YES ."OOUBLE WORD •• 

INTO TEXT .X. •••• ••••• ALIGNED •• 
BLOCK • X ". AND SCAN ." 

• SEE C3. •• = 1 • * **............... *. ." 
• NO 

POOLSC X 
it 

• SCANZ ••• • * .... E1 ......... *** EZ •• .. . ,.TARGET *. 
, SCAN POOL .. • YES ."SINGLE WORD". 
* FOR SIMILAR * ...... *. ALIGNED AND .* 
* ENTRY " *. SCAN .* .. " *. = 2 •• ................. * .•• * NO 

x x . ". SCAN3 .* . 
f1 *. F2 •• 

• * *. •• TARGET * • 
." SIMILAR ". YES • * UNALIGNED '*. NO 

*. ENTRY .* •••• *. .• 
*. .* * •• * 

" NO ... : .... 
: .::.: 

*. AND SCAN .* •••• *. = 3 .* *. .* .. .. 
* YES 

it 
*·**·G2.****·.* •• 
* CONVRT * .-.-.-.-.-.-.-.-. 
* INTO TEH * 
* BLOCK * 
.. SEE C3 " ••• *.* •• ****.*.*. 

x .... 
* • • A4 • 

* * .... 

: •••••••••••••• '" ••••••• X: 

VSCA .*. 
C5 *. .. .. 

* CHAR STRING * NO.* TARGET * • 
* TO CHAR OX •••••••• *. PICTURED .* 
* CONYERS /UN * *. • * · . ... . : .... ~~:::;*.*** : ............... 
: •••• C4 •••••• *** : 

................. . ... . 
• ••• * x •• * 
•• x* J3 * 

x· •••• • : NO .•. .*. . •. 
03 •• 04 •• 05 * • .* *. .••. .* •. 

.* TARGET •• YES .* SOURCE *. NO •• TARGET ". 
*. STRING •••••••••• X*. CAD •••••••••• X*. BIT STRING •• *. .• •. .* •• •• •..• ...* •..• 

*·.·~O *'*'~ES *'*'~ES 

it .". VSDA X 
E3 *. ..* .. E5.·· ••••••• •• *. .. * .* SOURCE •• YES * • 

*. STRING .* •••• X* K4 * *. •• • .. .... . ... " CHAR TO • 
• BIT STRING ' •••• 
: CDNVERS ION : 

* •. * ................. 
* NO 

:X •••••••••••••••••••••••• : x .*. .*. ARARO 
F3 •• F4 •• • •••• F5 •••••••••• .*.. .• *. • • . 

.* SOURCE *. YES .*CONVERSION *. YES • ARITH TO * X 
*. IN INTERNAL •••••••••• X*. NEEDED .* •••••••• X* ARITH * •••• 

*.*/ORM .*'* *'.. .*'. : CONVERSION : .. .. .. .. . ............... . 
* NO * NO · .... 

• * * 
x ..x: .~!.: 

.*. .*. ARBTD G3 •• G4 •• • •• *.G5 •••••••••• .*.. .* *. • • • .* TARGET *. YES .* TARGET •• NO * ARITH TO * X 
*'*. STRING .*.* •••••••• X*.*. C~mwR.*.* •••••••• X: ~Mv~m~~ : .... •..• *... • • •. .• *. .• • ••• * •••••••••••• 

* NO * YES 

X CHARD X ARCHD it 
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•• ••• H2 •• *.·.·.*. * INSERT ENTRY * 
• INTO OICTION- * 
* ARY CONSTANT * 
* POOL FROM * 
• TEXT BLOCK .. ................. 

it . ..... 
* A4 * 
.. * •••• 

••••• H3·······.·. * * * CHAR STR·ING * * TO ARITH * 
: CONVERSION : ................. .... . 

•. ···H4······ ••.. * * * ARITH TO • 
* CHAR * 
* CONVERSION • 
.. * . ............... . · .. . * J3 *.x. X • 

• .. .x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••• x x 
x 

• •••• J3 •••••••••• 

* RETURN * · ............... .. 
CHARD • •• • •• J4.·· ••••••• 

* * * CHAR TO * 
* ARITH * 
* CONVERSION * 

* * ................. 
x 

: YES 
.*. ARARO. 

Kit •• • •••• K5 •••••••••• . *.. • • 
: K4 : •••• x*:· C~~~mER *:*~~ •••••• x: A~AT~mAC : * * '. STRING .* * CONVERSION * •••• *..* • • ..... . ............... . 



rable LA. Phase LA Pseudo-Code Scan 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans transfer vector ISCTV I MV4A, SCINIT I 
t-----------------------------------+---------------+-----------------------------------~ 
ISearches for triple of interest to ISCl, SC2, SC3 ISCUT1. SCUT4, SC200 I 
I user I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IMoves input pointer to next triple ISC4, SC5, SC6, ISC200 I 
I I SC7 I I 
t-----------------------------------+---------------+-----------------------------------~ 
IMoves input pointer over JMP triplelSC8, SC9, SC10AISC51, MV20 I 
land pseudo-code I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IScans triple transfer vector ISACTN ISC20 to SC80 I L ___________________________________ ~ _______________ ~ _____________ ------________________ J 
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Table LA1. Phase LA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
MVi Moves input text. with symbolic start in PARi and absolute address 

MV2 

MV3 

MV3A 

MV4 

MV4A 

SACTN 

SCINIr 

SCTV 

SCUTi 

SCUT4 

SCi 

SC2 

SC3 

ISC4 
I 
ISC5 
I 
I 
ISC6 
I 
ISC7 
I 
SC8 

SC9 

SC10 

SCiOA 

SC20 to SC80 

SC200 

I 

of first byte not to be moved in PAR2. 

Moves input text with symbolic start in PARi; moves count in PAR2. 

Moves generated pseudo-code with absolute start in PARi, and count 
of contiguous text in PAR2. 

Moves generated triples." with parameters as for MV3. 

Moves input text, with absolute start in PARi. 

Moves input text, where preceding output text may be pseudo-code. 

Scans triple transfer vector. 

Initializes input and output text blocks. 

Scans transfer vector. 

Scans triple. 

Adds epilogue to JMP triple by inserting total count in triple and 
moving two register status bytes to the end of the pseudo-code 
block. 

ISearches for triple of interest to user as indicated by entries in a 
ITRT table. Haves scanned text to output string. 
1 
IMoves current triple to output string, increments input pointer and 
Isearches for triple of interest to user. 
I 
Moves input pointer to next triple, then scans for triple of inter-
est to user. 

ftioves input pointer to next triple" marking input block as WANTED .. 

Moves input pointer to next triple,,, marking input text block as 
FREE. 

Moves input pointer to next triple'lT with TRT for new triple. 

Moves input pointer to next triple" with TRT for new triple .. 

Moves input pointer over JMP triple, and then the triple with the 
following pseudo-code is moved to the output text, the register 
status bytes are updated, and the input pointer is updated to point 
at the first triple following the pseudo-code. The input text block 
is marked as 'wanted.' 

The input text block is marked as FREE, otherwise as for SC8. 

Converts symbolic input text pOinter in PARi to absolute. and if thel 
text block referenced is no longer the current one, resets the SCAN I 
input text parameters. I 

lAS SC8, but the pseudo-code is not moved, and the register status 
Ibytes are not updated. 
I 
ISCAN text housekeeping routines. 
I 

I 
I 
I 
I 
I 
I 

IBumps input text pointer over current triple, calls in next chained 1 
linput block if end of block reached. I l ___________ - ______ ~ ____________________________________________________________________ J 
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Table LB. Phase LB Pseudo-Code Initial 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for PROCEDURE, BEGIN, I SCAN ISCINIT, SCi, SC3, SC5 (all in LA), I 
land ALLOCATE triples I ISFSCAN, ENDRTN, MAIN, SCAUTO I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans automatic chain ISCAUTO I MAIN I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses INITIAL attribute dic- I MAIN ICNSTWK I 
Itionary items I I I L ___________________________________ ~ _______________ ~ ______________________________ -----J 

rable LEi. Phase LB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ARRENT (LC) IDeclares INITIAL attribute for dynamic ~rrays. 

I 
CNSTWK ICreates initialization triples. 

I 
ENDRTN IReleases phase and scratch storage. 

I 
MAIN IProcesses INITIAL attribute dictionary items. 

I 
SCAN IScans text for PROCEDURE, BEGIN. and ALLOCATE triples. 

I 
SCAUTO IScans AUTOMATIC chain. 

I 
ISFSCAN IScans through second file statements. L __________________ ~ ______________________ ~ ____________________________________________ _ 
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Table LD. Phase LD Pseudo-Code Initial 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I subroutines Used I 

~-----------------------------------+---------------+-----------------------------------~ I Scans the STATIC chain for any I STATIC I ENDRTN, ARRENT. CNSTWK" I 
Ivariable with the INITIAL attribute I I LOVNAS, STRADD I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table LD1. Phase LD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+---------------------------------------------------~----------------~ ARRENT Processes the initial value string for arrays. 

CNSTWK 

CNVERT 

ENDRTN 

GAAl 

GAC3 

LOVNAS 

STATIC 

STRADD 

ST0006 

ST008S 

Creates constant entries for initial values. 

Converts decimal integer constants used as replication factors to 
fixed binary. 

Releases the phase and scratch storage. 

Scans array initial value string. 

Makes slot for converted constant for arrays. 

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. 

Resets initial value entry. 

IST9999 Makes slot for converted constant for scalars. L __________________ ~ __________________________________ --________________________________ J 
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Table LG. Phase LG Pseudo-Code DO Expansion 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processingl I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text ILG0002 ISCl (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor iterative DO triples, pushes ILG0011 IPSHDWN, SC5 (LA), CVSCAN I 
Idown stack and examines control I I I 
I variable I I I 
t-----------------------------------+---------------+-----------------------------------i 
IPushes down DO stack ILG0013 IPSHDWN I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor iterative DO' and DO' triples, ILG0012 I EXPEVL, POPUP I 
Ipushes up stack and removes top I I I 
I entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor CV triples, reverts to normal ILG0015 I EXPEVL I 
Iscan I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I For TO ,and TO' triples, examines ILG0017 I EXPEVL, TESTOP I 
largument and assigns to temporary. I I I 
lif necessary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor BY and BY' triples~ examines ILG0019 I EXPEVL, TESTOP I 
lexpression and determines signs of I I I 
I constants; assigns variables to I I I 
I temporary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IFor WHILE and WHILE' triples, marksiLG0021 ICODE3 I 
Iloop as iterative; generates test I I I 
I triples I I I 
~-----------------------------------+---------------+-----------------------------------~ 
100 EQUALS triples, assigns expres- ILG0024 ICODE2, TESTOP I 
Ision as a temporary; generates codel I I 
Ito control loop if end of specifi- I I I 
I cation I I I 
~-----------------------------------+---------------+-----------------------------------i 
I Sets up control variable text in DO I CVSCAN I CVCOPY" PSTYPO., PSTYPl I 
I stack I I I 
~-----------------------------------+---------------+---------------~-------------------~ I Generates loop control code I CODE2 I CVCODE, DICENT., COMPAR, SWITCHP, I 
I I ILMV3AU, LMV3AS" PSTYPO~ PSTYPl I 
~-----------------------------------+---------------+-----------------------------------i 
ITests expression result type and ITESTOP IDICCHN, LMV3A5 I 
lassigns to temorary if not constant I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves text from DO stack to output ICVCODE ILMV3AU I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table LG1. Phase LG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ICODE2 Generates loop control code. I 
I 
ICODE3 Generates loop control code for WHILE. 
I 
(COMPAR Generates triples to test upper limit control expression. 

CVCODE 

CVCOPY 

CVSCAN 

DICCHN 

DICENT 

EXPEVL (LH) 

LGOOOO 

LGOO02 

LG0010 

LG0011 

LGOO12 

ILGOO13 

LGOO15 

LGOO17 

LGOO19 

LG0021 

LG0022 

LG0024 

LMV3AU 

LMV3A5 

POPUP 

PSHDWN 

PSTYPO/PSTYPl 

SWITCHP 

Moves text from DO stack to output. 

Moves input text to DO stack. 

sets up control variable text in DO block. 

JChains dictionary entries. 

Makes a dictionary entry. 

Analyzes expression to determine result type. 

Initializes phase. 

Scans text. 

When EOP triple encountered, releases scratch storage and passes 
control to next phase. 

For iterative DO triples pushes down stack and examines control 
variable. 

For iterative DO' and DO' triples pushes up stack and removes top 
entry. 

Pushes down DO stack. 

For CV triples reverts to normal scan. 

For TO and TO' triples, examines argument and assigns to temporary 
if necessary. 

For BY and BY' triples, examines expression and determines sign of 
constants. Assigns variables to temporary. 

For WHILE and WHILE' triples, marks loop as iterative and generates 
text triples. 

When WHILE' triple encounteredw 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. 

Pushes down DO stack and initializes new stack entry. 

Test pseudo-variable argument type. 

Changes DO stack text markers. 

ITESTOP Tests expression result type and assigns to temporary if not con-
I stant. L __________________ ~ ___________________________________________________________________ _ 
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rable LS. Phase LS Pseudo-Code Expression Evaluation 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation rype I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text and branches to ILBO IARITH, FUNCTI1 LZZL, MOVEPC, I 
Iprocessing routines; marks phase Lwl ISCAN (LA), STRING" SUBSPT I 
land releases control to next phase I I I 
t-----------------------------------+---------------+-----------------------------------~ 
I Calculates result type and I'ARITH" ARITH2 I ADDSTK, ASSIGN" CONVT, DICDES~ I 
Igenerates pseudo-code for +, -, *, I I EXPONT, GENRPD, GETADX" GETFR, I 
1/, prefix +, prefix -II compare I IGETGR, MOVEPC, RELSTK, SETCPX." I 
I operators, and ADD, MULTIPLY, and I I STRING, SWOP I 
IDIVIDE fUnctions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates result type for string I STRING ILZZ1, MOVEPC. STALRG I 
I operators I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInserts symbolic register in sub- ISUBSPT IADDSTK, DICDES I 
Iscript triple and stacks result I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInserts workspace description in I FUNCT IADDSTK, ARITH, DICDES, GETFR, I 
ITMPD triples after function, and I IGETGR, SCAN I 
Istacks result. Stacks arguments I I I 
Ifor ADD, MULTIPLY, and DIVIDE func-I I .I 
Itions. Adds pseudo-variable mark- I I I 
lers to stack I I I 
t-----------------------------------+---------------+-----------------------------------i 
I Calculates results types and I EXPONT I ADDSTK, ARITH2" CONVT, GETADX I 
I generates pseudo-code for ** opera-I I MOVEPC, STALRG." SWOP I 
Itor. Generates calling sequences I I I 
Ito library subroutines for complex I I I 
I arithmetic I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Calculates target type and I CONVT I ADDSTK, ASSIGN" GETFR. MOVEPC" I 
Igenerates assignment triple for I ISTALRG I 
I conversion; Sets dictionary entries I I I 
Ifor constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInterchanges operands; optionally ISWOP IGETADX, GETFR, GETGR I 
Iloads first operand I I I 
t-------------------------------~---+---------------+-----------------------------------i 
IObtains free floating or fixed IGETFR, GETGR IGETADX, STALRG I 
[arithmetic register; stores it" if I I I 
I necessary I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IAdds items to" and releases items IADDSTK, RELSTK INone I 
I from intermediate result stack I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IGenerates calling sequence for ISETCPX I EXPONT, GETADX I 
Icomplex * and / operators, super- I I I 
Ivises complex arithmetic I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInserts TMPD triples after zero ILZZ1 IRELSTK, SCAN I 
I operands I I I L ___________________________________ ~ _______________ ~ _________ ~ _________________________ J 
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Table LSi. Phase LS Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

ADDSTK (LT) Adds items to intermediate result stack. 

ARITHIARITH2 (LT) Calculate result type and generate code for +" -" *" /" prefix +" 
prefix -if compare operators" and ADD,. MULTIPLY. and DIVIDE func­
tions. 

ASSIGN Generates an assignment triple and TMPD in the output text. 

CONST Sets up dictionary en"try for constant operand. 

CONVT Calculates target type and generates assignment triple for conver­
sion. 

DICDES 

EOP2 

EXPONT (LU) 

FCTDES 

FONCT 

FXCi (LT) 

GENRPD 

GETADX (LT) 

GETFR/GETGR (LT) 

LBO 

LBE2i (LT) 

ILBFLi (LT) 

LZZi 

MOVEPC 

PSI 

RELSTK (LT) 

SETCPX (LU) 

Constructs operand description from dictionary entry. 
I 
IMarks phases wanted/not wanted and releases control. 
I 
ICalculates result type and generates pseudo-code for ** operator, 
land generates calling sequence to Library subroutines for complex 
I arithmetic. 
I 
I Inserts workspace description in TMPD triples after function" and 
1stacks result. 
I 
I Inserts workspace description in TMPD triples after function" and 
Istacks result. Stacks arguments for ADD, MULTIPLY" and DIVIDE func-
tions". Adds pseudo-variable markers to stack. 

Generates fixed binary pseudo-code. 

Generates pseudo-code for packed decimal operations. 

Sets up address of pseudo-code instruction. 

Obtain free floating or fixed arithmetic register; store it" if 
necessary. 

Scans text and branches to processing routines. 

Tests for operand conversions and constants. 

Generates floating pseudo-code. 

Inserts TMPD triples after zero operands. 

Moves pseudo-code to output text. 

Adds pseudo-variable marker to stack. 

Releases items from intermediate result stack. 

Generates calling sequence for complex * and / operators; supervises 
complex arithmetic. 

STALRG Generates pseudo-code to store all arithmetic registers currently inl 

STRING 

SUBSPT 

use. 

Calculates result types for string operators. 

Inserts symbolic register in subscript triple and puts result in 
stack. 

I 
I 
I 
I 
I 
I 
I 

ISWOP Interchanges operands and optionally loads first operand. I 
L __________________ ~ ____ -----------------_--------____ -------------_____________________ J 
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Table LV. Phase LV Pseudo-Code String utilities 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
\ Initializes module; releases con- \STRUTO I None \ 
Itrol to next module l I \ 
~-----------------------------------+---------------+-----------------------------------~ 
IConverts data item to string; cal- \STRUTl ISCAN (LA), STRUT2 I 
Iculates string length \ I \ 
~-----------------------------------+---------------+-----------------------------------~ 
\Produces a string dope vector des- \STRUT2 I None I 
\cription from a standard string I I I 
I description I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

rable LV1. Phase LV Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
LSUT17 Tests whether string length is greater than 256, and if necessary 

LSUT22 

LSUT26 

LSUT27 

STUTO 

STRUTl 

STRUT2 

ZSTUTl 

generates fixed length calling sequence. 

Tests whether string dope vector result is required. 

Generates any assignment and TMPD triples. 

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 des­
cription. 

Transfer vector to STRUT1. 

IZSTUT2 Transfer vector to STRUT2. L __________________ ~ ___________________________________________________________________ _ 
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Table LW. Phase LW Pseudo-code String Handling 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Initializes phase, scans text and I BEGIN I FUNPT" SCAN (LA) .. STROP, I 
Ibranches to processing routines; I ISUBSPT, TMPDT I 
Ireleases control to next phase I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses TMPD triples. ArithmeticlTMPDT IGETMPD" MOVSEL. RELSTK .. SCAN (LA) I 
Itype TMPDs are ignored. String I ISETMPD I 
ITMPDS are replaced by the top item I I J 
I from the string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses function and function I FUNT IADDSTK, DICDES. GETADSw GETMPD. I 
largument triples. Arithmetic type I IMOVEPC" RELSTK, SCAN (LA), SETMPD, I 
Ifunctions are ignored. Dictionary I I STROP I 
lentries are created for the results I I I 
lof string type functions. A I I I 
I library calling sequence is gener- I I I 
lated for the BaaL function using I I I 
Ithe mechanism for packed bit opera-I I I 
I tions. The result descriptions are I I I 
ladded to the string stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses subscript triples. ISUBSPT IADDSTK, DICDES, SBGNOR, SCAN (LA) I 
IArithmetic type subscripts are I I I 
I ignored. A symbolic register or I I I 
Iworkspace offset is added to string I I I 
ltype subscript triples and the I I I 
Istring description is added to the I I I 
Istring stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses string operations CONCAT,ISTROP IADDSTK, DICDES. GETADS .. GETADX.. I 
I AND, OR, NOT and comparisons with I I GETMPD, MOVEPC.. MOVSEL. RELSTKw I 
Istring type operands. For simple I I SCAN, STRUT (LV) 1 
leases, in-line pseudo-code is gen- I I I 
lerated; otherwise calling sequences I I I 
Ito the library are generated. The I I I 
Iresults are added to the string I I I 
I stack.. I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable LW1. Phase LW Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IADDSTK IAdds strings to the intermediate string result stack. I 
I I 
I BEGIN Main controlling routine for phase. I 
I I 
IDICDES (LX) Constructs operand description from dictionary entry. I 
I I 
I FUNPT Processes result returned by functions. I 
I I 
I FUNT Processes funtion and function argument triples. I 
I 
IGETADS/GETADX (LX) Construct address part of pseudo-code instruction. 
I 
IGETMPD Constructs operand description from TMPD triples. 
I 

LB Terminates phase at end of program. 

LIBl Generates Library calls for string operations. 

LIL2 Generates pseudo-code for NOT operation. 

LIL3 IGenerates pseudo-code for concatenation operation. 
I 

LIL6 IGenerates pseudo-code for comparison operation. 
I 

LIL8 IGenerates pseudo-code for AND/0R operation. 
I 

Lll IGenerates pseudo-code to convert to string. 
I 

I MOVEPC IMoves pseudo-code from bUffer to output text. 
I 

MOVSEL IMoves SELL triples to output text. 
I 

RELSTK IRemoves strings from the intermediate string result stack. 
I 

SEGNOR IGets next symbolic register. 
I 

SETMPD IConstructs TMPD triples from description. 
I 

STROP IProcesses string operations CONCAT, AND, OR, NOT, and comparisons 
Iwith string type 'operands. 
I 

SUBSPT Iprocesses subscript triples. 
I 

T~~DT IProcesses TMPD triples. 
I 

ITS ISets flags for triple types. L __________________ ~ ___________________________________________________________________ _ 
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Table ME. Phase MB Pseudo-code Pseudo-Variables 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans source text IMBOOOl ISCl (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
IPSI operator; starts new entry in IMEOOll I SWITCH I 
Istack for pseudo-variable I' I 
~-----------------------------------+---------------+-----------------------------------i 
IPSI' operator; completes stack IMB0012 I SWITCH, TARGET I 
lentry and generates code for data " I 
Ilist items I' I 
~-----------------------------------+---------------+-----------------------------------~ I Assign completes stack and rescans I MB0013 I DRFTMP. MMV3A5" MVTMPD If OUTMPD., I 
Igroup of assignments, putting tar- I I TARGET I 
Iget descriptions out in correct I I I 
I sequence; generates code for' I I 
Ipseudo-variables in stack I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMultiple assign; places only targetiMB0014 I MVTMPD I 
Idescriptors in stack I I I 
~-----------------------------------+---------------+-----------------------------------i 
IConstructs pseudo-variable stack IMB0020 I MVTMPD I 
I entry 'I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPlaces temporary descriptor in IOUTMPD IMMV3A5 I 
I output I' I 
~-----------------------------------+---------------+-----------------------------------i I Gets temporary workspace for 'TARGET 'GETWKS , 
,pseudo-variable, if necessary' I I L ___________________________________ ~---------------~-__________________________________ J 
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Table MB1. Phase MB Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 

~------------------+--------------------------------------------------------------------~ 
DRFTMP Makes temporary descriptor from a dictionary reference. 

GETWKS 

MBOOOl 

MB0004 

MB0010 

MB0011 

MB0012 

MB0013 

MB0014 

MB0020 

MB1310 

MB1311 
1 
MB1316 

MB1318 

MB1320 

MMV3A5 

MVTMPD 

OUTMPD 

SWITCH 

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. 

IPSI' operator; completes stack entry and generates code for data 
Ilist items. 
I 
I ASSIGN; completes stack and rescan group of assignments. putting 
Itarget descriptions out in correct sequence. generates code for 
Ipseudo-variable in stack. 
I 
IMultiple ASSIGN; places any target descriptors in stack. 
I 
Constructs pseudo-variable stack entry. 

Resets input pointer to start of sequence of ASSIGNS. 

Rescans ASSIGNS and associated TMPDS from stack in reverse order. 

Tests for end of stack. 

Tests for pseudo-varaible TMPD. 

Generates code for pseudo-variable. 

Moves one triple to output. 

Places temporary descriptor in stack. 

Places temporary descriptor in output string. 

Changes scanning table. 

I TARGET Obtains temporary workspace for pseudo-variable, if necessary. L __________________ ~ __________________________________ - ________________________________ _ 
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Table MG. Phase MG Pseudo-Code In-Line Functions 1 
r-----------------~-----------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN) I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN I None I 
.-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IMove generated code to output ILFMOVE IMV3 (L~) 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 I1 CNVINT, CONJGB" CONJGD" I 
I I ICONJGL, CONJGS, ERRFUN, FLOORB, I 
I I I FLOORD" FLOORL0/r FLOORS" lMAGB." I 
I I I IMl>.GFD, lMAGL, I MAGS , REALB, I 
I I IREALFD, REALL, REALS, SBGTNR, I 
I I ITRUNCB. TRUNCD, TRUNCL, TRUNCS. I 
I I IUNSPEC, UTTEMP I L ___________________________________ ~ _______________ ~_------------______________________ J 

Table MG1. Phase MG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function \ 
.------------------+--------------------------------------------------------------------~ 
IABBFLL \Generates in-line code for ABS function with long floating-point I 
I I argument. \ 
I I 
ABBFLS IGenerates in-line code for ABS function with short floating-point 

I argument .. 
\ 

ABSFB IGenerates in-line code for ABS function with fixed binary argument .. 
I 

ABSFD \Generates in-line code for ABS function with fixed decimal argument .. 
I 

ALLOC2 Generates in-line code for ALLOCATION function. 

CEILB (lVlH) 

CEILD (MH) 

CEILL (MH) 

CElLS (MH) 

I 
ICMPLXB 
I 
\ 
ICMPLXD 
I 
I 
I CMPLXL 
I 
I 
ICNASTR 
I 

Generates in-line code for the CEIL function with fixed binary argu­
ment .. 

Generates in-line code for the CEIL function with fixed decimal 
argument .. 

Generates in-line code for CEIL fUnction with long floating-point 
argument. 

Generates in-line code for the CEIL function with 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 argu­
ment. 

Generates in-line code for COMPLEX function with long 
argument .. 

Constructs assignment triple and associated TMPDS. 

floating-point I 
I 
I 
I 
I 

ICNVINT Converts a decimal integer constant to fixed binary. I L __________________ i __________________________________ ---------_________________________ J 

208 



Table MG1. Phase MG Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------~-----------------------------------------, 
I Routine/Subroutine \ Function \ 
t------------------+--------------------------------------------------------------------i 
ICONJGB IGenerates code for the CONJG function with fixed binary arguments. 

I 
CONJGD IGenerates in-line code for the CONJG function with fixed decimal 

\ arguments 
I 

CONJGL \Generates in-line code for the CONJG function with long floating-
Ipoint arguments. 
I 

CONJGS IGenerates in-line code for the CONJG function with short floating-

ERRFUN 

FLOORB (MH) 

FLOORD (MH) 

FLOORL (MH) 

FLOORS (MH) 

I~1AGB 

IMAGFD 

lMAGL 

lMAGS 

LFARIN 

LFARIl 

LFCOM 

LFDR 

LFEOF2 

LFEOF3 

LFIGN 

LFMOVE 

LFSPEC 

\point arguments. 

Aborts if Phase 1M 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. 

Generates in-line code for the FLOOR function with long floating­
point argument. 

Generates in-line code for the FLOOR function with short floating­
point argument. 

Generates in-line code for IMA3 function with fixed binary argument. 

Generates in-line code for lMAG function with fixed decimal 
argument. 

Generates in-line code for I~1A3 function with long floating-point 
argument. 

Generates in-line code for lMAG function with short floating-point 
argument. 

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. 

Depending on start of argument list, branches to produce in-line 
code. 

Removes triple from text if inside an in-line function. 

Moves generated code to output block. 

Branches if IGNORE triple or not an in-line function. 

\REALB Generates in-line code for REAL function with fixed binary argument. \ L __________________ ~ ____________________________________________________________________ J 
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Table MG1. 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. 
I 
IREALL 
I 
I 
REALS 

SBGTNR 

TRUNCB (MH) 

TRUNCD (MH) 

TRUNCL (MH) 

TRUNCS (MH) 

UNSPEC (MH) 

Generate in-line code for REAL function with long floating-point 
argument. 

Generates in-line code for REAL function with short floating-point 
argument. 

Get next available symbolic 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. 

Generates in-line code for the UNSPEC function. 

UTTEMP Gets a required amount of temporary work space. L __________________ ~ ____________________________________________________________________ J 
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Table MI. Phase MI Pseudo-Code In-Line Functions 2 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
.-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN)INone I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN I None I 
.-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM I None I 
.-----------------------------------+---------------+-------------------~---------------~ 
IMove generated code to output blocklLFMOVE IMV3 (LA) I 
.-----------------------------------+---------------+-----------------------------------~ 
I Generates in-line code I LFEOF2 I MAXB, MAXD, MAXL., MAXS. MINB. MIND., I 
I I I MINL, MINSo, MODB., MODO., MODL" MODS. I 
I I IROUNDB. ROUNDD. ROUNDL., ROUNDS I L ___________________________________ ~ _______________ ~ _______________________________ ---_J 

Table MIl. Phase MI Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
LFARIN Builds up fUnction stack. 

LFCOM 

LFEOF2 

LFMOVE 

MAXB/MINB (MJ) 

MAXD/MIND (MJ) 

MAXL/MINL (MJ) 

MAXSLMINS (MJ) 

MODB (MJ) 

MODO (MJ) 

I 
I MODL (MJ) 

I 

MODS (MJ) 

ROUNDB 

ROUNDD 

ROUNDL 

Builds up argument stack. 

Calls subroutines to generate in-line code. 

Moves generated code to output block. 

Generate code for MAX/MIN function with fixed binary arguments. 

Generate in-line code for MAX/MIN function with fixed decimal 
arguments. 

Generate in-line code for MAX/MIN function with long floating-point 
arguments. 

Generate in-line code for MAX/MIN function with short floating-point 
arguments. 

Generates in-line code for MOD function with fixed binary arguments. 

Generates in-line code for MOD function with fixed decimal argu-
ments. 

Generates in-line code for MOD function with long floating-point 
arguments. 

Generates in-line code for MOD function with short floating-point 
arguments. 

Generate in-line code for ROUND function with fixed binary argument. 

Generates in-line code for ROUND function with fixed decimal argu­
ment. 

Generate in-line code for ROUND function with long floating-point 
arguments. 

I ROUNDS Generate in-line code for ROUND function with short floating-point 
I arguments. L __________________ ~ ____________________________________________________________________ J 

section 3: Charts and Routine Directories 211 



rable MK~ Phase MK Pseudo-Code In-Line Functions 3 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Process ing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN) I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up function stack ILFARIN I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuilds up argument stack ILFCOM I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IMove generated code to output blocklLFMOVE IMV3 (LA) , 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates in-line code ILFEOF2 101M, HBOUND, LBOUND. LENGT, SIGNFB., 
I I ISIGNFD, SIGNL, SIGNS I L _________ ----______________________ ~ _______________ ~ _ __________________________________ J 

rable MKl. Phase MK Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function , 
~------------------+--------------------------------------------------------------------~ 
IDIM Generates code for DIM function. I 
I , 
IHBOUND Generates code for HBOUND function. I 
I I 
ILBOUND Generates code for LBOUND function. , 
I I 
ILENGT Generates code for LENGTH fUnction. I 
I I 
ILFARIN Builds up function stacK. I 
, I 
ILFCOM Builds up argument stack. I 
I I 
ILFEOF2 Calls subroutines to generate in-line code. I 
I I 
lLFMOVE Moves generated code to output block. I , , 
lSIGNFB Generates code for SIGN function with fixed binary argument. I 
I I 
lSIGNFD Generates code for SIGN function with fixed decimal argument. I 
I I 
ISIGNL Generates code for SIGN function with short floating point argument.l 
I , 
I SIGNS Generates code for SIGN function with short floating point argument., l __________________ ~ __________________________________ ----______________________________ J 
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Table ML. Phase ML Pseudo-Code Calls and Functions 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN)INone I 
~-----------------------------------+---------------t-----------------------------------~ 
IIdentifies argument of procedure IFPFNAR I None I 
I invocation I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISelects generic built-in function I FPBIF I FPARDl I 
~-----------------------------------+---------------+-----------------------------------~ 
ISelects PL/I generic entry name I FPGAR I FPARD2, FPARD3, GNSECO I l ___________________________________ ~ _______________ ~_-_________________________________ J 

Table ML1. Phase ML Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutinrl Function I 
~------------------+--------------------------------------------------------------------~ 
FPAOl Scans for next argument. 

FPARDl 

FPARD2 

FPARD3 

FPBIF 

FPEPCO 

FPFNAR 

FPGAR 

GNFM2 

Obtains parameter descriptions relating to built-in function argu­
ments. 

Obtains successive 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. 

Constructs an entry parameter. 

Identifies arguments of procedure invocations. 

Selects PL/I generic entry name. 

Replaces generic reference testing for uniqueness. 

IGNSECO Makes entry in stack of parameter descriptions. l __________________ ~ ____________________________________________________________________ J 

Table MM. Phase MM Pseudo-Code Calls and Functions 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Process ing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text IPHASE LA (SCAN) I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans list, counts arguments and ICFCALL ICFARID, CFFBIR, CFFDVS" CFMVTR" I 
lidentifies storage class I ICFMVCD I 
~-----------------------------------+---------------+-----------------------------------~ 
I Rescans list and generates calling I CFCFSS I CFARHA, CFCALP, CFBIFH,,, CFMLBR" I 
Isequence for Library routine I ICFMVCD, CFNEST, UTTMPW, CFALFl I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table MMl. Phase MM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
I BEGIN IInitializes phase. 
I I 
ICFALFl (MO) IPlaces address of invoked routine at the head of its argument list. 
I I 

I 

CFARHA IGenerates calling sequence. 
I 

CFARID (MO) ICounts arguments and sets STATIC/AUTO flag. 
I 

CFBIFH Further built-in function identification with relevant parameter 

CFB04 

CFB021 

CFB036 

CFCALL 

CFCALP 

CFC03C 

CFCFSS 

CFEXIT 

CFFBIR 

CFFDVS (MN) 

CFL06 

CFL043 

CFMLBR (MN) 

CFMVCD 

setting. 

Restores previous environment. 

Tests nature of function found. 

Restores pointer to start of invocation. 

Scans lists, counts arguments, identifies storage class. 

Completes calling sequence and. if necessary, generates code to 
initialize dope vector. 

Tests for nested function. 

Rescans list and generates calling sequence for Library routine. 

Transfer vector after first scan. 

Identifies built-in functions, sets parameters for calling sequence 
generation. 

Reserves output text area for generation of code to initialize dope 
vector when a function returns a string. 

Generates code to set up result dope vector. 

Generates code to place result address in argument list. 

Generates code to move a skeleton parameter list which is greater 
than 256 bytes. 

Generates pseudo-code into the output text block. 

CFMVTR Generates triple into the output text block. 

ICFNEST Handles a nested situation 
I 
ICFY007 Sets parameters to produce special calling sequences. 
I 
IUTTMPW (MN) Allocates one word of workspace. L __________________ 4 __________________________________ ---------_________________________ J 
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Table MP. Phase MP Pseudo-Code BUY Reorder 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IMain scan routine for phase I SCAN I MPSTRT I 
~-----------------------------------+---------------+-----------------------------------~ 
I Rearranges BUY and SELL statements I MPSTRT I ZDRFAB, ZTXTRF" ZUERR I 
L _____ ------------------------------~---------------~-___ -------------------------------J 

Table MP1. Phase MP Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ADDSEL IAdds SELL dictionary reference to SELL list if not already there. 

I 
MPEND IReturns to compiler control at end of phase. 

I 
MPSTRT IMain controlling routine for rearranging BUY and SELL statements 

linvolved in obtaining VDAs for adjustable length string temporaries. 
I 

MP3 IProcesses EOP triple. Releases control of phase. 

MP4 

MP4A 

MP8 

MP23 

MP26 

MP27 

MP28 

MP29 

MP30 

MP31 

MP86 

~lP87 

I 
IMP882 
I 
IMP887 
I 
I SCAN 
I 
IZDRFAB 
I 
IZTXTRF 
I 

I 
Processes BUYS triple. 

Processes BUYX triple. 

continues text scan if not string or arithmetic data, or not struc-
ture. 

continues scan of text. 

Processes BUYS triple. 

Processes BUY ASSIGN triple. 

Processes BUY triple. 

Processes SUBSCRIPT triple. 

Processes ASSIGN triple. 

IAccesses top stack entry. 
I 
ITests triple for BUYX, and processes. 
I 
IScans for BUYS, BUY, and SELL triples. 
I 
IProcesses SELL triple. 
i 
1Generates SELL triples in OUTPUT from SELL list. 
I 
IGeneral scan routine. 
I 
IConverts dictionary reference to absolute address. 
I 
IChanges absolute address to a text reference. 
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

IZUERR IMakes error message entries. I L __________________ ~ ____________________________________________________________________ J 
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Table MS. Phase MS Pseudo-Code subscripts 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text ISBSCAN I None I 
~-----------------------------------+---------------+-----------------------------------~ 
ICalculates element offset ISBSTIH ISBASS, SBCOBI, SBGNOR, SBMVCD, I 
I I ISBNEST, SBSUBP~ SBSUDV~ SBXOP, I 
I I IUTTEMP I 
~-----------------------------------+---------------+-----------------------------------~ 
IChecks subscript range ISBSBRN I None I L ___________________________________ ~ _______________ ~_-------------------_______________ J 

Table MS1. Phase MS Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
SBASS IUpdates scan pointer over an assignment. 

I 
SBCOBI (MT) IConverts subscript to binary integer. 

I 
SBERR (MT) IPuts error message into dictionary. 

I 
SBGNOR (MT) IAllocates an odd symbOlic register. 

SBMVCD (IvlT) 

SBNEST (t-'lT) 

ISBSBRN (MT) 

SBSCAN 

SBSTIH 

SBSUBI 

SBSUBP (MT) 

SBSUDV 

SBSOS 

SBS06 

SBS002 

SBS029 

SBTRID 

SBXOP (t-'iT) 

SCAN 

Generates pseudo-code and moves it into output text block. 

Handles nested subscript situation. 

Checks subscript range. 

Branches to LA for scan. 

Calculates element offset. 

Saves array name. 

Handles end of subscript list. 

Generates code to set up the dope vector of an array of adjustable 
strings. 

Generates code to multiply subscript by multiplier. 

Compiles code to convert to fixed binary. 

Checks for occurrence of subscript. 

Generates code to multiply subscript by 4 or 8. 

Scans for comma, subscript prime, or subscript triple. 

Handles special index feature. 

Controlling scan of text. 

IUTTEMP (MT) Allocates workspace. L __________________ ~ ___________________________________________________________________ _ 
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rable NA. Phase NA Pseudo-Code Branches, ON, Returns 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation rype I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes text block INAINIT ISCINIT (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text for next triple of INASC1, NASC2. ISC1" SC2" SC3 (all in LA) I 
I interest to user I NASC3 I I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses STOP statements I STOP INAUTl I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses EXIT statements I EXIT INAUTl I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes IF statements I IF I NAUTD" NAUT16, NAUT21" ZSTUTl I 
~-----------------------------------+---------------+-----------------------------------i 
I Processes ON statements ION I NAUTD" NAUT6. NAUT16, SC5 (LA) I 
~-----------------------------------+---------------+-----------------------------------i 
IProduces Library call at end of IPROCP, BEGINP INAUTl I 
leach PROCEDURE or BEGIN block in I I I 
Isource text I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses RETURN statements I RETURN INAUTl I 
~-----------------------------------+---------------+-----------------------------------i 
I Processes function RETURN state- I NA3002 I NAUTB" NAUTCA. NAUT1 .. NAUT12 I 
Iments for one data type I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses function RETURN state- INA3013 INAUT~ NAUTB. NAUTCA. NAUTD. NAUTF,I 
Iments for more than one data type I INAUTl., NAUT7, NAUTa, NAUT9, NAUTll,1 
I I INAUT12 I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses GO TO statements I GOTO INAUTD I 
t-----------------------------------+---------------+-----------------------------------~ 
IProcesses GOOB statements I GOOB INAUT5, NAUTD., NAUT16, SC5 (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes SIGNAL statements I SIGNAL I NAUTD" NAUT6. NAUT16. NAUTa", I 
I I I NAUT10, NAUT21 I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes REVERT statements I REVERT I NAUTD" SC5 (LA) I l ___________________________________ L _______________ L ___________________________________ J 

rable NA1. Phase NA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine \ Function I 
~------------------+--------------------------------------------------------------------~ 
EXIr IProcesses EXIT statements. 

I 
GOOB IProcesses GOOB statements. 

I 
GOTO IProcesses GO TO statements. 

I 
IF IProcesses IF statements. 

I 
NAINIT \Initializes text blocks. 

I 
NASC1/NAsC2/NASC3 IScan text for next triple of interest to user. 

\ 
NAUTA IGenerates pseudo-code to test switch value at RETURN (function 

\ value) statement for more than one data type. 
I 

NAUTB IGenerates aSSignment triple to RETURN function result. 
I 

INAUTCA IGenerates assignment triple set up by NAUTB. 
I I 
INAUTD \Generates indicated pseudo-code. 
I I 
INAUTF IGenerates pseudo-code to branch to EQU value. l __________________ L ___________________________________________________________________ _ 
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rable NA1. Phase NA Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
INAurl iGenerates call to indicated library routine. 
I I 
INAUT2 IMoves indicated pseudo-code, deletes current triple, continues text 
I Iscan. 
I J 
INAUr5 Makes dictionary entry for indicated library routine. 
I 
INAUT6 
I 
INAUT7 
I 
I 
I 
I 

NAUT8 

NAUT9 

NAUTll 

NAUT12 

NAUT16 

NAUT17 

NAUT18 

NAUT21 

I 
INAIIOO 
I 
INAl140 
I 
NA3002 

NA3005 

NA3013 

NA8003 

NA8010 

NA8012 

ON 

PROCP/BEGINP 

RETURN 

REVERT 

SIGNAL 

STOP 

I 

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. 

Converts current label dictionary reference to an absolute address. 

Converts dictionary reference of triple second operand to absolute 
address, loads address into register BR. 

Makes dictionary entry for maximum negative number. 

Makes indicated dictionary entry. 

Generates pseudo-code to compare source bit string, making library 
comparison routine qictionary entry, if necessary. 

ITests for SNAP. 
I 
IUsing NAUTD, generates code for ON-units. 
I 
IProcesses function RETURN statements for one data type. 
I 
outputs assignment triple. 

Processes function RETURN statements for more than one data type. 

Generates pseudo-code for branch and mask, labels. 

Converts 10 to bit-string. 

outputs pseudo-code. Compares bit-string to zero. 

Processes ON statements. 

Produce Library call at end of each procedure in source text. 

Processes RETURN statements. 

Processes REVERT statements. 

Processes SIGNAL statements. 

Processes STOP statements. 

ZSTUTl String utility in Phase LV to provide a dope vector for a specified 
string. L __________________ ~ ___________________________________________________________________ _ 
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Table NG. Phase NG Pseudo-Code Operating System Services 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
\ Statement or Operation Type I Routine \ Subroutines Used \ 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses DELAY triples IDLAY ICALIE, INTEG, SCAN (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses DISPLAY triples \DSPY I CALlE, CHAR, ENDLST, I 
I I ISCAN (LA), STORAD I L ___________________________________ ~ _______________ ~ ___________________________________ J 

rable NG1. Phase NG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine \ FUnction I 
~------------------+--------------------------------------------------------------------~ 
CALlE Generates part of calling sequence and makes dictionary entry for 

Library routine. 

CHAR Converts a given argument to character string. 

DLAY Processes DELAY triples. 

DSPY Processes DISPLAY triples. 

DSPY3 Tests that operand is character variable. 

DSPY4 Makes dictionary entry for parameter list. 

DSPY10 Scans for REPLY option. 

ENDLST Completes parameter list and makes dictionary entry for it. 

INTEG Converts a given argument to an integer. 

NGO \Scans to next triple. 
I 

\STORAD \Stores an address in a parameter list. L __________________ ~ ___________________________________________________________________ _ 
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Table NJ. Phase NJ Pseudo-Code RECORD I/O 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+---------------------------------~-i 
IInitialize Phase NJ by calling in ISTRTNJ IZLOADW (AA), SCINIT (LA). SC1 (LA) I 
Iblock NK and initializing SCAN I I I 
I utility I I I 
~--------------~--------------------+---------------+-----------------------------------i 
IInitializes switches and flags to INUSTAT I TXTEST I 
lindicate start of new statement. I I I 
IDetermines RECORD-oriented I/O verbl I I 
land goes to appropriate routine I I I 
~--------------------~--------------+---------------+-----------------------------------i 
IEstablishes READ code as I READ ISCRHOP I 
IREQUEST_CODE and parameter list I I I 
Isize. accordingly I I I 
~-----------------------------------+---------------+-----------------------------------i 
IIndicates compiler error since I DEFER I None I 
Ideferred feature was not caught by I I I 
learlier phase I I I 
~-----------------------------------+---------------+-----------------------------------i 
IEstablishes REWRITE code as IREWRIT ISCRHOP I 
I REQUEST_CODE I I I 
~-----------------------------------+---------------+-----------------------------------i 
IEstablishes WRITE code as I WRITE ISCRHOP I 
I REQUEST_CODE I I I 
~------------------~----------------+---------------+-----------------------------------i 
IEstablishes DELETE code as I DELETE ISCRHOP I 
I REQUEST_CODE I I I 
~-----------------------------------+---------------+-----------------------------------i 
IEstablishes UNLOCK code as I UNLOCK I None I 
IREQUEST_CODE (not implemented in I I I 
Isecond version) I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGets next triple of interest, ISCNOPT ISC3 (LA), TXTEST, SCAN01, CMPERR I 
I converts to internal code and sel- I I TXTERR" ZABORT (AA) I 
lects the appropriate routine to I I I 
Iprocess it I I I 
t-----------------------------------+---------------+-----------------------------------~ 
I Processes FILE option of RECORD- I FILOPT I TXTARG, DYNMPL'I LAONLY" STDROP" I 
loriented I/O by placing dictionary I ICMPERR, TXTERRg WRKSPC. MVPSCD.. I 
Ireference of FILE Declare DCB in I IZTXTRF (LA), SYMREG, MV3 (LA) I 
Ithe appropriate slot of the param- I I I 
leter list. The parameter list is I I I 
lin STATIC if file constant, WORK- I I I 
ISPACE if file parameter I I I 
~-----------------------------------+---------------+-----------------------------------i 
Establishes the record des criptor I INTFRM I TXTARG., CMPERR, DYNMPL, LAONLY, 
vector (RDV) in the RECORD-oriented I ISTDROP, LAOSMl w CRDV, TXTERR, 
I/O parameter list from the data I IZABORT (AA), WRKSPC, MVPSCD, TXTRF, 
variable referred to in the INTO orl ISY~REG, ZDRFAB (AA), CALLIB, 
FROM RECORD-oriented I/O option. I IZDICRF (AA), REFRDV 
The routine assumes the RDV dic- I I 
tionary entry to have been pre- I I 
viously constructed, except for I I 
CONTROLLED variables. In these two I I 
cases, the subroutine CRDV- I I 
controlled RDV is invoked to create I I 
the appropriate RDV. If the I I 
variable is static, the RDV is I I 
placed in the STATIC parameter I I 
list; otherwise, it is placed in I I 
the appropriate slot of the param- I I 
eter list in the statement's WORK- I I 

I SPACE. I I L ___________________________________ ~ _______________ ~_-----_____________________________ J 
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rable NJ. Phase NJ Pseudo-Code RECORD I/O (cont'd) 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation rype I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
Iprocesses KEYTO option of RECORD- I KYTOPT I TXTARG. SCALAR. DYNMPL. LAONLY. I 
loriented I/O by verifying that its I ISTDROP, NXTMPD~ ZSTUT2 (STRUT2 in I 
I argument is a character string, I I LV), LAOSM2, LAOSMl., TXTERR. I 
I then placing it in the appropriate I I ZDRFAB (AA), SC5. (LA)., WRKSPC" I 
Iparameter list slot, which may be I IMVPSCD, MV3 (LA), SYMREG I 
lin STATIC or WORKSPACE I I I 
~-----------------------------------t---------------+-----------------------------------~ 
I Processes the KEY or KEYFROr.-l option I KEY OPT I TXTARG" SCALAR .. DYNMPL., LAONLY" I 
lof RECORD-oriented I/O by I ISTDROP, NXTMPD, ZSTUTl (STRUTl in I 
I converting the argument to a char- I I LV) 'II LAOSM1, LAOSM2, TMPSEL" TXTERR I 
lacter string if it is not already al I I 
Icharacter string and placing the I I I 
Iresult in the appropriate parameter I I I 
Ilist slot; this is either in STATIC I I I 
lor WORKSPACE I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IProcesses the IGNORE option of IIGNOPT I TXTARG, SCALAR. CINTEG., DYNMPL., I 
I RECORD-oriented 1/0 by first I I LAONLY, STDROP., MVPSCD., WRKSPC. I 
I checking that the argument is a I I MVTRPL" LAOSMl. ZDRFAB (AA) " I 
I scalar and then converting to a I I CMPERR" TMPREF,,, NXTMPD" MV3A (LA)" I 
Ibinary fixed integer if it is not I IWRKSPC, SYMREG, MV3 (LA) I 
lalready a binary fixed integer. I I I 
IThe address of the argument is I I I 
Iplaced in the appropriate parameter I I I 
I list slot in STATIC or WORKSPACE I I I 
t-----------------------------------t---------------t-----------------------------------~ 
I Processes the event option of I EVTOPT I TXTARG, DYNMPL" LAONLY.. STDROP., I 
I RECORD-oriented 1/0 by checking I (not imple- I NXTfvlPD., TMPREF., TXTERR'I1 WRKSPC I 
I that the argument is a scalar EVENT I mented in I MVPSCD, ZTXTRF (LA), SYMREG" I 
Ivariable and placing its address inlsecond version)IMV3 (LA) I 
Ithe appropriate parameter list I I I 
ISlot. The parameter list is either I I I 
lin STATIC or WORKSPACE, depending I I I 
lupon the storage class of the argu-I I I 
Iment. I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IAt end of IIO statement, places IENDIO IZDICRF (~A). LAONLY. LAOSMl. 
I REQUEST_CODE (i. e. IODEF) in sta- I I CALLIB, MVPSCD., ZTXTAB (M), SELL, 
Itic constant chain" puts STATIC I ISC3 (LA) 
parameter list in STATIC chain. I I 
Creates external Library calling I I 
sequence for RECORD-oriented IIO I I 
statement as follows: I I 

EPRlvl 
LA 
L 
BALR 
EPRM 

I 
I 
I 

1, PARM.LIST I 
15, RECORD. IO.LIBRARY.ROUTI 
14,15 I 

I 
I 
I 

IIf there is a WORKSPACE parameter I 
Ilist, updates MVC or parameter listl 
I from STATIC to WORKSPACE. Gener- I 
lates any SELL triples accumulated I 
Ithroughout statement on SELL chain. I 
Icancels the RECORD-oriented IIO I 
loption triple codes from the SCAN I 
ITRT interest table. Gets next I 
Itriple of interest and goes to I 
INUSTAT to process as new statement. I L ___________________________________ L _______________ L ___________________________________ J 
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rable NJ. Phase NJ Pseudo-Code RECORD I/O (cont'd) 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
r-----------------------------------+---------------+-----------------------------------~ 
IIndicates presence of NOLOCK INLKOPT I None I 
1 option. 1 1 1 
~-----------------------------------+---------------+-----------------------------------~ 
IDelete the SELL triple encounterep ISELL routine IZDRFAB (AA), MV3A (LA) 1 
Iduring scan of RECORD-oriented lat SVSELL or I 1 
11/0 statement but puts .dictionary ITMPSELL entry I I 
Ireference in the SELL chain so thatlpoint I I 
ISELL triple can be regenerated at I I I 
I end of I/O statement I I I 
r-----------------------------------+---------------+-----------------------------------~ 
IAt end of program, releases own IPRGEND IRLSCTL I 
Imodules and turns control over to I I I 
Inext requested phase. I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table NJ1. Phase NJ Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
r------------------+--------------------------------------------------------------------~ 

I 

CALLIB ICreates pseudo-code to call Library routine; indicates call in dic- I 
Itionary if not previously noted. I 
I I 

CINTEG IChecks whether argument is a binary fixed integer. I 
I I 

CMPERR IIndicates compiler error and ABORT. error code in HOLD register.. I 
I I 

CRDV (NK) IConstructs a record description vector (RDV) entry in WORKSPACE. Ifl 

DEFER 

DELETE 

DYNMPL (NK) 

ENDIO 

EVTOPT 

FILOPT 

IGNOPT 

INTFRM 

KEYOPT 

LAONLY (NK) 

KYTOPT 

LAOSMl (NK) 

LAOSM2 (NK) 

MVPSCD (NK) 

MVTRPL (NK) 

NLKOPT 

NUSTAT 

the dope vector descriptor bit is on, then the routine generates a I 
Library call to generate the RDV. If the variable has static I 
extents and is not a string, the RDV is constructed from information 
in the RDV dictionary entry. If the variable is a string. then the 
RDV is constructed from its string dope vector. 

Indicates compiler error in the case of a deferred feature not 
detected by earlier phase. 

Establishes DELETE code as REQUEST_CODE. 

Establishes a parameter list in workspace if one is not already 
established. Calculates workspace offset to particular slot 
requested. Establishes a symbolic working register. Establishes 
skeleton· pseudo-code for LA, sr, and DROP of regipter into workspace 
offset. 

Handles operations at end of I/O statement. 

Processes EVENT option. (Not implemented in second version.) 

Processes FILE option. 

Processes IGNORE option. 

Processes INTO/FROM option. 

Processes KEY or KEYFROM option. 

Outputs pseudo-code for LA into symbolic work register of a dic­
tionary reference without any offset mo1ifiers. 

Processes KEYTO option. 

Establishes pseudo-code for a LA instruction into a symbolic work 
register with the address of WORKSPACE ~nd a literal offset which is 
pointed to the argument register. 

Generates LA pseudo-code in which both base and offset are in reg­
isters. 

Puts pseudo-code assembled in pseudo-code area into output text 
block. 

Invokes SCAN utility to move generated triples into output text 
block. 

Indicates presence of NOLOCK option. 

Handles operations at start of new statement. 

I NXTMPD Invokes SCAN utility to get next triple, which is checked to see if 
I it is a TMPD; if not, it is an error. 
l __________________ ~ __________________________________ ----------------------------------
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Table NJ1. Phase NJ Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
\ Routine/Subroutine \ Function I 
~------------------+--------------------------------------------------------------------~ 
IPRGEND IReleases control to next phase at end of program. I 
I I I 
\ READ IEstablishes HEAD code as REQUEST_CODE; establishes parameter list I 
I Isize. I 
I I I 
IREFRDV (NK) IEstablishes the address of the RDV dictionary entry in the ARG reg- I 
I lister when given the data variable dictionary address in INDX1. I 
I I I 
IREWRIT IEstablishes REWRITE code as REQUEST_CODE. , 
I I 
SCALAR IConfirms that dictionary code byte refers to scalar item; ascertains 

Iwhether item is a constant. 
I 

SCANOl IIndicates compiler error in the case of a deferred feature not 
Idetected during Read-In. 
I 

SCNOPT IGets next triple of interest, branches to appropriate routine. 
\ 

SCRHOP ISearches options, inserts RECORD-oriented I/O option entries into 
ISCAN TRT interest table. 
I 

SELL (NK) IGenerates SELL triples for all dictionary references in the SELL 
\ chain. 
I 

STDROP (NK) loutputs pseudo-code to ST contents of symbolic work register into 
Iparameter list slot in workspace set up by DYNMPL, and the drop of 
\the symbolic register. 
I 

STRTNJ IInitializes phase. 
I 

SYMREG (NK) IEstablishes symbolic work register. 
I 

T~WREF (NK) Generates the appropriate LA pseudo-code to load the address of the 

TMPSEL (NK) 

temporary described by TMPD. 

Adds temporary entry to SELL chain for generation of SELL triple 
upon completion. 

TXTARG Processes second argument of triple. If dictionary reference, esta­
blishes absolute address in INDX1. Returns to LR if zero, i.e •. , I 

TXT ERR 

TXTEST 
I 
I 
I UNLOCK 
I 
I 
I WRITE 
I 
IWRKSPC (NK) 

TEMP, LR+4 if dictionary reference. If null, indicates compiler I 
error. 

Writes error message. 

I 
I 
I 
I 

Converts function code of triple interest TRT table to internal key, I 
and invokes PRGEND if end of program is indicated. I 

I 
Establishes UNLOCK code as REQUEST_CODE. (Not implemented in secondl 
version.) I 

Establishes WRITE code as REQUEST_CODE. 

Establishes the requested workspace area, starting on fullword 

I 
I 
I 
I 

I boundary. I l __________________ ~ ____________________________________________________________________ J 
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Table NM. Phase NM Pseudo-Code Executable I/O 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes GET and PUT statements I GET I INSERT., STORAD., INSTFL" GENPC" I 
I I IGENTR" MVTRSP" ENDLST" CALIB" I 
I I I CHAR, INTEG., UTTMPW, SRCERR" I 
I I I SCAN (LA).. STRUTl ( LV). STRUT2 (LV) I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes OPEN and CLOSE statements I OPEN I INSERT, STORAD., INSTFL. GENPC I 
I I I GENTR., MVTRSP" ENDLST, CALI B., I 
I I I CHAR, INTEG, UTTMPW" SRCERR" I 
I I ISCAN (LA), STRUTl (LV). STRUT2 (LV) I l ___________________________________ ~ _______________ ~ ___________________________________ J 

rable NM1. Phase NM Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
!Routine/Subroutinel Function I 
~------------------+--------------------------------------------------------------------~ 
ICALIB (NN) IGenerates part of calling sequence and makes dictionary entry for 
I ILibrary routine. 
I I 
ICHAR (NN) IConverts a given argument to character string. 
I I 
IENDLST (NN) ICompletes parameter list and makes dictionary entry for it. 
I I 
IGENPC (NN) IMoves pseudo-code to output. 
j I 
IGENTR (NN) IMoves generated triples to output. 
I I 
IGET IProcesses GET and PUT statements. 
I I 
IGETOO IInitializes switches for GET/PUT. 
I I 
IGET20 IPAGE option. 
I I 
jGET85 IProcesses end of I/O statement. 

INSERT (NN) 

INSTFL (NN) 

INTEG (NN) 

MVTRSP (NN) 

NMRl 

OPEN 

OPENOO 
I 
ISRCERR 
I 
ISTORAD 
I 

(NN) 

(NN) 

I 
IInserts dictionary reference in parameter list. 
I 
IInserts file reference in parameter list. 
I 
IConverts a given argument to integer. 
I 
IMoves data and format list triples to output. 
I 
IBegins scan for triples of interest. 
I 
IProcesses OPEN and CLOSE statements. 
I 
IInitializes switches for OPEN/CLOSE. 
I 
IMakes error dictionary entry. 
I 
IGenerates pseudo-code to store symbolic register in parameter list. 
I 

IUTTMPW (NN) IObtains temporary workspace. L __________________ ~ ___________________________________________________________________ _ 

Section 3: Charts and Routine Directories 225 



Table NT. Phase NT Pseudo-Code Data and Format 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes phase, obtains scratch INTOOOO I None I 
I storage I I I 
f-----------------------------------+---------------+--~--------------------------------~ 
IScans text INT0003 INTOOll. NT0014. NT0011. NT0021. I 
I I INT0023. NT0024. SC2 (LA) I 
~-----------------------------------+---------------+-----------------------------------~ 
ICollects remote format items and INTOOll I None I 
Isaves until end of block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAssociates remote format items withiNT0014 INTUT10 I 
Idata list items I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes entries for Library routines INT0011 tNTUT20 I 
Irequired for EDIT-directed I/O and I I I 
Icopies skeletons for phase NU into I i I 
Iscratch storage, then releases I I I 
I phase I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IIdentifies type of data list item INT0021 I None I 
land enters the type code in a list I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAssociates format and data list INT0023 INTUT10 I 
litems and marks INCLUDE matrix I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IIdentifies type of format list itemiNT0024 I None I 
land enters the type code in a list I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISets bits in INCLUDE matrix to INTUT10 I None I 
Irepresent STREAM I/O conversion I I I 
Irequirements at execution time I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMakes dictionary entry for Library INTUT20 I None I 
I Routine I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 

Table NT1. Phase NT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
INTOOOO Initializes phase, obtains scratch storage. I 
I I 
INTOOOl Initializes phase address slots. I 
I I 
INT0003 Scans text. I 

NTOOll Collects remote format items. 

NT0014 Associates remote format items with data list items. 

NT0011 Makes entries for Library routines for EDIT-directed I/O. 

NT0021 Identifies types of data list items. 

NT0023 Associates format and data list items. 

NT0024 Identifies types of format list items. 

NT1100 No EDIT-directed I/O, therefore no scan pass. 

NTUT10 Sets bits in INCLUDE matrix. 

INTUT20 Makes dictionary entry for Library routine l __________________ ~ ____________________________________________________________________ J 
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Table NU. Phase NU Pseudo-Code Data and Format 
r-----------------------------------T---------------T-----------------------------------, 
I I Mai n Processing I I 
I Statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans text for LIST-, DATA-, and IOBll0 ISCl (LA) I 
IEDIT-directed input/output state- I I I 
Iments I I I 
~-----------------------------------t---------------t-----------------------------------~ 
I Generates Library calling sequences I DATA I INSERT, ENDLST., PARADE" OBUT25 I 
Ifor data items in DATA-directed 1/01 I I 
I statements I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IGenerates Library calling sequencesiOBE10 IOBUT20, OBUT22, OBUT25 I 
Ifor data items in LIST-directed 1/01 I I 
I statements. I I I 
~-----------------------------------t---------------t-----------------------------------i 
IGenerates Library calling sequenceslOB700 I None I 
Ifor data and format items in EDIT- I I I 
Idirected I/O statements I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IGenerates code to set up Library IOB731 ISC5 (L~). STRUT2 (LV), UT1, UT2 I 
Icalling sequences for identifiers I I I 
lin data lists I I I 
t-----------------------------------t---------------t-----------------------------------i 
IGenerates code to set up LiLrary IOB730 \UT2, STRUT2 (LV), UT1 I 
I calling sequences for subscripted \ I \ 
lelements and expressions in data I I \ 
I lists I I \ 
t-----------------------------------t---------------t-----------------------------------i 
\Generates code to set up Library IOB940 \ BCDCNV, UT15, UTl8, UT9, UT1l I 
Icalling sequences for format items \ I I 
IE and F with constant parameters \ \ I 
t-----------------------------------t---------------t-----------------------------------i 
\Generates code to set up Library IOB940 IUT25, UT24, UT22, UTl8~ UT9, UTll I 
Icalling sequences for format items 1 I I 
IE and F with variable parameters I I I 
t-----------------------------------t---------------t-----------------------------------i 
IG~nerates code to set up Library IOB940 IOB20, OBA22, OBA26, BCDCNV. UT1S, I 
Icalling sequences for format items I IUT9, UT11 I 
lA, B, and control format items withl I I 
I constant parameters 1 I I 
t-----------------------------------t---------------t-----------------------------------i 
I Generates code to set up Library IOB940 I UT9, UT19, UT1,. UT11 I 
Icalling sequences for format items I \ I 
lA, B, and control format items withl I I 
I variable parameters I \ I 
t-----------------------------------t---------------t-----------------------------------i 
IGenerates code to set up Library IOB940 I None I 
Icalling sequences for format items I I I 
IA and B without a parameter 1 I I L ___________________________________ i _______________ i ___________________________________ J 

Table NUl. Phase NU Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function 1 

t------------------t--------------------------------------------------------------------i 
IBCDCNV (NV) IConverts decimal BCD to equivalent binary value. 1 
1 1 I 
I DATA \Generates Library calling sequences for data items in DATA-directed I 
J 11/0 statements. 1 
I 1 1 
IENDLST ICompletes parameter list and makes dictionary entry for it. 1 
1 1 I 
JINSERT IInserts dictionary reference in parameter list. 1 L __________________ i ____________________________________________________________________ J 
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Table NUl. Phase NU Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
OBC50 (NV) IGenerates branch to start of list in case of FORMAT'. 

I 
OBC61 (NV) IGenerates branch around format item. 

I . 
OBE10 IGenerates Library calling sequences for data items in LIST-directed 

11/0 statements. 
I 

OBUT20 IMakes dictionary entry for DED in current TMPD triple. 
I 

OBUT22 Fill in pseudo-code skeleton to make parameter list for expression 

OBUT25 

OBll0 

OB700 (NV) 

OB730 (NV) 

OB731 (NV) 

OB760 (NV) 

OB840 (NV) 

OB940 (NV) 

OB970 (NV) 

PARADE 

UTi 

UT2 

I 
UT9 (NV) 

UTll (NV) 

UT15 (NV) 

UT15A (NV) 

UT18 (NV) 

result as data item. 

Sets register GRA to point at row in ZINCL matrix corresponding to 
data type of current data list item. Sets secondary lists in ZINCL 
if data item is complex. 

Scans text for LIST-,DATA-, and EDIT-directed I/O statements. 

Generates codes for Library calling sequences for data and format 
items in EDIT-directed I/O statements. 

Generates code for Library calling sequences for subscripted 
elements and expressions in data lists. 

Generates code for Library calling sequences for identifiers in data 
lists. 

Processes EDIT' triple. 

Looks for beginning of format list. 

Generates code for Library calling sequence for control format 
items, and format items A,B,E, and F. 

Generates branch to start of list in case of FORMAT LIST' '. 

Makes dictionary entry for parameter list pointed to by GRA. 

Generates pseudo-code indicated by registers RR~BR. 

Sets register BR to absolute location of dictionary reference in 
second operand of current triple. 

Generates IPRM pseudo-code item with length set up in register RR. 

Makes dictionary entries for library routines for input and output 
of current 'format item director. 

Makes dictionary entry for FED for non-picture item. 

Makes dictionary entry for picture FED. 

Bump count of operands in E or F format item. 

UT19 (NV) Generates assignment triples for A,B or control format item with 
tvariable parameter to assign to workspace. 
I 

UT22 (NV) IGenerates pseudo-code to form FED in workspace for variable paramet-
ler in E or F format item. 
I 

UT24 (NV) IGenerates assignment triple for variable parameter in E or F format 
litem to assign value into arithmetic register. 
I 

IUT25 (NV) IGenerates pseudo-code to initialize FED in workspace for E or F 
I Iformat item. l __________________ ~ ____________________________________________________________________ J 
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rable OB. Phase OB Pseudo-Code Compiler Functions 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Scans text for BUY" BUY ASSIGN I STl I SCAN (LA) I 
Istatements and compiler function I I I 
land compiler pseudo-variables (see I I I 
IAppendix D.B), and transfers to I I I 
lappropriate routine I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces MTF compiler functions IMTFR I BUFIZE, FRSTOP~ SC3 (LA) I 
I (Appendix D.B) by pseudo-code move I I I 
Icharacter instructions. adjusting I I I 
Ithe target field to controlled or I I I 
Itemporary type 2 workspace where I I I 
I necessary I I I 
~--------------~--------------------+---------------+-----------------------------------~ 
I Replaces ,ADV compiler functions I ADVR I SC3 (LA) I 
I (Appendix D.B) by pseudo-code I I I 
linstructions to load specified I I I 
lelement of a dope vector into a I I I 
I register I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces SDV compiler functions ISDVR ISC3 (LA) I 
I (Appendix D.B) by instructions to I I I 
Iload the maximum length from a I I I 
Istring dope vector into a register I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IReplaces compiler pseudo-variable IST4 I BUFIZE, STACK, MV3A (LA), FRSTOP, I 
I triples and compiler assignment I I DROPRG, USTACK:, SCS (LA) I 
Itriples by pseudo-code instructions I I I 
Iwhich store the value assigned in I I I 
Ispecified part of dope vector I I . I 
~-----------------------------------+---------------+-----------------------------------~ 
IRemove BUY. BUY ASSIGN, and SELL ISTB, ST10, ST7 ISC2, SC3 (both in LA) I 
Istatements for scalar non- I I I 
ladjustable temporary variables froml I I 
Ithe text, and allocate storage in I I I 
Ithe pseudo-code workspace for the I I I 
I temporaries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates code to drop a symbolic IDROPRG I None I 
I register, or mark a literal I I I 
Iregister not wanted I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines whether the target dic- FRSTOP SETDVF I 
Itionary reference of MTF function, I 
lor ADV or SDV pseudo-variable is I 
Icontrolled or a temporary type 2. I 
IIf it is~ the dictionary reference I 
lis replaced by the dictionary ref- I 
lerence of the controlled or tem- I 
!porary type 2 workspace, with the I 
lappropriate offset, if the target I 
lis a structure base element I 
IStack and unstack the information STACK, US TACK None I 
Ispecifying the target field of I 
Icompiler pseudo-variable assignment I 
~-----------------------------------+---------------+-----------------------------------~ 

.ICalculates the offset of the dope ISETDVF I None I 
Ivector of a structure base element! I I 
Ifrom the start of the structure I I I 
I dope vector I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPlace triples from the source text IBUFIZE ISCS (LA) I 
lin an internal buffer. I I I l ___________________________________ L _______________ L _ __________________________________ J 
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rable OB1. Phase DB Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/subroutine \ Function I 
~------------------+--------------------------------------------------------------------~ 

ADVR IReplaces ADV compiler functions by pseu~o-code instructions to load 

AT? 

AT8 

BUFIZE 

BY5 

BY19 
I 

DROPRG 

FRS TOP 

MTFR 

SDVR 

SETDVF 

STACK/USTACK 

STl 

sr4, ST6 

IST?,ST8,ST10 
I 

Ithe specified element of a dope vector into a register. 
I 
IGenerates pseudo-code 
I 
IReplaces operand by workspace reference. 
I 
IPlaces triples from the source text in an internal buffer. 
\ 
ITests length of string. 
I 
IProcesses string temporary (dope vector only). 
I 
Generates code to drop a symbolic register or mark a literal reg-
ister not wanted. 

Replaces the target field of MTF function or compiler pseudo­
variable by controlled workspace where necessary. 

Replaces MTF compiler functions by pseudo-code move character 
instructions. 

Replaces SDV compiler functions by pseu~o-code instructions to load 
the maximum string length into an object register. 

Calculates the offset 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 
by pseudo code instructions to set the assigned 
ed if necessary in the specified part of a dope 

assignment triples 
expression. convert-I 
vector. I 

Remove BUY, BUY ASSIGN, and SELL statements for fixed scalars from 
the text, and allocate space for the temporary variables in the 

I 
I 
I 

I pseudo-code workspace. I L __________________ 4 ____________________________________________________________________ J 
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Table OE. Phase OE Pseudo-Code Assignment 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+~--------------+-----------------------------------~ 
IGenerates pseudo-code for assign- IASSOO IASCOO. ASCDOO. ASDROP I 
Iment triples I I I 
~-----------------------------------+-----~---------+-----------------------------------~ 
IGenerates Library calling sequenceslALLOC, FREE, ICALIB I 
Ifor ALLOCATE, FREE. BUY, and SELL IBUY, or SELL I I 
I triples I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table OE1. Phase OE Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IALLOC (OF) IProcesses ALLOCATE triples. 
I I 
I ASCOO IInserts target types for constants. 
I I 
I ASCDOO IControls assignment of real and complex data. 
I I 
ASDROP Drops symbolic registers. 

ASFBOO Generates code for fixed binary assignments. 

ASFDOO (OF) Generates code for fixed decimal assignments. 

ASFLOO Generates code for floating-point assignments. 

ASLOO Generates code for label assignments. 

ASSOO Processes assignment triples. 

ASS032 Tests for special assignment triple. 

ASTROO <OF) Generates code for string and numeric field assignments. 

BUY (OF) Processes BUY triples. 

CALIB (OF) Generates Library calling sequences. 

ENABLE Enables for SIZE prefix option. 

FREE (OF') Processes FREE triples. 

GENCNV Generates convert macro instruction. 

GENRXO Generates RX instruction. 

GENSSO Generates SS instruction. 

GETDES Obtains operand description. 

RMNDX Removes index from operand. 

SBGTNR Obtains next symbolic register. 

SELL (OF) Processes SELL triples. 

ISPASS (OF) Processes special assignment triples. 
L __________________ ~ __________________________________ ----------------------------_____ _ 
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Table OG. Phase OG Library Calling Sequences 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or operation Type I Routine I subroutines Used I 
t-----------------------------------+---------------+-----------------------------------~ 
I Examines all triples left in text I HJG012 I UPDATE, MJG030,,, FI'>1T001.. MJG045., I 
Ibefore conveIting them to pseudo- I IMJG060, MOVEN I 
I code I I I 
t-----------------------------------+---------------+-----------------------------------~ 
I Transfers pseudo-code to output I MJG060 I MJG300, MJG200, MJG080, MJG10Q., I 
I text I IMJG075, UPDATE~ MOVEN I 
t-----------------------------------+---------------+-----------------------------------~ 
IGenerates calling sequence for IMJG200 IlEMOH, UPDATE, MOVEN I 
ILibrary conversion modules I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IControls the output of text and thelUPDATE I MVCHR., BMPTXT I 
Ihandling of output text blocks I I I l ___________________________________ L _______________ L ___________________________________ J 
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Table OGle Phase OG Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

BMPTXT Handles the output of text blocks. I 
I 

FMTOOl Processes FORMAT and FORMAT LIST triples. I 
I 

FMT002 FORMAT LIST' triple encountered. Clears workspace 3 markerw reverts I 
to workspace 1. I 

IEMOH (01I) 

MJGOll 

MJG012 

I 
MJG030 

MJG034 

MJG036 

MJG040 

MJG045 

MJG060 

MJG075 

MJG080 

Examines data types in CONVERT macro, and generates calling sequence 
to a conversion routine. 

Converts statement number triple to pseudo-code, moves to output 
text. 

Examines all triples left in text before converting them to pseudo­
code. 

Processes PROC, PROC', BEGIN, BEGIN' triples and sets up counts for 
working storage requirements. 

Sets up workspace counts for containing block. 

Sets up workspace counts for block. 

JMP, EOP, or EOP2 encountered. If EOP, moves to output text; 
otherwise, makes appropriate branch. 

Removes JUMP triple from text and prepares for following pseudo­
code. 

Handles the transfer of pseudo-code and looks for CONVERT items. 

Transfers 5-byte pseudo-code items. 

Transfers 3-byte pseudo-code items. 

MJG100 Transfers variable length pseudo-code items. 
! 

MJG200 IControls the output of the pseudo-code generated to call conversion 
I routines. 
I 

MJG203 <OH) IGenerates pseudo-code to point to source data. 
I 

MJG204 (OH) IGenerates pseudo-code to call Library conversion routine. 
I 

MJG298 (OH) ISets bits for conversion modules. 
I 

MJG300 IRemoves IGN triple. 
I 

MJG308 IDeletes length of pseudo-code; gets next pseudo-code instruction. 
I 

MOVEN IHandles the input text when an item spans blocks. 
I 

MVCHR !Moves text to an output block. 
I 

I UPDATE ITests whether the current text block is full. 

I 

L __________________ 4 __________________________________ -----------_______________________ J 
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Table os. Phase OS Constant Conversions 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processingl I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans constants chain for double ISCAN1 IPOOLSC, SCN010~ STPTST I 
Iword constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans constants chain for single ISCAN2 IPOOLSC, SCN010. STPTST I 
I word constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iscans constants chain for unalignediSCAN3 ICONVRT, IADENT. SCN010. STPTST I 
I constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans through constants chain for ISCAN4 ICONVRT, STPTST I 
lall constants used to initialize I I I 
ISTATIC storage I I I 
~-----------------------------------+---------------+-----------------~-----------------~ 
I Sets up parameter and branches to I CONVRT IARARDIf ARBTD, ARC HD " CHARD., ERROUT., I 
Ithe correct conversion routine I IIACONV, IASTRN" IHEVFA. IHEVFB., I 
I I I IHEVFC" IHEVFD, IHEVFE. IHEVKF., I 
I I IIHEVKG. IHEVPA. IHEVPB. IHEVPC_ I 
I I I IHEVPD, IHEVPEIf IHEVPF. IHEVP::;16 I 
I I I IHEVPH, UPAA, UPAB" UPBA., UPBB:r I 
I I I VSAA, VSCA. VSDA,. VSEA. ZEROPT I L ___________________________________ ~ _______________ ~ ___________________________________ J 

rable OSl. Phase OS Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------i 
IARARD IHandles the linking of routines required for any arithmetic to 
I larithmetic conversions (corresponding Library module IHEDMA). 
I I 
IARBTD lAS above for arithmetic to bit conversion (corresponding Library 
I Iroutines IHEDNB). 
I I 
ARCHD IArithmetic to character (IHEDNC). 

I 
CHARD Character to arithmetic (IHEDCN). 

CONVRT 

ERROUT 

IACONV 

lADENT 

IASTRN 

IHEVFA (OT) 

IHEVFB (OT) 

IHEVFC (OT) 

Sets up parameters and branches to correct conversion routine. 

Handles the output of error messages for the conversion routines. 

Handles conversion to arithmetic type. 

Makes dictionary entry in the constant pool. generating a new con­
stant pool block if necessary,. 

Handles conversion to string type. 

Converts radix long floating-point binary to packed decimal inter­
mediate. 

Converts long precision floating-point number to fixed binary. 

Converts long floating-point number to floating-point variable. 

lHEVFD (OT) [Converts fixed point binary integer with scale factor to long preci-I 
I Ision floating-point intermediate. I 
I I I 
IlHEVFE (OT) I Converts floating-point number of spec,ified precision floating- I 
I I point. I L __________________ ~ __________________________________ - _________________________________ J 
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rable OSl. Phase as Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

IHEVKF (aU) converts packed decimal intermediate to decimal fixed or floating-

IHEVKG (aU) 

IHEVPA (aT) 

IHEVPB <au) 

IHEVPC (au) 

IHEVPD (aT) 

IHEVPE <aT) 

I IHEVPF <aT) 

IHEVPG <aT) 

IHEVPH (OT) 

LDCONP 

POOLSC 

SCAN1 

SCAN2 

SCAN3 

SCAN4 

SCN010 

STPTST 

UPAA (UPAB) (aT) 

UPBA (UPBB) (aT) 

VSAA (aT) 

VSCA (aT) 

VSDA (aT) 

VSEA (aT) 

point numeric field with specified precision. 

Converts packed decimal intermediate to a sterling numeric field, 
with specified precision. 

Converts packed decimal intermediate to long float. 

Converts packed decimal intermediate to an F format item. 

Converts packed decimal intermediate to an E format item. 

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. 

converts bit string constant with up to 31 significant bits, to 
floating-point with long precision. 

Points to head of constant chain. 

Given a converted constant in scratch storage, scans the existing 
pool for an identical entry. If such an entry is found, the pool 
offset and dictionary reference of the entry is moved into the dic­
tionary entry for the constant. 

Scans constants chain for double word constants. 

Scans constants chain for single word constants~ 

Scans constants chain for unaligned constants. 

Scans constants chain for constants used to initialize static stor-
age. 

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 fIHEVSD). 

Convert from character string to pictured character string (IHEVSE). 

IZEROPT Produces a zero real or imaginary part for a constant given in 
I internal form. L __________________ L __________________________________ -------------____________________ _ 
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Chart 08. 

***** 
*08 * 
* A1* * * . 

* 

X 
*****A 1********** *STATIC 1 Po* 
*-*-*-*-*-*-*-*-* 
* SCANS TEXT * 
* SORTS STATIC * 
* CHAIN * 
***************** 

X 
*****B1********** *STATIC 2 PH* 
*-*-*-*-*-*-*-*-* 
*ALLOCATES STOR-* 
*AGE FOR STATIC * 
*ARRAYS & STRUCT* 
***************** 

X 
*****C1********** *SYM TABLE PL* 
*-*-*-*-*-*-*-*-* 
* ALLOCATES SYM * 
* TAB AND OED * 
* FOR VARIABLES * 
***************** 

X 
*****01********** *AUTO SORT pp* 
*-*-*-*-*-*-*-*-* 
* SORTS * 
* AUTOMATIC * 
* STORAGE * 
***************** 

X 
*****E 1********** *AUTO STORE PT* 
*-*-*-*-*-*-*-*-* 
* ALLOCATES * 
* AUTOMATIC * 
* STORAGE * 
***************** 

X 
*****F 1 ********** *PROLOGUE S QF* 
*-*-*-*-*-*-*-*-* 
* CONSTRUCTS * 
* PROLOGUES FOR * 
*BEGIN AND PROC * 
***************** 

X 
*****Gl********** *OYN STORE QJ* 
*-*-*-*-*-*-*-*-* 
* SCANS TEXT * 
*FOR AllOCATE & * 
*BUY STATEMENTS * 
***************** 
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Chart PD. 

***** 
*PD * 
* Al* 
* * * 

PO X 

Phase PD Overall Logic Diagram 

*****Al ********** 
* SCAN TEXT * 
* AND * 
* REVERSE * 
* SECOND FILE * 
* POINTERS * 
***************** 

SCSORT X 
*****81********** 
* SCAN STATIC * 
* CHAIN * 
* AND * 
* SORT ENTRI ES * 
* * ****************>1< 

:X ••••••••••••••••••••••••• 
X 

STATIC Cl·*·*. *****C2********** 
.*SIMPLE *. * * 

.* STATIC *. YES * ALLOCATE * 
*. INTERNAL .* •••••••• x* REQUIRED * 

*.VARIA8LE .* * STORAGE * 
*..* * * 

*. • * ***************** * NO 

: X ••••••••••••••••••••••••• 
X 

DVAlOC 01'*'*. *****02********** 
• * *. * DETERM INE * 

.* IS A *. YES * DV SIZE * 
*. DOPE VECTOR .* •••••••• X* AND * 

*.REQUIRED .* * ALLOCATE * 
*..* * STORAGE * 

* •• * ***************** * NO 

:X ••••••••••••••••••••••••••••••••••••••••••••••••••• 
X 

TVALOC El·*·*. *****E2********** *****E3********** 
.* *. * ALLOCATE * *DETERMINE SIZE * .* STATIC *. YES * A 4-BYTE * * OF CONTROL * 

*. EXTERNAL .* •••••••• X* ADDRESSING * •••••••• X* SECTION AND * 
*.VARIABLE .* * SLOT * * PLACE IT IN * 
*..* * * * DICT ENTRY * 

*. • * ****** *********** ***************** * NO 

CONAle X 
*****FI********** 
*SCAN CONSTANTS * 
* CHAIN AND * 
* RELOCATE * 
* OFFSETS IN * 
*CONSTANTS POOL * 
***************** 

:x ..•........ 
X 

*****Gl********** 
* * * BUMP lOCATION * 
* COUNTER BY * 
* SIZE OF POOL * 
* * ***************** 

x .*. 
HI * • 

• * ARE *. • 
.*THERE MORE *. YES. 

*. CONSTANTS .* •••• 
*. POOLS .* 

*. .* 
* .• * * NO 

x 
••• ** 
*PH * * AI* 
* * * 
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Chart PH. 

••••• ·PH • 
• AI· • • • 

Phase PH Overall Logic Diagram 

•••• • • 
• A2 • • • •••• 

: X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PBSCAN X AUTEND .~. PBSl 
••••• AI.......... A2 •• • •••• A3 •••••••••• 
• PICK UP. .*.. • • 
• START OF. •• END OF •• NO • GO TO NEXT • 
• PROCEDURE ••••••••• X*. AUTOMATIC •••••••••• X. ITEM IN • 
• BEGIN CHAIN • •• CHAIN •• • THE CHAIN • 
• * •••• • • ••••••••••••••••• •• •• • •••••••••••••••• • YES 

x 
CONSCN X .*. .*. .* . 

• ····B1·········· B3 •• B4 •• B5 *. 
• PICK UP • •• CAN •• .* DOES *. .* IS *. 
• START OF • •• IT HAVE •• YES •• IT REQUIRE *. NO •• IT A *. NO • 
• CONTROLLED • •• A DOPE •••••••••• X.. A DOPE •••••••••• X*. STRUCTURE •••••• 
• CHAIN • •• VECTOR •• •• VECTOR .* •• •• x • • ••••••••••••••••• *..* *..* *..* * .. * * .. * * •• * 

• NO • YES * YES 

x :X ••••••••••••••••••••••••••••••••••••• 
x .•. • •• * 

* * * A2 * SKDVI X • t 
C1 •• ***.*C2****.*.* •• • * * •• **C4********** C5 *. 

.* *. * * .*.* • MAKE SKELE TON * • * *. 
•• END OF •• NO • GO TO • * DOPE Vf:CTOR * YES •• ANYHHNG *. NO • 

•• CONTROLLED .* •••••••• X. NEXT ITEM * -ENTRY. INCLUDE *X •••••••• *.IN STRUCTURE .* •••• 
•• CHAIN •• * IN CHAIN * *WHOLE STRUCTURE* *. REQUIRE .* 
...* * * * IF NECESSARY * *.D.V ••• 

•• •• ..**.**.*.**** ••• * •• **.* •• *.** •• ** * •• * 
• YES 

X 
·····E1··*····*·· 
* CONTINUE * 
• SCAN OF • 
• STATIC • 
• CHAIN • 

• * ••••••••••••••••• 

X 
***·.02·********* 
* MAKE SKELETON * 
* DOPE VECTOR * 
.ENTRY. INCLUDE * 
*WHOLE STRUCTURE* 
~ IF NECESSARY * 
***************** 

i 
*·.··E2······*··· 
• PUT DOPE * .VECTOR ENTRY IN* • 
• STATIC CHAIN •••••• 
* ALLOCATE • 
• STORAGE • 
•••••• * •• *.**.*.* 

X 
**·**04******·*** 
• INCLUDE oaPE * **** 
*VECTOR ENTRY IN* • * 
* STATIC CHAIN •••••• X* A2 * 
• ALLOCAT~ * * • 
* STORAGE * **** 
.***.****.*1<***** 

• x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
x X 

CSCN2 ••• SKARGL ••• SKARG1. 
Fl *. F2 *. .***.F3 •• * ••••••• 

•••• .* *. • ALLOCATE • 
•• END OF *. NO •• SKELETON *. YES * AMOUNT OF • 

•• CHAIN .* •••••••• X*. ARGUMENT .* •••••••• x* STORAGE • 
*. •• •• LI ST.* . * REQUIRED * 
*..* *..* * .. 

* •• * * •• * *******.**.* ••• ** * YES * NO 

X 
ARRSCN .*. 

G2 *. ***.*G3 •• *.**.... * •• *.G4.1<*1<****** 
•• *. * ALLOCATE I< • IF VIRTUAL • 

• * *. YES * STORAGE.. • ORIGIN IS -VE * • 
*. ARRAY .* •••••••• X* CALCULATE * •••••••• X. ALLOCATE * •••• 

*. .* * NUMBER OF * * DEG[IIJERATE * X 
*..* * fLEMENTS * • DOPE VECTOR • 

*. • * ******* •• ******** *******.*** •• **.* * NLJ 

X 
STRALO ••• 

H2 *. *****H3********** *****H4********** 
.* *. * ALLOCATE * * ALLOCATE * 

• NO .* *. YES * STORAGE. WORK * * DEGENFRATE * • 
• X •••••••••••••••• *. STRUCTURE .1< •••••••• x* OUT NUMBER OF * •••••••• X*DOPE VECTIJK FOR* •••• 

END513 X 
*****J 1 *.*.**.**. 
* * .SAVE TOTAL SIZE. 
• OF STATIC * 
* * 
• * •••••••••••••• * •• 
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·PL * • AI. 
• • • 

*. .* *ELEMENT IN ANY. • -VE VIRTUAL * 
*..* * ARRAYS * * ORIGINS * 

*. • * ***.*****.1<****** ***************** 
* 
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Chart PL. 

***** 
*PL * 
* Al* 
* * * 

Phase PL Overall Logic Diagram 

SCSCAN X DEDALl, DE[)AL2 SY"ITAB 
*****A 1********** *****A2 ********** *****A 3********** 
* * * .. * * 
* SCAN CHAIN * * ALLOCATE OED • * ALLOCATE * 
* OF STATIC *X ••• X •••• * FOR VARIABLE *X •••••••• * SYMBOL TABLE * 
• VARIABLES *. • * FOR VARIABLE * 
* * * • * * ***************** **** ********~******** ********~******** 

* * * Al * 
* * x **** • YES • YES 

.*. . *. .*. 
B 1 *. B2 *. R 3 * • 

• * *. .* DOES *. .* OOFS *. **** 
.* END OF *. NO .* VARIABLE *. NO .* VARIABLE *. NO * * 

*. CHAIN .* ........ X*. REQUIRE .* ........ X*. REQUIRE .* •••• X* Al * 
*. .* *. OED .* *. SYMBOL.* * * 
*..* *..* *.TABLE.* **** 

* •• * * •• * * •• * 
* YES * * 

: x ••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••• 
CCSCAN X 

*****Cl ********** 
* * * SCAN CHAIN * 
* OF CONTROLLED * 
* VARIABLES * 
* * ***************** 

DEOALI, X 
DE[)AL2. SYMTAB 

*****C2********** *****C3********** 
* * * * * ALLOCATE OED * * ALLOCATE * 
* FOR VARIABLE *X •••••••• * SYMBOL TABLE * 
* * * FOR VARIABLE * 
* * * * 
***************** ***************** x x 

x . YES • YES 
.*. .*. .*. 

01 *. 02 *. 03 * • • * *. .* DOES *. .* DOES * • 
• * END OF *. NO .* VARIABLE *. NO .* VARIABLE *. NO • 

*. CHAIN .* ........ X*. REQUIRE .* ........ X*. REQUIRE .* •••• 
*. .* *. DED .* *. SYMBOL .* 
*..* *..* *. TABLE.* 

* •. * * .. * * .. * 
* YES * * 

:x .................................................. . 
CNSCAN X 

*****E 1********** 
* * * SCAN CHAIN * 
* OF CONSTANTS * 
* * * * ***************** 

x 
DEDAL1 • 

*****E3********** 
* * * ALLOCATE OED * 
* FOR CONSTANT * 
* * * * ***************** x 

x . NO 
• *. .*. 

F1 *. F2 * • 
• * *. .* DOES * • 

• * END OF *. NU .* CONSTANT *. YES • 
*. CHAIN .* ........ X*. REQUIRE .* ................. . 

*. .* *. OED .* 
*..* *..* * •• * * •• * 

* YES * 

:X ........................ . 
• YES 

BCSCAN X .*. .*. .*. 
*****G1********** 
* 'SCAN CHAIN * 
* OF PROCEDURE * 
* AND BEGIN * 
* BLOCKS * 
* * ***************** 

G2 *. G3 *. G4 *. 
.* *. .* DOES *. .* DOES *. * ••• 

.* END OF *. NO .* VARIABLE *. NO .* VARIABLE *. NJ * * 
*. CHAIN .* •••••••• X*. REQUIRE .* •••••••• X*. REQUIRE .* •••• X* HZ * 

*. .* *. OED .* *. SYMBOL.* * * 
*..* *..* *.TABLE.* **** 

*. .• * .• * * .. * 
* * YES * YES 
X 

j. ACSCAN. g~8~U' X SYMTAB X 
H1 *_ *****HZ*********. *****H3********** *****H4********** 

.* *. * * * * * * 
.* END OF *. NO * SCAN CHAIN * * ALLOCATE DED * * ALLOCATE * 

*. CHAIN .* •••••••• X* OF AUTOMATIC *X ••• X •••• * FOR VARIABLE *X •••••••• * SYMBOL TABLE * 
*. .* * VARIABLES * * * * FOR VARIABLE * 
*..* * * * • * * 

*. *' ~ES ***************** **** ***************** ***************** 

x 
***** 
*PP * 
* A1* 
* * * 

* * * HZ * 
* * **** 
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Chart PP. Phase PP Overall Logic Diagram 

***** *PP * 
* Al* 
* * * 

RAO X 
*****Al********** 
* * **** * SCAN ENTRY * * * 

••• x* TYPE 1 CHAIN *x •••• * Al * 
* * * * 
* * **** 
***************** 

x .*. 
61 * • • * IS * . • * THERE *. NO 

*. AN ENTRY .* •••••••• 
*. TYPE 1 • * x 
*..* ***** 

* •• * *PT * 
* YES * Al* 

* * * 

**** 
* * * C2 * 
* * **** 

J. SETCHN ~x ....................... ::: ............. ~~;: ................... . 
Cl *. *****C2********** C3 *. *****C4********** 

.* IS *. * * .* *. * * .* THERE *. YES * SCAN * .* ON- *. YES * PLACE IN * • 
*. AN AUTO .* ........ X* AUTO CHAIN * ........ X*. CONDITION .* ........ x* ON-CHAIN * ... . 

*. CHAIN.* X * * *. .* * * x 
*..* * * *..* * * 

* •• * ***************** * •• * ***************** * NO * NO 

:RA4 x 
*****01********** 
* * • * MAKE AN * • x .. * AUTO CHAIN * 
* DELIMITER * 
* * ***************** 
**** 

* * * El * ••• 

**** 
* * * E2 * 
* * **** 

* * • **** .SORCH .~. X 
E 1 *. *****E2********** 

· .* IS *. * * • NO.* THERE A *. YES * SCAN * 
•••• *. DEPENDENT .* •••••••• X* DEPENDENT * 

*. CHAIN .* * CHAIN * 
*..* * * 

* •• * ***************** 
* 

x 
.*. 

x .*. 5C31 
03 *. *****04********** 

.* *. * * 
.* *. YES * PLACE IN * • 

*. TEMP .* •••••••• X* INDEPENDENT * •••• 
*. .* x * CHAIN * 
*..* * * 

* •• * ***************** * NO 

x .*. E3 * • . * *. .* NON *. YES • 
*. ADJUSTABLE .* •••••• *. ITEM .* *. .* 

* .. * * NO 

X SCNCHN, SRCH2 
.*. SRCH2 SC44 

*****F 1 ********** F2 *. F3 *. *****F4********** *****F 5********** * * .* *. .* *. * SET LIST OF * * * 
* ADD TO * NO.* ANY *. .*ADJUSTABLE *. YES * DEPENDENCIES ... * ADD TO ... 
* INDEPENDENT *X •••••••• *.DEPENDENCIES.* *. ITEM .* ........ X* IN CURRENT * ........ X* DEPENDENT * 
* CHAIN * *. .* *. .* * DEPENDENT * * CHAIN * 
* * *..* *..* * CHAIN * * * 
***************** *. • * * •• * ***************** ***************** * YES * NO 

.~. X RA7 
x .*. G1 *. *****G2 ********** G3 *. *****G4********** 

.* *. * * .* *. * COMBINE * 
NO.* END *. * ADD TO * • NO.* END *. YFS * ON CHAIN * 

••• *. OF CHAIN .*X •••••••• *DEPENOENT CHAIN* ...... *. OF CHAIN .* •••••••• x* AND * 
*. .* * * *. .* * INDEPENDENT * 
*..* * * 

* •• * ***************** x *..* * CHAIN * 
*. . * ***************** 

**** 
* * * E2 * 

* YES * 
* * **** 
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J. SCRUBI X 
HI *. *****H2********** *****H3********** *****H4********** .* ANY *. * REMOVE * * ADO * * * 

.* ITEMS *. YES * INDEPENDENT * * INDEPENDENT * * MAKE * 
*. ADDED TO .* •••••••• X* ITEMS FROM * •••••••• X* CHAIN TO * •••••••• X* CHAIN * 

*.IND. CHN .* ... DEPENDENCIES * * AUTO CHAIN * * DELIMITER * 
*. ? .* * * * * * * *. • * ***************** ***************** ***************** * NO 

X 
*****J I ********** 
* * * * * ERROR * 
* * * * ***************** 

x 
**** 

* * * Al * 
* * **** 

x 
**** 

* * * E1 * 
* * **** 

x 
**** 

* * * C2 * 
* * **** 



Chart PT. Phase PT Overall Logic Diagram 

***** 
*PT * * Al* 
* * * 

CONT! X 
**.***Al ********** 
*SCAN CONTROLLED* 
*CHAIN FOR SIZE * 
* OF LARGEST * 
* DOPE VECTOR * 
* * ***************** 

OSALUC X 
*****B 1 ******"'''''''''' 
'" '" * PICK UP FIRST * 
* ENTRY TYPE 1 '" 
* IN El CHAIN * 
'" * *"'**"'*"''''*****'''*** 
**** 

* *. * Cl *.X. 
* * **** • DSA5 X 
*****c 1********** 
* ALLOCATE * 
'" STANDARD * 
'" SAVE AREA * 
*AND FLAG BYTES * 
* * ***************** 

:X ••••••.••••••••••••.••••• 
x 

. *. 
01 *. 

DSA4 
*****02********** 

.* *. *ALLOCATE B-BYTE* 
• * ON *. YES * SLOT AND * 

*. CONDITION .* •••••••• X* COMPILE CODE * 
*. ENTRIES .* * TO INITIALIZE * 

*. ? .* * '" *. • * ****"'************ * NO 

DSAI0 X 
**** *E 1 ****"'**** * 
* ALLOCATE 8 * 
* WORDS FOR * 
* ADDRESSING * 
* VECTOR * 
* '" ***************** 

x .*. 
Fl *. *****F2********** 

.* *. * ALLOCATE * 
.* *. YES * 2 WORDS FOR * 

*. PROC' .* •••••••• x* AODRESSING * 
*. .* * SLOTS * 
*..* * * 

*. • * ****** ** ********* * NO 

: X •••••••••••••••••••••••• : 

DSA121 X 
*****Gl********** 
* * * ALLOCATE * 
* PSEUDO-CODE * * WORKSPACE * 
* * ***************** 

....••..... x: 
:DSAI6 .~. DSA17 

HI *. *****H2**"'******* 
.* *. * ALLOCATE * 

.* TEST FOR *. NO * PARAMLIST * 
*. OOPE VECTOR .* •••••••• X* AND 'BUY' * 

*. .* * WORKSPACE * 
*..* * * 

*. .* ***************** 
* YES 

:DSAI61 x 
*****J 1********** 
'" * * ALLOCATE * 
* STORAGE * 
* REQUIRED * 
* * ***************** 

:OSA162 x 
*****K 1 ********** 
* * • * COMPILE CODE * 

~ ••• * TO INITIALIZE * 
* DOPE VECTOR * 
* * ***************** 

•••••••••••••• X 

DSA19 .*, 
A 3 *. 

.* *. **** .* *. NO * * *. PRoe .* .... x* E3 * 
*. .* * * 
*..* **** * •. * * YES 

· ........... x: X ••••••••••••••••••••••••• 
x 

: :OSA26 B3·*·*. *****B4********** 
.* *. * * .* FORMAL *. YES * ALLOCATE * 

*. PARAMETER .* •••••••• x* ONE WORD * 
*. .* * * 
*..* * * 

* •• * ***************** * NO 

: :DSA2(' x 
*****c 3 ********** 
* * .. GET NEXT El' .. 
.. ENTRY IN * 
*CIRCULAR CHAIN * 
* * *"'*************** 

x 
.* . 

D3 *. 
.* * . 

• • NO.* IS THIS *. 

DSA74 
*****D4********** 
'" STORE POINTER * 
* TO 2NO FILE * 

• •••• *.THE ORIGINAL .* 
*. PROC .* 

••• x* STATEMENT *X ••••••••••••••••• 

*. .* * •• * * YES 
**** 

* *. * E3 *.X. 

* CREATED * 
* * ***************** 

* * **** • 
DSA25 X :DSA72 .~. DSA954. 

*****E3********** E4 *. *****E5********** 
* * .* *. * * * ALLOCAT E * .*ADJUSTABLE *. YFS * GET VoA * 
* DOUBLE WORD * *. REGION .* •••••••• X* FOR REGION * 
'" STORAGE '" *. .* * IF REQUIRED .. 
* * *..* * * 
***************** * •• * ***************** * NO 

DSA29 X :DSA910 x 
*****F 3********** * '. . * 
* ALLOCATE * 
* SINGLE WORD * 
* STORAGE * 
* * ***************** 

DSA3B X 
*****G3********** 
* * * ALLOCATE * 
* CHAR STRING * 
* STORAGE * 
* * ***************** 

OSA46. X 
*****H3********** 
* * * ALLOCATE * 
* BIT STRING * 
* STORAGE * 
* * ***************** 

DSA54 X 
*****J3********** 
* * * ALLOCATE * 
* STORAGE FOR * 
* ARRAYS * 
* * ***************** 

DSA68 X 
*****K3********** 
* * * ALLOCATE * • 
* STORAGE FOR * •••••• 
* STRUCTURES * 
* * ***************** 

*****F4********** 
* * * STORE OSA * 
* SIZE IN * 
* ENTRY TYPE 1 * 
* * ***************** 

x 
.*. OSAENO 

G4 *. *****G5********** 
.* *. * * .* END OF *. YES * RELEASE * 

*. E1 CHAIN .* •••••••• X* TEXT BLOCKS * *. .* * AND CONTROL * 
*..* * * *. • * ***************** * NO 

x 
**** 

* * * C1 * 
* * **** 

x 
***** 
*QF * 
* Al* 
* * * 
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Chart QF. Phase of Overall Logic Diagram 

••••• ·OF • 
• AI· 
• • • 

• ••• · . 
• A3 • • • •••• 

•••••••••• • X: 
:QFOOOO x OADJAL X .*. QMOVEI 

••• *.A3* ••• **.*.. A4 •• ..* •• A5 •••••••••• ••••• A I •••••••••• 
• • • ••• • • •••• .PLACE DEL IMITER* • •• • • SCAN * .* *. YES • 2ND FILF. • 
• SCAN TEXT .X ••••• Al • • AUTOMATIC * •••••••• X.. DELIMITER •••••••••• X. STATEMENT • • •• • • CHAIN. •• .* .* IN TEXT * • • • ••• * * *.. * * * •••••••• * •• *.*.** **.****.......... •• •• • •••••••••••••••• 

X • NO 

:QEOP j. X 
QF1172 ••• 

x ... OFr,S60 
Bl •• B4 *. B5 •• 

• * *. . * * • . * * • 
•• END OF •• YES • YES.. FIRST *. NO •• END *. 

•• TEXT .* •••••••• .................. *. ZONE .* ... *. OF CHAP-l .* 
*. .* X 
*..* ***** *. •• *QJ • 

* NO * Al. 

x 

* * • 

• *. QPPROL QF0360 .*. 

*. .* *. .* * .. * 
• NO 

X 
*··**C4********.* 
.EXTRACT EXTENT. 
* EXPRESSIONS * 
* FOR ITEM * 
* FRO., 2"10 * * FILE * 
**.*************. 

x 

*. .* *. .* * .. * x 
**** * • * A3 • 

* YES 

• • • **. 
X 

.****C5***.·.**** * SKIP 2ND * 
* FILE TEXT * 
* TO FIRST * 
* STATEMENT * 
* IN BLOCK * 
***************** 

.*** 
• * * •• x* J3 * 

* * **** 
OF 1215 .*. OFl1Q4 

04 *. *****D5********** 
.*** .*.. • EXTRACT • 

* • NO.* DOES *. YES * MAPPING • 
* A3 *X •••• *. ITEM NEED .* •••••••• X* CODE FROM * * * x *. STORAGE .* * 2ND FILE * 
**** *..* * * 

* •• * ***************** 
* 

x 
.* . 

El *. *****E2********** E3 *. *****E4********** E5 *. 
• * *. * GENERATE * .* *. * GENERATE * • * IS * • 

• * *. YES * ENTRY POINT * .* *. YES * CODE TO * • "10.* ITEM * • 
*. PRoC .* ••••• ••• x* CODE FOR * •••••• •• X*. EXTERNAL .* •••••••• x* SET STATIC * .X •••• *. FIRST .* 

*. .* * EACH LABEL * *. PROC.* * ADDRESS IN * 
*..* * ON PROC * *..* * Rll * 

* •• * ***************** * •• * ***************** 
* NO * NO 

x 
.*. QBPROL 

: .......•.....•.•....••.. x: 
I~F0370 X 

F 1 *. *****F2********** *****F4********** 
.* *. * * **** * GENERATE * 

.* *. YES * GENERATE * * * * COMMON * 

*. IN lONI' .* 
*. .* 

* .• * * YES 

QF1511 X 
*****F5********** 
* REMOVE VOA * 

• * ACCUMULATOR * 
*. BEGIN .* •••••••• X* PROLOGUE * •••• X* A3 * * PROLOGUE * •••••• * ALIGNMENT * 

*. .* * TO GET GSA * * * 
*..* * * **** 

* •• * ***"''''''''''****'''***'''''' * NO 

x 
• *. QUNPRL 

Gl *. *****G2********** 
.* *. * * **** 

* FOR GET GSA * 
* * ***************** 

X 
QF0460 • * • 

* CODE FROM * 
* MAPPING CODE * 
***************** 

G4 *. *****G5* ********* .* IS *. * GENERATE * 
• NO .* *. YES * GENERATE * * * .* THERf *. YFS * CO~E TO * 
•••• *. ON .* •••••••• X* PROLOGUE * •••• X* Al * *. A RETUR"I .* •••••••• X* SET RETURN * 
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.* *. YES .* THERE A~V *. YES HO/ol"10N PROLOG, * *. PROC .* •••••••• X*. ENTKV PTS .* •••••••• x* RETUKN, AND * 
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Chart QJ. Phase QJ Overall Logic Diagram 
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x 
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*****A 1********** A2 *. A3 *. 
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***************** *.** 
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.* * . 
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• * END OF *. YES 
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*. .* X 

*. STRUCT .* *. .* .... 
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**** .!. 8NDEXP x 
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* COpy * .* *. * EXTRACT * 
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* FROM OLD *X ........ *. STARS .* ........ x* 2ND FILE * 
* OllPE VECTOR * *. .* * STATEME"H<; * 
.. * *..* * • 
***************** * •• * ***************** 

**** 
. * * •• x* B4 * 

* * .. *** 

* 

X 
*****C4********** 
* EXTRACT * **** 
* MAPPI~G * .. * 
* CODE FROM * •••• X* E5 * 
* 2ND FILE * * * 

*..* ***** * * **** 
*. .* *RA * 

* NO * A1* 

x 

* * * 

*************.*** 

.*. ALLOC .*. .*. 
01 *. *****02********** 03 *. 04 " • 

• * *. * SCAN AHEAD * .* NON *. .* *. **** 
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*. ALLOCATE .* ........ X* 2ND FILE * ........ x... SCALAR .* ........ x*. SCALAR .* •••• x* A2 * 
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*..* * * *..* *..* **** 

* •• * ***************** * •• * * •• * 
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**** 
* * * E5 * * • 

**** 

x .*. LI BC 1 X 
.t LIRC1 ~x .......... . 

E1 *. * ••• ·E3 •• *****.*. E4 *. .****E5 •• *.*.**** 
.* * • • DETERMIN~ '" .*.. • OETER~INE * 

• NO.* BUYS OR *. * SIZE, AND * •• ADJUST *. NO • SIZE, AND * 
•••• *. BUY .* 

BUY 

*. .* 
*. .* * •• * * yES 

•• ** 
* • 
• F2 * * * •• * .. 

.~. BYl5 X 
F1 *. *****F2********** 

• * *. * SET SIZE * 
.* *. YES * AND GENERATE * 

*. STRING .* •••••••• X* CALLING * 
*. .* * SEQUENCE * 
*..* * * 

* •• * ***************** * NO 

x .*. 
G1 *. 

.* *. 
.*ADJUSTABLE *. NO 

*. ARRAY OR .* •••• 
*. STRUCT .* 

*. .* * •• * x 
* YES 

X 
*****G2********** 
* GENERATE * 
* DOPE VECTOR * 
* RELOCATION * 
* CODE * 
* * ***************** 

* GENERATE • 
* CALLING • 
* SEQUENCE * 
*****.*****.**.** 

**** .. * • 
.. F3 *.x. 

* **** * x 
• *. 

F3 *. 
• * * • 

*. LENGTH? .* •••••••• x. GENERATE • 
*. .* * CALLING • 
*..* • SEQUENCE * 

* •• * .*.************** 
* YES 

x ." . X 
F4 *. 

.* * • 
.* INITIAL *. NO .* STAR *. ~J 

.****F5***·**.*** 
* GENERATE * 
* DOPE VECTOR * 

*. VALUE •••••• *. STRING .* •••••• * RELOCATION * 
*. .* 

*. . * * .. * * YES 

X 
*·.··G3·*·*·*···· 
* • * EXTRACT 2ND * 
• FILE * 
* STATEMENT • 
* • 
** •• ******* ••• **. 

x 
**** 

* * * Al * 
* * **** 

*. LENGTH .* 
*. .* * .. * * YES 

**"'* 
* *. * G4 *.x. 
* * **** . PRE VAL X 
*****G4********** 
* * * COpy * 

••• * OLD * 
* DOPE VECTOR * 

• * * x ***************** 
**** 

* CODE * 
• * 
*****.*********** 

**** 
• * * ..x* F3 * 

* * **** 

*****G5********** 
* EXTRACT • 

• * 2ND FILE * 
••• x* STATEMENT * 

* FOR * 
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********** ••• **** 

**** 
* * * F2 • :x ........................ : * * * E5 * 

BY1~~*~~~t*!******** 
* * • EXTRACT • 
• MA'PING * 
• CODE • • • * ••• ** ••• *.*****. 

x •••• • • 
• F2 • • • •••• 

• • •••• x •• * • 
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**** 

• • 
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Table PD. Phase PD storage Allocation static 1 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IReverses second file dictionary IPD I NXBLCK I 
I pointers I I I 
~-----------------------------------+---------------+-----------------------------------i 
ISorts STATIC chain ISCSORT I None I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for simple, non- ISTATIC I None I 
Istructured, non-external items I I I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates dope vectors for all I DVALOC I None I 
Inon-external items I I I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates 4-byte addressing slots; ITVALOC ISTRCDV I 
Icalculates control section size fori I I 
lall external items ~ I I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for constants. ICONALC I None I l ___________________________________ ~ _______________ ~ ___________________________________ J 

Table PD1. Phase PD Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
t------------------+-------------------------------~------------------------------------i 
ICONALC Allocates storage for constants. 
I 
I DVALOC Allocates dope vectors for all non-external items. 
I 
I NXBLCK Obtains next text block. 
I 
IPD Scans text file and reverses second file pointers. 
I 
ISCSORT Sorts STATIC chain. 
I 
I STATIC Allocates storage for simple, non-structured, non-external items,. 
I 
ISTRCDV Allocates relative offsets of structure member dope vectors. 
I 
I TVALOC Allocates 4-byte addressing slots; calculates control section size 
I for all external items. l __________________ ~ ____________________________________________________________________ J 
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Table PH. Phase PH Storage Allocation Static 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used \ 
r-----------------------------------+---------------+-----------------------------------~ 
\ Scans AUTOMATIC chain; allocates I PBS CAN I AUT04" SKDV1" SKENT3, STRSCN., \ 
\ dope vector I \TEMPDV \ 
~---------------------------------~-+---------------+-----------------------------------~ 
\Scans CONTROLLED chain \CONSCN IAUT04. SKDV1, STRSCN \ 
~-----------------------------------+---------------+-----------------------------------i 
I~llocates storage for skeleton ISKARGL I None I 
\argument lists appearing in STATIC I \ \ 
\ chain I \ \ 
~-----------------------------------+---------------+-----------------------------------~ 
\Scans STATIC chain for INTERNAL \ARRSCN I None \ 
\ arrays; calculates number of I \ I 
lelements for those arrays needing I I I 
I initializing. ~llocates storage I \ I 
Ifor arrays and, if necessary, for I I I 
Isecondary dope vectors I I I 
~--------~--------------------------+---------------+-----------------------------------~ 
Iscans STATIC chain for INTERNAL ISTRALO I None I 
I structures. Calculates number of I I I 
lelements in structured arrays need-I I I 
ling initializing. Calculates size I I I 
lof storage for all structures and I I I 
Ibumps location counter. I I I l ___________________________________ L _______________ L _ __________________________________ J 
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rable PH1. Phase PH Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IARRSCN Scans STATIC chain for INTERNAL arrays: allocates storage for arrays 
I and secondary dope vectors. 
I 
I AUTEND 
I 
I AUT04 
I 
I 
ICONSCN 
I 
CSCN2 

ENDS13 

PBS CAN 

PBSl 

SKARGL 

Tests for end of AUTOMATIC chain. 

Calculates size of dope vectors for dynamic temporaries and CON­
TROLLED variables. 

Scans CONTROLLED chain. 

Tests for end of STATIC chain. 

Stores STATIC location counter and releases control,. 

Scans AUTOMATIC chain: allocates dope vectors. 

Gets next item in chain,. 

Allocates storage for skeleton argument lists appearing in STATIC 
chain. 

SKARGl ,Allocates storage required. 
I , 

SKDVl ICreates skeleton dope vector dictionary entries for non-structured 
Ivariables in AUTOMATIC and CONTROLLED storage. 
I 

SKENT3 IConstructs skeleton dope vector dictionary entries for function 
tvalues. 
I 

STRALO ICalculates number of elements in structure arrays to be initialized; 
Icalculates size of storage for all structures. 

I I 
ISTRSCN ICreates skeleton dope vector dictionary entries for structures in 
I IAUTOMATIC and CONTROLLED chains. 
I I 
ITEMPDV ICreates skeleton dope vector dictionary entry for temporary work-
I I space. l __________________ ~ ___________________________________________________________________ _ 
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rable PL. Phase PL storage Allocation Symbol Table and DEDs 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IAllocates STATIC storage for all IIEMPL IBCSCAN, CCSCAN, CNSCAN, SCSCAN I 
Isymbol tables and DEDS I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans STATIC chain for symbol and \ ISCSCAN IDEDALi, STRSCN. SYMTAB I 
IDED variables I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans CONTROLLED chain for symbol ICCSCAN IDEDALi, STRSCN, SYMTAB I 
land OED variables I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans PROCEDURE block chain of I BCSCAN I ACSCAN, DEDALl I 
IENTRY type 1 entries I I I 
t-----------------------------------t---------------t-----------------------------------~ 
IScans AUTOMATIC chain for symbol I ACSCAN IDEDAL1, STRSCN, SYMTAB I 
land DED variables I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans chain of members of particu- ISTRSCN IDEDAL1, SYMTAB I 
lIar structure for symbol and DED I I I 
I variables I I I 
~-----------------------------------+---------------t-----------------------------------~ 
IAllocates storage for symbol tableslSYMTAB IDEDAL2 I 
t-----------------------------------t---------------t-----------------------------------~ 
IAllocates storage for DEDS IDEDAL (two I None I 
I lentry points: I I 
I I DEDALi, DEDAL2) I I L ___________________________________ L _______________ ~ ___________________________________ J 

Table PL1. Phase PL Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 

ACSCAN IScans AUTOMATIC chain for symbol and DED variables. 
I 

BCSCAN Iscans procedure block chain of ENTRY type 1 entries. 
I 

CCSCAN IScans controlled chain for symbol and DED variables. 
I 

CNSCAN IScans constants chain for DED varia~les. 
I 

DEDALi (PM) IAllocates storage for DEDs. 
I 

IEMPL IAllocates STATIC storage for symbol tables and DEDs. 
I 

SCSCAN IScans STATIC chain for symbol and DED variables. 
I 

STRSCN IScans chain of members of particular structure for symbol and OED 
I variables. 
I 

ISYMTAB (PM) IAllocates storage for symbol tables. 
L __________________ ~ __________________________________ ----------------------------------
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rable PP. Phase PP Storage Allocation Sort of AUTOMATIC Chain 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans BEGIN-ENTRY for ENTRY type 1 IRAO ISETCHw SCRUB1, SORCH I 
I entries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain from each ISETCH I EXDT, SRCH2 I 
IENTRY type 1 entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds ON conditions to first AUTO- ISC24 I None I 
IMATIC zone I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds temporaries (type 2) and inde-ISC31 I None I 
Ipendent items to first zone I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds dependent items to subsequent ISC44 I None I 
I zones I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines list of dependencies ISC39 ISCNCHN, SRCH2 I 
Ifrom INITIAL attribute I I i 
~-----------------------------------+---------------+-----------------------------------~ 
I Determines list of dependencies I SC40 I SCNCHN" SRCH2 I 
Ifrom DEFINED attribute I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines list of dependencies forlSC3S IEXDT, SCNCHN I 
larray bound expressions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines list of dependencies forlSCSO ISCNCHN, SRCH2 I 
Istring length expressions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IRemoves independent item dictionarYISCRUBl I None I 
Ireferences upon which items in the I I I 
IAUTOMATIC chain depend. I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table PP1,. Phase PP Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------1 

EXDT Scans dimensions tables for second file statements with adjustable 

Rl\O 

Rl\l 

RA4 

RA7 

SCNCHN 

SCRUBI 

SC24 

SC31 

SC3S 

SC39 

SC40 

SC44 

SCSO 
I 
ISETCHN 
I 
ISORCH 
I 
I 
ISRCH2 
I 

t 

bounds. 

Scans BEGIN-ENTRY for entry type 1 entries. 

Tests for end of ENTRY type 1 chain. 

Creates an AUTOMATIC chain delimiter. 

Tests for end of chain. 

Scans current AUTO~mTIC chain; determines whether reference belongs 
to it. 

Removes independent item dictionary references from the stack of 
dictionary references upon which items in the AUTOMATIC chain 
depend. 

Adds ON conditions to first automatic zone. 

Adds temporaries (type 2) and independent items to first zone .. 

I Determines list of dependencies for array bound eJfpressions. 
I 
I Determines list of dependencies from INITIAL attribute. 
I 
Determines list of dependencies from DEFINED attribute. 

Adds dependent items to subsequent zones. 

Determines list of dependencies for string length expressions. 

Scans AUTOMATIC chain from each ENTRY type 1 entry. 

Sorts chain in order of dependencies; creates zone delimiter dic­
tionary entries. 

J 
I 
I 
I 
I 
I 

Scans second file statements for dictionary references of labels, I 
data items, and structures, which may belong to the current AUTOMAT-I 

I IC chains. I L __________________ ~ ____________________________________________________________________ J 
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rable PT. Phase PT storage Allocation AUTOMATIC storage 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I statement or Operation rype I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans stacked CONTROLLED chain for IMYNAM !DVSIZE I 
Jlargest dope vector I I I 
r-----------------------------------+---------------+-----------------------------------~ 
I Initializes ENTRY type 1 chain scan,l DSALOC I MKSTAT I 
I and DSA I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IAllocates slots for ON conditions IDSA4 IMKSTAT I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for workspace andiDSA10 I None I 
I for DSA addressing vector I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans AUTOMATIC chain and allocatesiDSA16 ICOPY, DVSIZE, INITDV, MKSTAT, I 
Istorage for dope vectors I ISTDVIN I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates BUY workspace IDSA17 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for parameters IDSA19 I None I 
t-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for double preci-IDSA25 INone I 
Ision variables I I I 
t-----------------------------------+---------------+-----------------------------------~ 
JAllocates storage for single preci-IDSA29 I None I 
Ision variables I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for character IDSA38 I None I 
I strings I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for bit strings IDSA46 I None I 
~-----------------------------------+---------------+-----------------------------------i 
IAllocates storage for arrays and I DSA54 ICOPY, INITDV. MKSTAT, SDVCDE I 
Isecondary dope vectors I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for structures IDSA68 ICOPY, MKSTAT I 
t-----------------------------------+---------------+-----------------------------------~ 
IGets VDA and initializes dope vec- IDSA72 ICOPY, INITDV, MKSTAT, STDVIN I 
Itors for adjustable regions of I I I 
I AUTOMATIC chain I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates storage for DEFINED itemslDSA98 I None I L ___________________________________ L _______________ L ___________________________________ J 
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rable PT1. Phase PT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+------------------------------------------------------------~-------~ 
CONTi Scans controlled chain for size of longest dope vector. 

COPY Compiles code to copy skeleton dope vector into real dope vector. 

DSALOC Initializes ENTRY type 1 chain scan and DSA. 

DSA4 Allocates slots for ON conditions. 

DSA5 Allocates standard save area and flag bytes. 

DSAIO Allocates storage and workspace for DSA addressing vector. 

DSA16 Scans AUTOMATIC chain and allocates dope vectors. 

DSA17 Allocates BUY workspace. 

DSA19 (PU) Allocates storage for parameters. 

DSA25 (PU) Allocates storage for double precision variables. 

DSA29 (PU) Allocates storage for single precision variables. 
I 

DSA38 (PU) Allocates storage for character strings. 

DSA46 (PU) Allocates storage for bit strings. 

DSA54 Allocates storage for arrays and secondary dope vectors. 

DSA68 Allocates storage for structures. 

DSA72 Initializes dope vectors for adjustable regions of AUTOMATIC chain. 

OSA74 Stores pointer to skeleton second file statement. 

DSA98 Allocates storage for DEFINED items. 

DSA161 Allocates storage required for dope v~ctors. 

DSA162 Compiles code to initialize dope vectors. 

DSA952 Gets VDA for this region of AUTOMATIC chain if required. 

DVSIZE (PU) Determines size of dope vectors. 

INITDV Compiles code to initialize address slot in dope vector. 

MKSTAT Makes a second file statement. 

MYNAM Scans CONTROLLED chains. 

SDVCDE (PU) ICompiles code for secondary dope vectors. 
I 

ISTDVIN IInitializes structure member dope vectors. L __________________ ~ ___________________________________________________________________ _ 
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rable QF. Phase QF Storage Allocation Prologues 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
r-----------------------------------+---------------+-~---------------------------------~ 
I Scans text for statement labels, I QFOOOO I QBEGEP, QBPROL, QEOP, QIviOVE, QPROL, I 
IPROCEDURE statements, BEGIN state- I IQSL I 
Irnents, BEGIN END statements, and I I I 
lend-oi-program marker I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses statement label pseudo- IQSL IQMOVE I 
Icode items I I I 
t-----------------------------------+---------------+-----------------------------------~ 
IFrees text storage at end of phaseilQEOP IQMOVE I 
Ireleases control I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ICreates stereotyped prologue for a IQBPROL IQADJAL, QFSKIP, QF0201, QMOVE I 
IBEGIN block requiring a dynamic I I I 
Istorage area I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ICreates stereotyped or special I QPPROL IQADJAL, QFSKIP, QF0201, QMOVE, I 
Iprologues for PROCEDURE statements, I I QONPRL I 
I depending on conditions. processesl I I 
Istatement label pseudo-code items I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ICreates a compiler label marking IQBEGEP IQADJAL, QF0201., QMOVE I 
Ithe return from a BEGIN block I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ICreates a prologue for ON block I QONPRL IQADJAL, QFSKIP, QF0201 I 
r-----------------------------------+---------------+-----------------------------------~ 
IAssembles code to initialize DSA IQADJAL IQMOVEl I 
Idope vector data areas. and to I I I 
lallocate variable data areas I I I 
t-----------------------------------+---------------+-----------------------------------~ 
ISkips second file statements IQFSKIP INone I 
Ifollowing a block heading statement I I I 
t-----------------------------------+---------------+-----------------------------------~ 
lobtains new buffer and chains it tolQF0201 I None I 
Ithe previous one I I I 
t-----------------------------------+---------------+-----------------------------------~ 
I Moves input text being skipped froml Q~lOVE I None I 
linput buffer to output buffer I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMeves a second file statement, IQMOVEl IQMOVE I 
\pointed at by PAR1, to the prologue I I I 
Ibeing generated I I I L ___________________________________ ~ _______________ ~_-------------_____________________ J 
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rable QF1. Phase QF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 
IQADJAL Assembles code to initialize DSA dope vector, variable data areas, 
I and to allocate variable data areas. 
I 
IQBEGEP 
I 
IQBPROL (QG) 
I 
I 
IQEOP 
I 
IQFSKIP (QG) 
I 
I 
IQFOOOO 
I 
I 
IQF0201 (QG) 
I 
IQF0360 
I 
IQF0370 
I 
IQF0460 
I 
IQF0570 
I 
QF0625 

QF0860 

QFl172 

QFl194 

QF1215 

QF1511 

QMOVE 

QMOVEl 

QONPRL (QH) 

QPPROL (QG) 

Creates a compiler label marking the return from a BEGIN block. 

Creates stereotyped prologue for a BEGIN block requiring a dynamic 
storage area~ 

Frees text storage at end of phase; releases control. 

Skips second file statements following a PROCEDURE or BEGIN state­
ment. 

Scans text for statement labels, PROCEDURE statements, BEGIN state­
ments, BEGIN END statements, and end-of-program marker. 

Moves code to output buffer; obtains new buffer if required. 

Tests for external procedure. 

Generates prologue for GET DSA. 

Tests for return expression. 

(Generates code to copy argument and tar~et addresses. 

Tests for entry points. 

Tests end of chain. 

Tests end of first region. 

Extracts mapping code from second file. 

Tests for storage required. 

Removes VDA accumulator assignment code from mapping code. 

Moves text from input buffer to output buffer. 

Moves second file statement to prologue being generated. 

Creates prologue for ON block. 

Creates stereotyped or special prologues for PROCEDURE statements, 
depending on conditions. 

IQSL Processes statement label pseuao-code items. L __________________ 4 ___________________________________________________________________ _ 
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Table QJ. Phase QJ storage Allocation Dynamic storage 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation 'Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IGeneral scan of text for ALLOCATE, IGSi IALLOC,BUY, BUYP, FREE, TRF1. I 
I BUY and FREE statements I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocates items not requiring dope IAL20 IALiS, TRF2 I 
I vector I I I 
~-----------------------------------t---------------t-----------------------------------i 
IGenerates code to move skeleton I MOVEDV ITRF2 I 
Idope vector into workspace for I I I 
I controlled variables I I I 
~-----------------------------------+---------------+-----------------------------------i 
ILooks ahead to reverse pointers forlREVPT IGSi, TRFi I 
I ALLOCATE statements I I I 
~-----------------------------------+---------------+-----------------------------------i 
I Allocates storage for controlled I AL28 I GSi, LIBC1" LIBC2, SCANSF, TRF2 I 
I string I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAllocate storage for controlled IAL27 I ABOUND, LIBC1, MOVEDV, PRE VAL. I 
I array I ISCANSF, TRF2 I 
~-----------------------------------+---------------+-----------------------------------~ 
I Allocates storage for controlled I AL29 I BNDEXP, LIBC1 6 MOVEDV. NXTREF., I 
I structure I I NXTVAR, PREVAL" SCANSF" TRF2 I 
~-----------------------------------+---------------+-----------------------------------~ 
ILoads Library call parameter reg- I FREE ITRF2, TRF3 I 
lister to free allocated storage I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IMoves skeleton dope vector for I BUYP ITRF2 I 
I bought temporary I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IBuys storage for temporary array IBY14 ISCANSF, TRF2 I 
~-----------------------------------+----~----------+-----------------------------------~ 
IBuys storage for temporary struc- IBY13 ILIBC4, NXTREF, NXTVAR, SCANSF, TRF21 
Iture I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IPlaces initial value code line for IAL15 I NXTRF, SCANSF I 
Icontrolled variables I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISkips scan register over initial i- ISKIPTX IGSl I 
Ization statements I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerates code to set a pointer to IPREVAL ITRF2 I 
Ithe previous allocation. I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ISearches dimension tables for I ABOUND ISCANSF I 
ladjustable bound expressions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates code for temporary varia-ISTMP ILIBC3, TRF2 I 
Ibles requiring only a dope vector I I I L ___________________________________ ~ _______________ ~ _ __________________________________ J 
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Table QJ1. Phase QJ Routine/Subroutine Directory 
r---~--------------T--------------------------------------------------------------------, 
I ROUTINE/SUBROUTINE I FUNCTION I 
~------------------+--------------------------------------------------------------------~ 

ABOUND (QK) ISearches dimension tables for adjustable bound expressions. 
I 

ALLOC (QK) IAScertains the type of allocate statement. 
I 

AL15 IPlaces initial value code line for controlled variables. 
I 

AL20 (QK) IAllocates items not requiring dope vector. 
I 

AL27 (QK) IAllocates storage for controlled arrays. 
I 

~L28 (QK) IAllocates storage for controlled strings. 
I 

~L29 (QK) IAllocates storage for controlled structures. 
I 

BNDEXP IGenerates or extracts code to set the adjustable bounds of struc-
Itures 
I 

BUY IAscertains the type of buy. 
I 

BUYP IMoves skeleton dope vector for bought temporary. 
I 

BY13 JBuys storage for temporary structure. 

BY14 Buys storage for temporary array. 

BY15 Buys storage for temporary string. 

FREE (QK) Loads Library call parameter register to free allocated storage. 

GSl General scan of text for ALLOCATE. BUY, and FREE statements. 

LIBC1/LIBC2/LIBC4 Places the library calling sequence for controlled storage in 
sequence in the text. 

MOVEDV (QK) Generates code to move skeleton dope vector into workspace for con­
trolled variables. 

NXTREF (QK) Obtains the next structure base element reference. 

NXTVAR (QK) Obtains the next varying array base element reference. 

PREVAL (QK) Generates code to set a pointer to the previous allocation. 
I 

REVPT Looks ahead to reverse pointers for ALL~CATE statements. 

SCANSF Places second file statement in line in the text. 

SKIPTX Skips scan register over initialization statements. 

STMP (QK) Generates code to buy storage for temporary variables which only 
require a dope vector. 

TRFl Transfers input text to output. 

TRF2 Adds text skeletons to the output text. 

ITRF3 Adds the Library calling sequence to the output text. 
L __________________ ~ __________________________________ ----------------------------------
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Chart 09. 

***** *09 * * AI* 
* * * 

X 
*****AI********** *FIRST SCAN RA* 
*-*-*-*-*-*-*-*-* 
* ESTABLISH * 
*AOORESSIBILITY * 
* * ***************** 

X 
*****81********** *SECOND SCAN RF* 
*-*-*-*-*-*-*-*-* 
* ALLOCATE * 
* PHYSICAL * * REGISTERS * 
***************** 
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x 
***** 
*10 * * AI* 
* * * 

Register Allocation Logical Phase Flowchart 



Chart RA. 

***** 
*RA * * AI* 
* * * 

X 

Phase RA Overall Logic Diagram 

*****AI********** 
* GET TEXT FOR * 
*OUTPUT & INSER-* * T ION F I L E S. * 
* GET SCRATCH * 
* STORAGE * 
***************** 

LAA X 
*****BI ********** 
* * * SCAN * 

••• x* INPUT TEXT *X ••• x ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * X X 
* * ***************** **** 

x 

* * * BI * 
* * **** 

.*. ACT6 
C I *. *****C2* ********* *****c 3********** 

.* *. * STACK * * GET NEW STACK * 
*:*PROCIBEGIN *:*::~ •.••• x: F6~Fg~~eIM1~ ! ........ x! EN~~6c~0~NNEW ! ... : 

*. .* * PROC/I:!EGIN * * SCRATCH * 
*..* * * * STORAGE * 

* •• * ***************** ***************** * NO 

x 
.*. ACT7 

01 *. *****02********** 
.* *. * DOWN DATE * **** 

.* *. YES * STACK IN * * * 
*.PROC'/BEGIN' .* •••••••• X* SCRATCH * •••• X* BI * 

*. .* * STORAGE * * * 
*..* * * **** 

*. • * ***************** * NO 

x 
.*. • *. UPSN GENFLP 

E I *. E2 *. *****E 3********** *****E4********** 
.* START *. .* *. * GENERATE * * GENERATE * 

.* OF *. YES .* STATEMENT *. YES * CODE TO * * CODE TO * • 
*. PL/I .* •••••••• x*. NO. DIAGN .* •••••.•• x* UPDATE * •••••••• X* UPDATE * •••• 

*.STATEMENT.* *.REQUESTED.* * STAHMENT • X * PREFIX * X 
*..* *..* * ON-SLOT * * ON-SLOTS * 

*. .* *. . * ***************** ****************. * NO * NO 

x 
.*. DRTEST, ADTEST ATD .*. 

F I *. *****F2********** F3 *. *****F4********** 
.* *. * EXTRACT * .* HAS *. * GENERATE * 

.* PSEUDO- *. YES * DICTIONARY * .* CODE BEEN *. YES * LOAD FROM * 
*. CODE .* •••••••• X* REFERENCES * •••••••• X*. PRODUCED .* •••••••• X* STORED * •••• 

*INSTRUCTION* * AND OFFSETS * *. BEFORE .* * ADDRESS * 
*..* * * *..* * * 

* •• * ***************** * •• * ***************** * NO * NO 

x 
.*. ACT12 

GI *. *****G2********** 
.* *. * SKIP TO * 

.* ABSOLUTE *. YES * END OF * 
*. CODE .* •••••••• x* ABSOLUTE * 

*. MARKER .* * CODE * 
*..* * * 

*. .* ***************** * NO 
**** 

• * * •• x* BI * 
X ****** 

.*. ACTI3 
HI *. *****H2********** 

.* *. * START CHAIN * 
.* PROLOGUE *. YES * TO ADDRESSING * 

*. INSERTION .* •••••••• X* INSTRUCTIONS 
*. POINT .* * IN INSERTION 
*..* * FILE * 

* •• * ***************** * NO 

x .*. 
JI *. 

.* END *. 
• NO.* OF *. 
•••• *. PROGRAM .* 

*. .* *. .* * •• * * YES 

X 
***** 
*RF * 
* Al* 
* * * 

x 
**** 

* * * BI '" 
* * **** 

DTY X .*. U25 
*****G3********** G4 *. *****G5********** 
* PRODUCE ANY * .* MUST *. *MOVE ADDRESSING* 
* NECESSARY * .* CODE *. YES * I~STRUCTIONS * • 
* ADDRESSING * •••••••• X*. BE .* •••••••• x* FROM SCRATCH * •••• 
* INSTRUCTIONS * *. IN-LINE .* * STORAGE * X 
* IN SCRATCH * *..* * TO IN-LINE * 
****.************ *. • * **.************** * NO 

ADINST X 
*****H4********** 
*IF WORTH-WHILE,* 
*PUT INSTRUCTNS * 
* IN INSERTION * 
* FILE PROLOG * 
* ELSE IN-LINE * 
***************** 

ADD,ADD2 X 
*****J4********** *****J5********** 
* IF IN PROLOG, * * GENERATE * 
* GENERATE * * LOAD OF * 
* STORE OF * •••••••• X* ADDRESS * •••• 
* CALCULATED * * STORED * 
* ADDRESS * * * 
***************** ***************** 

Section 3: Charts and RQutine Directories 257 



Chart RF. Phase RF Overall Logic Diagram 

***** 
*RF * 
* Al* 
* * * 

X 
*****Al********** 
*GET TEXT BLOCK * 
*FOR OUTPUT AND * 
*SCRATCH STORAGE* 
* FOR LISTS * 
* AND STACKS * 
***************** 

**** 
* *. * Bl *.X. * *. X ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

**** • 
P9INIT X 

*****Bl********** 
* * * * ••• x* SCAN TEXT * • • 
* * ***************** 

x 
.*. OBREGS 

Cl *. *****C2********** *****C3********** 
.* *. * EXTRACT * * SCAN REGISTER * 

.* USING *. YES * REGISTER '" * TABLE FOR * 
*. PSEUDO- .* •••••••• X* USAGE AND * •••••••• X* REQUESTS * 

*INSTRUCTION* * IMPLIED * * PRESENT * 
*..* * BASES * * * 

*. • * ***************** ***************** * NO 

~ 
D3-*-._ 04-*-.. LB *****05********** 

.* ALL *. .* *. * CONSTRUCT * 
.* REGISTERS *. YES .* BRANCfi *. NiJ * COMPLETED * 

*. AVAILABLE .* •••••••• X*. IN OR OUT .* •••••••• X*I'ISTRUCTION AND* 
*. .* *. POINT.* X * OUTPUT * 
*..* *..* * * 

* •• * * •• * ***************** * NO * YfS 

x X STOREl,. 
.*. LADI .*. 08630 X 

EI *. *****E2********** E3 *. *****E4********** 
.* *. * GET FREE * .* *. * GENERATE * 

.*ADDRESSING *. YES * REGISTFR FROM * .* ENOUGH *. NO * STORES OF * 
•• INSTRUCTION •••••••••• X*REGISTER TABLE.* •••••• *. FREE .* •••••••• X* REGISTERS IF * 

*. .* *GENERATE STORE * *.REGISTERS.* * BRANCH IN OR * 
*..* * IF NONE * *..* * OUT * 

*. • * ***************** * •• * ***************** * NO * YES 

x x 
.*. IN4 .*. 08895 

Fl *. *****F2********** F3 *. *****F4********** 
.* *. * BRING IN * • * SOME *. * * 

.* PROLOG *. YES * ADDRESSING * • .* REGISTERS *. YES * GENERATE CODE * 
*. INSERTION .* •••••••• X* INSTRUCTIONS * •••• X. .*.HAVE PREVIOUS.* •••••••• x* TO LOAD * •••••• 

*. POINT .* * FROM * 
*..* *INSERTION FILE * 

* •• * ***************** * NO 

X LPROC • 
• *. LEND 

HI *. *****H2********** 

*.VALUE IN .* * REGISTERS * X 
*.STORE.* * * 

* •• * ***************** * NO 

:ADIMOV 
*****G3********** 
* EXPAND * **** 

• * ADDRESSING * * * 
••• x* INSTRUCTIONS * •••• X* Bl * 

* I N OUTPUT * * * 
* * **** 
***************** 

.* *. * UPDATE * **** 
.*PROC/PROC' *. YES * OR DOWNDATE * * * 

*.BEGIN/BEGIN' .* •••••••• X* STACK OF * •••• X* Bl * 
*. .* * BLOCK ENTRIES * X * * 
*..* * * **** 

* •• * ***************** * NO 

x 
.*. LDROP. 

Jl *. *****J2********** 
.* *. * DELETE *. 

*:!PRM~~O~~RM,*:*~~~ ••••• X:R~~~~~~~C~iBt~ : ••• : 
*. • * * AND SCRATCH * 
*... * STORAGE • 

*. •• ***.*******.***** 
• NO 

x .*. KI * • . * * • 
• NO.* END * • .•. . *. OF •• 
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Table RA. Phase RA Register Allocation Addressibility Analysis 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls scan of source ILAA I ACT1, ACT2" ACT5" ACT8. ACT9. I 
I I I ACTI0_ ADCBUF" GETSBF I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes RX" RS" or SI instruc- I ACT3 I ADTEST" DRTEST I 
Itions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Processes SS instructions I ACT4 I ADTEST" DRTEST I 
~-----------------------------------+---------------+-----------------------------------~ 
I Compiles code for start of PL/I I ACT15, ACT14, I ADCBUF" GENFLP" UPSN I 
I Statement: 1. with label, 2. I ACT16 I I 
I wi thout label" 3. compiler label I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses PROCEDURE and BEGIN I ACT6 IADCBUF I 
I blocks I I I 
~-----------------------------------+---------------+-----------------------------------i 
IProcesses END statements on PROCE- IACT? I~~CBUF I 
IDURE or BEGIN blocks I I I 
~-----------------------------------+---------------t-----------------------------------~ 
IAdds text to output string IADCBUF IGETCBF I 
~-----------------------------------+---------------+--------------------~--------------~ 
IAdds text to insertion file IADIBUF IGETIBF I 
~-----------------------------------+---------------+-----------------------------------~ 
IObtains new source buffer IGETSBF I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IObtains next output buffer IGETCBF I None I 
~-----------------------------------+---------------+-----------------------------------i 
IObtains next insertion file buffer IGETIBF I None I 
~-----------------------------------+---------------+-----------------------------------i 
I Examines dictionary reference in I DRTEST I ADINST" DECaMP" SETBLK I 
I source I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProduces recovery code when literallADTEST IADCBUF I 
loffset greater than 4095 is met I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Creates coded addressing instruc- I ADINST I ADCBUF:, ADIBUF I 
Itions I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table RA1. Phase RA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
ACTi Copies non-special three-byte item to output. 

ACT2 Copies non-special five-byte item to output. 

ACT3 Processes RX. RS. or SI instructions. 

ACT4 Processes SS instructions. 

ACTS End of block routine. 

ACT6 Processes PROCEDURE and BEGIN blocks. 

ACT7 Processes END statements on PROCEDURE or BEGIN blocks. 

ACT8 End of source text routine. 

ACT9 Action of start of common block of prologue. 

ACTiO Action at end of prologue. 

ACT12 copies absolute code to output stream. 
1 

ACT13 Creates ADI instruction at prologue insertion point. 

ACT14 Compiles code for start of PLII statement with label. 

ACT15 Compiles code for start of PL/I statement without label. 

ACT16 Compiles code for start of PL/I statement compiler label. 

ADD/ADD2 Generates store of calculated address. 

ADCBUF Adds text to output string. 

ADIBUF Adds text to insertion file. 

ADINST Creates coded addressing instructions. 
1 

ADTEST Produces recovery code when literal offset greater than 4095 is met. 

ATD Tests whether previous offset is out of bounds. 

DECaMP Decodes dictionary reference. 

DRTEST (RB) Examines dictionary reference in source. 

IDTY Scans step table and generates addressing instructions. 
I 
IGENFLP Generates code to set bits on and off in a prefix ON-slot. 
I 
IGETCBF Obtains next output buffer. 
I 
IGETIBF Obtains next insertion file buffer. 
I 
IGETSBF Obtains next source buffer. 
I 
ILAA Scans input text. 
I 
lL125 Moves addressing instructions to IN-LINE. 
I 
lSETBLK Finds block number of referenced item. 
I I 
IUPSN lGenerates code to keep the statement number slot in the DSA up to 
I ldate. l __________________ L __________________________________ ----______________________________ J 
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Table RF. Phase RF Register Allocation Physical Registers 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I statement or Operation Type I Routine I subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
I Controls s can of text I Z 9 I ADCBUF" ADIMOV.. BR1, BR3" BR4" I 
I I IGETNXT. LBAL. LBALR" LBCTR .. LEOB. I 
I I ILEOP, LR1, LR3, LR4" LR6, LR7" LR9., I 
I I I LSHIFT, OBREGS I 
~-----------------------------------+---------------+---------------~-------------------~ 
IProcesses PROCEDURE or BEGIN state-ILPROC I None I 
Iment I I I 
~-----------------------------------+---------------+-----------------------------------~ 
lProcesses end of PROCEDURE or BEGINILEND I None I 
I block I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IProcesses requests for registers; IOBREGS IBRGUSE, FRTEST. LOAD1" I 
lallocates physical registers I ISTORE1, STORE2, REG USE I 
~-----------------------------------+---------------+-----------------------------------~ 
I Compiles. code to store symbolic ISTORE2 IADCBUF I 
I registers I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompiles code to store assigned ISTORE1 IADCBUF I 
I registers I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompiles load of physical registersiLOAD1 IADCBUF I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans list of free registers to IFRTEST I None I 
Imake even-odd pair I I I 
~-----------------------------------+---------------+-----------------------------------~ 
ICompiles load register I LOADRG IADCBUF I 
~-----------------------------------+---------------+-----------------------------------~ 
IExpands coded addressing instruc- IADIMOV IADCBUF I 
Itions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAdds to output buffer IADCBUF I None I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table RF1. Phase RF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

ADCBUF Adds to output buffer. 

ADIMOV Expands coded addressing instructions. 

BRGUSE Tabulates use of base register in look-ahead. 

BR1 (RH) Processes RX branch instructions. 

BR3 (RH) Processes BCT instructions. 

BR4 (RH) Processes RR branch instructions. 

FRTEST IScans list of free registers to make even-odd pair. 
I 

GETNXT tObtains next block. 
I 

LAD1 (RH) Iprocesses AD1 (addressing) instructions. 
I , 

ILB (RH) IConstructs and puts out completed instruction. L __________________ ~ ___________________________________________________________________ _ 

Section 3: Charts and Routine Directories 261 



Table RF1. Phase RF Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
LBAL (RH) processes BAL instructions. 

LBALR (RB) 

LBCTR (RH) 

LDROP (RH) 

LEND (RH) 

LEOB (RH) 

lLEOP 

LOAD 1 

LOADRG 

LPROC (RH) 

LRl (RH) 

LR3 (RH) 

LR4 (RH) 

LR6 (RH) 

LR7 (RH) 

LR9 (RH) 

LSHIFT (RH) 

OB560 (RG) 

OB630 (RG) 

OB895 (RG) 

P9INIT (RH) 

OBREGS (RG) 

REG USE 

STOREl 

STORE2 

Processes BALR instructions. 

Processes BCTR instructions. 

Processes DROP pseudo-instruction. 

Loads end of PROCEDURE or BEGIN block. 

Processes end-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 
I 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 
operands are changed, e.g., ST. 

Processes SI instructions. 

Processes instructions in which no load of first operand is needed, 
and it is changed, e.g., LA. 

Processes shift instructions. 

Tests whether all registers are available. 

IGenerates stores of registers if branch in or out. 
I 
)Generates code to load registers. 

Main text scan. 

Processes requests for registers; allocates physical registers. 

Tabulates use of registers in look ahead. 

Compiles code to store assigned registers. 

Compiles code to store symbolic registers. 

W4 (RH) Extracts ADIs at prologue insertion point. ~ 

I 
IZ9 (RH) Controlling scan of text. I 
L ___ ---------------~------------------------------------------__________________________ J 
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Chart 10 • Final Assembly Logical Phase Flowchart 

••••• ·10 • • AI· • • • 
X 

••••• A1**.* •• **** 
*OCB GEN TA* 
"'-*-*-*-*-*-*-*-* * GENERATE * 
* OClCS'S AND * * INCLUDE CARDS * 
.**.****.** •• **** 

X 
***·*B1*****·**** *PASS 1 TF. 
*-*-*-*-*-*-*-*-* *ASSIGN OFFSETS * 
* TO lABELS * • * ***.**.***.**.*** 

x .*. 
C1 *. *****C2********** .* *. *OPT, TJ* 

.* *. YES *-*?*-*-*-*-*-*-* *. OPTIMIZE .* •••••••• X* OPTIMIZE * 
*. .* * MVC'S AND S'S * 
*..* * * 

*. • * ***************** * NO 

: X •••••••••••••••••••••••• : 

, x 
***.*01********** *ESO TO* 
*-*-*-*-*-*-*-*-* * GENERATE * 
* ESD CARDS * 
* * **.************** 

X 
*****El*******·** *PASS 2 TT* 
*-*-*-*-*-.-*-*~* * GENERATES * *TXT, RlO CARDS * * .. ***************** 

X 
**.**F 1* •• ******* *STATIC UA* 
*-*-*-*-*-*-*-*-* * STATIC * *INITIAlIZATION * 
* * ***************** 

x .*. 
Gl *. *****G2********** .* *. *lIST UF* 

.* *. YES *-*-*-*-*-*-*-*-* *. lIST TEXT .* •••••••• X* LIST TEXT * 
*. .* .. * *..* * * 

•• • * **.***.********** * NO 

x 
***** *XA * • AI* 
* * * 

x 
***** ·XA * • AI* 
• * • 
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Chart TA. Phase TA Overall Logic Diagram 

***** 
*TA * 
* Al* 
* * * 

IlOOOO X 
*****Al********** 
* * * * *INITIALIZATION * 
* * * * ***************** 

••••••••••• X: 
• x .ILOI00 • *. 

Bl *. 
.* *. **** .* END OF *. YES * * 

*.STATIC CHAIN .* •••• X* B5 * 
*. .* * * *..* **** * •• * * NO 

X 
*****Cl********** 
* * * GET NEXT * 
* ENTRY IN * 
* STATIC CHAIN * 
* * ***************** 

x .*. 
01 *. 

.* *. 

ILOllO X 
*****A3********** 
:sK~l~i~~M5clgB : 
*CHANGE SYSPRINT* 
* TO IHESPRT * 
* * ***************** 

X 
IlO1l8 .*. 

B3 *. 
.* *. 

NO.* ANY *. 
••••• *. ATTRIBUTES .* 

*. .* *. .* * •. * * YES 

: :IL01l7 x 
*****C3********** 
* * * CHECK ATTRIBS * 
* AND MAKE OPEN * 
* CONTROL BLOCK * 
* * ***************** 

X 

.* FILE *. YES •• 
*****03********** 
* MOVE OCB INTO * 
* APPROPRIATE * 
* PART OF DCLCB * *. CONSTANT .* ••••••••••••••••••••••••••••••• 

*. (081 .* *. .* * •. t * NO 

x . *. 
El *. 

.* *. 
• NO .* *. •••• *. ATTRIBUTES .* 
X *. (q81 .* 

*. .* 
* •. * * YES 

:ILOI20 x 
*****Fl********** 
* * * CHECK ATTRIBS * 
* AND MAKE OPEN * 
* CONTROL BLOCK * 
* * ***************** 

* SKELETON * 
* * ***************** 

: •.••.•..•• x: 

IL01l4 X 
*****E3********** 
* * * GET ENVMNT * 
* STRING * 
* (MAY BE NULLI * 
* * ***************** 

IHEENV, • 
IL01l5 X 

*****F3********** 
* * *CHECK AND PLACE* 
* IN SKELETON * 
* DCLCB * 
* * ***************** 

:X •••••••••••••••••••••••••••••••••••••••••••••••••• : 
x 

*****Gl********** 
* MAKE OICT * 

• * ENTRY AND * 
•••• * CHAIN FROM * 

* STATIC ENTRY * 
* * ***************** 
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**** 
* * * B5 * 
* * **** 

IL0200 X 
*****B5********** 
*RELEASE IEMTB. * 
* LOAD IEMTC. * 
* GET INCLUDE * 
* MATRIX ENTRY * 
* * 
***************** 

[HEINC X 
*****C5********** 
* * *GENERATE STRING* 
* OF LIBRARY * 
* MODULE NAMES * 
* * ***************** 

IL0201 X 
*****05********** 
* DISECT STRING * 
* AND FORM * 
* INCLUDE CARD * 
* IMAGES. * 
* PUNCH CARDS * 
***************** 

X 
IL0206 .* . 

E5 *. .* IS *. NO .* EXTERNAL *. 
• ••••••• *. PROCEDURE .* 
X *. MAl.., .* 

***** *..* 
*TF * * •• * 
* Al* * YES 
* * * 

X 
******F 5* ********** 

* OUTPUT AN * 
INCLUOE IHESAPA 
* CARD * 

************* 

x 
***** 
*TF * 
* Al* 
* * * 
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***** 
*TF * 
* A1* 
* * * 

lLOOOO X 
*****Al ********** 
*INITIALIZATION.* 
* GET SCRATCH * 
* STORAGE FOR * 
* LABEL TABLE. * 
*GET INPUT TEXT * 
***************** 

**** 
* *. * B1 *.X. 

**** 
* * * B2 * 
* * **** 

**** 
* * * A3 * 
* * **** 

x .*. Il0022 
A3 *. *****A4********** 

.* *. * * ** •• 
.* END *. YES * CHAIN TO * * * 

*. OF TEXT .* •••••••• X* NEXT TEXT * •••• X* Bl * 
*. BLOCK .* * BLOCK * * * 
*..* * * **** 

*. • * *****.*********** * NO 

* **** * • X 
IL0003 X IL0024 X IL0017 .*. 

*****B1********** *****B2********** 83 *. 
* GET BRANCH * * GET LENGTH * .* *. 
* LIST INDEX * * OF CURRENT * NO.* END OF *. YES 
* FROM TABLE 1 *x •••••••• * ITEM FROM *X •••••••• *. PROGRAM .* •••••••• 
* USING CURRENT * * TABLE 2. BUMP * *. .* x 
* OP CODE * * INPUT POINTER * *..* ***** 
***************** ***************** * •• * I<T J * 

* * Al* 

x 
.*. IL0010 

* * * 

.".0 *'*. :*~:~~2n~~~~i**: :***6~~~~~i~~***: :****C4*********: 
.* PROCEDURE *. YES * LoeN COUNTER * * NUMBER OF * * SET LOCATION * * * 

*. MARKER .* •••••••• X* VALUE IN Ell * •••••••• X*AOCONS REQUIRED* •••••••• X* COUNTER * •••• X* B2 * 
*. .* * OF CONTAINING * * FROM ESTIMATE * * TO ZERO * X * * 
*..* * PROC (IF ANY) * *OF SIZE IN ETI * * * **** *. . * ***************** ***************** ***************** * NO 

x .*. ILOOll 
01 *. *****02********** *****03* •• ******* *.***04.*******.* 

.* *. * PLACE TOTAL * * ADD SIZE OF * * RESTORE * 
.* ENO OF *. YES * SIZE OF PROC * * PROCEDURE Te • * LOCATION * • 

*. PROCEDURE .* •••••••• x* IN LOCN1 SLOT * •••••••• x* CURRENT TOTAL * •••••••• X* COUNTER FROM * •••• 
*. MARKER .* * OF * * PROGRAM SIZE * *ETI OF CONTAIN-* X 
*..* * ENTRY TYPE 1 * * '* * ING PROCEDURE * 

*. • * ****** *********** ***************** ***************** * NO 

x 
.*. IL0015 

El *. *****E2********** *****E3*********. .*.**E4********** 
.* *. * PLACE SIZE * * RESET LOCN * * SET PROLOGUE * 

.* PLBS *. YES * OF PROCEDURE * * COUNTER TO * * SWITCH *. 
*. OR .* •••••••• X* SO FAR IN ••••••••• X*ZERO PLUS 5PACE ••••••••• X* ON (PLBS) * •••• 

*. PCBS.* *LOCN2 OR LOCN3 * *FOR ADDRESSING * * OR * 
*..* * SLOT OF ETI * * ADCONS * * OFF (PCBS) * 

*. • * ***************** ***************** ***************** * NO 

x .*. IL0014 
Fl *. *****F2********** 

.* *. * ADD LENGTH OF * • **** 
.*NON-BRANCH *. YES * INSTRUCTION * X * * 

*. MACHINE .* •••••••• X* TO LOCATION * •••• X* B2 * 
*. INST.* * COUNTER * * * 
*..* * * **** 

* •• * ***************** * NO 

x .*. IL0020 
GI *. *****G2********** *****G3********** 

.* *. * DETERMINE * *ADD TO LOCATION* 
.* BRANCH *. YES * AMOUNT OF * * COUNTER AND * • 

*.OR LOAD ADDR .* •••••••• X* CODE NEEDED ••••••••• X. SET IN THE * •••• 
*. INST.* * TO PERFORM * * PRECEDING ADR * 
*..* * OPERATION * * PSEUDO-CODE * 

* •• * ***************** *****.*********** * NO 

x .*. ILOOl9 
HI *. *****H2********** 

.* *. * ASSIGN THE * **** 
.* *. YES * CURRENT * * * 

*. LABEL .* •••••••• x* LOCATION * •••• x* B2 * 
*. .* * COUNTER VALUE * * * 
*..* * AS OFFSET * 

*. .* ***************** * NO 

x 
**** 

* * * A3 * 
* * **** 
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***** 
*TJ * 
* Al* 
* * * 

ILoooe X 
*****Al********** 
* * * * *INITIALIZATION * 
* * * * ***************** 

**** 
* * * A3 * 
* * **** 

x .*. 
13 *. 

**** .* *. 
* * NO.* END *. 
* 02 *X •••• *. OF .* 
* * *. PROGRAM .* 

**** *..* 
* .. * 

* YE'S 

X 
*****B3********** 
>I< • 
* RELEASE THE 
* CURRENT TEXT 
* BLOCK 
* • 
***************** 

OPTIMA x .L 
*****c 1********** *****C2********** C 3 *. 
*GET FIRST TEXT * * * .* *. 
* BLOCK. SET * * SET REPEAT * YES.* REPEAT *. NO 
* LOCN COUNTER *X •••••••• * SWITCH OFF *X •••••••• *. SWITCH ON .* •••••••• 
* AND PROGRAM * * * *. .* x 
* SIZE TO ZERO * * * *..* ***** 
***************** ***********"'****'" * •• * *TO * 

**** 
* * * 02 * ••. 

* * Al* 
* * * 

* JOe .x .............................................................. . 
I L0003 X I LOO~!** X 

*****01********** *****02********** *****03********** 
* GET BRANCH * * GET LENGTH * * SUSPEND SCAN * 
* LIST INDEX * * OF CURRENT * "'FOR OTHER THAN * 
• FROM TABLE 1 .X •••••••• * ITEM FROM *X •••••••• * PROC' AND END >I< 
* USING CURRENT" .. TABLE' 2. BUMP" * OF TEXT BLOCK * 
* OP CODE * * INPUT POINTER * * * 
******* •• ***.*.** .*****.********** ***************** 

X 

x • NO .*. ILOOIO .*. ILlOOI 
El *. *****E2********** E3 *. *****E4********** 

.* *. * IF SCANNING * .* IS *. * EVALUATE NEW * .* *. YES * CURRENT PROC * .* OPTA *. YES * ADCON NEEDS. * • *. PROCEDURE .* •••••••• X* SAVE LOCN CTR * •••••••• X*. FLAG ON IN .* •••••••• X*SET LOCN COUNT * •••• 
*. MARKER .* *VALUE IN LOCNI * *. NEW ETI .* * TO ZERO * X 
*..* * SLOT * *..* * * 

* •• * ***************** * •• * ***************** * NO * 

x 
.*. ILOOl! ILllOl 

Fl *. *****F2********** *****F3********** *****F4********** 
.* *. * IF SCANNING * * IF OPTB FLAG * * RESTORE * 

.* END OF *. YES * CURRENT PROC, * * ON, SE'T OPTA * * CONTEXT OF * • 
*. PROCEDURE .* •••••••• X* UPDATE PROC * •••••••• X* ON AND RESET * •••••••• X* CONTAINING * •••• 

*. MARKER .* * SIZE IN LOCNI * * OPTB * * PROCEDURE * 
...* * SLOT * * * * * 

*. • * ***************** ***************** ***************** * NO 

x 
.*. IL0012 

Gl *. *****G2.********* 
.* MACH. *. * * **** 

.*INST, PLBS,*. YES * ALL TREATED * * * 
•• PCBS, END OF .* •••••••• X* IN SAME WAY * •••• X* 02 * 

*. BLOCK .* * AS IN IEMTF * * * 
*..* * * **** 

* •• * ***************** * NO 

x 
.*. IL0019 IL2006 .*. 

HI *. *****H2********** H3 *. *****H4********** 
.* *. * * .* *. * SET OPTB ON * **** 

.* *. YES * ASSIGN NEW * .* CHANGE *. YES * IN ETI OF * * * 
*. LABEL .* •••••••• X* OFFSET TO * •••••••• X*. FROM> 4096 .* •••••••• X* CURRENT PROC. * •••• X* 02 * 

*. .* * LABEL * *.TO < 4096.* * SET REPEAT * * * 
*..* * * *..* * SWITCH * **** 

* •• * ***************** * •• * ***************** 
* NO * NO 

x .*. IL0027 
Jl *. *****J2********** 

.* *. * IF PREVIOUS * 

x 
•• ** 

* * * 02 * 
* * **** 

.* *. YES * INST WAS MVC, * 
*. MVC .* •••••••• x* ATTEMPT TO * 
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*. .* * COMPRESS * 
*..* * * •• •• * ••• * ••••• * •• *.*. 

* NO 

x 
•• ** • • 

• A3 • • • *.** 

x •• * • • * * 02 • • • ..*. 
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***** 
*TO * 
* AI* 
* * * 

X 

Phase TO Overall Logic Diagram 

*****Al********** 
* * '" GENERATE BASE * * FOR ESO ENTRY * 
* NAMES * 
* * ***************** 

X 
*****61********** 
* PRODUCE ENTRY * 
* CARD IF * 
* EXTERNAL PROC * 
* HAS 'MAIN' * 
* OPTION * 
***************** 

LG401 X 
*****C 1 ********** 
* * * MAKE 6 * 
* STANDARD * * ESD ENTRIES '" 
* * ***************** 

X 
*****01********** 
*MAKE SO TYPE E * 
* ENTRY FOR * 
*THE MAIN CSECT * 
*IF EXT PROC HAS* 
* 'MAIN' OPTION * 
***************** 

LGOOI X 
*****E 1********** 
* MAKE LD TYPE * 
*ENTRY FOR NAMES* 
*OF ALL ENTRIES * 
*TO THE EXTERNAL* 
* PROC * 
***************** 

LG030 X 
*****FI ********** 
* MAKE PR TYPE * 
*ENTRY FOR DISP * 
* P.R. OF EACH * 
* BLOCK IN THE * 
* COMPILATION * 
***************** 

LG050 X 
*****Gl********** LG02~***G3*a******** G4· *. *. *****G5********** 
* SCAN * * * .* DICT *. * * 
* EXTERNAL * * SCAN * .* ENTRY FOR *. Y~S * MAKE PR * 

••• x* SECTION OF * 
* STATIC CHAIN * 

* CONTROLLED * •••••••• X*. DECLARED .* •••••••• X* TYPE ENTRY * 
* CHAIN * *.VARIABLE .* X * * 

* * ***************** 
* * *..* * • 
***************** *. • * ***************** 

X * NO 

x :XNO ' •••••••• x .*. .*. .*. HI *. H2 *. H3 *. 
.• *. .* *. .* * . 

• * *. NO .* EXTERNAL *. NO .* EXTERNAL *. 
*. FILE .* •••••••• X*. VARIABLE OR .* •••••••• X*.ENTRY NAME OR.* 

*. .* *.CDNDITION.* *.FUNCTION .* 
*..* *.NAME .* *..* 

* .. * * .. * * .• * 
* YES * YES * YES 

X 
*****J 1********** 
* * * MAKE SO * 
* AND PR * 
* TYPE ENTRIES * 
* * ***************** 

X 
*****J2********** 
* * * MAKE SO * 
* TYPE ENTRY * 
* * * * ***************** 

X 
*****J3********** 
* * * MAKE ER * 
* TYPE ENTRY * 
* * * * ***************** 

: ••••••••••• : X •••••••••••••••••••••••• : X •••••••••••••••••••••••• : 

.*. 
H4 * • 

• * OICT *. 
.* ENTRY FOR *. YES • 

*. CONTROLLED .* •••••• *. TE"1P .* 
*. .* 

* .. * * NO 

x .*. J4 *. 
.* *. 

• YES.* DICT *. NO 
•••••• *. ENTRY FOR .*.; •••••• 

ALLOCA TI ON OF X 
VARIABLE* ***** 

*. • * *TT * 
* * AI* 

* * * 
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***** 
*TT * * Al* 
* * * 

X 
*****Al********** 
*INITIALIZATIUN * 
* SET SWITCHES * 
*FOR PUNCH/LOAD * 
* OPTIONS * 
* * ***************** 

**** 
* * * fl2 * **** * * 

* *. **** 
: Bl :.X. :x .......•..•.•.•..••.•.....•..•.............•..•••..•........... 

ILOO~;** X ILOG02 X 
**** *Bl ********** *****82********** 
* * * GET LENGTH OF * 

••• X: GET BRANCH :x ........ : ~~~=E~IBt~E~. : 
* LIST INDEX * * BUMP * 
* .. * INPUT POINTER * 
***************** ***************** 

x .*. IUjn10 
Cl *. *****C2********** *****C3********** 

.* *. * SAVE CURRENT * *LOCN5 = PROCLN * 

IlOl)3 
******C4*********** 

SET CURRENT 
LOCATION 

COUNTER VALUE 
.* PROCEDURE *. YES * LOCN CTR IN * *PROCLC = PROCLN* * 

*. MARKER .* •••••••• X* LOCNl SLOT OF * •••••••• X*PROCLN = PROClC* •••••••• X 
*. .* * CONTAINING * * + LENGTH OF' * 
*..* * PROCEDURE ETl * * PROCILOCNII * 

*. • * ***************** ***************** * NO 

x .*. ILOOll 
01 *. ******02*********** *****03********** 

.* *. CLEAR * * **** 

TO ZERO. CLEAR* 
TE XT BUFF ER 

************* 

.* END OF *. YfS * TEXT BUFFER. * *RESTORE PROClC * * * 
*. PROCEDURE .* •••••••• X RESTORE LOCN •••••••• X* FROM LOCN5 + * •••• X* B2 * 

*. MARKER .* *COUNTER FROM * * LOCN3 IN ETI * X * * 
*..* LOCNI IN Ell * * **** 

* •• * ************* ***************** * NO 

X IlOOI5 • 
• *. ILon16 GENTXT 

E 1 *. *****E2********** *****1:3********** 
.* *. * UPDATE PROCLC * * GENERATE TEXT * 

.* PLBS. *. YES *BY ADDING lOCN * * AND RlD FOR * • 
*. PCBS .* •••••••• X* COUNTER AND * •••••••• 1* THE REQUIRED * •••• 

*. .* * ROUNDING UP * * NUMBER OF * 
*..* * TO FULL WORD * * ADCONS * 

*. • * ***************** ***************** * NO 

x 
.*. GENTXT 

Fl *. *****F2********** 
.* *. * GENERATE * **** 

.* MACHINE *. YES * TEXT AND RLD * * * 
*. INSTRUCTION .* •••••••• X* INFORMATION * •••• X* B2 * 

*. .* * AND PLACE IN * * * 
*..* * TEXT BUFFER * **** 

* •• * ***************** * NO 

X 
Gl·*·*. IlO~~~**G2********** 

.* *. * * **** .* END OF *. YES * CHAIN TO NEXT * * * 
*.*:EXT BLOCK.*.* •••••••• X: TEXT B~OCK : •••• X: B1 : 

*..* * * **** 
*. . * ***************** * NO 

x .*. IL0011 
HI *. ******H2*********** *****H3********** 

. .* *. * * 
:.~~.:* ~~gG~~M *:*::~ ••••• x*CL~t~ !5~~E~~D * •••••••• X: M~~hC~~~~~T ! ....... . 
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*. .* * * UNWANTED * X 
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* •• * ************* ***************** *UA * * * A2* 
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• •••• ·UA • 
• A2. 
• * 
* 

UAOOO X 
.****A2*******.** ****.A3.****.**** 
* * * * • *. GET HEAD OF * 
.INITIALIZATION * •••••••• X* STATIC CHAIN • 

• * * * • * * • • **.** ••• *** •• *.* * ••• **.***.* •• *.* 

x 
.*. UA0015 

B3 •• *****B4*.***.** •• 
• * *. * * 

YES.* END OF *. * * 
•••••••••••••••••• *. CHAIN .*X •••••••• * GET NEXT ITEM *X ••••••••••••••••• 

*. .* .. .. 
*..* .. * 

••• * ** •• ***** ••• * •• ** 
• NO X 

UA22C, 
UA2 25, 

UAOIO ~ .i. UA407 .i. YES UA23r, 
*****C2*****.* •• * C 3 •• C4 *. ..***c 5.***.****. 
:STARlo~~~~SFOR : YES .*·~XTERNAL··*. NO •••• S6~~kE *' •• NJ :-*-*-.-*-!~!~2~: 
* CONSTANT *X •••••••• *. ITEM .* •••••••• X*. VARIABLE .* •••••••• X* • 
• INITIALIZATION * *. .* *.OR LAU~L .* * P~OCESS ITFM * 
.. .. *..* *..* .. * 
*.*********.*.*** *. • * •• • * •• * •• ******.* •• ** 

* • 

X 
UA013 ••• UA014 

02 *. .****03*****.*.** 
.* *. * TXTMOV. 

". * END OF *. YES *-.-.-*-*-*-.-*-* ................. x.. THI S PART .* •••••••• X. PROCESS * 
*. OF SCAN .* *CONSTANTS POOL * 
*..* * * 

*. •• .********.*.**.*. , * NO 

X x 
*****El********** E2-*- •. 

... 
E3 * • .. .. .* *., . * *. 

• * NO.* DOES *. • * END OF •• YES 
• GET NEXT ITEM *X..... ••••• ITEM NEED .* *. STATIC .* •••••••• 
* • *. ADCON .* *. CHAIN •• X 
.. .. *..* *..* ***** 
• **** ••• * •• ** •• ** * •• * * •• * *UD • 

x * YES * NO * A3* 

X 
****.F2********** 
* TXTMOV* 

• *-*-*-.-.-.-*-*-* 
•.............•... * * 

• PROCESS ITEM * 
* * **.***.*.**.* •••• 

UA021 X 
*****F3·******·** 
* * *RESUME SCAN OF * 
* SiATIC CHAIN * 
* • 
* * **.*****.********* 

x 
.*. 

G3 *. 
.* * • 

• * END OF *. YES 

* • • 

••••••••••••••••• X*. STATIC .* •••••••• 
*. CHAIN .* X 
*..* ***** * •. * *uo * * NO * A3* 

X 
UA033 • .*. 

.****H2********** H3 •• .. .. .* *. 
• * YES .* ARRAY OR *. 
* GET NEXT ITEM *x •••••••• *. STRUCTURE .* 
* * *. .* .. .. *.. .. 
***************** *. • * 

X * NO 

UA025, 
UA0215, • 
UA080 X 

*****J 3********** 
* TXTMOV* 

• *-*-*-*-*-*-*-*-• .....•.•.......... * * 
* PROCESS ITEM * 
* * ***************** 

* * • 

···*E5***·**** • 
* * * TXTMOV • 
* * *************** 

X 
*****F5******·*** • * * FORM TEXT • 
* IN BUFFER * 
* * * * *****.*********** 

x 
.** * **G 5***** *** •• * 

OUTPUT 
TEXT 

**.********** 

X 
****H5********* 

* * * RETURN * 
* * *************** 
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***** 
*UD * 
* A3* 
* * * 

UAOOO X 
*****A3********** 
* * * GET HEAD OF * 
* STATIC CHAIN * 
* * * * ***************** 

x .*. UA0015 
B3 *. *****B4********** 

.* *. * * 
YES.* END *. * GET * 

•••••••••••••••••• *. OF CHAIN .*X •••••••• * NEXT ITE'1 *X ••••••••••••••••• 
*. .* * * 
*..* * * 

* •• * ***************** * NO X 

UA003 x .!. 3. NO UA2u:l,207 • 
*****'C2********** C3 *. C4 *. *****C5********** * ~ * .* *. .* *. * * 
*START SCAN FOR * YES .* EXTERNAL *. NO .* SIMPLE *. YES * * 
* DOPE VECTORS *X •••••••• *. ITEM .* •••••••• X*.DATA IIARIABLE".* •••••••• X* PROCESS ITEM * 
* * *. .* *.OR LABEL .* * * * * *..* *..* * * 
***************** *. • * *. • * ***************** 

* * 

x .*. UA021 
02 *. *****03 ********** 

.* *. * * 
.* END OF *. YES * RESUME SCAN * 

••••••••••••••••• X*.THIS PART OF .* •••••••• X*OF STATIC CHAIN* 
*. SCAN.* * * 
*..* * * 

* •• * ***************** * NO 

X 

*****El********** E2' *. * .. 
IJA033 

*****E4********** 
* * .* DOES *. 
* * NO.* ITEM *. 
* GET NEXT ITEM *x •••••••• *. NEED DOPE .* 
* * *. VECTOR .* * * *..* 
***************** * •• * 

X * YES 

X 
*****F2********** 
* * • * * •••••••••••••••••• * PROCESS ITEM * 
* * * * ***************** 

* * • * * .X •••••••••••••••• * GET NEXT ITEM *X ••••••••••••••••• 
* * * * ***************** 

X 

x • ~O .*. .*. lJAt'31,34 • 
F3 *. F4 *. *****1'5********** 

.* *. .* *. * * 
.* END *. NO .* ARRAY OR *. YES * * 

*. OF CHAIN .* •••••••• X*. STRUCTURE .* •••••••• x* p~aCESS ITEM * 
*. .* *. .* * * 
*..* *..* * * 

* •• * * •• * ***************** * YES * 

UAIOO X 
:****G3*********: 
* START SCAN OF * 
*EXTERNAL CHAIN * 
* * * * ***************** 

x .*. UA105 
H3 *. *****H4********** 

.* *. * * YES.* END *. * GET NEXT ITfM * 
•••••••• *. OF CHAIN .*X •••••••• * ON CHAl'! *X ••••••••••••••••• 
X *. .* * * 

***** *..* * * 
*UF * * •• * ***************** 
* AI* * NO X 
* * * 

X .•. NO 
*****J3********** J4 *. *****J5********** 
* * .* *. * * * INITIALIZE * .* IS IH'1 *. YES '" 
*CSECT FOR ITE1>I * •••••••• X*. INITIAL .* •••••••• X* PRrJCESS IHM 
* * *. .* * 
* * *.. * * * 
***************** * •• * ***************** 

.* 
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***** 
*UF * 
* A1* 
* * * 

I LOQOU x 
*****Al ********** * - * * I NIT I A L IZ A T ION. * 
*TRANSLATE TEXT * 
*TO EXTERN CODE * 
* * ***************** 

**** 
* * * 82 * 
* * **** 

:x •...•............•.......•.......•.........•.•.•............... 
I L0003 X I LG!102 11 

*****61 ********** *****B2********** 
* GET BRANCH * * GET LENGTH OF * 
* LIST INDEX * * CURRENT ITEM * 
* FROM TABLE 1 *X •••••••• * FROM TABLE 2. * 
* USING CURRENT * * BUMP * 
* OP CODE * * INPUT POINTER * 
***************** ***************** 

x 
.*. ILOOlO IL003 

Cl *. *****C2********** *****C3********** ******C4******* •••• 
• * *. * SAVE CURRENT * * SET LOCN CTR * PRINT 

.* PROCEDURE *. YES * LOCN CTR IN * * TO ZERO AND * * * PROCEDURE 
*'*. MARKER .*.* •••••••• X: Lg5~jAI~nGOF : •••••••• X:PR~~~~I(~~g~TER: •••••••• X * ~2~~?W~~.,~~ * "'x 

*..* * PROCEDURE ETI * * LOCN5 IN ETI * AND STAT NO. 
*. • * ***************** ***************** ************* * NO 

x 
.*. ILOoll 

01 *. ******02*********** *****03******.** • 
• * *. PRINT * END * RESTORE LOCN * **** 

.* END OF *. YES * PROCEDURE AND * * COUNTER FROM * * * 
*. PROCEDURE .* •••••••• X ENTRY NAMES •••••••• x* LOCNI AND * •••• x* B2 * 

*. MARKER .* *AND STATEMENT. * PROCLC FROM * X * * 
*..* NUMBER * LOCN3 + LOCN5 * **** 

* •• * ************* ***************** * NO 

X IL0015, 
.*. IL0016 

El *. ******E2*********** 
.* *. PRINT PROLOGUE 

PRINIT 
******E3*********** PRINT LIST 

.* PLBS, *. YES * OR * * OF ADCONS 
GENERATED *. PCBS .* •••••••• X PROCEDURE BASE ••••••••• x 

*. .* * SET * 
...* LOCN eTR = 0 

* •• * ~************ * NO 

ILOOl2,IL0013, 

FOR ADDRESSING. 
PURPOSE S 

************* 

x ltgg~~:ltgg~¥: IL2005 .*. IL0028,IL0032 NM0003 
F1 *. *****F2**.******* *****F3****""**** 

.* *. *SET UP LOCATION* * IDENTIFY ... 
* *****F4.********** 

PRINT LINE 
.* MACHINE *. YES * COUNTER AND * * OPERANDS AND * 

*. INSTRUCTION .* •••••••• X* MNEMONIC AND * •••••••• X* EXPRESS IN * •••••••• X 
*. .* * HEX OP CODES * *TERMS OF SOURCE* 
*..* * IN BUFFER * * IDENTIFIERS * 

*. • * ***************.* ***************** * NO 

X [L0018, 
.*. IL0019 

Gl *. ******G2*.*.******* 
.* *. PRINT STATEMENT **** 

.* LABEL *. YES * NUMBER * * * 
*.OR STATEMENT .* •••••••• X AND ANY LABEL •••• X. B2 * 

*. NUMBER .* * IDENTIFIERS * * * 
*. .* **** * .. * * NO 

x .*. 
HI * . 

• * * . 

************* 

IL0011 
******H2*********** 

• * END OF *. YES *PRINT LINE WITH* 
•• PROGRAM .* ........ X OPERATION 

*e.. I.e. .MNEMONIC END • ..... ::~** 
*. .* ************* • NO 

x 
**** 

* * * B2 * 
* * **** 

*XA * * Al* 
* * * 

AND 
INCREMENT 
LOCATION 

COUNTER 
************* 
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Chart XA. Phase XA Overall Logic Diagram 

••••• • XA * 
* AI* 
* * * 

XAO i XAOI 
*****Al********** *****A2********** 
* * * ESTABLISH * 
* SET * * LEVEL OF * 
* SEVERITY CODE * •••••••• x* DIAGNOSTIC * 
* * * PRINT OUT * 
* * * * 
***************** ***************** 

XAI 
i .*. 

B2 *. 
.* ANY *. 

XA2 
***.**B3*·********* 

YES.* ENTRIES *. NO * .................. *. TO BE .* ........ X 
*.PROCESSED.* 

PUT OUT 
MESSAGE ....... i 

*. .* 
* •• * 

* 

XA4 i XA7 

************* 
***** 
*AA * 
* K3* 
* * * 

*****C1********** *****C2********** *****C3********** *****C4********** 
* LOAD * * * * MAKE UP * * RELEASE * 
* MESSAGE * * SCAN * * LIST OF. • MESSAGE • * ADDRESS ••••••••• X* MESSAGE * •••••••• X. BLOCKS * •••••••• X. ADDRESS * 
* BLOCK * * CHAINS * * NEEDED * * BLOCK * 
* * * * * * * * 
***************** ***************** ***************** ***************** 

**** 
* *. * D4 *.X. 
* **** * i .*. 

04 *. 
~* *. 

NO.* All *. YES 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *. ENTRIES .* •••••••• 

*.PROCESSED·.* X 
*. • * ***** 

* •• * *AA * 
* * K3* 

XA9 i XA22 • *. 
*****E1********** **.**E2********** E3 *. 
* * * * . * IS *. 

XAl2A 
******E4*********** 

PRINT OUT 
APPROPRIATF 

SEVERITY 
HEADER 

* GET TO * * LOAD * .* THIS A *. YES • 
* HEAD OF * •••••••• X* NEXT * •••••••• x*. NEW CHAIN .* •••••••• X 
* CHAIN * * BLOCK * *. .* 
* * * * *..* 
**** •• ***.*.***** ***************** *. • * ************* 

.................................................... x·························· 

XA30 i .*. .:NO 
*****G1********** G2 *. G3 *. 
* * .* IS *. .* *. **** 
* GET TO * .* SKELETON *. NO .* END *. YES * * 

••• x* NEXT ENTRY * •••••••• X*. IN CURRENT .* •••••••• X*. OF .* •••• x* 04 * 
* IN CHAIN * *. BLOCK .* *. CHAIN.* * * * * *..* *..* •••• 
***************** *·*·~ES *-.-* 

X XA32 .*. 
*****H2********** H3 *. *****H4******** •• 
* MESSAGE * .* HAS *. * STATEMENT * 
* NUMBER * .* IT GOT *. YES * NUMBER * 
* TO PRINT * •••••••• X*. A STATEMENT •••••••••• X* TO PRINT * 
* BUFFER * *. NUMBER .* * BUFFER * 
* * *..* * * 
***************** *. • * ***************** * NO 

:XA35 x 
*****Jl********** *****J2********** *****J3********** 

XA40 
******J4*********** 

* * * * * BUILD '" 
* ACCESS" * SCAN " * MESSAGE * * 
* MESSAGE * •••••••• X* MESSAGE * •••••••• X* TEXT IN * •••••••• X 
• SKE'LETON" * SKELETON * "PRINT * 
* * * "* BUFFER * 
***************** ***************** ***************** 

PUT OUT 
DIAGIIJOSTIC 

MESSAGE 

************* 

i .*. 
K4 * • 

* * * 

• * WAS *. **** 
• NO.. THIS *. YES * * 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *. LAST ENTRY .* •••• X. 04 * 

*.IN CHAIN .* * * 
*..* **** * .. * • 
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rable TA. Phase TA Final Assembly DCLCB Generation 
r-----------------------------------T---------------T-----------------------------------1 
I IMain Processing I I 
I Statement or operation Type J Routine I Subroutines Used I 
r-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain IIL0100 IILOllO, IL0120 I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates DECLARE control block I ILOilO ICHKATT, IHEENV I 
I entry I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates OPEN control block entry IIL0120 ICHKATT I 
t-----------------------------------+---------------+-----------------------------------~ 
IGenerates INCLUDE cards IIL0200 IIHEINC, PUNCH I L _____________ ~ _____________________ L _______________ L ___________________________________ J 

Table TAl. Phase TA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
r------------------+--------------------------------------------------------------------~ 

CHKATT Checks attributes and creates control words. 

IHEENV (TB) 

IHEINC (TC) 

ILOOOO 

IL0100 

ILOilO 

ILOl14 

ILOl15 

ILOl17 

ILOllB 

IL0120 

IL0200 

Checks environment options, and inserts them into DECLARE control 
blocks. 

Creates string of module names for inclusion in control blocks. 

Entry point from compiler control. 

Scans STATIC chain 

Generates DECLARE control block entry. 

Test point for environment entry. 

Return point from environment processing. 

Processes file attributes entry. 

Branch point of SYSPRINT file found. 

Generates OPEN control block entry. 

Generates INCLUDE cards. 

IL0201 IReturn point in INCLUDE card output routine. 
I 

IL0206 ITests MAIN flag. 
I 

IL0207 IReleases control. 
I 

I PUNCH IPunches cards L __________________ L __________________________________ - ________________________________ _ 
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fable TF. Phase TF Final Assembly Pass 1 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans text IIL0024 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IAssigns offsets to labels IIL0019 IFINEQ1, NEXTSL I 
~-----------------------------------+---------------+-----------------------------------~ 
IIncrements location counter for IIL0014 I None I 
Imachine instructions I . I I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines code for instructions IIL0020 IFINEQl I 
Iwhich refer to labels I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IInitializes location counter at IIL0010 I None I 
Istart of procedure I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IStores size of procedure and IILOOll INone I 
Iresumes containing procedure I I I 
L _______ ~---------------------------L---------------L-__________________________________ J 

Table TF1. Phase TF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
.------------------+--------------------------------------------------------------------~ 
FINEQl Locates label number table entries. 

ILOOOO 

IL0003 

IL0010 

ILOOll 

IL0014 

IL0015 

IIL0017 
I 
IIL0019 
I 
lIL0020 
I 
IIL0022 
I 
IIL0024 
I 

Entry point from compiler control. 

Entry point to scan from initialization routine. 

Initializes location counter at start of procedure. 

Stores size of procedure and resumes containing procedure. 

Increments location counter for machine instructions. 

Processes the start of prologues. 

Releases control. 

Assigns offsets to labels. 

Determines code for instructions which refer to labels. 
I 
IProcesses end-of-block pseudo-code item. 
I 
IScans text. 
I 

INEXTSL IDetermines multiple statement label entries in dictionary. L __________________ ~ __________________________________ - _________________________________ J 
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Table TJ. Phase TJ Final Assembly Optimization 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Process ing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IControls phase IILOOOO 1 OPTIMA I 
~-----------------------------------+---------------+-----------------------------------~ 
IMaintains location counter for IIL0014 I None I 
I machine instructions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IAssigns offsets to labels IIL0019 ICOMRTN, FINEQ1. NEXTSL I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines code for instructions IIL0020 IFINEQl I 
Iwhich refer to labels I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitialize location counter at IIL0010 I None I 
Istart of procedure I! I 
~-----------------------------------+---------------+-----------------------------------~ 
Istores size of procedure for IILOOll I None I 
Imachine instructions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
I Reduces number of MVC instructions I IL0027 I OFFSET., OSMRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
IDetermines offset from a given I OFFSET I None I 
Idictionary reference I I I l ___________________________________ L _______________ L ___________________________________ J 

Table TJ1. Phase TJ Routine/subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I FUnction I 
~------------------+--------------------------------------------------------------------~ 

COMRTN IDetermines whether further optimization is possible. 
I 

FINBQl ILocates label number table entries. 
I 

ILOOOO IControls phase. 
I 

IL0003 JEntry point to scan loop from initialization. 
I 

IL0010 IInitializes location counter at start of procedure. 
I 

ILOOll IStores size of procedure and resumes containing procedure. 
I 

IL0012 IProcesses machine instructions. etc. 
I 

IL0014 IMaintains location counter for machine instructions. 
1 

IL0019 IAssigns offsets to labels. 
1 

IL0020 Determines code for instructions which refer to labels. 

IL0024 Gets pseudo-code item length and updates text pointer. 

ILOQ27 Elides MVC instructions. 

IL100l Evaluates new ADCON needs. sets location counter to zero. 

IILllOl Restores content of containing procedure. 
I 
j"NEXTSL Looks for equivalent statement labels. 
I 
IOFFSET (TK) Determines offset from a given dictionary reference. 
I 
I OPTIMA Scans text. 
I 
IOS~ffiTN Scans ahead for literal offsets. l __________________ L ___________________________________________________________________ _ 
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rable TO. phase TO Final Assembly External Symbol Dictionary 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Process ing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----~-----------------------------~ 
IConstructs first six standard ESD ILG401 I MOVE, NAME~ ERROR I 
I entries I I I 
~-----------------------------------+---------------+-----------------------------------~ 
Iconstructs entries for external ILGOOl I MOVE, ERROR I 
Iprocedure labels I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs PR type entries for eachlLG030 I MOVE, NAME I 
Iblock and procedure I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs entries for external ILG050 I MOVE, ERROR I 
Ivariables and external entry names I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IConstructs entries for controlled ILG090 I MOVE, NAME. ERROR I 
Ivariables and task names I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

'rable T01. Phase TO Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, 
I ROUTINE/SUBROUTINE I FUNCTION I 
~------------------+--------------------------------------------------------------------~ 
I ERROR I Truncates over-length external identifier, generates error message.. I 
I I I 
ILGOOl \Constructs entries for external procedure labels. I 
I t I 
ILG030 IConstructs PR type entries for each block and procedure. I 
I \ 
ILG050 IConstructs entries for external variables and external entry names. 
I I 
ILG055 IProcesses ON-conditions and external variables. 
I I 
ILG080 IProcesses external entry names. 
I \ 
ILG085 \Processes FILE constants. 
I I 
ILG090 IConstructs entries for controlled variables and task names. 
I \ 
ILG093 IInserts name in ESD entry for CONTROLLED. 
I \ 
ILG401 IConstructs first six standard ESD entries. 
I I 
I MOVE IMoves ESD entries to card buffers, and puts out buffer when full. 
I I 
IN~~£ IGenerates names for pseudo-registers. L __________________ ~ ___________________________________________________________________ _ 
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Table 'l'T. Phase TT Final Assembly Pass 2 
r-----------------------------------T---------------T-----------------------------------1 
I I Main Process ing I I 
I statement or operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------i 
IScans text IIL0002 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates text for RR instructions IIL0012 IGENTXT I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerates Text for RX non-branch IIL0013 I EOBRTN, GENTXT, OFFSET I 
linstructions LM, STM, and SI Types I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerates text for shift instruc- IIL0027 IGENTXT I 
Itions I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates Text for SS instructions IIL0014 I EOBRTN, GENTXT, OFFSET I 
~-----------------------------------+---------------+-----------------------------------~ 
ISets up trace information and num- IIL0019 IGENTXT I 
Ibers compiler labels I I I 
~-----------------------------------+---------------+-----------------------------------i 
IGenerateS text for branch and load IIL0020 IFINEQ1, GENTXT~ OFFSET I 
laddress instructions I I I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes location counter at IIL0010 IPUNCHT I 
Istart of procedure I I I 
~-----------------------------------+---------------+-----------------------------------i 
IResumes containing procedure at endlILOOll IPUNCHT I 
lof procedure I I I 
~-----------------------------------+---------------+-----------------------------------i 
IMoves Text into card image IGENTXT IPUNCHT I 
~-----------------------------------+---------------+-----------------------------------i 
IPunches cards ensuring that RLD IPUNCHT ICARDOU I 
Icards follow related TXT card I I I l ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable TTl,. Phase TT Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, I Routine/Subroutine I Function I 
t------------------+--------------------------------------------------------------------~ 

CARDOU Directs card image to load file or punch file. 

EOBRTN 

FINEQl 

GENTXT 

IL0002 

IL0003 

IL0010 

ILOOll 

IL0012 

IL0013 

IL0014 

IL0015 

IL0016 

IL0017 

IL0019 

IL0020 

IL0022 

Chains to next input text block. 

Locates label number table entries. 

Moves text into card image. 

Scans text. 

Entry point to scan from initialization routines. 

Initializes location counter at start of procedure. 

Resumes containing procedure at end of procedure. 

Generates text for RR instructions~ 

Generates text for RX non-branch branch instructions., LM~ STM" and 
SI type. 

Generates text for SS instructions. 

Processes the start of prologues. 

Processes the end of prologues. 

End-of-text routine. 

Sets up trace information and numbers compiler labels. 

Generates text for branch and load address instructions. 

End-of-block routine. 

IL0027 IGenerates text for shift instructions. 
I 

OFFSET (TU) IDetermines offset and relocation pointer from given dictionary ref-
I erence. 
I 

IPUNCHT IPunches cards ensuring that RLD cards follow related TXT card. L __________________ ~ ___________________________________________________________________ _ 
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Table UA. Phase UA Final Assembly Initial Values, Pass 1 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans STATIC chain to beginning of IUAOOl IUA200. UA220, UA230 I 
lexternal section I I I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes scalar variables IUA200 I TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes BCD for label IUA220 IRLDMOV, TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes OED for temporary jUA230 ITXTM~V I 
~-----------------------------------+---------------+-----------------------------~-----~ 
IInitializes address constants. lUA010 IUA401. UA403. UA404, UA405. UA406 I 
~-----------------------------------+---------------+-----------------------------------i 
IInitializes symbol table entries IUA080 IRLDM~V, TXTMOV I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes address slots for IUA403 IRLDMOV, TXTMOV I 
lexternal variables I I I 
~-----------------------------------t---------------+-----------------------------------~ 
IInitializes address slots for func-IUA401 IRLDMOV, TXTMOV I 
Itions and programmer-defined ON- I I I 
Icondition names I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes address slots for labellUA404 IRLDMOV, TXTMOV I 
I constants I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IInitializes address slots for entrylUA405 IRLDMOV, TXTMOV I 
I labels I I I 
.-----------------------------------+---------------+-----------------------------------~ 
IInitializes file attribute entries IUA406 IRLDM~V, TXTMOV I 
land files I I I 
t-----------------------------------+---------------+-----------------------------------~ 
I Ini tializes constants pool I UA014 I RLDMOV" TXTMOV I 
t-----------------------------------+---------------+-----------------------------------~ 
IInitializes dope vector skeletons IUA021 I TXTMOV I 
t-----------------------------------+---------------+-----------------------------------~ 
IInitializes argument lists IUA025 IRLDM~V, TXTMOV I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table UA1. Phase UA Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------1 
I Routine/Subroutine I Function I 
~------------------+-------------------------------------------------------------~------i 
OUTPUT (UB) Moves card images to punch and/or load file. 

RLDMOV (UB) 

TXTMOV (UB) 

UAOOOO 

UAOOl 

UAOO15 

UA010 

UA013 

UA014 (UC) 

UA021 

UA0215 (UC) 

UA025 

UA033 

UA080 (UC) 

UA100 (UC) 

UA100A 

UA200 

UA220 (UC) 

UA225 (UC) 

IUA230 (UC) 

UA401 

UA403 

UA404 

UA405 

UA406 

UA407 

UCINIT (UC) 

Moves RLD entries to card buffer. 

Moves TXT entries to card buffer 

Entry point from compiler control. 

Scans STATIC chain to start of external section, to initialize 
scalar variables. 

Return point for branches taken in first scan. 

Initializes address constants. 

IReturn point for branches taken in second scan. 
\ 
IInitializes constants pool. 
I 
~Initializes dope vector skeletons. 
\ 
IProduces text for dope vector skeleton. 
\ 
IInitializes argument lists. 
I 
IReturn point for branches taken in last scan. 
I 
IInitializes symbol table entries. 
I 
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 BCDs. 

Initializes OED and FED for temporary. 

Initializes address slots for functions and programmer-defined ON­
condition names. 

tInitializes address slots for external variables. 

Initializes address slots for laLel constants. 

Initializes address slots for entry labels. 

Initializes DECLARE control blocks for files and file attributes 
entries. 

Makes text for file attributes entry. 

Initializes array variables. 

UCUPDT (UC) fInitializes arrays of varying strings. 
I 

UC0080 (Uc) \Initializes bit arrays. 
I 

\TIDY (UC) ICompletes packing of bit strings in structures or arrays. L __________________ ~ __________________________________ ---------------___________________ J 
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rable UD. Phase UD Final Assembly Initial Values, Pass 2 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation Type I Routine I Subroutines Used I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans STATIC chain to beginning of IUAOOI IUA200, UA220, UA230 I 
lexternal section I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes scalar variables IUA200 ITXTMOV (UB) I 
~-----------------------------------t---------------t-----------------------------------~ 
IScans STATIC chain to initialize IUA003 IUA300, UA320, UA340, UA360~ UA365 I 
linternal dope vectors I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes dope vectors for IUA300 IRLDMOV (UB), TXTMOV (UB) I 
linternal strings I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes dope vectors for inter-IUA320 IRLDMOV (UB), TXTMOV (UB) I 
Inal data arrays I I I 
~-----------------------------------+---------------t-----------------------------------~ 
IInitializes dope vectors for arrayslUA340 ITXTM~V (UB), UCUPDT (UC) I 
lof varying strings I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes dope vectors for inter-IUA360 IRLDMOV (UB), TXTMOV (UB) I 
Inallabel arrays I I I 
~-----------------------------------+---------------t-----------------------------------~ 
IInitializes dope vectors for inter -IUA365 IUA300, UA320~ UA360 I 
Inal structures I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes arrays IUA030 IRLDMOV (UB), TXTMOV (UB), I 
I I IUCINIT (UC) I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes structures IUA040 ITXTMOV (UB), UA200, UC0800 (UC), I 
I I ITIDY (UC) I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes one word CSECT IUAIOO I OUTPUT, RLDMOV, TXTMOV (all in UB) I 
I'IHEMAIN' I I I 
.-----------------------------------t---------------t-----------------------------------~ 
IInitializes CSECT for STATIC IUAI005 IOUTPUT (UB), UA030, UA200, UA300, I 
lexternal variables I IUA320, UA360. UA365, UA401. UA406 I 
~-----------------------------------t---------------t-----------------------------------~ 
IMakes up END card and terminates IUA120 lOUTPUT (UB) I 
I phase I I I 
~-----------------------------------t---------------t-----------------------------------~ 
IInitializes array variables IUCINIT (UC) ITXTM~V (UB), UC0080 (UC), TIDY (UC)I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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Table UD1. Phase UD Routine/Subroutine Directory 

r------------------T--------------------------------------------------------------------1 I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 

UAOOO Entry point from UA and compiler control. 

UAOOl 

UAOO1S 

UAOO3 

UA021 

UA030 

UA031 

UA033 

UA034 

UA040 

UA100 (UC> 

UA10S 

UA120 

UA200 

UA207 

UA300 

UA320 

UA340 

UA360 

UA36S 

UA401 

UA406 

Sca~s STATIC chain to start of external sectionw to initialize sca­
lar variables. 

Return point for branches taken in first scan. 

Scans STATIC chain to initialize all dope vectors for internal vari­
ables. 

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 IHEMAIN 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. 

Initializes dope vectors for internal label arrays. 

Initializes dope vectors for internal structures. 

Initializes address slots for functions and programmer-defined ON-
condition names. 

Initializes DECLARE control blocks for files and file attributes 
entries. 

UA100S Initializes CSECTs for STATIC external variables. l __________________ L __________________________________ -----------------_________________ J 
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rable UF. Phase UF Final Assembly Object Listing 
r-----------------------------------T---------------T-----------------------------------, 
I IMain Processing I I 
I statement or Operation TyPe I Routine I Subrouti~es used I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans Text IIL0002 I None I 
~-----------------------------------+---------------+-----------------------------------~ 
I Lists RR instructions IIL0012 I PRINIT., RRRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists RX non-branch instructions IIL0013 I BXRTN, PRINIT, PRNTOU, PRNTVF. I 
I I I SECOND I 
~------------------------~----------+---------------+-----------------------------------~ 
ILists SS instructions IIL0014 IEOBRTN, PRINIT~ PRNTOU, SSRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists shift instructions IIL0026 IPRINIT, PRNTOU. PRNTVF I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists LM and STM IIL0027 IPRINIT. PRNTOU, PRNTVF. SECOND I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists SI instructions IIL0029 ICHARVF, PRINIT, PRNTOU. PRNTVF I 
I I I SECOND, SSRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
I Lists branch and load address IIL0020 IIL0013, NAMEIT., NAMEQU" PRINlr.. I 
I instructions I IRRRTN I 
~-----------------------------------+---------------+-----------------------------------~ 
ILists labels IIL0019 INAMEVF, NEXTEL .. NEXTSL. I 
I I IPRNTLC, PRNTOU. PRNTVF" STATMN I 
~-----------------------------------+---------------+-----------------------------------~ 
I Lists procedure names IIL0010 I NAMEVF;, NEXTEL. PRNTOU. STATMN I 
~-----------------------------------+---------------+-----------------------------------~ 
I Lists ends of procedures IILOOll I NAMEVF, NEXTEL:, PRNTOU I 
~-----------------------------------+---------------+-----------------------------------~ 
IScans ahead fOr literal offsets; I SECOND I EOBRTN I 
linserts second instruction byte I I I 
linto print image I I I 
~-----------------------------------+---------------+-----------------------------------~ 
IGenerates listing of text for base ISSRTN, BXRTN IABSOFF, ADDEND" NAf<II..EIT" NAMEQU" I 
loffset pair I IPRNTVF I 
~------------------------~----------+---------------t-----------------------------------~ 
I Names generated label number. I NAMEQU I DECINT, FINEQl I 
~-----------------------------------t---------------+-----------------------------------~ 
IInserts location counter value, andlPRINIT IPRNTLC I 
Ihexadecimal and mnemonic operation I I I 
Icodes in print line I I I 
~-----------------------------------t---------------t-----------------------------------i 
IMoves variable length item into IPRNTVF IPRNTOU I 
Ivariable field part of print line I I I 
r-----------------------------------t---------------t---------------------------------~-~ 
ILists statement numbers ISTATMN ISTATNO I 
~-----------------------------------t---------------+-----------------------------------~ 
IDetermines name and offset from INAMEIT IDECINT, HEXINT I 
Idictionary reference I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 
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rable UF1. Phase UF Routine/Subroutine Directory 
r------------------T--------------------------------------------------------------------, I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
IABSOFF IAppends literal offsets to operands in variable part of print line. 
I I 
I ADDEND ~Appends signed literal offsets to operands. 
I I 
I BXRTN/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 
I DECINT (UG) I converts binary to externally coded decimal,. 
I 
EOBRTN Chains to next input block. 

F'INEQl Locates label number table entries. 

HEXINT (UG) Converts binary to externally coded hexadecimal. 

ILOOOO Entry point from compiler control. 

ILOOO2 Scans text. 

ILOOO3 Entry to scan from initialization routines. 

ILOO1O (UG) Lists procedure names. 

ILOOll (UG) Lists ends of procedures. 

ILOO12 Lists RR instructions. 
I 

ILOO13 Lists RX non-branch instructions. 

ILOO14 Lists SS instructions. 

ILOO15 Processes the start of prologues. 

ILOO16 Processes the end of prologues. 

ILOO17 End-of-text routine. 

ILOO18 Processes compiler generated label numbers. 

IL0019 (UG) ILists labels. 
I 

IL0020 ILists branch and load address instructions. 
I 

IL0026 ILists shift instructions. 
I 

IL0027 ILists LM and STM. 
I 

IL0028 ILists SI instructions. 
I 

IL0032 IProcesses SS decimal instructions. 
I 

IL1003 (UG) IPrints "*PROCEDURE" followed by entry names and statement number. 
I 

IL2005 IIdentifies operands. 
I 

NAMEIT IDetermines name and offset from diction~ry entry. 
I 

NAMEQU INames generated label number. 
I 

NA~..EVF (UG) I Places a variable name in the print line. 
I 

INEXTEL (UG) IScans dictionary for multiple entry labels. L __________________ ~ ___________________________________________________________________ _ 
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rable UF1. Phase UF Routine/Subroutine Directory (cont'd) 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
~------------------+--------------------------------------------------------------------~ 
NEXTSL (UG) IScans dictionary for multiple statement labels. 

t 
NM0003 (UH) Common return point in naming routine. 

PRINIT (UG) Prints location counter value, hexadecimal, and mnemonic op codes. 

PRNTLC (UG) Converts location counter to hexadecimal; places it in print image. 

PRNTOU (UG) Prints a line. 

PRNTVF (UG) Moves variable length item into variable field part of print line. 

RRRTN Generates RR format listing of text. 

SECOND lScans ahead for literal offsets; inserts second instruction byte 
linto print image. 
I 

STATMN (UG) ILists statement numbers. 
I 

STATNO (UG) JConverts statement number to decimal. L __________________ ~ ___________________________________________________________________ _ 
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rahle XA. Phase XA Error Message Editor 
r-----------------------------------T---------------T-----------------------------------, 
I I Main Processing I I 
I Statement or Operation Type I Routine I Subroutines Used I 
t-----------------------------------+---------------t-----------------------------------~ 
IDetermines whether error messages IXA I None I 
I are to be printed I I I 
t---------------------------------I-t---------------t-----------------------------------~ 
Iscans error message text skeletons IXA8 IXA50, XA70, XA90_ XAll0, ZUPL I 
land prints them out I I I L ___________________________________ ~ _______________ ~ ___________________________________ J 

Table XA1. Phase XA Routine/Subroutine directory 
r------------------T--------------------------------------------------------------------, 
I Routine/Subroutine I Function I 
t------------------t--------------------------------------------------------------------~ 
IXA IDetermines whether error messages are to be printed. I 
I I I 
IXAO ISets severity code. I 
I I I 
IXAOl IEstablishes which message types to suppress. I 
I I I 
IXAl counts number of error chains to be processed. I 
I I 

XA2 Puts out messages if there are no diagnostics. I 

XA4 

XA7 

XA8 

XA9 (XB) 

XA12A 

XA30 (XB) 

XA32 (XB) 

XA35 (XB) 

XA40 (XB) 

XASO (XB) 

XA70 (XB) 

XA90 (XB) 

XAl10 (XB) 

I 

Prints out "COMPILER DIAGNOSTIC MESSAGES". 

First scan of message chains. 

Scans error message text skeletons and prints them. 

Scaris to head of next non-empty chain. 

Selects and prints header for messages of given severity. 

Gets next entry in message chain. 

Builds up first part of message in buffer. 

Accesses message skeleton. 

Puts out completed message. 

Moves message text to print buffer. 

Converts binary statement number to character representation, and 
moves it to print buffer. 

Converts binary numeric value to character representation and moves 
it to print buffer. 

Moves identifier from dictionary entry to the print area. 

ZUPL Prints a line on SYSPRINT data set. L __________________ ~ ___________________________________________________________________ _ 
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This appendix relates 
phases. physical phases, and 
tained within the physical 
compiler name is IEMAA. 

the logical 
modules con­

phases. The 

PHYSICAL 
PHASE MODULES 

Compiler Control 

AA 

AB 

AC 

AD 

AE 

AF 

AG 

AM 

BX 

JZ 

DESCRIPTION 

Controls 
compiler 

running of 

Performs detailed ini­
tialization 

Writes records on 
intermediate file 
SYSUT3 

Performs interphase 
dumping using TESTRAN 

End of read-in phase 

Controls system genera­
tion compiler options 

Closes SYSUT3 for out­
put, reopens for input 

Phase marking 

48-character set prep­
rocessor 

Builds second 
phase directory 

half 

compile-time Processor Logical Phase 

AS 

AV 

BC BC,. BK, BF 

BG BG,BI 

8M BM"BN 

BW 

Resident phase for 
compile-time processor 

Initialization phase 
for compile-time proc­
essor 

Initial scan and tran­
slation phase for 
compile-time processor 

Final scan and replace­
ment phase for compile­
time processor 

Error message printout 
phase 

Cleanup phase for 
compile-time processor 

APPENDIX A: GUIDE TO PHASES AND MODULES 

Read-In Logical Phase 

CA 

CC 

CE 

CI CG,CI 

CK 

CL CL,CM 

CN 

CO CO,CP 

CR 

CS CS,CT 

CV CV,CW 

Read-In 
routines 

phase common 

Read-In phase common 
routines 

Keyword tables 

Read-In pass 1 

Keyword tables 

Read-In pass 2 

Keyword tables 

Read-In pass 3 

Keyword tables 

Read-In pass 4 

Read-In pass 5 

Dictionary~ical Phase 

EG EG 

EI EH"EI,EJ 

EL EK,EL,EM 

EP EP 

EW EW,EX 

EY EY,EZ 

FA FA,FB 

FE FE,FF 

FI FI 

FK FK 

FO FO,FP 

Initialization 

First pass over DECLARE 
statements 

Second pass over 
DECLARE statements 

Constructs 
entries for 
ENTRY and 
ments 

dictionary 
PROCEDURE, 

CALL state-

Constructs dictionary 
entries for LIKE attri­
butes 

Constructs dictionary 
entries for ALLOCATE 

Checks context of 
source text 

Changes BCD to dic­
tionary references 

Checks validity of dic­
tionary references 

Rearranges attributes 

Constructs dictionary 
entries for ON-
conditions 
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F'Q FQ 

FT FT"FU 

FV FV"FW 

FX FX"FY 

Checks validity 
PICTURE chain 

Dictionary 
house-keeping 

of 

Merges second file 
statements into text 

Processes identifiers 
for cross reference and 
attribute listing 

Pretranslator Logical Phase 

GA GA 

GK GK 

GP GP,,,GQ,,GR 

GU GU"GV 

HF HF'6 HG 

HK HK."HL 

HP HP",HQ 

Modifies I/O statements 

Checks parameter match­
ing 

Second check on param­
eters 

Processes CHECK condi­
tion statements 

Processes 
assignments 

structure 

Processes array assign­
ments 

Processes items defined 
using iSUBs 

rranslator Logical Phase 

IA 

IG 

1M 

IA,,,IB 

IG 

1M", IN" 10 
IP"IQ 

Stacks operators 
operands 

and 

Preprocessor for gener­
ic functions 

Processes generic func­
tions 

Aggregates Logical Phase 

JK Structure processor 

JP JP Checks DEFINED chains 

Pseudo-Code Logical Phase 

LA 

LB 

LD 

LG 

288 

LA 

LB ... LC 

LD 

LG"LH 

Utility scanning phase 

Generates triples to 
initialize AUTOMATIC 
and CONTROLLED scalar 
variables 

Constructs dictionary 
entries for initialized 
STATIC scalar variables 
and arrays 

Expands DO loops 

LR LR 

LS LS,LT,LU 

LV LV 

LW LW,LX 

MB, tvlC 

MG MG,MH 

MI MI,MJ 

MK MK 

ML ML 

MM MM,MN,MO 

MP MP 

MS MS,Mr 

NA NA 

NG NG 

NJ NJ,NK 

NM NM"NN 

NT NT 

NU NU,NV 

OB OB,oe 

OE OE"OF' 

Initialization 
Phase LS 

for 

Converts expression 
triples to pseudo-code 

Provides string han­
dling facilities 

Converts string triples 
to pseudo-code 

Constructs pseudo-code 
for pseudo-variables 

Constructs pseudo-code 
for in-line functions 

Constructs pseudo-code 
for in-line functions 

Constructs pseudo-code 
for in-line functions 

Processes generic entry 
names 

Processes 
function 
invocations 

CALL and 
procedure 

Reorders BUY and SELL 
statements 

Constructs pseudo-code 
for subscripts 

Generates pseudo-code 
for branches. RETURN 
triples. etc .. 

Generates Library call­
ing sequences for DELAY 
and DISPLAY statements 

Generates Library call­
ing sequences for exe­
cutable RECORD-oriented 
input/output statements 

Generates Library call­
ing sequences for exe­
cutable STREAM-oriented 
input/output statements 

Pre-processor for NU 

Generates Library call­
ing sequences for 
data/format lists 

Processes 
functions 
variables 

compiler 
and pseudo-

Constructs pseudo-code 
for assignments 



OG OG .. OH 

os OS .• OT.OU 

Generates library 
calling sequences 

Converts constants to 
required internal form 

Storage Allocation Logical Phase 

PO PO 

PH PH 

PL PL." PM 

PP PP 

PT PT.PU 

QF.QG.QH 

QJ .• QK 

First STATIC storage 
allocation phase 

Second STATIC storage 
allocation phase 

Constructs symbol 
tables and DEDs 

Sorts AUTOMATIC chain 

Allocates 
storage 

AUTOMATIC 

Constructs prologues 

Allocates DYNAMIC stor­
age 

g~gister Allocation Logical Phase 

RA RA."RB 

RF RF."RG"RH 

Processes 
mechanisms 

addressing 

Allocates physical reg­
isters 

Final Assembly Logical Phase 

TA TA,TB,TC 

TF TF 

TJ TJ,TK 

TO TO,TP 

TT TT,TU 

UA UA,UB,UC 

UD 

UF UF,UG,UH 

Error Editor 

XA XA,XB 

XF-YX 

Constructs DECLARE con­
trol blocks 

Assembly £irst pass 

Optimization 

Produces ESD cards 

Assembly second pass 

Final assembly initial 
values. first pass 

Final assembly initial 
values, second pass 

Produces listings 

Determines ~hether 
there are any diag­
nostic messages to be 
printed, and if so, 
prints them 

Contain diagnostic mes­
sages 
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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 resi­
dent 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 7. 

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 separ­
ate modules <CE, CK, CN, and CR) Which must 
each be less than 1,024 bytes (lK) long. 

r--------, 
I I 
I CA I 
I I L ________ J 

r--------, 
I cc I L ________ J 

, 
I 
I 
I 
I 

I 
I 
I 
I 

J 

> Common Routines 

In this way it is possible to hold in 
storage only those keywords which are 
required for anyone 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 8. 

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 pro­
vides 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 signi­
ficant item in the source text to obtain 
the length used in this look-up. 

------------T--------------T--------------T--------------T------------
r--------, 
I CE J l ________ J 

r--------, 
I I 
I CG I 
I I l ________ J 

r--------1 
I I 
I CI I 
I I l ________ J 

Pass 1 

I 
r--------, I r--------, 
I CK I I I CN I 
l __ ------J I 

r--------, 
I I 
I CL I 
I I L ________ J 

r--------, 
I I 
I CM I 
I I L ________ J 

Pass 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L ________ J 

r--------, 
I I 
I co I 
I I L ________ J 

r--------, 
I I 
I CP I 
I I L ________ J 

Pass 3 

Figure 7. Organization of Read-In Phase 
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r--------, 
I CR I L ________ J 

r--------, 
I 1 
I CS I 
I I L ________ J 

r--------, 
I I 
I CT I 
I I L ________ J 

Pass 4 

r--------, 
I CR I l ________ J 

r--------, 
I I 
I CV I 
I I L ________ J 

r--------, 
I I 
I CW I 
I I L ________ J 

Pass 5 



r------, 
r-------------~ R(A) I 
I ~------i First Level 
I r-i 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------, I r------, I r------, 

AL>I I BL>I I CL>I I Second 
~------i ~------i ~------i Level 
I I I I I I Direc-
~------i ~------~ ~------~ tory 
I I I I I I 
L ______ J ~------i t------~ 

I I I I 
~------i I I 
t I 
~------~ 
I I 
I I 

Figure 8. organization of Keyword ~able 

Format of First Level Directory 

FSTLVL DC AL2(STATID - FSTLVL) 

DC AL2(ONID - FSTLVL) 

Format of Second Level Directory 

The second level tables contain relative 
addresses, which enable the KEYWD routine 
to reference a third level table containing 
keywords of the correct length. If one of 
these entries should contain zero, then 
KEYWD will interpret this as meaning that 
no keywords of this length exist in this 
table. 

STATID 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-STATID) 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 prefix 
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 charac­
ter (keywords recognised as such are 
replaced by a single code byte). 

STLm DC FL1'x' where x is number of 
keywords in this table 

DC X'11231S' 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 OR-ing a i-bit into the first 
bit of the first level. The presence or 
absence of this bit is tested by the KEYWD 
routine before the suspected keyword is 
compared. If the bit is absent, the pass 
through the routine is quick, as there is 
no possibility of an extra level search. 
If the bit is present. the keyword must be 
compared after the additional bit has been 
AND-ed out. If 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-Eeguiring Additional 
ComparisQ!!§' 

DC X'9726' GO + X'lOOO' 

DC X'40' 

DC AL2(N XTLVL-*) Relative address 
of next level table 

The format of these extra level tables 
is similar to that for the third level. In 
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 compiler; 
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. 
rhe format of the build list is fully 
described in the publication IBM~Y~~~m/36Q 
~perating System, control Program Services, 
Form C28-6541. 

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 initialization process is com­
plete .. 

The format of a phase directory entry is 
as follows; 

1 - 2 

3 

4 - 5 

6 - 8 

9 - 10 

11 - 12 

Description 

Phase name 

Status byte 

Concatenation number 
Library identification 

and 

TTR of first text record; 
where TT is the relative 
track number, and R is the 
block number on that track 

Total amount 
required 

of storage 

Length of first text record 

Control Code Word -- CCCODE 

The format of the control code word 
(CCCODE), which is four bytes in length, is 
as follows; 

Byte Bit 

o o DUMP 1 wanted 
o not wanted 
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1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

o 

1 

2 
3 
4 
5 

6 

7 

o 

1 

2 

3 

4 

5 

6 

7 

1 

2-7 

LIST 

LO~D 

DECK 

ExrREF 

XREF 

ATR 

1 abort has occurred 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 not wanted 
o wanted 

1 means U-format 
o means F-format 

records on input 

1 if track overflow 
is present 

Severity 
Severity 
Severity 
severity 

where 

code 
code 
code 
code 
OOOO=FLAGW 
000l=FLAGE 
0010=FLAGS 

CHAR 48 1 not wanted 
o wanted 

MACRO 1 not wanted 
o wanted 

SOURCE 

BCD 

opr 

1 not wanted 
o wanted 

not used 

1 BCD input 
o ECBDIC input 

not used 

1 wanted 
o not wanted 

1 AE required 

1 program check 
has occurred 

1 means first record 
has beem read 

i means do not produce 
code for STMT 

not used 



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 cod,e bytes 

2. Dictionary entries for ENTRY points 

3. Code bytes 
entries 

for ENTRY dictionary 

4. Dictionary entries for DATA, LABEL, 
and STRUCTURE items 

5. Code bytes for DATA, LABEL, and STRUC­
TURE dictionary entries 

6 .. Uses of the OFfSET 
slots in DATA, LABEL, 
dictionary entries 

1 and OFFSET 2 
and STRUCTURE 

7. Dictionary entries for: 

label constants 
data constants 
formal parameters 
FILE entries 
TASK and EVENT data 
internal library functions 
parameter descriPtions 
ON conditions 
PICTURES 
expression evaluation workspace 
dope vector skeletons 
symbol table entries 
AUTOMATIC chain definitions 
DED dictionary entries 
FED dictionary entries 
temporary dope vectors 
BCD entries 
second file statements 

8. Dimension tables 

1. DICTIONARY ENTRY CODE BYTES 

The dictionary is used to communicate a 
complete description of every element of 
the source program, the compiled object 
program, and the compiler diagnostic messa­
ges between phases of the compiler; the 
text describes the operations to be carried 
out on the elements. 

Each type of element has a charac­
teristic dictionary entry, which is iden­
tified 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 Byte 

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: 

X'F' means data variable 
X'7' means label variable 
X'E' means structure 

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, 00' 
01 
02 
03 
04 
05 

06 
07 

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 
Buil t-in GENERIC label., e. g. " SIN 
Label variable 

Appendix C: Formats of Dictionary Entries 293 

* 



~ 

08 File constant 43 
09 
OA 
OB 

44 
45 
46 

OC Task identifier * 47 
00 Event variable * 48 
OE 49 
OF Data variables (not dimensioned or a 4A 

structure member> 4B 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
lA 
1B 
1C 
10 
1E 
iF 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 

30 
31 
32 
33 
34 
35 
36 

Dimensioned label variable 

Dimensioned task identifier * 
Dimensioned event variable * 
Dimensioned data variable 

Label variable in structure 

Task identifier in structure * 
Event variable in structure * 
structure item 
Data variable in structure 

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 
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4C 
40 ON CONDITION entry 
4E 
4F 

80 

81 

82 
83 
-84 
85 
86 
87 

88 
89 

8A 
8B 

ENTRY type 1 -- from a PROCEDURE 
statement 
BEGIN statement entries -- entry 
type 1 
ENTRY statement -- entry type 1 
Entry type 5 
Entry type 3 
Entry type 2 
Entry type 6 
Label variable formal parameter 
temporary 
Constant 
File formal parameter or file 
temporary 

or 

8C Task identifier formal parameter * 
80 Event variable formal parameter * 
BE 
8F 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 * 
90 Dimensioned event variable formal 

parameter * 
9E 
9F Dimensioned data variable formal 

parameter or temporary 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 Structured label variable temporary 
A8 
A9 
AA 



AB 
AC 
AD 
AE Temporary or formal parameter 

structure 
AF structur~d data variable temporary 

BO 
B1 
B2 
B3 
B4 
B5 
B6 
B7 Dimensioned and structured label 

variable temporary 

2-3 

4 

5 

6-7 

8-9 

B8 10-11 
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 
C1 DED2 entry 
C2 Internal library function, e.g., 

conversion routines 
C3 compiler label 
C4 Prefix ON list item 
C5 Parameter lists 
C6 Dope vector skeletons 
C7 Symbol table entry or DED entry 
CB Error message, table entry, workspace 

requirement, etc. 
C9 Record Definition Vector (RDV) 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 

* Not in second version 

2. DICTIONARY ENTRIES FOR ENTRY POINTS 

Entry type 1 for PROCEDURE, BEGIN, and 
ENTRY statements 

The format of an entry for 
statement is as follows: 

Byte Number Description 

1 Code byte X'80' 

a PROCEDURE 

12-13 

14-15 
16-17 
18-19 

20-21 

22-23 

24-25 

26-28 

29-31 

32-34 

35-37 

38-40 

41-42 

, 
I 
> 

I 
J 

Length 

Level 

Count 

Dictionary reference to the 
entry type 1 of the contain­
ing 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 
CHECK list 

Dictionary reference of 
NOCHECK list 

Dictionary reference of the 
first symbol table entry for 
this block 

Size of the DSA for this 
block 

Offset of the eight words in 
the DSA used for addressing 
the DSA' 

offset of the storage used 
for the parameter list nec­
essary 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 
which will contain the 
address of the first approx­
imation of the target field 
(the address of the implied 
parameter) 

Dictionary reference of the 
entry type 1 of the first 
ENTRY statement of the pro­
cedure. The entry type 1 
for PROCEDURE and ENTRY 
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43 

44-57 

58 

59-61 

62 

statements of anyone 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. 6 of the entry in which 
the slot occurs 

OPTIONS code byte 

Seven 2-byte dictionary ref­
erences to dictionary 
entries for prefix options. 
Only those prefix options 
which are changed within the 
procedure nave 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 
this Appendix) 

Options change nyte. This 
byte contains a one bit for 
each prefix option which is 
changed within the proce­
dure. Its format is identi­
cal with the normal options 
byte 

Offset of workspace used in 
BUY statement 

2*n where· n is the number of 
parameters at this entry 
point 

63 onwards N dictionary references of 
formal pararr,eter 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'Sl', and the dictionary reference in 
bytes Sand 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 
statement number, or to SL for a statement 
label. Bytes 36-53 contain the same as 
bytes 44-61 in a PROCEDURE entry type 1. 

The format for the entry type 1 derived 
from an ENTRY statement is as follows: 

Byte Number Description 

1 Code byte X'S2' 

2-3 Length 

296 

4 

5 

6-7 

8-9 

10-12 

13 

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 offset 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 ENTRY 
statement will be placed in the dictionary 
according to the following format: 

1 

2-3 

4-5 

6-8 

9-10 

11 

12-13 

14-16 

Code byte X'01' 

Length 

Hash chain(STATIC chain) 

Pointer to transfer vector 

Statement number 

other 1 code byte. (See 
"First code byte - other 1" 
in this Appendix.) 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. 

Pointer to entry type 2 

Spare bytes for final assem­
bly. 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 



17 

18 

19 

20 

21 

Entry T~ 

Block level 

Block count 

count of containing block 

BCD length-1 

BCD of label 

An entry type 2 describes 
attributes of an entry point. 
is as follows: 

the data 
The format 

Byte Number 

1 

2-3 

4-5 

6-8 

9 

10-12 

13-14 

Description 

Code byte X'8S'. 

Length. 

Dictionary reference 
entry type 3 

of 

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 "DATA Byte" 
in this Appendix). 

Data information, which is: 

1. with numeric data, the 
precision and scaling, 
left justified 

2. for strings of fixed max-
imum length, the binary 
version of the string 
length in the two left-
most bytes of the data 
information 

3. for strings of adjustable 
length, the text ref-
erence of a second file 
statement gJ.vJ.ng the 
expression for the string 
length 

Picture table reference, if 
required. The storage allo­
cation phase will change 
this to the dictionary ref­
erence of a DED entry, the 
picture table reference 
being moved into this refer­
if necessary 

Entry Type 3 

Entry type 3 dictionary entries ar~ 
constructed either from an explicit dec­
laration 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 

16-17 

18-19 

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 des­
cribes the value returned 
when the label associated 
with this entry type 3 is 
invoked as a function. 

The offset in the DSA of the 
containing block of the 
first approximation of the 
storage for the value 
returned by this entry 
point, when it is invoked as 
a function. 

The entry 
"Entry Code 
Appendix.) 

code byte. 
Byte" in 

(See 
this 

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 
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 for­
mat 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. 
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20 Statu~ 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 ref­
erences of parameter des­
criptions. A parameter des­
cription is a dictionary 
entry for the particular 
type of item but without a 
BCD. If one particular par­
ameter is not described, 
i.e. if there are two adja­
cent commas in the ENTRY 
attribute, then the dic­
tionary 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 

SETS List Format 

Byte Number 

298 

1 

2-3 

4-5 

6-5+2"'n1 

6+2*n1 

7+2*n1 
onwards 

Description 

Code byte X'C8' 

Overall length of original 
BCD entry 

2*n1 where n1 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 

Entry type 4 dictionary entries describe 
external entry points. Their format is as 
follows: 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

14 

15 

16-18 

19-20 

21-22 

23 

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 byte. (See "ENTRY 
Byte" in this Appendix.) 

The DATA byte. (See "DATA 
Byte" in this Appendix.) 

Data information which is: 
a) with numeric data, the 

precision and scaling. 
left justified 

b) for strings of fixed max­
imum length, the binary 
version of the string 
length in the two left­
most bytes of the data 
information 

c) for strings 
length" the 
ence of a 
statement 
expression 
length 

of adjustable 
text refer­
second file 

giving the 
for the string 

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 



24 

25 

25+2*n 

26+2*n 

27+2*n 

28+2*n 
onwards 

Entry Type 5 

that no parameters were des­
cribed 

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-l 

BCD of identifier 

Entry type 5 dictionary entries describe 
the entry points which are formal paramet­
ers. They have the same format as entry 
type 4 except that: 

Byte 1 is X'83 1 

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: 

1 

2-3 

4-5 

6-7 

8 

9-8+2n 

Description 

Code byte X'02' 

Length 

Hash chain 

DECLARE statement number 

2n, where n is the number 
of two-byte addresses fol­
lowing 

Pointers to entry type 4 
or 5, ENTRY labels, or BUIL­
TIN entries. These entries 
are made when an identifier 

9+2n 

lO+2n 

11+2n 

12+2n 
onwards 

is given the attribute GEN­
ERIC. The pointers are to 
the entries which contain 
specifications of the var­
ious possible 
attributes 

Level 

Count 

BCD length-l 

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 Description 

1 IRREDUCIBLE 

2 REDUCIBLE 

3 USES 

4 SETS 

5 SECONDARY 

6 RECURSIVE 

7 Has data attribute 

8 Not used 

Options Code Byte 

This code is used in entry 
dictionary entries for PROCEDURE 
ments. The format is as .follows: 

Bit Number Description 

1 REENTRANT 

2 Not used 

3 MAIN 

4 SECONDARY 

5 RECURSIVE 

6 OPTIONS 

type 1 
state-
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7 Not used 

S Not used 

4. DICTIONARY ENTRIES FOR DATA, LABEL, AND 
STRUCTURE ITEMS 

Label Variables - Obtained from DECLARE 
§.tatemen~ 

Byte Number 

1 

2-3 

4-5 

6-S 

9-10 

11 

12 

13 

14 

15 

300 

Description 

Code byte may be X'07', 
X'17', X-27', XI 37', X'S7', 
X'97', X'A7', X'B7'. The 
last four cases apply when 
the item occurred in a par­
ameter list in a PROCEDURE 
or ENTRY statement. In this 
caseA bytes 4 and 5 will 
contain the dictionary ref­
erence of the corresponding 
formal parameter type 1 
entry. In the first four 
cases, bytes 4 and 5 ini­
tially contain the hash 
chain. After the scan of 
the dictionary, this slot 
will be re-used to form 
another chain, e.g., AUTO­
MATIC 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 l' code byte <See 
"First Code Byte - Other 1" 
in this Appendix.) 

'Variable' 
"Variable 
Appendix) 

'Other 2' 

code 
Byte" 

code 

byte 
in 

byte 

(See 
this 

(See 
'Second Code Byte - Other 2" 
in this Appendix.) 

, Other 3' code byte (See 
"Third Code Byte - Other 3" 
in this Appendix.) 

'Other 4' code byte (See 

"Fourth Code Byte - other 4" 
in this Appendix.) 

16 onwards content determined by varia­
ble code byte. 

2 by~es 

1 byte 

1 byte 

1 byte 

After variable information 

Symbol slot 

Level 

Count 

BCD length-l 

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 format is as follows: 

1 

2-3 

4-5 

6-8 

9-10 

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 item occurred in a par­
ameter list in a PROCEDURE 
or ENTRY statement. In this 
case, bytes 4 and 5 will 
contain the dictionary ref­
erence of the corresponding 
forn~l parameter type 1 
entry. In the first four 
cases, bytes 4 and 5 ini­
tially contain the hash 
chain. After the scan of 
the dictionary this slot 
will be re-used to form 
another chain, e.g., AUTO­
MATIC or STATIC chain 

Length 

See above 

Offset. See "Format 
Variable Information" 
this Appendix 

of 
in 

DECLARE statement number. 
If the variable has not been 
explicitly declared, this 
number is zero; otherwise, 
it is the statement number 
assigned to the DECLARE 
statement from which the 
variable was obtained. 



11-16 

17-19 

20-21 

22 

1 byte 

1 byte 

1 byte 

Six code bytes. These are: 
other 1, variable, other 2, 
other 3, other 4, and data. 
(See "Code bytes" in this 
Appendix for a description 
of these bytes.) 

Data information, which is: 

1. with numeric data, the 
precision and scaling, 
left justified 

2. for strings of fixed max­
imum length, the binary 
version of the string 
length in the two left­
most bytes of the data 
information 

3. for strings of adjustable 
length, the text ref­
erence of a second file 
statement g1v1ng the 
expression for the string 
length 

Symbol slot, 
either zero, 
following: 

containing 
or one of the 

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 
address, if specified 

Variable information. The 
con~ents of these bytes are 
determined by the variable 
code byte. See "Format of 
Variable Information" in 
this Appendix 

Level 

count 

BCD length-l 

BCD 

Major and Minor Structure Entries 

These entries do not include base ele­
ments, i.e., they do not have any data 
attributes Or LABEL. Their format is: 

1 

2-3 

4-5 

6-8 

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 PROCE­
DURE or ENTRY statement, 
bytes 4-5 contain the dic­
tionary 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 dynam­
ically defined. the off­
set 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 
AUTOI~TIC or STATIC of 
the address slot which 
will point at the struc­
ture dope vector 

3. For CONTROLLED struc­
tures, only that speci­
fied for minor structures 
in 1 " above 

4. For structures in STA­
TIC EXTERNAL the contents 
depend on the setting of 
the "dope vector 
required" bit in the 
"other 3" code byte. If 
this bit is off and the 
item is a major struc­
ture, 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 
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9-10 

11-15 

16 

302 

offset from the start of 
STATIC of the address 
slot which will point at 
the structure dope vec­
tor. The offset 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 pro­
duced the structure 

Five code bytes. These are: 
other 1. variable, other 2, 
other 3. and other 4 

Variable information. The 

1 byte 

17 

1 byte 

1 byte 

content is determined by the 
variable code byte, and will 
always include the informa­
tion required for structure 
members. The format is des­
cribed under "Format of 
Variable Information" in 
this Appendix 

Level 

Block level 

Count 

BCD length-l 

BCD 



5. CODE BYTES FOR DATA, LABEL., AND STRUCTURE DICTIONARY ENTRIES 

The First Code Byte - Other 1 

r-----T-------------------------------------T------------------, 
I Bit I I I 
I No. I Description I Set By I 
~-----+-------------------------------------+------------------~ 

1 I Symbol or requires load constant if I Phase EL, FT., GM 
I label constant. I or NU 
I I 
I I 

2 ] Defined on I Phase EL 
j 

3 Mentioned in CHECK list Phase FO 

4 Needs DVD Various 

5 Last member in structure Phases EL or Et-1 . 
6 Variable dimensions Phase EL 

I 
I 7 * dimensions Phases EL and FT 
I 
I 8 * string length for data item Phases EL and FT 
I 
I --More labels follow for a label Phase EG 
I constant 
I 
I ---Major Structure - no member of Phase EY 
I the structure has a dimension or 
I I length attribute which is not * L _____ ~ _____________________________________ ~ __________________ J 

The Second Code Byte - Other 2 

r-----T-------------------------------------T------------------, 
I Bit I Description I Set by I 
I No. I I I 
~-----+-------------------------------------+------------------~ 

1 I Dynamically defined Phase EL I 
I I 

2 I CONTROLLED major structure with Phase EY I 
I varying strings I 
I I 

3 I NORMAL = 0, ABNORMAL 1 Phases EI and FT I 
I I 

4 J Secondary Phase EI I 
I I 

5 I Formal Parameter Phase EI I 
I I 

6 I INTERNAL = 0, EXTERNAL = 1 Phase EI t 
I I 

7 I 00 = AUTOMATIC or DEFINED or simple Phase EL I 
I parameter I 

and I I 
I I 
J 01 = STATIC Phase EL I 
I I 

8 I 11 = CONTROLLED Phase EL I _____ ~ _____________________________________ ~ __________________ J 
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The Third Code Byte - Other 3 

r-----T-------------------------------T------------------------------, 
I Bit I I I 
I No. I Description I set by I 
~-----+-------------------------------+------------------------------~ 
I 1 I Needs dope vector Phases EK and EY if variable 
I I dimension entries, variable 

I string length, or in 
I CONTROLLED storage; 
I Phase NU when item appears 
I in an argument list 

2 

3 

4 

5 

6 

7 

8 

I 

I 
I 
I 
I 
I 

Needs OED 

Needs no storage for the item 
itself 

Correspondence defined 

Chameleon 

Sign bit for first offset 

Indication of the state of 
the value in the first offset 

o rubbish 
1 = good value 

I As above but for second 
I address slot 

Phase NU 

Phase GP 

Phase FV 

Phase GP 

Phase PH for STATIC and 
Phase PT for AUTOMATIC 

Phase PH for STATIC and 
Phase PT for AUTOMATIC 

Phase PH 
L _____ ~ _______________________________ ~ _____________________________ _ 

I'he Fourth Code Bytg-=. Other 4 

r-----T-------------------------------T--------------------, 
I Bit I I I 
I No. I Description I Set by I 
~-----+-------------------------------+--------------------~ 

1 I A constant has been produced Phase JK 
I for this structure or array 
J 

2 I 00 
and I 01 
3 I 10 

I 11 

Not temporary 
Temporary type 2 
Temporary not sold 
With second skeleton 

I dope v~ctor 
I 
I 

4 I Member of defined structure 
I 

5 I Packed = 0 Aligned = 1 
I 

6 I Major structure 
I 

7 I No dope vector initialization 
I 

8 J A temporary type 2 which has 
I been incorporated in work-

I I SPace 1 or ROV required 

Phase GP, HF, HR, 
1M, or LB 

Phase FV 

PhaSE EL 

Phase EL 

Phase GP 

Phase OB 

l _____ ~-------------------------------L---------------____ _ 
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r-----T-----------------------------------, 
I Bit I Description I 
I No. I I 
~-----+-----------------------------------~ 

1 I Second address slot 
I 

2 I Dimensioned 

3 Hember of structure 

4 Value list for label variables or 
POS for defined items 

5 Initial value if not a structure 
or LIKE if a structure 

6 EXTERNAL slot 

7 Defined slot 

8 CONTROLLED from ALLOCATE statement I L _____ ~ ___________________________________ J 

For a detailed explanation of the signi­
ficance of these bits and a description of 
the extra slots associated with them, see 
"Format of Variable Information" in this 
Appendix. 

Data Byte 

r---------T---T------------T----------T---------T---------T---------T-------T---------l 
I I I I I I I I I I 
I BIT I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 

I I I I I I I I I I 
~---------+---+------------+----------+---------+---------+---------+-------+---------~ 
I CAD or I 1 I Not I Sterling I Long I Cad. I Binary I Float I Complex I 1 
I NU~iliRIC I I Used I Non I Short I Numeric I Decimal I Fixed I Real I 0 
I FIELD I I I Sterling I I Field I I I I 

~---------+---+------------+----------+---------+---------+---------+-------+---------~ 
I STRINGS I 0 I Adjustable I Aligned I Varying I No I Char I Not I Not I 1 
I I I Length I I I Picture I I Used I Used I 
I I I String I Packed I I Picture I Bit I I I 0 
I I I I I I I I I I L _________ ~ ___ ~ ____________ ~ __________ ~ _________ ~ _________ ~ _________ L _______ L _________ J 

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 pre­
sence 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 pre­
sence 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 a.nd 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. 
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The information produced by the presence 
of the following bits in the variable byte 
is as follows: 

Bit number 1: 
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 9. 
r-, 
IYI implies that a second offset 
L_J slot will be given, 
r-, 
INI that it will not. 
L_J 

Bit number 2: 
The dimensioned bit. The slot produced 
by this is three bytes long. The first 
byte will contain the number of dimen­
sions, the next two the dictionary 
reference of the dimension (multiplier) 
table 

Bit number 3: 
lvlember of a structure bit. This slot 
is ten bytes long and has the following 
format: 

Byte Number Description 

1 

2 

3-4 

5-6 

7 

8-10 

Declared level number 

True level number 

Dictionary reference of 
the containing structure 

Dictionary reference of 
the next member in the 
structure 

Alignment 

Element length 

Bit number 4: 

306 

P~S for defined items. 
slot will contain the P~S 
binary integer. 

The two-byte 
value as a 

Bit number 5: 
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 I~ITIAL 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 con­
tains X'OO' 

4. For LIKE. The first two bytes con­
tain the LIKE chain. The third and 
fourth bytes contain the dictionary 
reference of the likened structure 

Bit number 6: 
The EXTERNAL bit.' This 2-byte slot 
contains the ESD number 

Bit number 7: 
The DEFINED bit. This 7-byte slot 
contains the following: 

1-2 

3-4 

5-7 

Bit number 8: 

Defined chain. 

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 unsubscript­
ed. 

-----rhe-CONTR~LLED from ALLOCATE bit. This 
bit is on for dictionary entries for 
level 1 CONTROLLED data specified in 
~LLOCATE statements. The two-byte slot 
contains the dictionary reference of 
the dictionary entry for the data con­
structed from the DECLARE statement 



r---------------, 
I Entry I 
L-------T-------J 

I 
V 

r---------------, 
YI Is it data I 

r--~ item? I 
1 L-------T-------J 
I IN 
I V 

I r---------------, r---------------, 
I I Is it struc- IN I Is it label IN r-, 
I I ture? ~--------->I variable? ~-->INI 
I L-------T-------J L-------T-------J L_J 
L _________ >I<------------------------- Y 

YV 
r---------------, r---------------, 
I Is it formallY I Is it struc- IN r-, 
I parameter? ~----A---->I ture member? ~-->INI 
L-------T-------J I L-------T-------J L_J 

IN I IY 
V I V 

r---------------, I r-, 
I Is it con- IY I IYI 
I ~----J L_J 
I trolled? I 
L-------T-------J 

IN 
V 

r---------------, r---------------, 
I I Y I Is it ex- I Y r-, 
I Is it static? t--------->I ~-->Iyl 
I I I ternal? I L_J 
L-------T-------J L-------T-------J 

NI<-------------------------JN 
V 

r---------------, 
I I Y r-, 
I Is it string? ~-->IYI 
L-------T-------J L_J 

IN 
V 

r---------------, 
I Is it struc- IY r-, 
I ture member? t-->IYI 
L-------T-------J L_J 

IN 
V 

r---------------, 
I I Y r-, 
I Is it defined?t-->IYI 
l-------T-------J L_J 

IN 
V 

r---------------, 
I Is it dimen- lY r-, 
I sioned? ~-->IYI 
L-------T-------J L_J 

IN 
V 

r-, 
INI 
L_J 

Figure 9. Decision to Include a Second Offset Slot 
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Uses of the OFFSETl and OFFSET2 Slots in 
Data, Label, and Structure Dictionary 
Entries 

The OFFSETl slot is in bytes 6-8 of the 
dictionary entry and the OFFSET2 slot is 
part of the variable information. 

STlTIC INTERNAL Structures 

Major and minor structure entries: 
OFFSETl slot not used. OFFSET2 slot 
contains offset of structure dope vec~ 
tor from start of STATIC INTERNAL con­
trol section (if there is a dope 
vector) 

Basic elements: OFFSETl 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 

~UTOMATIC structures 

Constant dimensions: as for STATIC 
INTERNAL except that all offsets are 
r~lative to start of DSA. 

Ad~stable 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) 

Basic elements: OFFSETl slot not used. 
OFFSET2 slot contains offset of 
element's dope vector (if there is one) 
from the start of the DSA 

STATIC EXTERNAL and Parameter structures 

Major structure entry: OFFSETl slot con­
tains offset of address slot from start 
of data region.- OFFSET2 slot contains 
size of EXTERNAL control section. 
(Offset of major structure dope 
vector = 0.) 

Minor structure entries: OFFSETl slot 
not used. OFFSET2 slot contains offset 
of structure·s dope vector from start 
of major structure dope vector. 
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Basic elements: OFFSET1 slot not used. 
OFFSET2 slot contains offset of 
element's dope vector from the start of 
the EXTERNAL control section 

CONTROLLED Structures 

Major and minor structures: OFFSETl 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: OFFSETl 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 UTOMATIC 

Constant dimensions: as for STATIC 
INTERNAL 

Adjustable dimensions: OFFSETl slot not 
used. OFFSE;r2 slot contains offset of 
dope vector from start of data region. 

STATIC EXTERNAL, CONTROLLED or Parameter 
Array 

OFFSETl 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 offset of datum 
from start of data region. OFFSET2 slot 
contains offset of dope vector (if there is 
one) from start of data region. 



Non-Structured Scalar Strin~in AUTOMATIC 

Constant length: as for STATIC INTERNAL 

Adjustable length: OFFSET1 slot not 
used. OFFSET2 slot conta.ins offset of 
dope vector from start of data region. 

Non-Structured Scalar Strings in STATIC 
EXTERNAL, CONTROLLED or Parameter 

OFFSET1 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-str~Scalars in 
AUTOMATIC or STATIC INTERNAL 

OFFSET1 slot contains 
from start of data region. 
not [)resent. 

offset of datum 
OFFSET2 slot 

Non-structured Non-Str~Scalars in STATIC 
~XTERNALL-CONTROLLED or Parameter 

OFFSET1 slot contains offset 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 

1 

2-3 

4-5 

6-8 

9-10 

11 

DescriE~ion 

Code byte X'OO' 

Length up to BCD length-1 
byte 

Hash chain - STATIC chain 

Offset 

statement Number 

Other 1 code Byte (See 
"First Code Byte - Other 1" 
in this Appendix 

12-14 

15-16 

17 

18 

19 

20 

21 etc. 

ComEiler Labels 

Second Offset Slot 

Spare for Final Assembly 

Level 

Count 

Count of Containing Block 

BCD Length-1 

BCD 

The format is identical to that of a 
label constant, except for the omission of 
the BCD. The code byte is X'C3'. 

Formal parameter tYEe 1 entry 

These entries are derived from the PRO­
CEDURE and ENTRY statements. and do not 
contain any information other than that the 
identifier is a formal parameter. The 
format is as follows: 

1 

2-3 

4-5 

6-7 

8 

9 

10 

11 

DescriE£.!2!l 

Code byte X'40' 

Length 

Hash 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 des­
cribing. They do not con­
tain the BCD of the iden­
tifier. but in the slot for 
the hash chain there is the 
dictionary reference of the 
corresponding formal param­
eter type 1 entry. 

Level 

Count 

BCD length-1 

BCD 

For a description of the types of entry 
pointed to, see "Dictionary entry for par­
ameter descriptions." 
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Dictionary entry for FILE 

For attributes specified in OPEN state­
ment the format is as follows: 

Byte Number Description 

1 Code byte X'9S' 

2-3 Length 

4-5 STATIC chain 

6-S OFFSET1 

9-10 DECLARE statement number 

11 onwards String of second level mark­
ers (without preceding 'CS' 
code bytes) one for each 
attribute other than FILE, 
TITLE and IDENT. 

This entry is created by the 
phase and 1S referred to only 
argument of an ATTRIBUTES marker. 

read-in 
as the 

FILE Constants 

Code X'OS' is used for file constan~ 
entries, which have the following format: 

Byte Number 

1 

2-3 

4-5 

6-S 

9-10 

11-12 

13 

14-15 

16 

17 
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Description 

Code byte X' OS' 

Length 

Hash chain, subsequently 
EXTERNAL or STATIC chain 
depending on whether FILE is 
EXTERNAL or INTERNAL 

OFFSET1 (STATIC or transfer 
vector offset) 

Declare statement number 

Dictionary 
attributes 
none) 

reference of 
entry (zero if 

Code byte (similar to the 
"other 2" code b}te. Only 
internal/external bit used) 

Dictionary 
environment 
none) 

Level 

Count 

reference of 
string (zero if 

lS BCD length-1 

19 onwards BCD 

FILE Parameters and Temporaries 

Code X'S9' 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'CS' is used for the environment 
st.ring. 

Byte Number Description 

1 

2-3 

4 onwards 

Code byte X'CS' 

Length 

Internally 
argument 
option 

coded form of 
of ENVIRONMENT 

Code X'CS' is also used for attributes 
collected from the DECLARE statement. 

Byte Number Description 

1 Code byte X'CS' 

2-3 Length 

4 onwards string of second level mark­
ers (without preceding code 
bytes x' cS'.) " One for each 
attribute other than FILE, 
ENVIRONMENT, EXTERNAL, or 
INTERNAL 

Dictionary Entries from Constants 

The format is: 

Byte Number 

1 

2-3 

4-5 

6 

7 

8 

Descripti2n 

Code byte X'SS' 

Length 

Hash chain 

DATA byte 

Data Precision* 

Scale Factor. 



9 

10 

11 

12 

13-14 

15 

*These are the apparent pre­
cision and factor derived 
from the BCD of the constant 
(see Note 2) 

Type (see note 1) 

DATA byte (2) 

Data Precision (2)** 

scale Factor (2)** 

**These bytes are inserted 
by the phase requesting con­
version. If a picture is 
requiredw these bytes are 
used to contain a picture 
table reference (see Note 3) 

Dictionary reference - used 
when a phase requires a con­
stant to be converted into a 
specific location in storage 

BCD 

Notes: 

1. The type byte has the following mean­
ing: 

2. 

First and second bits: 

00 - normal BCD constant. The first 
offset slot must be relo­
cated by the storage allo­
cation phase, to contain 
the offset of the converted 
constant from the start of 
STATIC storage, rather than 
from the start of the con­
stants pool 

11 - the BCD is replaced by the inter­
nal 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 speci­
fic location in storage. 
The second code implies the 
converted constant should 
be made negative before 
being stored 

sixth bit: 1 indicates that the con­
stant requires a DED. 

seventh bit: 1 indicates that the 
constant requires a dope vector. 

Eighth bit: 1 indicates that no con-
version is required. 

After the constants processor the 

bytes 6 through 8 will contain the 
offset of the constant from the start 
of the pool of constants. If a dope 
vector is requested then the offset of 
this from the start of the constants 
pool is eight less than that of the 
converted constant. 

3. Should a DED be requiredw this will be 
constructed by Phase PL. The two 
bytes. precision(2) and scale 
factor(2). will contain a dictionary 
reference of a DED dictionary entry. 
If the constant requires a dope vector 
then Phase as will make a dictionary 
entry for it, and the dictionary ref­
erence 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 

13 

14 

15 

Code byte X'04' 

Length 

Hash chain - later becomes 
the STATIC chain 

Offset - gives the 
in STATIC storage 
load constant for 
routine 

position 
of the 
Library 

Code bytes - the first code 
byte contains a value used 
by Phase MG to pick up com­
plete information about the 
built-in function. The sec­
ond code byte contains 
further information about 
the built-in function (See 
"Second Code Byte.") 

DECLARE statement number 

Level 

Count 

BCD length-l 
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16 BCD 

Second Code Byte 

The second code byte contains the fol­
lowing information: 

Byte Number 

1 

2 

3 

4 

5 

Description 

May be passed as an argument 

May have an array as an 
argument 

Must have an ar,ray as an 
argument 

Is a pseudo-variable 

Indicates to which of the 
two tables the offset refers 

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: 

1 

2-3 

4-5 

6-8 

9 

10 

11-12 

13 

14 

312 

Description 

Code Byte X'C2' 

Length 

Hash chain 

Offset 

Library Code identifies 
the particular Library rou­
tine required 

Not used 

Code Bytes - the first code 
byte contains a value used 
by phase MG to pick up com­
plete information about the 
Library function. The sec­
ond code byte contains 
further information about 
the function 

Level 

Count 

BCD entries 

BCD entries are used when the LIKE, 
DEFINED, or POOL 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 Code Byte X'40 n 

2-3 Length 

4 BCD length-1 

5 BCD 

DictiQnary Entry for Parameter Description~ 

Dictionary entries for parameter des­
criptions are identical with the normal 
entry for data variable, label variable, 
structure, file# or entry points, except 
for the following details: 

Hash chain contains pointer to formal 
parameter type 1. After Phase FT this 
pointer is moved to the bytes contain­
ing level and count 

No BCD is present 

No block identification is present for 
ENTRY or FILE 

The code byte for an entry point 
referred to as entry type 6 - is X'S6' 

ON Statements 

Entries for ON statements are made by 
Phase Fa, and contain the. following: 

Byte Number DescriEtigg 

1 Code Byte X'CD" 

2-3 Length 

4-5 AUTOMATIC chain 

6-8 Offset 

9 Code byte as supplied by the 
Read-In Phase 

10 Block level 

11 Block count 



12 n 

13 onwards n dictionary 
variables or 
entries 

references of 
ON condition 

This entry is made by Phase Fa: 

Byte Number 

1 

2-3 

4-5 

6-8 

9 

10 

11 

12 

Description 

Code Byte X'40' 

Length 

Hash chain later 
AUTOMATIC chain 

Offset 

used as 

Code byte as supplied by the 
read in phase 

Block level 

Block count 

BCD length-l 

13 onwards BCO 

CHECK List Entry 

This entry is made by Phase Fa: 

Byte Number 

1 

2-3 

4 

Description 

Code Byte X'C8' 

Length 

n where n is the number of 
dictionary references fol­
lowing 

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 

Description 

Code Byte X'CS' 

Length = L+13 

Byte 

Bit 

4-5 

6-S 

9 

10 

11 

12 

Contains address of next 
entry in picture chain 

Offset in STATIC storage 

Code Byte (after Phase FQ) 
(See Code Byte description) 

P the number of digit 
positions in field in numer­
ic pictureo 

Q the number of digit 
positions after V character 
in numeric picture. Code 
X'80' represents 0, X'7F' 
represents -1, and X'Sl' 
represents +1 .. 

w - apparent length Qf pic-
ture. length of picture 
following. (For a non-
numeric picture the length 
is obtained in bytes 12-13.) 

14 onwards Picture. 

9 - Code Byte 

Number DescriEtion 

1 0 string 
1 numeric 

2 0 correct 
1 error 

3 0 not sterling 
1 sterling 

4 0 short 
1 long 

5 Not used 

6 0 decimal 
1 binary 

7 0 fixed 
1 floating 

S Not used 

Dictionary EntfY-for workspace Requirement 

The format for a dictionary entry for 
workspace requirement is: 

Byte Number Description 

1 
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2-3 Length = 8 

4-5 Total workspace required 

6-8 Offset 

If the code byte is C8 this is the 
temporary workspace used by pseudo-code 
(temporary type 1). If the code byte is 
C9, the temporary workspace is use4 in an 
immediate FORMAT. If the code byte 1.S CA, 
the FORMAT is remote. 

Qiction~~y Entry for Parameter Lists 

Dictionary entries for parameter lists 
have the following format: 

~yte Number Description 

1 Code Byte X'CS' 

2-3 Length 

4-5 STATIC chain 

6-8 STATIC offset 

9-10 Assembled length 

11 onwards contains DCA's 

DictionaEY Entries for Dope vector 
Skeletons 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

Description 

Code Byte X'C6' 

Length 

STATIC chain 

Offset in STATIC 

Dictionary reference 
DECLARE number 

or 

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. 

314 

1 

2-3 

4-5 

6-8 

9-11 

12-13 

15-16 

17-18 

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 

Dicti~Y-§ntry for AUTOMATIC Chain 
Delimiter 

An entry for AUTOlfmTIC chain delimiter 
is made by phase PP. 

Byte Numb~!: 

1 

2-3 

4-5 

6-7 

8-9 

Code Byte X'CC' 

Length 

AUTOMArIC chain 

Pointer to'first second file 
entry 

Pointer to second second 
file entry 

DED Dictionary Entry 

An entry for a DED is created by Phase 
PL. 

Byte Number Description 

1 Code Byte X'C7' 

2-3 Length 

4-5 STATIC chain 

6-8 STATIC offset 



9-11 Actual DED 

If the OED 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 OED 
is required for the conversion of a tem­
porary result. 

~yte N!:!!!!ber DescriEtion 

1 Code Byte X'Cl' 

2-3 Length = 11 

4-5 STATIC chain 

6-8 Offset 

9-11 Actual DED 

Dictionary Entry for FED - Format Element 
Descriptor. 

The entry for a FED is made by Phase NV. 

The entry is identical with a DED2 entry 
but with a length of 12, instead of 11. 
The storage allocated will be word-aligned. 

Byte Number DescriEtion 

1 Code Byte X'Cl' 

2-3 Length = 12 

4-5 STATIC chain 

6-8 STATIC offset 

9-12 Actual FED 

Label BCD Entries 

Label BCD entries are made by Phase FO. 

Byte Number Description 

1 Code Byte X'CE' 

2-3 

4-5 

6-7 

Length 

DECLARE number 

Offset of the label's BCD 
in STATIC 

These entries are constructed when a 
statement label or a PROCEDURE or ENTRY· 
label is mentioned in an ON CHECK list. 
Phase PD will allocate storage in STATIC 
for the BCD of the label. and place the 
offset of this in the above entry. 

DOEe Vector Entries fgr 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: 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

DescriEtion 

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 

Length of string 

Record Definition Vector Entry 

This entry is constructed when a varia­
ble requires a record definition vector. 

Byte Number 

1 

2-3 

4-5 

6-8 

9-10 

11-18 

19-20 

Code Byte X' C9· 

Length 

STATIC or AUTOMATIC chain 

Offset 

Dictionary 
variable 

reference 

Eight bytes of RDV text 

DECLARE number 

of 
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Dope Vector Descriptor Entry 2-3 Length of entry 

4-5 
This entry is constructed for a struc­

ture which requires a dope vector descrip­
tor. 

statement number of the 
DECLARE or other statement 
glvlng rise to the second 
file statement 

Byte Number Descri12tion 6-7 Dictionary reference of the 
entry type 1 of the block 
from which the second file 
statement was extracted 

1 

2-3 

4-5 

6-8 

9-10 

11-12 

13 ••• 

Code Byte X'CC' 

Length 

STATIC chain 

Offset 

Dictionary reference of 
structure 

Chain to RDV entry or 
DECLARE number 

DVD text set up by Phase JK 

8-9 

10 

Dictionary 
three-byte 
tionary. 

reference of a 
slot in the dic-

Type of second file state­
ment, i.e. the function it 
performs. This is the sec­
ond byte of the dictionary 
reference used to designate 
the function in the actual 
second file statement 

Format of a second File Dictionary Entry 

1 

Descri12tion 

Code byte X'CS' 

8. DIMENSION TABLE 

E~ch entry containing dimension informa­
tion will result in a table being set up. 
This table is shown in Figure 10. 

r-----------------T--------------------------------------T----------------, 
I Code Byte C8 I Two-byte length I Flag Byte I 
t-----------------t---------------------T----------------~----------------~ 
I Zero byte INa. of dimensions (n}1 Two-byte chain address I 
~-----------------~---------------------L-------------____________________ ~ 
I VIRTUAL ORIGIN WORD I 
t-----------------T---------------------T---------------------------------~ 
lOne-byte marker I Not used I Lower oOLnd (halfword) I 
t-----------------t---------------------t---------------------------------~ 
lone-byte marker I Not used J Upper bound (halfword) I 
t-----------------+---------------------+---------------------------------~ 

t-----------------t---------------------+---------------------------------1 
I I I nth upper bound I 
t-----------------~---------------------L---------------------------------~ 

n multipliers I I L _________________________________________________________________________ J 

~ote: The one-byte marker is: 

00 if bound is fixed point constanti bound is a two-byte binary constant, left-adjusted. 

to}' if bound is an expression; bound is a three-byte pointer to a second file statement in 
text. 

7F '.c. lJ.. the bound is inherited and has an MTF function. 

31" if the bound is inherited and is covered by a previous MrF function. 

FO if the bound is specified by an *. 

Figure 10. Dimension Table 
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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 coue bytes after read in 

2. Text formats after read in 

3. Text code bytes on entry to the tran­
slator 

4. Triple formats 

5. Text code bytes in pseudo-code 

6. Text formats in pseudo-code 

APPENDIX D: INTEgNAL FORMATS OF TEXT 

7. Text formats in absolute code 

8. Second file statements, and the for-
mats of compiler functions and pseudo-
variables 

9. Pseudo-code phase temporary result 
descriptors (TMPDs) 

10. Internal and external Library calling 
sequences 

11. Descriptions of terms and abbrevia-
tions used in text :;luring a compila-
tion 

Note: The internal formats of text during 
compile-time processing are described 
in Appendix J. 
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1. TEXT CODE BYTE AFTER THE READ-IN PHASE 

First Level Table (00 to 7F) 

o 1 2 3 4 5 6 7 

r----------T---T---T-----------T--------T----------T--------T----------, 
o I 0 I @ 1 If 1 $ I B LANK I I 1 I 

~----------+---+---+-----------+--------+----------+--------+----------~ 
1 I 1 I A 1 J I I I { I DO I } I 

1 1 I I I I I EQUALS I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

21 2 IBIKI S 1 • I I I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

31 3 ICILI T I (I I 1 1 
~----------+---+---+-----------+--------+----------+--------+----------~ 

41 4 IDIMI U I I I I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

5 I 5 I E I N I V ~) I I <= , > I + I 
r----------+---+---+-----------+--------+----------+--------+----------~ 

61 6 IFIOI WI· I I 1 I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

7 1 7 I G I P I X I ASSIGN I MULTIPLE I >= 1 / I 
I I I I I I ASSIGN I , < I I 
t----------+---+---+-----------+--------+----------+--------+----------~ 

81 8 IHIQI Y I: I I I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

9 I 9 I I I R I Z I II 1 1,= I * I 
t----------+---+---+-----------+--------+----------+--------+----------~ 

~ 1 I I ~ PSEUDO- I % I I I I 
J I I I VARIABLE I I I I I 
r----------+---+---+-----------+--------+----------+--------+----------~ 

B J I I I I I I I = I PREFIX - I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

C I I I I FUNCTION I I I 1 I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

D I I I I I & I I > I PREFIX + I 
t----------+---+---+-----------+--------+----------+--------+----------~ 

E I I I I SUBSCRIPT I I LITERAL I I I 
I I I I I I CONSTANT I I I 
~----------+---+---+-----------+--------+----------+--------+----------~ 

F I I I I I, I I < I ** I L __________ ~ ___ ~ ___ ~ ___________ ~ ________ ~ __________ ~ ________ ~ __________ J 

I <-Digits->I <-----Letters----->I <--------------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---------T-------------, o ITO ILINE IA I I ISN I IFL DEC lMAG I 
~--------+-------+----------+-------+---------+----------+---------+-------------~ 
I I I I I IASSIGN BY I I I 

1 I ~LLOCATE I I CALL I ENTRY I I NAME I I FL DEC REAL I 
~--------+-------+----------+-------+---------+----------+---------+-------------~ 

2 IBY I IB I I ISL I IFL BIN I~AG I 
~--------+-------+----------+-------+---------+----------+---------+-------------~ 

3 IFREE I I RETURN IPRoe I ISL' I IFL BIN REAL I 
~--------+-------+----------+-------+---------+----------+-----~---+-------------~ 

4 IWHILE \ \P \ I ICN I IFIX DEC lMAG I 
r--------+-------+----------+-------+---------+----------+---------+-------------i 

5 I IDISPLAYIGoQ~+ 1 EGIN I IGET I IFIX DEC REAL I 
r--------+-------+----------+-------+---------+----------+---------+-------------~ 

6 ISNAP ICOL IR I I ICL I IFIX BIN lMAG I 
r--------+-------+----------+-------+---------+----------+---------+-------------i 

7 I ISIGNAL IGO TO IITDQ I WRITE IPU! lEND DO IFIX BIN REAL I 
t--------+-------+----------+-------+---------+----------+-,--------+-------------~ 
I I I I I 2nd LEVELl I I I 

8 ISYSTEM IE I I I MARKER I I~ND ITDO IINTEGER I 
r--------+-------+----------+-------+---------+----------+-----~---+-------------i 

9 IWAIT IREVERT I IDO I READ IUNLOC~ * lEND ISTG DEC REAL I 
t--------+-------+----------+-------+---------+----------+---------+-------------~ 

A. I THE N I F I I I I I I I 
r--------+-------+----------+-------+---------+----------+---------+-------------i 

B I~ELAY I 1~~IT_~ABE1IIF ILOCATE * IREWRITE lEND PROG ION I 
t--------+-------+----------+-------+---------+----------+---------+-------------i 
ICONTROL I I I I I I I ARRAY I 

C I VARIABLE I I ISN2 I I I ICROSS SECTIONI 
r--------+-------+----------+-------+---------+----------+---------+-------------i 

D IEXIT I NULL IDECL~RE IELSE I DELETE lOPE!:! lEND BLOCK I CHAR CONSTANT I 
t--------+-------+----------+-------+---------+----------+---------+-------------~ 

E I IC IX INO SNAP I I I I SUB I 
t--------+-------+----------+-------+---------+----------+---------+-------------~ 

F' ISTOP IASSIGN I IFOP.~~ I I CLOSE Ii IBIT CONSTANT I l ________ ~ _______ ~ __________ ~ _______ ~ _________ ~ __________ ~ _________ ~ _____________ J 

+ Go Out Of Block * Not second version 
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Second Level Table (00 to 7F) (preceded by second level marker ~ csr 

a 1 2 3 4 5 6 7 

r----------T--------T--------T-------T--------------T-----------T----------T---------l 
o 1 1 FILE 1 I I DECIMAL 1 OPTIONS IEXTERNAL I I 

t----------t--------t-----~--t-------t--------------t-----------t----------t---------~ 
1 I I I I I BINARY IIRREDUCIBLEIINTERNAL IPOINTER *1 

~----------t--------t--------t-------+--------------+-----------t----------+---------~ 
2 I ILIST I I 1 FLOAT I REDUCIBLE IAUTOMATIC IEVENT * 1 

r----------f--------f--------f-------f--------------f-----------f----------f---------~ 
3 I IEDIT I EVENT I I FIXED I RECURSIVE I STATIC ITASK * 1 

r----------f--------f--------f-------f--------------f-----------f----------f---------~ 
4 I TITLE 1 DATA 1 PRIORITY I I REAL I ABNORMAL I CONTROLLED I I 

r----------f--------f--------f-------f--------------t-----------f----------f---------~ 
5 IATTRIBUTESISTRING I REPLY I I COMPLEX I NORMAL ISECONDARY 1 1 

~----------f--------t--------f-------f--------------f-----------f----------f---------~ 
6 IPAGESIZE ISKIP I I IPRECISION 1 I USES I I I 

r----------f--------+--------f-------+--------------+-----------f----------f---------~ 
7 IIDENT I LINE 1 1 IPRECISION 2 I SETS 1 1 1 

r----------f--------+--------f-------f--------------f-----------f----------f---------~ 
8 ILINESIZE I PAGE I I I VARYING I ENTRY I I I 

r----------t--------f--------t-------f--------------+-----------+----------+---------~ 
9 I ICOPY I I 1 PICTURE (NUM) I GENERIC I INITIAL I I 

r----------f--------+--------+-------+--------------+-----------f----------f---------~ 
~ IINTO I I I IBIT ATTRIBUTE IBUILTIN I LIKE I 1 

~----------+--------+--------+-------+--------------f-----------t----------f---------~ 
B IFROM ITASKOP *1 I I CHAR ATTRIBUTE I I DEFINED I I 

r----------+--------+--------+-------f--------------+-----------t----------f---------~ 
C ISET * I I I I DIMS I I I ALIGNED 1 

r----------+--------t--------t-------f--------------f-----------t----------t---------~ 
D IKEY I I I I LABEL I I PACKED I 1 

t----------+--------f--------t-------+--------------+-----------+----------f---------~ 
£ I NOLOC;K * I I I 1 PICTURE (CHAR) I I I I 

t----~-----t--------+--------t-------t--------------f-----------f----------f---------~ 
I I FORMAT I I I I I I I 

F IIGNORE ILIST I IBY NAME I I RETURNS IPOS I I l __________ ~ ________ ~ ________ ~ _______ ~ ___________ ---L-__________ L __________ L _________ J 

* Not second version 
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Second Level Table (80 to FF) 

8 9 A. B C D E F 

r-----------T----------T---------T---------T------T---~------~----------T---------l o IBUFFERED I I I MAIN I 10VERFLOW I CONVERSION I CONDITION I 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

1 IUNBUFFERED I I I I I I I , 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

2 IEXCLUSIVE I I ,REENTRANTI IUNDERFLOW , I NAME I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

3 I KEYED' I , I I J , I 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

4 ISTREA.M I , 'SECONDARYI IZERODIVIDEI ITRANSMIT I 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

5 I RECORD I I I I I I , I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 
I I I I I I FIXED' , , 

6 'BACKW&~DS I I I , 10VERFL~W IENDFILE I CHECK , 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

7 'SEQUENTIAL' , I I I , , , 
t-----------+----------+---------+---------+------+----------+----------+---------~ 
, I , I I ISUBSCRIPT , I , 

8 I DIRECT, I I I I RANGE ION RECORD , I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

9 I PRINT I I I I I I I I 
~-----------+----------+---------+---------+------+----------+----------+---------~ 

A. I ENVIRONMENT I I I I I ERROR lEND PAGE I I 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

B I I NPUT I I I I I , , I 
t-----------+----------+---------+---------+------+----------+----------+---------~ 

c 10UTPUT I I I , 'FINISH 'KEY 'NOCHECK' 
t-----------+----------+---------+---------+------+----------+----------+-----~---~ 

o I UPDATE I I I 'I I I 1 
r-----------+---------~+---------+---------+------+----------+----------+---------~ 
I , , I I' 'UNDEFINED I , 

E I I I I I ISIZE ) FILE I , 
r-----------+----------+---------+---------+------+----------+----------+---------~ 

F I I I I I I I , I L ___________ ~ __________ ~ _________ ~ _________ ~ ______ ~ __________ ~ __________ ~ _________ J 

2. TEXT FORMATS AFTER THE READ-IN PHASE PROCEDURE Statement 

In the statement formats in this sec- The format of a PROCEDURE statement is 
tion, the code bytes SN, SL, SL', POS, and as follows: 
DB 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 dictiona­
ry reference of statement label or 
entry type 1 

OB prefix options byte, specifying ON 
conditions enabled for the state­
ment 

The abbreviation SQUID means an iden­
tifier, possibly sub~cripted and/or quali­
fied. 

Byte Number 

1 

2-3 

4 

5 

6 

7 

8-10 

11-13 

14-16 

DescriEtion 

Code byte Sl'l Olr SL 

POS 

DB 

PROCEDURE 

Block level 

Block count 

PROCEDURE-BEGIN chain 

DECLARE chain 

ENTRY chain 
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17 Left parenthesis - optional 

18 ••• Format parameter list -
optional 

Right parenthesis - optional 

Attribute marker - optional 

Attribute code - optional 

Attribute list - optional 

End of statement 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 

Attribute code - optional 

Attribute List - optional 

Statement terminating 
semicolon 

BEGIN Statement 

The format of a BEGIN statement is as 
follows: 

Byte Number Description 

1 Code byte SN or SL 

2-3 POS 
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4 OB 

5 BEGIN 

6 BLoCK LEVEL 

7 Block count 

8-10 PROCEDURE-BEGIN chain 

11-13 DECLARE chain 

14 statement terminating 
semicolon 

The format of an END statement is as 
follows: 

1 

2-3 

4 

5 

6 

7 

8 

IF Statement 

DescriptiQ!l 

Code byte SN or SL 

POS 

OB 

ENOl, END2, or END3 - ENOl 
ends a PROCEDURE or BEGIN 
block; END2 ends an itera­
tive DO block; END3 ends a 
non-iterative DO block 

Block level for the contain-
ing block 

Block count for the contain-
ing block 

Statement terminating semi-
colon 

The format of an IF statement is as 
follows: 

B~te Number Description 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 IF 

6 ••• 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 

1 

2-3 

4 

5 

6 

7 

8 ••• 

ON Statement 

Description 

Code byte SN or SL 

POS 

OB 

DO or ITDO 

CV 

BKC 

Squid 

DO equals 

Expression 

TO 

Expression 

BY 

Expression 

WHILE 

Expression 

Statement terminating 
semicolon 

The ON statement takes one of the fol­
lowing formats: 

1. 
Byte 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. 
Byte Number DescriptiQ!! 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 ON 

6 ON Condition 

7 System 

8 SNAP or NOSNAP 

ASSIGN Statement 

The format of the ASSIGN statement is as 
follows: 

Byte Number 

1 

2-3 

5 

6 ••• 

Description 

Code byte SN or SL 

POS 

OB 

ASSIGN or ASSIGN BY NAME 

Squid 

Comma - optional. 
may be repeated 

Squid - optional, 
may be repeated 

Variable number of bytes -
optional, may be repeated 

ASSIGN 

Expression 

Statement terminating 
semicolon 
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The WAIT statement has the following 
format: 

1 

2-3 

4 

5 

6 

7 ••• 

CALL Statement 

Description 

Code Byte SN or SL 

POS 

OB 

WAIT 

Left parenthesis 

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 

The CALL statement has the following 
format: 

Byte Number DescriE!:ion 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 CALL 

6-8 CALL chain 

9 Identifier 

10 Left parenthesis 

11 Expression 

324 

12 •.•• 

GO TO statement 

Right parenthesis 

Left parenthesis 

Argument List 

Right parenthesis 

statement terminating 
semicolon 

The format of the GO TO statement is as 
follows: 

1 

2-3 

4 

5 

6 .... 

Code byte SN or SL 

POS 

OB 

GO TO 

Squid 

Statement terminating 
semicolon 

The SIGNAL and REVERT statements have 
the following format: 

1 

2-3 

4 

5 

6 

7 

Code byte SN or SL 

POS 

OB 

SIGNAL or REVERT 

ON Condition 

Statement terminating 
semicolon 

The format of the DISPLAY statement is 
as follows: 

Description 

1 Code byte SN or SL 



2-3 

4 

5 

6 

7 ••• 

DELAY Statement 

POS 

OB 

DISPLAY 

Left parenthesis 

Expression 

Right parenthesis 

Left parenthesis - optional 

Squid - optional 

Right parenthesis - optional 

Statement terminating 
semicolon 

The format of the DELAY statement is as 
follows: 

1 

2-3 

4 

5 

6 

7 ••• 

Code byte SN or SL 

POS 

OB 

DELAy 

Left parenthesis 

Expression 

Right parenthesis 

Statement terminating 
semicolon 

RETURN Statement 

The format of the RETURN statement is as 
follows: 

1 Code byte SN or SL 

2-3 POS 

4 OB 

5 RETURN 

6 Left parenthesis - optional 

7 ••• Expression - optional 

Right parenthesis - optional 

Statement terminating 
semicolon 

STOP, EXIT, and Null Statements 

The format of STOP., EXIT and Null state­
ments is as follows: 

1 

2-3 

4 

5 

6 

Description 

Code byte SN or SL 

POS 

OB 

Statement identifier 

Statement terminating 
semicolon 

INITIAL Label DECLARE Statements 

The format of INITIAL label DECLARE 
statements is as follows: 

1 

2-3 

4 

5 

6-8 

9 •.•• 

Code byte SN or SL 

POS 

OB 

INITIAL Label DECLARE 

DECLARE chain 

INITIAL label 

Statement terminating 
semicolon 

DECLARE and ALLOCATE Statements 

The format of DECLARE and 
statements is as follows: 

1 Code byte SN or SL 

2-3 POS 

4 OB 

ALLOCATE 

Appendix D: Internal Formats of Text 325 



5 

6-8 

9 ••• 

DECLARE .or ALLOC~TE 

DECLARE chain .or ALLOCATE 
chain 

Declaratien list 

Statement terminating 
semicelen 

FORMAT Statements 

The format of the FORMAT statement is as 
fellews: 

Byte Number 

1 

2-3 

4 

5 

6 ••• 

Cede byte SN .or SL 

POS 

OB 

FORMAT 

Fermat list 

Statement terminating 
semicolen 

Format items are replaced by ene-byte 
codes 

OPEN and CLOSE Statements 

The format of OPEN and CLOSE statements 
follows. 
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1 

2-3 

4 

5 

6 ••• 

Code byte SN or SL 

POS 

OB 

OPEN or CLOSE 

File group list 

Statement terminating 
semicolon 

The format of READ, WRITE, GEr, PUT, 
REWRITE, UNL0CK, and DELETE statements is 
as follolfls: 

Byte Number 

1 

2-3 

4 

5 

6, ••• 

Description 

Code byte SN or SL 

POS 

OB 

Statement identifier 

Option list 

Statement terminating 
semicolon 



3. TEXT CODE BYTES ON ENTRY TO rHE 
TRANSLATOR PHASES 

o 1 2 3 4 5 6 7 

r----------T--------T----------T----------T--------T--------T----------T--------------, 
I I , I COMPILER I I I I COMPILER I 

o IDICT. REF.IFILE I I FUNCTION I IFILE' I I FUNCTION' I 
.----------+--------+----------+----------+--------+--------t----------t--------------i 

1 I I I I I COMMA I { IDO EQUALS I} I 
~----------t--------+----------t----------t--------t--------+----------+--------------~ 
I I I I COMPILER I I I I COMPILER I 

2 I ILIST I I FUNCTION I FCOMMA ILIST' I IFUNCTION CALL'I 
I I I I CALL I I I I I 
~----------t--------t----------t----------t--------+--------+----------+--------------~ 

3 I I EDIT I EVENT * I I ( I EDIT' I I I 
~----------+--------+----------t----------+--------+--------t----------+--------------i 
I I I I COMPILER I COMPILER I I I COMPILER I 

4 ITITLE I DATA IPRIORITY *IPSEUDOVAR I FUNCTION I DATA' I IPSEUDOVAR' I 
I I I I I COMMA I I I I 
~----------t--------+----------+----------+--------+--------+----------+--------------i 

5 I ATTRIBUTES I STRING I REPLY I I> ISTRIN3' I ~ I + I 
t----------+--------+----------+----------+--------t--------t----------t--------------~ 
I I I I I COMPILER I I I I 

6 IPAGESIZE ISKIP I I ERROR IASSIGN I I INDX I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I IBUY I I I MULTIPLE I I I 

7 IIDENT I LINE ICHAMELEON IBUY ASSIGNIASSIGN IASSIG~ I ~ 1< I / I 
~----------+--------+----------+----------+--------+--------+----------+--------------i 

8 ILINESIZE I PAGE I IARCO I DROP ITMPD I LEFT 10FS I 
~----------+--------+----------+----------+--------+--------+----------+--------------i 

9 I I COpy I I I I I I LD I 1 = I * I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I I I BUYB I I I I 

A I INTO I KEYTO I I PSEUDOVAR I CALSEQ I TT I I PSEUDOVAR' I 
~----------+--------+----------t----------+--------t--------+----------+--------------~ 
I I I lEND I I I I I 

B IFROM ITASK * ILIST ~mRK ILIST MARK I I IJMP I 1PREFIX - I 
~----------+--------t----------+----------t--------+--------+----------+--------------~ 

c ISET * IRPL I I FUNCTION ICNVA IRPL' I I FUNCTION' I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I I I ARGUMENT I I I I I 

D IKEY I I I MARK I & I I > IPREFIX + I 
~----------+--------+----------+----------+--------+--------+----------+--------------i 
I I I DEFINED ISUBSCRIPT I ILITERAL IDEFINED I I 

E INOLOCK * IKEYFROM ISUBSCRIPT I ICNVB ICONSTANTISUBSCRIPT'ISUBSCRIPr' I 
~----------+--------+----------+----------+--------+--------+----------+--------------~ 
I I FORMAT I I I I FORMAr I I I 

F I IGNORE I LIST I I I, I LIST' I < I ** I L __________ ~ ________ ~ __________ L __________ ~ ________ L __ ------~----------~-----_________ J 

* Not second version 
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8 9 A B C o E F 

r--------T-------T------T------T--------T---------T----------T-------------1 
o I TO I LINE I A I Iro' I SN I I I 

~--------t-------t------t------t--------t---------t----------t-------------~ 
1 I ALLOCATE I I CALL I I I I CALL' I EIO I 

~--------t-------t------t------t--------t---------t----------t-------------~ 
2 I BY I PAGE I B I I BY' I SL I I I 

~--------t-------t------t------t--------t---------t----------t-------------i 
3 IFREE I I RETURN I PROC I I I IPROC' I 

~--------t-------t------t------t--------t---------t----------t-------------i 
4 IWHILE ISKIP IP I I~HILE' ICN IP' I I 

~--------t-------t------t------t--------t---------t----------t-------------i 
5 I I DISPLAY I GOOB IBEGIN ISORT \ GET I I BEGIN' I 

~--------t-------t------t------t--------t---------t----------t-------------i 
6 ISNAP ICOL \R I \ SNAP' \CL I I I 

~--------t-------t------t------t--------t---------t----------t-------------i 
7 I \SIGNAL IGOTO \ITDO \ WRITE IPUT lEND DO IITDO' I 

~--------t-------t------t------t--------t---------t----------t-------------~ 
8 I SYSTEH \ E I I \ SYSTEM' I E' I END ITDO I I 

~--------t-------t------t------t--------t---------t----------t-------------i 
9 IWAIT IREVERT I 100 I READ IUNLOCK * lEND 100' I 

~--------t-------t------t------t--------t---------t----------t-------------i 
A I THEN I FIG I I IF' I G' I I 

~--------t-------t------t------t--------t---------t----------t-------------i 
B IDELAY I I IIF ILOCATE *IREWRITE lEND PROG IIF' OR ON I 

~--------t-------t------t------t--------t---------t----------t-------------i 
I I I I I I I I ARRAY I 

C ICV I I SELL ISN2 ICV' I I ICROSS SECTIONI 
~--------t-------t------t------t--------t---------t----------t-------------~ 

D IEXIT I NULL IBUY I ELSE IDELETE *IOPEN lEND BLJCK I \ 
~--------t-------t------t------t--------t---------t----------t-------------~ 

E I I C I X \ NOSNAPI I C' I END PRJG 21 NOSNAP' I 
~--------t-------t------t------t--------t---------t----------t-------------i 

F \STOP \ASSIGN IBUYS I FORMAT \ \ CLOSE I ; \ FORMAT \ L ________ ~ _______ ~ ______ ~ ______ ~ ________ ~ _________ ~ ___ --_____ ~ _____________ J 

* Not second version 
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4. FORM~T OF TRIPLES 

The triples produced as output from the 
translator phase each consist of five 
bytes w an operator fOllowed by two 2-byte 
fields. Each of the two-byte fields may be 
occupied by an operand, which may be a 
uictionary reference, a code byte or code 
bytes, or a numeric parameter. Two zero 
bytes in place of a dictionary reference 
operand imply that the operand is the 
result of previous operations w 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---------T---------, 
I I I I I 
ITRIPLE TYPE IHEX IFIELD 1 IFIELD 2 I 
1 ICODEI 1 I 
~----------------+----+---------+---------~ 
I TITLE I 04 I - I OPERAND I 
~----------------+----+---------+---------~ 
1 ATTRIBUTES 1 05 1 1 OPERAND 1 
~----------------+----+---------+---------~ 
1 PAGESIZE 1 06 I 1 OPERAND 1 
~----------------+----+---------+---------~ 
IIDENT I 07 1 I OPERAND 1 
r----------------+----+---------+---------~ 
ILINESIZE 1 08 1 - 1 OPERAND I 
~----------------+----+---------+---------~ 
I INTO 1 OA I - IOPERAND 'I 
.----------------+----+---------+---------~ 
1 FROM 1 OB I IOPERANf> I 
r----------------+----+---------+---------~ 
IKEY I 00 1 I OPERAND I 
r----------------+----+---------+---------~ 
I IGNORE I OF I - I OPERAND I 
r----------------+----+---------+---------~ 
I FILE 1 10 I I OPERAND 1 
r----------------+----+---------+---------~ 
I LIST I 12 I I I 
r----------------+----+---------+---------~ 
IEDIT I 13 I - 1 - I 
r----------------+----+---------+---------~ 
I DATA 1 14 1 - I - 1 
.----------------+----+---------+---------~ 
I STRING 1 15 1 I OPERAND 1 
r----------------+----+---------+---------~ 
ISKIP 1 16 I 1 OPERAND 1 
r----------------+----+---------+---------~ 
1 LINE 1 17 I 1 OPERAND 1 
r----------------+----+----~----+---------~ 
I PAGE I 18 I I 1 
r----------------+----+---------+---------~ 
1 COpy I 19 I - I - I 
r----------------+----+---------+---------~ 
IKEYTO 1 lA I - I OPERAND I 
r----------------+----+---------+---------~ 
IRPL I 1C 1 1 1 
r----------------+----+---------+---------~ 
I KEYFROM 1 lE I I OPERAND I 
r----------------+----+---------+---------~ 
IFORMAT LIST 1 iF 1 1 1 
r----------------+----+---------+---------~ 
IUP 1 20 1 1 OPERAND I 
~----------------+----+---------+---------~ 
I GIVING 1 21 1 1 OPERAND 1 
~----------------+----+---------+---~-----~ 
IDOWN I 22 I - I OPERAND I 
r----------------+----+---------+---------~ 
1 REPLY 1 25 1 I OPERAND I 
r----------------+----+---------+---------~ 
IBUY CHAMELEON 1 27 1 - 1 OPERAND I 
r----------------+----+---------+---------~ 
IMTA I 27 IOPERAND 110PERAND 21 
r----------------+----+---------+---------~ 
IMSA 1 28 IOPERAND 110PERAND 21 
.----------------+----+---------+---------~ 
1 DEFINED 1 1 1 1 
1 SUBSCRIPT 1 2E IOPERAND 1 1 L ________________ ~ ____ ~ _________ ~ _________ J 
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r----------------T----T---------T---------, 
I COMPILER 1 1 1 1 
I FUNCTION 1 30 IOPERAND 1 1 
~----------------+----+---------+---------~ 
I COMPILER 1 1 I 1 
jFUNCTION CALL 1 32 IOPERAND I I 
~----------------+----+---------+---------~ 
I COMPILER I 1 1 I 
IPSEUDO-VARIABLE I 34 IOPERAND I 1 
~----------------+----+---------+---------i 
I BUY ASSIGN 1 37 IOPERAND 1iOPERAND 21 
~----------------+----+---------+---------i 
1 ARCO I 38 1 1 1 
~----------------+----+---------+---------i 
1 PSEUDO-VARIABLE I 3A I OPERAND I 1 
~----------------+----+---------+---------i 
I FUNCTION I 3C 10PERAND 1 - 1 
~----------------+----+---------+---------~ 
1 SUBSCRIPT 1 3E 10PERAND I 1 
~----------------+----+---------+---------~ 
I COMlY1A I 41 1 1 . * 1 
~----------------+----+---------+---------~ 
IFUNCTION COMMA 1 42 1 1 OPERAND 1 
~----------------+----+---------+---------~ 
1 COMPILER 1 1 1 1 
IFUNCTION COMMA 1 44 I 1 OPERAND 1 
~----------------+----+---------+---------~ 
1 ACT 1 45 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ 
ICOMPILER ASSIGN 1 46 IOPERAND 110PERAND 21 
~-,--------------+----+---------+---------i 
1 ASSIGN I 47 IOPERAND 110PERAND 21 
t----------------+----+---------+---------~ 
1 DROP I 48 1 - 1 OPERAND I 
~----------------+----+---------+---------~ 
I CONCATENATE I 49 IOPERAND 1 I OPERAND 21 
~----------------+----+---------+---------i 
IBUY B I 4A I I OPERAND 1 
~----------------+----+---------+---------~ 
lOR I 4B 10PERAND 1ioPERAND 21 
~----------------+----+---------+---------i 
lAND I 40 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ 
1 NOT 1 4F I 1 OPERAND 1 
~----------------t----+---------t---------~ 
I LIST' I 52 I - I - I 
~----------------+----+---------+---------i 
I EDIT' I 53 I - I - 1 
t----------------+----+---------+---------~ 
I DATA' 1 54 1 1 I 
t----------------t----t---------+---------i 
1 STRING' 1 55 1 - 1 - 1 
t----------------t----+---------+---------~ 
ISrMPD 1 56 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ 
IMULTIPLE ASSIGN 1 57 10PERAND 110PERAND 21 
t----------------+----+---------+---------i 
ITMPD 1 58 10PERAND 110PERAND 21 
t----------------+----t---------+---------~ 
IJMP 1 5B 10PERAND 1iOPERAND 21 
t----------------+----+---------+---------i 
1 RPL' 1 5C I 1 I 
t----------------+----+---------+---------~ 
ILITERAL CONSTANT 1 5E 1 I OPERAND 1 L ________________ ~ ____ ~ _________ ~ _________ J 

*This triple may have two operands in 
format lists. 
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r----------------T----T---------T---------l 
IFORMAT LIST' I SF I I 1 
~----------------+----+---------+---------~ 
IUP' 1 60 I I I 
.----------------+----+---------+---------~ 
100 EQUALS I 61 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ 
1 DOWN' 1 62 1 I I 
.----------------t----+---------+---------~ 
I ERROR 1 63 I - I - I 
~----------------+----+---------+---------~ 
1 LESS/EQUAL I 65 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ 
I GREATER/EQUAL I 67 IOPERAND 110PERAND 21 
~----------------+----+---------+---------~ 
I LEFT I 68 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ 
INOT EQUAL 1 69 IOPERAND 110PERAND 21 
.----------------+----+---------+---------~ 
I EQUAL 1 6B IOPERAND 11 0PERAND 21 
.----------------+----+---------+---------~ 
1 GREATER 1 60 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ 
I DEFINED I I I I 
1 SUBSCRIPT' I 6E IOPERAND I 1 
~----------------+----+---------+---------~ 
1 LESS I 6F IOPERAND 110PERAND 21 
.----------------+----+---------+---------~ 
1 COMPILER I 1 1 1 
1 FUNCTION' 1 70 IOPERAND 1 1 
t----------------+----+---------+---------~ 
I COMPILER 1 1 1 1 
IFUNCTION CALL' I 72 10PERAND 1 1 
t----------------+----+---------t---------1 
1 MINOS 1 73 10PERAND 1iOPERAND 21 
~----------------+----+---------+---------~ 
1 COMPILER 1 1 1 1 
1 PSEUDO-VARIABLE' I 74 IOPERAND 1 1 
t----------------+----+---------+---------i 
1 PLUS 1 75 IOPERAND 1iOPERAND 21 
~----------------+----+---------+---------~ 
1 DIVIDE 1 77 10PERAND 1iOPERAND 21 
t----------------+----+---------+---------i 
I MULTIPLY I 79 10PERAND 110PERAND 21 
t----------------+----+---------+---------~ 
I PSEUDO-VARIABLE' 1 7A 10PERAND 1 1 
~----------------+----+---------+---------~ 
IPREFIX MINUS I 7B I I OPERAND I 
t----------------+----+---------+---------~ 
I FUNCTION' 1 7C IOPERAND 1 - I 
~----------------+----+---------+---------~ 
IPREFIX PLUS 1 7D 1 I OPERAND I 
t----------------+----+---------+---------~ 
1 SUBSCRIPT' I 7E IOPERAND I 1 
~----------------t----+---------+---------~ 
1 EXPONENTIATE 1 7F 10PERAND 110PERAND 21 
t----------------+----+---------+---------~ 
1 TO 1 80 I 1 1 
t----------------+----+---------+---------1 
I ALLOCATE 1 81 1 1 OPERAND 1 
~----------------t----+---------+---------i 
IBY I 82 I I I 
~----------------+----+---------+---------~ 
I FREE 1 83 1 - 1 OPERAND 1 
t----------------+----+---------+---------i 
1 WHILE 1 84 10PERAND 1 1 l ________________ ~ ____ ~ _________ ~ _________ J 



r----------------T----T---------T---------, r----------------T----T---------T---------, 
I SNAP I 86 I I OPERAND I I NOSNAP 1 BE I I OPERAND 1 
~----------------+----+---------+---------~ ~----------------+----+---------+---------i 
I DELAY I 8B I - I OPERAND I I FORMAT I BF 1 - I OPERAND I 
~----------------+----+---------+---------~ t----------------t----t---------t---------i 
ICV I 8C 10PERAND 1 I OPERAND 21 ITO' I CO 1 I OPERAND I 
~----------------+----+---------+---------~ ~----------------+----t---------+---------~ 
I EXIT I 8 D I I I 1 BY' I C2 1 - 1 OPERAND I 
~----------------+----+---------+---------~ t----------------t----t---------t---------~ 
Isrop I 8F I - I - I I WHILE' I C4 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------t----t---------+---------~ 
I LINE I 90 I I OPERAND I I WRITE I C7 I - I - I 
~----------------+----+---------+---------~ ~----------------t----t---------t---------~ 
lEND ALLOCATE I 91 I I I I READ I C9 1 I I 
~----------------+----+---------+---------~ t----------------+----t---------t---------~ 
I PAGE I 92 I I I ICV' 1 CC 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------t----t---------t---------~ 
ISKIP I 94 I I OPERAND I ISTATEMENT NUMBERI DO 10PERAND 110PERAND 21 
~----------------+----+---------+---------i t----------------t----t---------t---------~ 
I DISPLAY I 95 I I OPERAND I ISTATEMENT LABEL I D2 10PERAND 110PERAND 21 
~----------------+----+---------+---------~ t----------------t----t---------t---------~ 
I COLUMN I 96 I I OPERAND I ICOMPILER NUMBER I D4 1 - 1 OPERAND 1 
t----------------+----+---------+---------~ t----------------t----t---------t---------~ 
I SIGNAL I 97 I - I OPERAND I 1 GET I D5 I I I 
~----------------t----t---------t---------~ t----------------t----+---------+---------~ 
I E I 98 I I I ICOMPILER LABEL I D6 I I OPERAND I 
~----------------+----+---------+---------~ ~----------------+----t---------t---------~ 
I REVERT I 99 I - I OPERAND I IPUT I D7 I I I 
~----------------+----+---------+---------~ ~----------------+----t---------+---------~ 
IF I 9A I I I I E' I D8 I I I 
~----------------+----+---------+---------~ ~----------------t----+---------t---------~ 
I C I 9E I - I - I I UNLOCK I 09 I I I 
~----------------+----+---------+---------~ ~----------------t----t---------+---------~ 
I A 1 AO I 1 OPERAND I IF' I DA I I I 
~----------------+----+---------+---------i ~----------------t----+---------t---------~ 
1 CALL I Ai 1 1 OPERAND 1 I REWRITE I DB 1 - 1 - 1 
~----------------+----+---------+---------~ t----------------+----t---------t---------~ 
I B I A2 I - 1 OPERAND I I OPEN I DO 1 I 1 
~----------------+----+---------+---------i ~----------------t----+---------+---------~ 
I RETURN I A3 1 I OPERAND I IC' I DE I I I 
~----------------+----+---------+---------~ t----------------+----+---------+---------~ 
IP I A4 I I OPERAND I I CLOSE I DF I I I 
~----------------+----+---------+---------~ ~----------------+----t---------+---------~ 
IGO OUT OF BLOCK I A5 I 1 OPERAND 1 I CALL' I ·El I - I - I 
~----------------+----+---------+---------~ ~----------------t----t---------t---------~ 
I R I A6 I I OPERAND I I P' I E4 I I I 
~----------------+----+---------+---------~ ~----------------t----+---------t---------~ 
IGO TO I A7 I I OPERAND I I END PROG I EB I I I 
t----------------+----+---------+---------~ ~----------------+----t---------+---------~ 
I SELL I AC I - I OPERAND I lEND BLOCK I ED I - I - I 
~----------------t----t---------t---------~ t----------------t----+---------+---------~ 
IBUY I AD I - I OPERAND I lEND PROG 2 I EE I - I - I 
~----------------t----+---------+---------i t----------------+----+---------+---------~ 
I X I AE 1 I OPERAND I lEND I/O I Fl I - I - I 
~----------------t----+---------+---------~ ~----------------t----+---------+---------~ 
I BUYS I AF I I OPERAND I IPRoe' I F3 I - I OPERAND I 
~----------------+----+---------t---------~ t----------------+----t---------+---------~ 
IPROC I B3 I I OPERAND I I BEGIN' I F5 I I OPERAND I 
~----------------t----t---------t---------~ ~----------------+----+---------+---------~ 
I OPERAND I B5 I I OPERAND I IITERATIVE DO' I F7 I I OPERAND I 
~----------------+----+---------+---------~ t----------------t----+---------+---------~ 
IITERATIVE DO I B7 10PERAND I I 100' I F9 I I OPERAND I 
t----------------+----+---------+---------~ ~----------------t----+---------+---------i 
1 DO I B9 I OPERAND I I IIF' OR ON I FB 1 - 1 OPERAND 1 
~----------------t----t---------t---------~ t----------------+----+---------+---------~ 
I IF I BB 10PERAND 1 I OPERAND 21 1 FORMAT' 1 FF 1 1 1 
t----------------t----+---------t---------~ 

L ________________ ~ ____ L _________ ~ _________ J 

ISN2 I BC I I OPERAND I L ________________ ~ ____ ~ _________ ~ _________ J 
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5. TEXT CODE BYTES IN PSEUDO-CODE 

o 1 2 3 4 5 6 7 8 9 A B C D E F 

r-----T------T-----T-----T----T----T----T----T-----~----T----T-----y----T------T--T---' 
o IDCVO 10SMl IBGPE IBLBS ILCR ILCDRILCERi LM IBCTA'jLH JLA ICLI ICLC ITR I I I 

~-----t------t-----t-----t----t----t----t----t-----t----t----t-----t----t------t--t---~ 
1 IDCVl IOSM2 IEOB IBLBS'IBCR ISPM ICLR ISLA IBC ICH ICL IMVI IMVC ITRT I I I 

~-----t------t-----t-----t----t----t----+----t-----t----t----t-----t----t------t~-t---~ 
2 IDCV2 I~LLOC I IBUYS IHER ILTR IALR ISLD~IDCF IAH I~L INI IMVN IPACK I I I 

~-----t------+-----t-----t----t----t----t----t-----t----t----t-----t----t------t--t---~ 
3 IDCV3 IDCA3 I IPINS IHDR ILTERISLR ISLDLIBCTA ISH ISL 101 IMVO IUNPK I I I 

~-----t------+-----t-----+----t----t----+----+-----t----t----t-----t----t------t--t---~ 
4 IDCV4 IDCA4 IADR IRWA l BCTRILTDRIRER ISLL IBCT 1MB ISTC ISSM !MVZ I IGNORE I I I 

~-----t------t-----t-----+----+----+----t----t-----t----t----t-----+----t------t--t---~ 
5 IDCV8 IFREE ISN3 IAPRM tNR ILNR ILPR ISRA IN ISTH 1ST ITM INC I I I I 

~-----+------+-----t-----t----+----t----+----+-----+----t----t-----+----t------t--t---~ 
6 IDROP tBUY IBCIN IUSNG lOR ILNERILPERISRDAIO ISTRDISTREIXI 10C ICONV I I I 

~-----t------+-----+-----+----t----+----+----t-----+----+----+-----+----+------+--+---~ 
7 lEQU I SELL ISTOP IDATA IXR ILNDRILPDRISRDLIX ISTD ISTE I LA' IXC ICONV' I I I 

~-----t------t-----t-----t----+----t----t----t-----t----t----t-----t----t------t--t---~ 
8 f PROC I PROC' I BGNP 1 FMT t LR I LDR I LER I SRL I L I LD I LE I L' I Z~P I USSL I I I 

r-----t------t-----t-----t----t----+----t----t-----t----t----t-----t----t------+--t---~ 
9 IBEGINIBEGIN'IBGNP'IFMT' ICR ICDR ICER ISTM IC ICD ICE I BCT' ICP IDRPL I I I 

r-----t------t-----t-----t----t----t----t----t-----t----t----t-----t----t------+--t---~ 
h ISTK I~DV IDROB' I IAR IADR IAER IBXH IA JAD I~E IFMT lAP ICNVA I J I 

r-----t------t-----t-----t----t----t----t----t-----t----t----t-----+----t------t--t---~ 
B lEOP IPLBS lPLBS'l ISR ISDR ISER IBXLEIS ISD ISE IFMT' ISP ISINL I I I 

t-----t------t-----t-----t----t----+----+----t-----t----+----+-~---+----t------t--t---i 
C IEOP2 IPCBS IPSLD IERRORIMR IMDR IMER ISLl 1M IMD IME ISN2 IMP ICNVC I I I 

t-----t------t-----t-----t----t----t----t----t-----t----t----+-----t----t------+--t---~ 
D IIPRM I IPRM' I~BS IPF~T IDR IDDR IDER ISN ID IDD IDE IOSM3 IDP I I I I 

t-----t------t-----t-----t----+----t----t----+-----+----+----+-----+----+------+--+---~ 
E lEPRM I EPRM' lABS' I (SVC IAWR IAUR tCLl lIC lAW I~U IADI lED I I I I 

t-----t------t-----t-----t----t----t----t----t-----t----t----+-----t----t------+--t---~ 
f' IITDO IITDO' I ALIGN I IBALRISWR ISUR ICN IBAL ISW ISU I IEDMKI I I I 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: 
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Three-byte unit: this consists of a 
one-byte operation code followed by a 
two-byte literal offset, and it appears 

immediately after the symbolic 
representation of the instruction to 
~hich if refers. 

Five-byte unit: there are four basic 
five-byte units ~hich have the follow­
ing formats. 

Bytes 
1 2 2 

r-------y-------------T-------------l 
I OP I 1 I R2 I 
I I Rl I I 
I CODE I 0 I DIeT REF I L-______ ~ _____________ ~ _____________ J 

Bytes 
1 2 2 

r-------T-------------T-------------l 
I OP I I I 
I I R3 I OFFSET I 
I CODE I I I L---____ ~ _____________ i_~~~ __ ~_~_~_~J 



Bytes 
1 2 2 

r-------T-------------T-------------, 
I OP I I I 
I 1 Rl I R2 I 
I CODE I I I L _______ ~ _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OP I 1 I R2 I 
I I HEX I I 
1 CODE 1 0 I DICT REF I L _______ ~ _____________ ~ _____________ J 

Using these units with, if necessary, a 
three-byte unit, it is possible to symboli­
cally represent any possible RR, RX, RS or 
SI instruction. 

Variable length unit: the format of 
this is: 

Bytes 
1 2 

r-------T-------------T-------------, 
I OP I I 1 
I I FLAG J VARIABLE I 
I CODE I 1 1 L _______ ~ _____________ ~ _____________ J 

With a specially designed variable field 
described by a two-byte flag, it is possi­
ble 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 
basic forms of 
way in which 
pseudo-code. 

examples illustrate the 
an RX instruction and the 

they are represented in 

L Rl,JOE 
Bytes 

1 2 2 

r-------T-------------T-------------, 
1 L 1 0 Rl 1 DR (JOE) ,I L _______ ~ _____________ ~ _____________ J 

L Rl, JOE+24 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 0 Rl I DR(JOE) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSMl I 24 1 L _______ ~ _____________ J 

L R1,JOE(R3) 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 0 R1 I DR( JOE) I l _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSM2 I R3 I L _______ ~ _____________ J 

L R1,JOE+24(R3) 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 0 R1 I DR(JOE) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OSM3 I 24 I R3 I l _______ ~ _____________ ~ _____________ J 

Alternatively, JOE might be a base reg­
ister in which case the dictionary ref­
erence 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 R1,O(R3,R2) 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I L I 1 R1 I R2 I l _______ ~--------_____ ~ _____________ J 

r-------T-------------, 
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. 

Bytes 
1 1 1 2 

r------T-------T--------T---------, 
1 B2 I 01 1 HEX IEQU VALUE I l ______ ~ _______ ~ ________ ~ _________ J 

Bytes 
1 1 1 2 

r------T-------T--------T---------, 
I I 1 1 I R2 1 
I BC I 0 I HEX ~---------~ 
I I 0 I I DICT REFI l ______ ~ _______ ~ ________ ~ _________ J 
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RS Instructions 

The following 
basic forms of 
way in which 
pseudo-code: 

examples illustrate the 
an RS instruction and the 

they are represented in 

BXH Rl,R2,ALPHA 
Bytes 

1 2 2 

r-------T-------------T-------------, 
I BXH I 0 Rl I DR (ALPHA) I L _______ ~ _____________ ~ _____________ J 

r-------T-------------, 
I OSM2 I R2 I L _______ 4 _____________ J 

BXh Rl,R2,ALPHA+24 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I BXH I 0 Rl I DR(ALPHA) I L _______ 4 _____________ ~ _____________ J 

r-------T-------------T-------------, 
I OSM3 I 24 I R2 I L _______ 4 _____________ 4 _____________ J 

Alternatively, ALPHA might be a base 
register in which case the dictionary ref­
erence would be replaced by a symbolic 
register as in the RX instruction. 

SLA Rl,6 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I SLA I Rl I 6 I L _______ ~ _____________ ~ _____________ J 

rhe following example illustrates the 
form of an RK instruction and the way in 
which it is represented in pseudo-code. 

AR Rl,R2 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I AR I Rl I R2 I L _______ ~ _____________ L _____________ J 
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SI Instructions 

The following examples illustrate the 
basic forms of an SI instruction and the 
way in which they are represented in 
pseu:1o-code: 

CLI BETA,X'FF' 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I CLI I 0 FF I DR(BErA) I L _______ ~ _____________ ~ _____________ J 

CLI BETA+4,X'FF' 
Bytes 

1 2 2 
r-------T-------------T-------------, 
I CLI I 0 FF I DR(BETA) I L _______ ~ _____________ 4 _____________ J 

r-------T-------------, 
I OSMl I 4 I 
L _______ ~-------------J 

Alternatively, BETA might be a base 
register in which case the dictionary ref­
erence would be replaced by a symbolic 
register. 

SS Instructions 

Basically, an SS instruction consists of 
two base re3isters and a length byte. 
Since this does not conform to the format 
of other items of pseudo-code, it is neces­
sary 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 m~intaining the items in the 
guise of pseudo-code. 

Variable Lgggth 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: 

Bytes 
1 1 1 1 2 2 2 2 

r----T----T------T----T----T----T----T----' 
lOP I I I I I I I I 
I IFLAGILENGTHI Fl I F2 I F3 I F4 I FS I 
ICODEI I I I I I I I L---_4 ____ ~ ______ ~ ____ ~ ____ ~ ____ 4 ____ L ____ J 



The format of the FLAG is: 

Bi~ Zero One 

1 Always zero 

2 F2=dict. ref. F2=sym reg. 

3 F3=dict. ref. F3=sym reg. 

4 F4 not present F4 present 

5 F5 not present F5 present 

6-S 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--------T----T----' 
I CONV I FLAG I LENGTH I Fl I F2 I 
L ______ L ______ L ________ L ____ L ____ J 

The format of the FLAG is: 

Both Zero Both One 

1 Always one 

2 and 3 Fl=dict. ref. Fl=TMPD operand 

4 and 5 F2=dict. ref. F2=TMPD operand 

6-S Not used 

The FLAG in the IGNORE 
contain any information. 

item does not 

The following examples illustrate the 
basic forms of an SS instruction and the 
ways in which they are represented in 
pseudo-code. 

MVC ALPHA(7).BETA 
Bytes 

1 1 1 1 2 

r---T-----T----T-----T---------, 
IMVCIX'OO' I 8 I 6 IDR(ALPHA)I L ___ L _____ ~ ____ ~ _____ L _________ J 

2 
r--------, 
I DR (BETA) I L ________ J 

ZAP ALPHA+3(14). BETA(6) 
Bytes 

1 1 1 1 2 

r---T-----,..----T-----T---------, 
IZAPIX'10'1 10 113 5 IDR(ALPHA)I L ___ L _____ L ____ L _____ ~ _________ l 

2 2 
r--------,..----, 
IDR(BETA)I 31 L ________ ~ ____ J 

MVC ALPHA(6). BETA+ll 
Bytes 

1 1 1 1 2 

r---T-----T----T-----T---------1 
IMVCIX'OS'I 10 I 5 I DR (ALPHA) I L ___ L _____ L ____ L _____ L _________ l 

2 2 
r--------T----' 
IDR(BETA)I 111 L ________ L ____ J 

AP ALPHA+3 (14) " BETA+ll (6) 
Bytes 

1 1 1 1 2 

r---T-----,..----T-----T---------, 
lAP IX'lS'1 12'113 5 I DR (ALPHA) I L ___ L _____ ~ ____ L _____ ~ _________ ~ 

222 
r--------T----T----' 
IDR(BETA)I 31 111 L ________ ~ ____ 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: 

MVJ ALPHA(14), 11(6.Rl) 
Bytes 

1 1 1 1 2 
r---T-----T----T-----T---------, 
IMVOIX'2S'1 10 113 5 IDR(ALPHA) I L ___ ~ _____ L ____ L _____ L _________ J 

2 2 
r--------T----' 
I Rl I 111 l ________ J.. ____ J 

7. rEXT FORM~TS IN ABSOLUTE CODE 

Where a st~ndard set of assigned reg­
isters 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 normal pseu1o-code 
two-byte symbolic re3isters.. (See "Text 
Formats in Pseudo-Code" in this Appendix.) 
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sections of absolute code are preceded 
by ABS markers and followed by ABS' mark­
ers. 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 dif­
fer, as shown in the following examples: 

Bytes 
1 1 

r---------T-----------, 
I OP CODE I Rl R2 I l _________ i ___________ J 

Bytes 
1 1 1 

r------------T---------T--------, 
I OP CODE I Rl X2 I B2 I l ____________ L _________ L ________ J 

212 
r------------T---------T--------, 
I DICT REFCE I OSM2 I OFFSET I l ____________ L _________ i ________ J 

SS Instructions 

Bytes 
1 1 1 2 

r---------T--------T----T-----------, 
I OP CODE I LENGTH I Bl I DICT REFCEI l _________ i ________ L ____ L ___________ J 

1 2 1 2 
r----T-------------T------T---------, 
I B2 I DICT REFCE I OSMl I OFFSET I l ____ L _____________ L ______ L _________ J 

1 2 
r------T--------, 
I OSM2 I OFFSET I L ______ L ________ J 

RS Instructions 

Shift Instructions 

Bytes 
1 1 2 

r------------T---------T--------, 
I OP CODE I Rl 0 I OFFSET I l ____________ L _________ i ________ J 
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Other Instructions 

Bytes 
1 1 1 

r------------T---------T--------, 
I OP CODE I Rl R2 I B2 I l ____________ L _________ L ________ J 

212 
r------------T---------T--------, 
I DICT REFCE I OSM2 I OFFSET I l ____________ L _________ L ________ J 

SI Instructions 

Bytes 
1 1 1 2 

r---------T--------T---T------------l 
I OP CODE I MASK IBl I DICT REFCE I l _________ L ________ L ___ i ____________ J 

1 2 
r---------T--------, 
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 offset. 

After Phases RA and RF all instructions 
in the text will be in absolute code. 

~ECQND-KIL~~!~!~~N!~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 that 
it must look like a source statement. To 
comply with this, all expressions dealing 
with array bounds, string lengths, 
DEFINING,. and INITIAL value iteration fac­
tors are converted into assignments to 
function references. These functions have 
a special meaning. They are not entered in 
the dictionary, and their dictionary ref­
erenceS are to a region in the communi­
cations area. The pseudo-code physical 
phase dealing with each particular fUnction 
generates in-line code instead of a func­
tion 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 referred to later 
as the "second file." 



The statements generated have the fol­
lowing overall format: 

Byte Number 

1 Code byte SN2 

2-3 Dictionary reference 

4 Options byte 

5 statement type markers 

6 onwards statement body 

The dictionary reference is the ref­
erence of a second file dictionary entry. 
rhis is described in Appendix C. The 
options byte is that for the options opera­
tive in a prologue, i.e. no interruptions 
are accepted. 

A.rray Bounds 

The format of the second file 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 .•• 

Assignment statement marker 

Code Byte X'OO' 

ADV code X'0002' 

Compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary 
array 

reference of 

Triple operator code byte 
X'44' 

Code byte X'SE' 

Code byte XDOO' 

Code byte X'OO' for lower 
bound, X'Ol' for higher 
bound 

Number of the dimension 
whose bound is referenced 

Right parenthesis 

Triple operator code X'46' 

Expression for bounds 

Statement terminating semi­
colon 

Multielier 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'OO10' 

5 Compiler call marker 

6 Left parenthesis 

7 Code byte X' 00· 

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' SE' 

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 Offset 2 

24 Triple operator code byte 
X'44' 

25 Code byte X' SE' 

26 Code byte X'OO' 

27-28 Length 

29 Right parenthesis 

30 statement terminating semi-
colon 

This statement requires the number of 
bytes specified by the length to be moved 
from the dope vector of the item at dic­
tionary reference 2, starting at an offset 
of offset 2, to the dope vector of the item 
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at dictionary reference 1, starting at an 
offset of offset 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 Number 

1 

2 

3-4 

5 

6 

7 

8-9 

10 

11 

12 •.•• 

Description 

Assignment statement marker 

Code byte X'OO' 

SDV code X'0004' 

Compiler pseudo-variable 

Left parenthesis 

Code byte X'OO' 

Dictionary reference 

Right parenthesis 

Triple operator Code X'46' 

Expression 

statement termination semi­
colon 

The dictiona~y reference is that of the 
item whose dope vector is being initial­
ized. If the expression is defining the 
length of a string being returned by an 
internal function, then the dictionary ref­
erence is that of the entry type 2 belong­
ing to the label. In Figure 6 the ref­
erence 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 are 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: 

§yte Number Description 

1 Assignment statement marker 
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2 

3-4 

5 

6 

7 

8-9 

10 

11 

12 ••• 

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 semi­
colon 

The dictionary reference is to the item 
being initialized. The integer is the 
number of assignment statements of this 
type. and for this variable, that have been 
generated before this one. 

Second F!!~St.atements for DEFINED 

Second file statements are generated 
when an expression is associated with 
DEFINED, but the expression does not con­
tain any iSUBs. The format is: 

1 

2 

3-4 

5 

6 

7 ••• 

Description 

Compiler assignment state­
ment marker 

Code byte X'OO" 

ADF code; 
X'OOll' for base only 

X'0012' for subscripted base 
X'0013' for base with iSUB's 

Pseudo-variable marker 

Left parenthesis 

Base and subscript list 

Right parenthesis 

Statement terminating semi­
colon 



9. PSEUDO-CODE PHASE TEMPORARY RESULT 
DESCRIPTORS (TMPD) 

Temporary Description Stack 

All information on temporary results is 
contained in this stack. Each item in the 
stack consists of 10 bytes. A maximum of 
200 items is allowed. 

Byte 1 

Byte 2 

Flag 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. rhe format of 
this byte is identical to 
the similar byte in the 
dictionary and the DED 
used by the Library sub­
routines. routines. 
(See "Data 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" reg­
ister containing the 
result - no index or 
offset is allowed. 

2. "Reg by value" reg­
ister 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 reg­
ister for BASE type 2 
and 4. 

2. The number of bytes 
required in the tem­
porary 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 offset 
is the sum 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. 
rhe dictionary entry describes the 
location of the string which may be 
either the temporary area offset 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 description is com­
pletely removed from the 'physical' stack. 
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r-'----'T-----------T-----------T----------T----------------------------------------------1 
I I I I Whether F71 I 
IFLAG I FS I F6 'applicable I comments 1 
~-----+-----------+-----------+----------+----------------------------------------------~ 
IX' 00' I Dictionary I I Yes I 
I 1 reference I , I 
IX'021lDictionary I I ~o STRUT2 output -- must SELL dictionary ref. I 
I I reference I 1 I 
IX'04'IDictionary I I No REPEAT function result. I 
1 1 reference I I I 
JX'OS'JDictionary fDictionary I No SUBSTR function result. , 
1 1 ref erence 11 ref erence 21 I 
IX'20',Dictionary IIndex I Yes Arithmetic subscript. or SDV for varying I 
I I reference I register I string subscript. I 
,X'41'ISymbolic (Dictionary, Yes Non-adjustable fixed string subscript. with , 
, ,register 'reference , DROP in STRUT2. I 
fX" 49' 'I Symbolic I Dictionary I Yes Non-adjustable fixed string subscript, without, 
, tregister I reference I l DROP in STRur2. 1 
'x' 80' ,Register, ,No I Item in register -- F7 cannot exist. I 
IX'CO' JWorkspace I I Yes I I 
j I of f s et I I I I 
IX'Cl'iworkspace (Dictionary, Yes ISDV for adjustable fixed string subscript. I 
I I offset Ireference t I I 
IX'CS'lworkspace tDictionary, No ,SUBSTR pseudo-variable result. , 
I loffset I re,ference I I I 
~-----~-----------~----~------~----------~----------------------------------------------~ 
tNotes 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 i. I 
I 2. Many other bit configurations in the FLAG byte are meaningful and could I 
I he used for future applications. I 
~ ___ • ____________ ------_______________________________ ---------_________________________ J 

Figure 11. Temporary Descriptions in Pseudo-Code -- Use of TMPD Triple Fields FS and F6 

remP9~ary Descriptions in Pseudo-Code 

Descriptions are passed between pseudo­
code phases using two or three TMPD 
tripl'es., with the following formats: 

r------T----T----T----T----' 
I TMPD ,FLAG I F2 , F3, F4 I 
~-~----+----i----+----1----~ 
I T-MPD I F5 , F6 I 
~------+-- ... ------+-----' .... ---i 
I TMPD l F7 I I -l ______ .L __ ... ' ______ "-_________ J 

1. FLAG describes the use of fields FS, 
F6, and F7. 

Bit 
Numbe! Valug Meaning: 

0 and 1 00 FS contains a dictiona-
ry reference 

11 F5 contains a temporary 
workspace offset 

01 F5 contains symbolic 
register with address 
'of item 

10 F5 contains register 
with value of item 

2 0 F6 does not contain 
index register 

1 F6 contains index reg-
ister 
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3 

4 

5 

6 

7 

o 

1 

o 

1 

o 
1 

o 
1 

o 

1 

Two TMPD triples are 
used 
Three TMPD triples are 
used. and F7 contains 
an offset 
Normal setting. String 
utility STRUT2 drops 
symbolic register in F5 
if used for input 
String utility STRUT2 
does not drop symbolic 
register 
Normal setting 
Result of an invocation 
of SUBSTR or REPE~T 
No SELL is required 
User of this descrip­
tion must SELL dic­
tionary reference in 
F5. Set by string 
utilities for adjusta­
ble string result 
F6 does not contain a 
dictionary reference 
F6 contains a dictiona­
ry reference 

2. CODE contains the data byte 
(describing type" radix, scale, mode, 
etc. ) 

3. F3 and F4 contain: 
a. Precision and scale factor of 

coded arithmetic type data 



b. String length for coded non­
adjustable strings (maximum length 
for varying strings) 

c. Picture dictionary reference for 
data with picture 

4. F5 and F6 are at present used as shown 
in Figure 11. 

5. F7 can be used by adding X'10' to the 
FLAG byte in all cases which give a 
meaningful result (see Figure 11). 

10. LIBRARY CALLING SEQUENCES 

Internal library routines are used 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 
registers. 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 

1, (ARGUMENT 1) 
26 (ARGUMENT 2) 

L 15. IHE-------(ROUTINE NAME) 
BALR14, 15 
IPRM' 

External library routines calls 
correspond to explicit references to func­
tions 'Or I/O statements in the PL/I saurce 
pragram. The arguments te the reutines are 
placed in workspace, and register 1 is set 
ta peint te the first argument. For 
pseude-cade form the calling sequence is 
preceded by an EPRM marker and fallawed by 
an EPRM' marker. Thus, the library calling 
sequence appears as: 

MVC WSP (N). (ARGUMENT 1) 

EPRM 
LA 1. WSP 
L 15. IHE------- (ROUTINE N~ME) 
BALR 1419 15 
EPRM' 

11. DESCRIPTIONS OF TERMS AND 
ABBREVIATlONS USED IN TEXT DURING A 
COMPILA!~ 

The table in this section gives first, 
the term 'Or abbreviation; secend, the phase 
in which the term is used; and third, a 

brief descriptien of the meaning of the 
term or abbreviation. 

The phase in which the term or abbrevia­
tian is used. is given in the second column 
of the table. The key to the cede used is: 

R 
PS 
T 

After the Read-In Phase 
During the Pseudo-Cede Phase 
A triple 'Or translator input 
cade byte 

Term 'Or 
Abbreviation 

Used In 
Phase Descriptian 

A 

ABS 

ABS' 

ADR 

ADV 

ALIGN 

ALLOCATE 

APRM 

ARCO 

R,T 

PS 

PS 

PS 

Character string fer­
mat item 

Indicates the start 
of absolute cede 
(Appendix D7) 

Indicates the end 'Of 
abselute cede 

rhe twe byte operand 
contains a register 
for use by final 
assembly fer address­
ing branch destina­
tians beyond 4096 
bytes frem the pre­
gram base 

PS Used in 2nd file 
assignment statements 
te indicate that the 
expressien has been 
calculated and that 
the fellewing cede is 
only cancerned with 
assignment to the 
variable, or its dope 
vector" which is the 
subject 'Of the second 
file statement 

PS Indicates that 4 byte 
alignment is required 
in the code at this 
point 

R,T.PS Replaces the keyword 
ALLOCATE 

PS Indicates the library 
calling sequence for 
VDA or controlled 
storage 

T., PS Provides space to 
allow insertion 'Of 
argument conversien 
triple 

ARGUMENT MARK R Marker used by phases 
GK and GP to indicate 
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ARRAY CROSS 
SECTION 

ASSIGN 

R,T 

R,T 

ASSIGN BYNAME R 

ATTRIBUTES R, T 

AUTOMATIC R 

B R,T 

BACKWARDS R 

BEGIN' T.,PS 

BGPE PS 

BGNP PS 

BGNP' PS 

BIT ATTRIBUTE R 

BIT CONST R 

BINARY R 

BLBS PS 

BLBS' PS 

BUFFERED R 
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the start of a func­
tion argument 

Replaces the PL/I '*' 
used to specify an 
array cross section 

Marker which precedes 
an assignment state­
ment 

Precedes an assign­
ment statement with 
the BY NAME option 

Marker which precedes 
a dictionary entry 
containing the attri­
butes which have been 
specified on an OPEN 
or CLOSE statement 

Replaces the keyword 
AUTOMATIC 

Bit string 
item 

format 

Replaces keyword 
BACKWARDS BEGIN 

Triple which termi­
nates 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 prolo­
gue 

Indicates the end of 
code fOr a begin 
block with no prolo­
gue 

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 BUF­
FERED 

BUILTIN 

BUY 

BUY 
ASSIGNMENT 

BUYB 

R 

T,PS 

T 

T 

BUY CHAMELEON T 

BUYS 

BY 

BY' T 

BY NAME R 

C R,T 

C' T 

CALL R,T 

CALL' T 

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 indi­
cates 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 indi­
cates the end of a BY 
expression 

Replaces the keyword 
BY NAME 

Complex decimal for­
mat item 

Triple which indi­
cates the end of a C 
format item 

CALL statement marker 

Triple internal to 
phase IA which marks 
the end of a CALL 
statement 



CHl\R 
ATTRIBUTE 

R 

CHAR CONSTANT R 

CHECK R 

Replaces the keyword 
CHARACTER 

Marker preceding a 
characte+ string con­
stant 

Replaces the keyword 
CHECK 

CL R,T,PS Compiler label marker 

CLOSE R,T Replaces the keyword 
CLOSE 

CN R,T,PS Compiler statement 

COL 

COMPLEX 

COMPILER 
ASSIGN 

R,T 

R 

T 

COMPILER T 
FUNCTION 

COMPILER T 
FUNCTION' 

COMPILER T 
FUNCTION CALL 

COMPILER T 
FUNCTION CALL' 

COMPILER T 
FUNCTION COMMA 

COMPILER T 
PSEUDO-VARIABLE' 

COMPILER T 
PSEUDO-VARIABLE 

number. Can precede 
compiler inserted 
statements 

Replaces the keyword 
COLUMN 

Replaces the keyword 
COMPLEX 

Code byte or triple 
indicating assignment 

code byte or triple 
used to indicate the 
start of a compiler 
function call argu­
ment 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 argu­
ment list 

Triple indicating the 
end of a compiler 
function call argu­
ment list 

Triple used to indi­
cate the argument of 
compiler function. or 
Pseudo-Variable 

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 

CONDITION 

CONTROLLED 

CONTROL 
VARIl\BLE 

CONVERSION 

COpy 

CONTROL 
VARIl\BLE' 

DATA 

DATA' 

DECIMAL 

DECLl\RE 

DEFINED 

DEFINED 
SUBSCRIPT 

DELAY 

DELErE 

DICTIONARY 
REFERENCE 

DIRECT 

DISPLAY 

DO 

DO EQUALS 

R 

R 

R,T 

R 

R,T 

T 

R,T 

T 

R 

R 

R 

T 

R,T 

R,T 

T 

R 

R 

R"T 

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 

rriple which indi­
cates the end of a 
control variable 
expression 

Replaces the keyword 
DATA 

Triple indicating the 
end of a data direct­
ed 1/0 list 

Replaces the keyword 
DECIMAL 

Replaces the keyword 
DECLARE 

Replaces the keyword 
DEFINED 

Marker which precedes 
the parenthesized 
iSUB subscript list 
of a defined array 

Replaces the keyword 
DELAY 

Replaces the keyword 
DELETE 

Marker indicating 
that the following 
two bytes contain a 
symbolic 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 1= ) 
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DROB PS 

DROP T 

DROP PS 

DRPL PS 

E R,T 

EDIT R,T 

EDIT' T 

EIO T 

ELSE R,T 

END 

END BLOCK R,T, 

END DO R"T 

ENDFILE R 

END ITDO R.T 

END LIST MARK R 

344 

Indicates to the reg­
ister allocation 
phases that a base 
register used for 
addressing a con­
trolled variable 
should be dropped 

Triple used in optim­
ization indicating 
the drop of an index 
register 

Indicates that a sym­
bolic or assigned 
register in the oper­
and 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 for­
mat 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 state­
ment 

Replaces the keyword 
ELSE 

Replaces the END key­
word at the end Of a 
BEGIN or PROCEDURE 
block 

Indicates the end of 
a text block 

Replaces the END key­
word at the end of a 
non-iterative DO 
group 

Replaces the keyword 
ENDFILE 

Replaces the END key­
word 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 PROG R" T" PS Marks the end of pro-
gram 

END PROGRAM2 T~PS Triple Which marks 
the end of the second 
file text i.e. pro­
logue initialization 
text, which is placed 
after the source pro­
gram text 

ENTRY R Replaces the keyword 
ENTRY 

EPRM PS 

EPRM' PS 

EQU PS 

ERROR R 

ERROR T 

ERROR PS 

EVENT 

EXCLUSIVE R 

EXIT R,T 

EXTERNAL R 

F R"T 

F' T 

F COMMA T 

Indicates 
of an 
library 
sequence. 
010) 

the start 
external 
calling 

(Appendix 

Indicates the end of 
an external library 
calling sequence 

Indicates that the 
two byte operand 
field contains a 
label. The label is 
considered to be 
attached to the fol­
lowing pseujo-code 
item 

Replaces the keyword 
ERROR 

Code byte or triple 
which marks the posi­
tion of an erroneous 
source statement 
which has been delet­
ea 
Indicates 
sence of 

the pre­
a source 

program error 

Replaces the keyword 
EVENT 

Replaces 
EXCLUSIVE 

keyword 

Replaces the keyword 
EXIT 

Replaces the keyword 
EXTERNAL 

Fixed decimal format 
item 

Triple which indi­
cates the end of an F 
format item 

Triple used to indi­
cate the arguments of 



FILE· 

FILE' 

FINISH 

FIXED 

FIX BINARY 
IMAGINARY 

FIX BINARY 
REAL 

FIX DECIMAL 
IMAGINARY 

FIX DECI~lA.L 
REAL 

FIXED 
~VERFLOW 

FLOAT 

R,T 

T 

R 

R 

R 

R 

R 

R 

R 

R 

FLOAT BINARY R 
IMAGINARY 

FLOAT BINARY R 
REAL 

FLOAT DECIMAL R 
I~".lAGINARY 

FLOAT DECIMAL R 
REAL 

FORMAT 

FORMAT' T 

FORMAT LIST R,T 

FOR~lA.T LIST' T 

a function or pseudo 
variable 

Replaces the keyword 
FILE 

Triple indicating the 
end of a file list 

Replaces keyword FIN­
ISH 

Replaces the keyword 
FIXED 

Marker which precedes 
a fixed binary imag­
inary constant 

Marker which precedes 
a fixed binary real 
constant 

Marker which precedes 
a fixed decimal imag­
inary constant 

Marker which precedes 
a fixed decimal real 
constant. 

Replaces keywords 
FIXED OVERFLOW 

Replaces 
FLOAT 

the keyword 

Marker which precedes 
a float binary imag­
inary constant 

Marker which precedes 
a float binary real 
constant 

Marker which precedes 
a float decimal imag­
inary constant 

Marker which precedes 
a float decimal real 
constant 

Replaces the keyword 
FORMAT 

Triple which marks 
the end of a remote 
format statement 

Precedes 
list 

a format 

Triple indicating the 
end of a format list 

FREE R,T,PS Replaces the keyword 
FREE 

FROM ~T 

FUNCTION T 

FUNcrION R 

GENERIC R 

GET 

GOOB R"T 

GOTO R,T 

IDENr R.,T 

IF R,T 

IF' T 

IGNORE R,T 

IGNORE PS 

INITIAL R 

INITIAL LABEL R 

INPur R 

INTE3ER R 

INTERNAL R 

Replaces the keyword 
FROM 

Code byte or tripl~ 
indicating the start 
of a function argu­
ment list 

Marker which precedes 
the parenthesized 
argument list (if 
present) of an entry 
name in a function 
reference or CALL 
statement 

Replaces the keyword 
GENERIC 

Replaces the keyword 
GET 

GOTO out of block 
statement marker 

GOTO in block state­
ment marker 

Replaces the keyword 
IDENT 

Replaces the keyword 
IF 

Triple 
nates an 
sion 

which 
IF 

termi­
expres-

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 
INITIAL 

Marker which precedes 
elements of arrays of 
label variables which 
are initialized by 
being attached to 
statements 

Replaces 
INPUT 

keyword 

Marker which precedes 
an internal binary 
integer constant 

Replaces the keyword 
INTERNAL 
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INTO 

IPRM 

ITDO 

ITDO' 

JMP 

KEY 

KEYED 

KEYFROM 

KEYTO 

L~BEL 

LEFT 

LIKE 

LINE 

LINESIZE 

LIST 

LIST' 

LIST MARK 

LI'rERAL 
CONSTANT 
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Replaces the keyword 
INTO 

PS Indicates the end of 
an internal library 
calling sequence 

R,T,PS Replaces the keyword 
DO in an iterative DO 
loop 

T.PS Triple which termi­
nates an iterative DO 
expression 

T Triple indicate the 
presence of pseudo­
code. The number of 
bytes of pseudo-code 
is specified in the 
first operand 

R,T 

R 

R,T 

R"T 

R 

T 

R 

R,T 

R,T 

T 

T 

R,T 

Replaces the keyword 
KEY 

Replaces 
KEYED 

Replaces 
KEYFROM 

keyword 

the keyword 

Replaces the keyword 
KEYTO 

Replaces the keyword 
LABEL 

Triple indicating a 
temporary result for 
a pseudo-variable 

Replaces the keyword 
LIKE 

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 

LOC~TE 

MAIN 

MULTIPLE 
ASSIGN 

NAME 

NDX 

NEW PAGE 

NOCHECK 

NO SNAP 

NOSN~P' 

NULL 

OPEN 

OFS 

ON 

OPTIONS 

ON RECORD 

OSMl 

OSM2 

OSM3 

OUTPUT 

R~T 

R 

R 

T 

R 

R 

R,T 

T 

R,T 

R.,T 

T 

R.,T 

R 

R 

PS 

PS 

PS 

R 

Replaces the keyword 
LOCATE 

Replaces keyword MAIN 

Marker indicating 
multiple assignment 
(Replaces PL/I' " , ) 

Replaces the keyword 
NAME in the context 
of ON NAME 

indicating 
during 
of DO 

Triple 
indexing 
optimization 
loops 

Replaces the keyword 
NEWPAGE 

Replaces the keyword 
NOCHECK 

Replaces the keyword 
NOS NAP 

Triple which 
cates the end 
NOSN~P list 

indi­
of a 

Null statement marker 

Replaces the keyword 
OPEN 

Triple indicating 
offset used in optim­
ization of DO loops 

Replaces the keyword 
ON 

Replaces the keyword 
OPTIONS 

Replaces the keyword 
RECORD in the context 
ON RECORD 

Indicates that the 
two byte oPerand 
fi~ld contains an 
index register 

Indicates that the 
two byte operand 
field contains a let­
eral offset 

Indicates the pre­
sence of a literal 
offset and an index 
register 

Replaces keyword OUT­
PUT 



:)VERFLOW 

P 

p' 

PA.GE 

PA.GESIZE 

PCBS 

PFMT 

PICTURE 

PINS 

PLBS 

PLBS' 

PRECISION1 

PRECISION2 

PRINT 

PRIORITY 

PSEUDO­
VA.RIABLE 

PSEUDO­
VA.RIABLE 

PSEUDO-

R 

AR,T 

T 

R,T 

R."T 

PS 

PS 

R 

PS 

PS 

PS 

R 

R 

R 

R..T 

R 

T 

T 

Replaces 
OVERFLOW 

keyword 

Picture format item 

Triple which indi­
cates the end of a P 
format item 

Picture format item 

Replaces the keyword 
PAGESIZE 

Indicates the end of 
the complete prologue 
for a procedure block 

PICTURE format 

Replaces the keyword 
PICTURE 

Indicates the prolo­
gue insertion point 

Indicates the 
of the prologue 
procedure block 
is common to 
entry points 

start 
for a 
which 

all 

Indicates the end of 
the prologue of a 
procedure block which 
is common to all 
entry points 

Indicates a precision 
which has been writ­
ten in the source 
program as '(10)', 
which may be either 
fixed or float 

Indicates a precision 
which has been writ­
ten in the source 
program as '(5,2)' 
which implies fixed 

Replaces keyword 
PRINT 

Replaces the keyword 
PRIORITY 

Marker which precedes 
the parenthesized 
argument list to a 
pseudo-variable 

Code byte or triple 
indicating the start 
of a pseudo-variable 
argument list 

Triple indicating the 

VARIA.BLE' 

PSLD 

PROC 

PROC' 

PUT 

R 

READ 

REAL 

RECORD 

RECURSIVE 

REENTRANT 

REPLY 

RETURN 

REVERT 

REWRITE 

RPL 

RPL' 

RWA 

PS 

end of 
variable 
list 

a pseudo­
argument 

Indicates a pseudo­
code instruction for 
use by the final 
assembly listing 
phase 

R,T PS Replaces the keyword 
PROCEDURE 

T.PS 

R.,T 

R,T 

R,T 

R 

R 

R 

R 

R"T 

R.,T 

R:B T 

T 

T 

PS 

Triple which termi­
nates the procedure 
block triples 

Replaces the keyword 
PUT 

Remote format state­
ment marker 

Replaces the keyword 
READ 

Replaces the keyword 
REAL 

Replaces the keyword 
RECORD 

Replaces the keyword 
RECURSIVE 

Replaces the keyword 
REENTRA.NT 

Replaces the keyword 
REPLY 

Replaces statement 
marker 

Replaces the keyword 
REVERT 

Replaces the keyword 
REWRITE 

Code byte or triple 
indicating the start 
of a format list 
replication factor 
expression 

Triple indicating the 
end of a format list 
replication factor 
expression 

Indication of an 
addressing vector for 
use by the register 
allocator when the 
number of symbolic 
registers in use 
exceeds the amount of 
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work space which has 
been allocated 

SECONDARY R Replaces keyword SEC­
ONDARY 

SECOND LEVEL R 
MARKER 

A code byte which 
immediately precedes 
all code bytes 
appearing in the sec­
ond level table 

SELL 

SET 

SETS 

SEQUENTIAL 

SIGNAL 

SIZE 

SKIP 

SL 

SN 

SN2 

5N3 

SNAP' 

ST~TIC 

STERLING 

348 

T"PS 

R,T 

R 

R 

R,T 

R 

R,T 

Code byte or triple 
which indicates that 
a temporary variable 
is no longer required 

Replaces the keyword 
SET 

Replaces the keyword 
SETS 

Replaces the keyword 
SEQUENTIAL 

Replaces the keyword 
SIGNAL 

Replaces the keyword 
SIZE 

Replaces the keyword 
SKIP 

R,T,PS Statement label mark-
er. Precedes all 
labelled statements 

Statement number 
marker. Precedes all 
unlabelled statements 

R,T,PS Marker which precedes 
a second file state­
ment <See Appendix 
D.8) 

PS Indicates the start 
of a second file 
statement which is 
concerned with ini­
tializing array, or 
structure, or string 
dope vectors. Simi­
lar to SN2 (Appendix 
0.8) except that 
there is no associat­
ed entry 

T 

R 

R 

Triple which 
cates the end 
snap list 

indi­
of a 

Replaces the keyword 
STATIC 

Marker which precedes 

DECIMAL REAL 

STOP 

STREAM 

STRING 

STRING' 

SUB 

SUBSCRIPT 

SUBSCRIPT' 

SUBSCRIPT­
RANGE 

SYSTEM 

SYSTEM' 

TASK 

THEN 

TITLE 

TMPO 

TO 

TO' 

TRANSMIT 

UNBUFFERED 

R,T 

R 

R,T 

T 

R 

R,T 

T 

R 

R,T 

T 

R,T 

R,T 

R,T 

T 

R,T 

T 

R 

R 

a sterling 
constant 

decimal 

Replaces the keyword 
STOP 

Replaces keyword 
STREAM 

Replaces the keyword 
STRING 

Triple indicating the 
end of a string list 
used with list 
directed I/O 

Replaces the keyword 
SUB used in iSUB 
DEFINING marker 
preceding a BIr 

Marker which precedes 
the parenthesized 
subscript list of an 
array 

Triple indicating the 
end of a subscript 
list 

Replaces keyword SUB­
SCRIPTRANGE 

Replaces the keyword 
SYSTEM 

Triple which 
cates the end 
system list 

indi­
of a 

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 indi­
cates the end of a TO 
expression 

Replaces the keyword 
TRANSMIT 

Replaces the keyword 
UNBUFFERED 



UNDEFINEDFILE R Replaces the keyword saved on branch and 
UNDEFINEDFILE branch and link 

instructions 
UNDERFLOW R Replaces keyword 

UNDERFLOW 
VARYING R Replaces the keyword 

UNLOCK R6 T Replaces the keyword VARYING 
UNLOCK 

WHILE R"T Replaces the keyword 
UPDArE R Replaces keyword WHILE 

UPDATE 
WHILE' T Triple which indi-

USES R Replaces the keyword cates the end of a 
USES WHILE expression 

USNG PS Indicates the pre- WRITE R.,T Replaces the keyword 
sence of an assigned WRITE 
register 

X R., T Spacing format item 
USSL PS Indicates a list of 

symbolic registers ZEROD1VIDE R Replaces the keyword 
which need not be ZERODIVIDE 
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APPENDIX E: STORAGE REQUIREMENTS 

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 main storage required by each phase 
of the compiler need be contiguous only for 
each control section. 

During the read-in phases a minimum of 
two dictionary blocks and two 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. 

The dictionary and text block size is 
chosen according to the amount of main 

storage avail~ble 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, 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 sec­
ond table details the storage allocation in 
each environment. 

compiler~g~irements and Dictionary/Text 
Block Re!~tionship 

r-----------r---------------T-------------, 
I Environment 1 Dictionary/Text 1 Compiler 1 
I I Block Size IRequirements 1 
.-----------+---------------+-------------~ 
I A I 1K I 44K - 53K I 
I B I 2K 1 53K - 70K I 
I c I 4K I 70K - 102K I 
I D I 8K I 102K - 168K I 
1 E I 16K lOver 168K 1 L ___________ 4 _______________ L _____________ J 

r----------------------T------------------------------T--------------~----------------l 
I 1 DURING READ-IN PHASE 1 AFTER READ-IN PHASE 1 
I t------------------------------+-------------------------------~ 
I Storage Allocation 1 ENVIRONMENT I ENVIRONMENT 1 
1 1 I I I I I I I I I I 
I I A I B 1 C I DIE I A I B 1 C I DIE I 
~----------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------~ 

OS Dynamic Storage 1 1 

TIOT 
SPIE 
LOAD 

OS Temporary Storage 

1 1 
228J 2281 228 

32 32 t 32 
240 2401 240 

1 
I 
1 

228 
32 

240 

228 
32 

240 

228 
32 

240 

228 
32 

240 

228 
32 

240 

228 
32 

240 

228 
32 

240 

End of Volume 976 9761 976 976 976 976 976 976 976 976 
Data Management 4950 49501 4950 4950 4950 4950 4950 4950 4950 4950 
Compiler Control 11900 11900111900 11900 11900 11900 11900 11900 11900 11900 
Phase Area 16384 16384116384 16384 16384 12288 12288 12288 12288 12288 
Text Area 2048 40961 8192 16384 32768 4096 8192116384 32768 65536 
Dictionary Area 2048 4096i 8192 16384 32768 4096 8.192116384 32768 65536 
Scratch st0rage 4096 40961 4096 4096 4096 4096 40961 4096 4096 4096 
I/O Buffers 1024 10241 1024 1024 1024 1024 10241 1024 1024 1024 

~----------------------+-----+-----+-----+-----+------+-----+-----+-----+------+------~ 
I TOTALS 1439261480221562141725981105366143926152118168502110127011668061 L ______________________ 4 _____ L _____ L _____ L _____ 4 ______ 4 _____ L _____ 4 _____ L ______ L ______ J 
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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. 
rhis 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 

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 (SYSO'rl) is 
opened. and blocks are written out. 
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~PPENDIX F: COMMUNICATIONS REGION 

The communications region is an area 
specified by the control routines, and used 
to communicate 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 this 
Appendix. 

Note: The use of the communications region 
during compile-time processing is 
described in Appendix J. 

TRANSFER VECTORS 

Hex,. 
Qifset 

8 

C 

10 

14 

18 

lC 

20 

24 

28 

2C 

30 
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ZUPL 

ZURD 

ZUGC 

ZUTXTC 

ZURC 

ZABORT 

ZLOADW 

ZDICAB 

ZDICRF 

ZUERR 

Description 

Print a line 

Read a card 

Get scratch storage 

Get text block 

Release scratch storage 

Dump and go to error 
message routines 

Load and return to cal­
ler 

Make dictionary entry. 
Absolute address 
returned 

Make dictionary entry. 
Dictionary reference 
returned 

Make error message entry 

34 ZDRF1\B 

38 ZLOADX 

3C 

40 REQEST 

44 RELESE 

48 RLSCTL 

4C 

50 ZTXTRF 

52 ZTXTAB 

58 ZCHAIN 

5C ZALTER 

60 ZDABRF 

64 ZNALRF 

68 ZNALDB 

6C ZEND 

70 ZULF 

74 zusP 

78 ZUBW 

80 RLSCTLX 

~onvert dictionary ref­
erence to absolute 
address 

Load with overlay and 
return to caller 

Give a list of phase 
names required or not 
wanted for this compila­
tion 

Release all named phases 

Release all named phases 
and pass to next phase 

Convert absolute address 
to text reference 

Convert text reference 
to absolute address 

Find next block in chain 

Change text block status 

Convert absolute address 
to dictionary reference 

Not aligned 
entry. 
returned 

dictionary 
Reference 

Not aligned dictionary 
entry. Absolute address 
returned 

Terminate job 

Write on load file 

Write on punch 

Write on backing store 

Release all named phases 
and hand control to the 
next phase. after having 
loaded it with overlay 



COMMUNICATIONS REGION 

These tables give the following information for each location of the communi­
cations region: name of location; offset (i. e • ., relative address) ; use (i. e. 'r 
stages of compilation during which the location is in use); 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 Name2" Use2'1 etc. 

r--------T--------------T----------------T---------------------------------------1 
I Name IOffset (Dec .• ) I Use I Description I 
~--------t--------------t----------------t---------------------------------------~ 
I SAVEO 0 ~LL PHASES Register save area 
I SAVEl SAVEO+4 ALL PHASES Register save area 
I SAVE2 SAVEO+8 ETC. ALL PHASES Register save area 
I SAVE15 SAVEO+60 ALL PHASES Register save area 
I ZTV 64 ALL PHASES Control phase base 
I ZTRAN1 68 ALL PHASES External to internal translate table 
1 ZTRAN2 ZTRAN1+4 ALL PHASES Internal to external translate table 

ZNXTD 76 ALL PHASES Next available dictionary location 
ZERRD 80 A,LL PHASES 
ZERRS ZERRD+4 ALL PHASES 
ZERRW ZERRD+8 ALL PHASES 
ZERRC ZERRD+12 ALL PHASES 
ZDNXT ZERRD+16 ALL PHASES 
ZSNXT ZDNXT+4 ALL PHASES 
ZwNXT )ZDNXT+8 ~LL PH~SES 
ZCNXT !ZDNXT+12 ALL PHASES 
ZMYNAM I 112 ALL PHASES 

I 116 Not used 
ZPROCH 120 ALL PHASES 
ZSTAT 124 ALL PHASES 
PAR1 128 ALL PHASES 
PAR2 PAR1+4 ETC. ALL PHASES 
PAR8 PAR1+28 ALL PHASES 
FSTDIC 160 ALL PHASES 
ZDIC2 FSTDIC+4 ETC. ALL PHASES 
ZDIC16 FSTDIC+60 ALL PHASES 
ERCODE 224 ALL PHASES 
MCSIZE 228 ALL PHASES 
CCCODE 232 ALL PHASES 
HDR 236 ALL PHASES 
TLR 240 ALL PHASES 
TRT 244 ALL PHASES 
ARINT 248 ALL PHASES 
BR2 252 ALL PHASES 
STARTX 256 ALL PHASES 
DICTSZ 260 ALL PHASES 
TXTSZ 264 ALL PHASES 
RDSIZE 268 t ALL PHASES 
INCOD 272 I ALL PHASES 
ARMASK 273 I ALL PHASES 
LOCK 274 ! ALL PHASES 
ZNXTLC 276 I ALL PHASES 
ZSOR 280 I ALL PHASES 
ZMAG 282 I ALL PHASES 
ZCO~~ 304 I ALL PHASES 

First locations of error chains 

current ends of error chains 

Name of last phase entered 

Chain of created procedures 
Current statement number 
Parameter word 1 
Parameter word 2 
Parameter word 8 
Address of first dictionary block 
Dictionary block 2 
Dictionary block 16 
Error message codes 
WCSIZE this run 
control card requests 
Address of phase directory 
Timer last read 
Total run time 
Arithmetic interrupt 
Second base for control phase 
Start of text 
Dictionary block size 
Space available in text block 
SIZE of read area 
Interrupt code 
Arithmetic error mask 
Dictionary lock slot 
End of current text 
Input record source 
Input record margin 

l ________ ~ ______________ ~ ________________ ~ ____________ - _________________________ _ 
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r------T--------T---------------------T--------------T------T-------------T--------------, 
I I Dec. I Use I I I Use2 I I 
I Name I Offset ~----------T----------~ Description IName2 ~------T------~ Description2 I 
I I I start I End I I IStart I End I I 
~------+--------+----------+----------+--------------+------+------+------+--------------~ 
IZCALLCIZCOMM+ OIRead in BCD to Start of CALL I 
I I I Dict. Ref. chain I 
IZLABTBI + 41Read in Initial Start of label I 
I I I chain I 
IZALLCHI +12lRead in ALLOCATE + Start of I 
I I I Attribute ALLOCATE chain 
IZDEFFbl, +16lRead in Defined Define flag 
~ ZAWAFLI I I Read in Attribute ALLOCATE + 

II I Attribute 
ZINTFLII IRead in Dict. Ref. INITIAL flag 
ZDIMFLI >1 by tel Read in Initial Dimension flag 
ZPICFLII IRead in Pict Proc PICTURE flag 
ZONFL II IRead in ON ON flag 
ZLIKFLII IRead in LIKE LIKE flag 
ZDECFL J I Read in INITIAL DECLARE flag 
ZFLAG2 +17lRead in Dictionary Flag byte 
ZFLAG3 +18lRead in Dictionary Flag byte 
ZNIFCT +19lRead in TranslatorlMax. nested 

I IIF count 
ZIFCT +20 Read in TranslatorlIF count 

I 
ZDOCT +22 Read in Translator I Max. nested 

100 count 
ZBEGT +23 Read in Translator I Max. nested 

I BEGIN 
ZPROCT +24 Read in I Translator I Max. nested 

I t PROCEDURE 

ZSYSOT 

1 
I 
I 
I 
I 
I 

Pseudo Pseudo 
code code 

ZHASH +28 DictionarYIDictionarYIStart of hash ZINCL PC. End 
I I table 

+32 Not used in first half ZEQTA3 Final Assy. 
I I 

ZFATTB +36 DictionarYIDeclare IStart of fact-)ZLCONSIStrge Alloc 
Ipass 2 lored attribute ZEOCS I 
I I I 

Dict. Ref. 
SYSOUT 

INCLUDE card 
pointer 
Assigned 
of·fset table 
Last constant 
in STATIC. 
End of STATIC 

ZCDIMC +40 DictionarYIPre- IStart constant ZSMREGITrans- Pseudo Current sym-
Itranslatorldimension Ilator code bolic register 

Z2FILE +44 DictionarYIEnd IStart of I 
I I second file I 

ZDLFST +48 DictionarYIStorage I Defined ZFSTEX Strge End 
lallocator (storage area alloc 

ZDCBLD +52 DictionarYIDictionarYIDictionary ZPRSIZ Final Assy. 
I I build area 

ZMPSTKI +56 Dictionary I Translator I Program map ZSICSZ Final ASsy .. 
I I I stack 

ZUPIC I +60 DictionarYIPicture I Start of ZSTALC Final ASsy. 
I Iprocessor Ipicture chain 

ZPROCll +64 DictionarylEnd I Start of entry 
I I (type 1 chain 

ZSTACHI +68 DictionarYIEnd IStart of STAr-
I I I IC chain (6) 

ZVDIMCI +74 DictionarYITranslatorlstart of vari-
I I lable dimension I 
I I I chain I 

ZCONCHI +78 DictionarylALLOCATE I Start of con- I 
I I Istants chain I 

First external 
item 
size of com­
piled program 
STATIC 
INTERNAL size 
Storage loc­
ation counter 

ZDEFCHI +80 Dictionary I Dictionary I Chain of IZCITEMIPre End Chain of CON-
I I Idefined items I I trans. TROLLED items 

ZLIKCHI +82 DictionarYIDictionarylChain of LIKE IZEQMAXIPseudolEnd Max. label 
I I I items I I code I number 

ZPOLCHI +84 Dictionary I Dictionary I Chain of POOL I I I I 
I I I items I I I I L ______ ~ ________ ~ __________ ~ __________ ~ ______________ ~------~------~-----_~ ______________ J 
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r------T--------T---------------------T--------------T------T------------T--------------1 
I I Dec. I Use I I I Use;a I I 
I Name I Offset r----------T----------1 Description IName;a r------T-----~ Description;a I 
I I I Start I End I I IStart I End I I 
r------+--------+----------+----------+--------------+------+------+-----+--------------~ 
IZDCOMiIZCOMM+86lDictionarYIDictionarYILatest I I I I I 
I I I I Idict. ref. I I I I I 
I ZDCOM2 I +90lDictionarYIDictionarylFlags for dic-I I I I I 
I I I I Itionary build I I I I I 
I I I I I interface I I I I I 
I I I I I (8 byt es ) I I I I I L ______ ~ ________ ~ __________ ~ __________ ~ ______________ ~ ______ ~ ______ ~ _____ ~ ______________ J 
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APPENDIX G: SYSTEM GENERATION 

For full details of the system genera­
tion process, see IBM Systenv360 Operating 
§.ystem: System Generation" Form C28- 6554. 

During the system generation process, a 
control section named IEMAF is assembled 
(see Figure 12) containing a table consist­
ing of four fixed-point values aligned on 
full-word boundaries, immediately followed 
by a bit string field that is twelve bytes 
in length. The four fixed-point values are 
related to the compiler options LINECNT, 
SIZE, SORMGIN (start), and SORMGIN (end) 
respectively. The first 44 bits in the 
string are used to specify the default 
status of the options. Bits 47 through 81 
in the string are used to specify if an 
option keyword is to be deleted or not. A 
"1" in the bit string means "yes~ and a "0" 
means "no". The remaining 17 bits in the 
string are spare bits not currently in use. 
Figure 13 shows the bit identification 
table associated with the control section. 

r--------------------------------------------------------------------, 
IEMAF START I 

I 
DC F' 60' I 

I 
DC F'45056' I 

I 
DC F'2' I 

I 
DC F'72' I 

r---------------------------------------------------~ 
DC B'\O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' DEFAULT I 

I I 
DC B' 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' SWITCHES I 

I r----------------------~ 
DC B'IO 0 0 0 0 0 0 0 0 0 0 0 0 010 0 ' DELETE I 

~----------------------------J I 
DC B' 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' SWITCHES I 

I r----------------------------~ 
DC B' 10 0 0 0 0 0 0 0 0 0 010 0 0 0 0 ' SPARE I • ______________________ J I 

DC B' 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • SWITCHES I L ___________________________________________________ ~ 
L ____________________________________________________________________ J 

Figure 12. The IE~1AF Control Section 
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r---T---------------T---T-----------------, 
IBitl Parameter IBitl Parameter 1 
~---+---------------+---+-----------------~ 

1 ATR 43 COMP 
2 NOATR 44 NOCOMP 
3 BCD 45 Not used 
4 EBCDIC 46 Not used 
5 CHAR60 47 DELETE=ArR 
6 CHAR48 48 DELETE=NOATR 
7 DECK 49 DELErE=BCD 
8 NODECK 50 DELETE=EBCDIC 
9 ExrREF 51 DELETE=CHAR60 

10 NOEXTREF 52 DELETE=CHAR48 
11 FLAGw 53 DELETE=DECK 
12 FLAGE 54 DELETE=NODECK 
13 FLAGS 55 DELETE=EXTREF 
14 LIST 56 DELETE=NOEXTREF 
15 NOLIST 57 DELETE=FLAGW 
16 LOAD 58 DELETE=FLAGE 
17 NOLOAD 59 DELETE=FLAGS 
18 XREF 60 DELETE=LIST 
19 NOXREF 61 DELETE=NOLIST 
20 SOURCE 62 DELETE=LOAD 
21 NOSOURCE 63 DELETE=NOLOAD 
22 SOURCE2 64 DELETE=XREF 
23 NOSOURCE2 65 DELETE=NOXREF 
24 OPT=O 66 DELETE=SOURCE 
25 OPT=l 67 DELETE=NOSOURCE 
26 OPT=2 68 DELETE=SOURCE2 
27 OPT=3 69 DELErE=NOSOURCE2 
28 OPT=4 70 DELETE=OPT 
29 OPT=5 71 DELETE=LINECNT 
30 OPT=6 72 DELETE=LINELNG 
31 OPT=7 73 DELETE=SIZE 
32 OPT=8 74 DELETE=SORMGIN 
33 OPT=9 75 DELETE=DUMP 
34 STMT 76 DELErE=STMT 
35 NOSTMT 77 DELETE=NOSTMT 
36 MACRO 78 DELETE=MACRO 
37 NOMACRO 79 DELETE=NOMACRO 
38 OPT=M30 80 DELETE=COMP 
39 OPT=M40 81 DELETE=NOCOMP 
40 OPT=M50 82 (Bits 82 
41 OPT=M65 through 96 

142 I Opr=M75 96 not used) L ___ ~ _______________ ~ ___ ~ ________________ _ 

Figure 13. Bit Identification Table 

Appendix G: system Generation 357 



A 

* 

I 

* 

~PPENDIX H: CODE PRODUCED FOR PROLOGUES AND EPILOGUES 

The mechanism of dynamic storage manage­
ment is described in the publication IBM 
Systeml360 Operating System PL/I Library 
Program Logic Manual" Form Z28-6591 

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> 

RETURN (EXPRESSION) 

END; 

BC 15,6(0,15) BRANCH ROUND BCD OF ENTRY POINT 
DC AL1(l) LENGTH OF BCD 
DC CIA' BCD OF ENTRY POINT 
STM 14,11,12(13) SAVE STANDARD REGISTERS IN SAVE AREA 

CALLER'S DSA 
LA. 10,1+6(0,15) SET UP FIRST PROLOGUE BASE 
LA 8,AP(0,10) SET RETURN RE~ISTER 
Be 15,12(0,10) BRANCH GET DSA. 
BC 15.,6 (0,15) BRANCH ROUND BCD OF ENTRY POINT 
De AL1(1) LENGTH OF BCD 
DC C'I' BCD OF ENTRY POINT 
STM 14.,11,12 (13) SAVE STANDARD RE~ISTERS IN SAVE AREA OF 

CALLER'S DSA 
LA 10,1+6(0,15) SET UP FIRST PROLO~UE BASE 
LA 8,IP(0,10) SET RETURN REGISTER 
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LOOP 

LA 

STATIC 

AP 

* 
* 
* IP 
COPRAMl 

* 

* COMMON 

* 

***** 
* 
* 
* 
* 
* 

* 
***** 

* 

* 
* 
* 
* 
* 

L 

L 
L 
BALR 
LR 
LA 
SR 
A 
ST 

BCT 
BCR 
DC 

DC 
MVI 
BC 

MVI 
L 
ST 
L 
LA 
SR 
LH 
ST 
L 
ST 
L 

BAL 
BC 

BALR 
LA 

ST 

11." STATIC (0,10) 

15,32(0,11) 
0, SIZDSA(O, 10) 
14"15 
14,,13 
0,7(0,0) 
15,,15 
14,0(0,,11) 
14"ADVEC+4(15,13) 
15'1f 4 (0.,15) 
O"LOOP(O,10) 
15,,8 
A(STATIC CONTROL 
SECTION) 
F'SIZE OF DSA' 
SWITCH (13),X'Xl' 
15,COPRAM1(0,10) 

SWITCH(13),X'X2' 
14,0(0,1) 
14,X(O,13) 
14 8 4(0.,,1) 
0..,10 (0,0) 
14,0 
14" 0 (O~, 14) 
14,Y(0,13) 
14",8(0,1) 
14"TARGET(0,13) 
10,,,A ••• A(O,ll) 

8 ... COMMON(O,10) 
15.,AE ••• A(0,10) 

1°'0 0 
9.,ADDAREA(0,13) 

9"ADVEC (0, 13) 

SET UP STATIC DATA POINTER <ONLY IN 
EXTERNAL PROCEDURES AND ON PROLOGUES) 
LOAD GR15 WITH ENTRY POINT OF IHESADA 
GRO= SIZE OF DSA 
CALL IHESADA TO GET A DSA 
POINT GR14 AT NEW DSA 
SET LOOPING V~LUE =7 
CLEAR INDEXING REGISTER 
BUMP GR14 BY 4096 
STORE GR14 IN ADDRESSING VECTOR 
BUMP INDEX REGISTER 

BRANCH ON RETURN REGISTER 
ADDRESS OF STATIC INTERNAL CONTROL SECTION 
(ONLY COMPILED FOR EXTERNAL AND ON PROLOGUES) 

INSERT RETURN (EXPRESSION) SWITCH AND 
BRANCH TO COpy OVER PARAMETERS. 
(ONLY COMPILED IF THERE IS A RETURN(EXP) 
AND THE ENTRY LABELS H~VE DIFFERENT DATA 
ATTRIBUTES). 
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 I~ Y IN DSA 
PICK 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 UP CO~~ON PROLOGUE BASE 
SET GR9 TO POINT TO ADDRESSING AREA 
AT END OF DSA 
AND STORE IN ~DDRESSING VECTOR. 

THE FOLLOWING CODE APPEARS 
ONLY IN THE CASE OF RECURSIVE PROCEDURES 

L 14,. PRe •• A( 12) LOAD GR14 WITH THE CURRENT DISPLAY 
VALUE FOR A 

ST 14.,92(0,13), STORE IN DISPLAY UPDATE IN DSA 
LA 14,,,PR ••• A(12) 
SR 14,,,12 GR14 = OFFSET OF DISPLAY PSEUDO-REGISTER 
ST 14:n88(0,13) STORE IN DISPLAY UPDATE IN DSA 

INITIALIZE ON SLOTS (IF ANY) 
MVI 0(13),X'8F' IDENTIFY DSA. 

,-
COpy SKELETON DOPE VECTORS (IF ANY) FROM STATIC INTERNAL 

CONTROL SECTION TO REAL DOPE VECTORS IN DSA. (THERE IS ALWAYS A 
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. 
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... 

* 
* 

VDA1 

* 

FOR EACH VDA (VARIABLE DATA AREA) REQUIRED BY THE 
PROCEDURE THE CODE BETWEEN THE LABELS VDA1 ~ND VDA2 IS 
GENERATED 

SR 
SR 

7,7 
0,0 

CLEAR STORAGE ACCUMULATOR AC1 
CLEAR SECONDARY DOPE VECTOR STORAGE 
ACCUMULATOR AC2 

* FOR EACH VARIABLE IN THE VDA, THE FOLLOWING CODE IS 
* GENERATED (BETWEEN LABELS VAR1 AND VAR2). 

VAR1 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 BY SIZE OF SECONDARY DOPE VECTOR (IF VARIABLE 
... IS DIMENSIONED AND VARYING). 
* RELOCATE ADDRESS IN VARIABLES DOPE VECTOR RELATIVE TO START OF 
* VDA. 
VA~2 BUMP ACCUMULATOR AC1 BY SIZE OF STORAGE REQUIRED'FOR VARIABLE 

AR 0.7 ADD ACl AND AC2 
L 15,36(0,11) LOAD GR15 WITH ENTRY POINT IHESADB 
BALR 14,15 GET VDA 
LA 1." S (0,1) BUMP VDA POINTER PAST FLAG AND CHAIN SLOTS 
AR 7,1 POINT GR7 AT FIRST SECONDARY DOPE VECTOR. 
L 14,DV •• VAR(0,13) FOR EACH VARI~BLE IN REGION, RELOCATE 
AR 14,1 ADDRESS IN DOPE VECTOR. 
ST 14, DV •.• VAR(O, 13) 

... FOR EACH DIMENSIONED VARYING ITEM IN REGION" INITIALI ZE 
VDA2 SECONDARY DOPE VECTORS. 

LA 10,PROCBASE SET UP PROCEDURE BASE 
CODE (IF ANY) TO SET UP SOME ADDRESSING MECHANISMS IN E 
ADVANCE FOR USE IN PROCEDURE 

BCR 15.S RETURN FROM COMMON PROLOGUE. 
CNOP 0,4 

~B BC 15,S(O,15) BRANCH ROUND BCD OF ENTRY POINT 
DC ALl (2) 
DC C'AB' 
STM 14.,11,12(13) SAVE REGISTERS IN CALLER'S SAVE AREA 
L 10.,PROBAS(0,15) SET UP FIRST PROLOGUE BASE 
LA 10 .. 6(0.10) 
BAL S" 12 (0.,10) BRANCH AND LINK TO GET DsA AND TO SET 

... UP ADDRESSING VECTOR. 
MVI SWITCH(13),X'X3' SET UP RETURN(EXP) SWITCH IF THERE IS A 

... RETURN(EXP) AND DATA ATTRIBUTES OF 
* ENTRY LABELS DIFFERENT. 

BC 15.COPRAM2(0,S) BRANCH TO COpy PARAMETERS 
IJK BC 15.S(O,15) BRANCH ROUND BCD OF ENTRY POINT 

DC AL1(3) 
DC C'IJK' 
L 10"PROBAS(0,15) SET UP FIRST PROLOGUE BASE 
LA 10,,6(0,,10) 
BAL 8.,12(0,10) BRANCH TO GET DSA AND SET UP 

* ADDRESSING VECTOR. 
MVI SWITCH(13).,X'X4' SET RETURN (EXP) SWITCH 
BC 15,. COPRAM2 (0, S) BRANCH TO COpy PARAMETERS 

PROBAS DC A(I) 
COPRAM2 L 14.0(Ow1) PICK UP FIRST ARGUMENT ADDRESS 

LA 0,10(0.,,0) 
SR 14 .• 0 
LH 14.0(0.14) PICK UP PSEUDO-REGISTER OFFSET OF 
ST 14. y(o., 13) ARGUMENT AND STORE IN DSA. 
L 14.4(0,1) PICK UP ADDRESS OF SECOND ARGUMENT 
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* 

* 

* 
* 

LOOP 

COMMON 

* 
* 
ONSTART 

* 

ST 14 .• Z(O,13) AND STORE IN Z 
L 14,8(0 .. 1) PICK UP ADDRESS OF TARGET FIELD 
ST 14"TARGET(0,13) AND STORE IN DSA 
L 10 .• A ••• A( 0,11) LOAD GR10 WITH ADDRESS OF FIRST BYTE 

OF PROCEDURE 
BAL 8., COMMON(0,,10) BRANCH AND LINK TO COMMON PROLOGUE 
BC 15 .• AE ••.• AB(0,10) BRANCH TO APPARENT ENTRY POINT AB 
THIS IS THE APPARENT ENTRY POINT 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 

L 11 .• STATIC (0, 10) 
L 15,32(0,11) 
L 0~SIZDSACO,10) 
BALR 14.,15 
LR 14,13 
LA 0,,7CO,O) 
SR 15,15 
A 14.,0(0.11) 
ST 14., ADVEC+4 (15.,13) 
LA 15,4CO,15) 
BCT 0.LOOP(0.,10) 
BC 15,COMMON(O,10) 
DC F'SIZE OF DSA' 

SAVE REGISTERS 
SET PROLOGUE BASE 

SET UP STATIC INTERNAL DATA POINTER 
LOAD GR15 WITH ADDRESS OF IHESADA 
LOAD GRO WITH SIZE OF DSA 
CALL IHESADA TO GET A DSA 

SET UP ADDRESSING VECTOR IN 
DSA 

BRANCH TO INITIALIZE DSA 

DC A(STATIC INTERNAL CONTROL SECTION) 
BALR 10.0 
CODE IS GENERATED HERE FOLLOWING SAME PATTERN 
A BEGIN PROLOGUE (SEE BELOW) COMMON SECTION. 

AS FOR 

LA 10,ONSTART 

EPILOGUE FOR AN ON BLOCK 
L 15,IHESAFACO,ll} 
BALR 14,15 

LOAD GR15 WITH ENTRY POINT TO EPILOGUE 
ROUTINE AND BRANCH AND LINK TO IT 

* PROLOGUE FOR A BEGIN BLOCK 
B LA 14,BEND SET UP RETURN REGISTER 

BALR 15,,0 SET UP ENTRY POINT ADDRESS 
CNOP 0,,4 
STM 14 0 11,12(13) SAVE REGISTERS IN CONTAINING BLOCK'S DSA 
BALR 9,,0 SET UP PROLOGUE BASE 
L 15"32(0,11) LOAD GR15 WITH ENTRY POINT TO IHESADA 
L O"SIZDSA(O~9} 
BALR 14015 GET A DSA 
LR 14.,13 
LA 0." 7 ( 0 , 0 ) 
SR 15"15 

LOOP A 14." 0 CO,11} 
ST 14"ADVEC+4C15,13) SET UP ADDRESSING VECTOR FOR DSA 
LA 15,,4(0,15) 
BCT 0"LOOP(O,9) 
BC 15,COMMONCO,9) 
DC F'SIZE OF DSA' 
LA 9"ADDAREA(O,13) SET GRG TO POINT TO ADDRESSING AREA 
ST 9,ADVEC(O,13) AT END OF DSA AND STORE IN ADDRESSING 

* VECTOR 
* CODE IS GENERATED HERE THE SAME AS FOR A PROCEDURE PROLOGUE 
* EXCEPT THAT A CODE OF X'GF' IS MOVED TO THE FIRST BYTE OF THE 
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* 
* 

BEND 

* 
* 
* 
* 
* 
* 
* 

362 

DSAi GR10 IS NOT RESET; AND THE BCR 15,8 IS NOT GENERATED. 
EPILOGUE OF A BEGIN BLOCK 
L 15,IHESAFA LOAD GR15 WITH ENTRY P~INT OF 
BALR 14,,15 EPILOGUING ROUTINE AND CALL IT 

RETURN <EXP) STATEMENr 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 THE LOCATION 'TARGET', IN THE DSA, 
POINTS TO EITHER ITS DOPE VECTOR (IN THE CASE OF A SrRING) 
OR THE STORAGE. ROUTINE IHESAFA IS THEN INVOKED. 
END STATEMENT (WHICH IS THE SAME AS A RETURN STATEMENT) 
L 15.,IHESAFA 
BALR 14,15 



The messages produced by the PL/I (F) 
Compiler are explained in the publication 
IBM Systeml360 Operating System., PL/I (F) 
~!ogrammer's Guide. Form C28-6594. The 
following table associates a message number 
with the particular phase and module in 
which the corresponding message is generat­
ed. 

Message 
Number 

IEM00021 
IEM00031 
IEM00041 
IEM00051 
IEM00061 
IEM00071 
IEM00081 
IEM0009I 
lEM0010l 
IEMOOll1 
IEM00121 
IEM00131 
IEM00141 
IEM00151 
IEM00161 
IEM00171 
IEM00181 
IEM00191 
IEM00201 
IEM00211 
IEM00221 
IEM00231 
IEM00241 
IEM00251 
IEM00261 
IEM00271 
IEM00281 
IEM00291 
IEM00311 
IEM00321 
IEM00331 
IEM00351 
IEM00371 
IEM00381 
IEM00391 
IEM00401 
IEM004l1 
IEM00431 
IEM00441 
IEM00451 
IEM00461 
IEM00471 
IEM00481 
IEM00491 
IEM00501 
IEM005l1 
IEM00521 
IEM00531 
IEM00541 
IEM00551 

Logical Pha2~ 

Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 

CA 
CA,CP 
CA 
CA,CL 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 

CG 

CA,CL,CT 
CC 
CC 
CC 
CC 
CC 
CC 
CC 

CC 
CC 
CC 
CC 

CG 

CL,CP 
CL,CP 
CO 
CO 
CO 
CP 

IEM0056I 
IEM00571 
IEM00581 
IEM00591 
IEM00601 
IEM006l1 
IEM0063I 
IEM00641 
IEM00661 
IEM00671 
IEM00681 
IEM00691 
IEM00701 
IEM007l1 
IeM00721 
IEM00741 
IEM00751 
IEM00761 
IEM00771 
IEM00781 
IEMOOBOI 
IEM008l1 
IEMOOB21 
IEM00831 
IEM00841 
IEM00851 
IEM00901 
IEM00941 
IEM00961 
IEM00971 
IEM00981 
IEM00991 
IEM0100I 
IEM010l1 
IEM01021 
IEM01031 
IEM01041 
IEM01051 
IEM01061 
IEM01071 
IEM01081 
IEM01091 
IEMOllOI 
IEMOlll1 
IEMOl121 
IEMOl131 
IEMOl141 
IEMOl151 
IEMOl161 
IEM01281 
IEM01291 
IEM01301 
IEM013l1 
IEM01321 
IEM01331 
IEM01341 
IEM01381 
IEM01391 
IEM01421 
IEM01431 
IEM01441 
IEM01451 
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Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 
Read In 

C: 
C: 
CP 
CP 
CP 
CO 
CC 
CG 
CL 

CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CI 
CI 
CI 
CG.CI 
CI 

CI 
CI 
CM 
CI 
CI 
CC 
CC.CG 
CI"CV 
CI 
CI 
CG"CI 
CI 
CI 
CI 
CG.CM 
CI 
CL 
CI 
CO 
CL 
CL 
CO 
CO 
CO 
CP 

CP 
CO 
CO 

CO 
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IEM0146I Read In CO IEM0233I Read In CV 
IEM0149I Read In CL,CM IEM0234I Read In 
IEM0150I Read In CL IEM02351 Read In CS 
IEM0151I Read In CO IEM02361 Read In CS 
IEM0152I Read In CO IEM0237I Read In CS 
IEM0158I Read In CO IEM0240I Read In CV 
IEM0159I Read In CO IEM0241I Read In CV 
IEM0160I Read In IEM0242I Read In CV 
IEM0162I Read In IEM02431 Read In CV 
IEM01631 Read In CT IEM0244I Read In CV 
IEM0164I Read In CS,CT IEM0245I Read In CV 
IEM0165I Read In IEM02541 Read In CC 
IEM0166I Read In CL IEM02551 Read In CG 
IEM01671 Read In IEM05121 Dictionary EH 
IEM0168I Read In IEM0513I Dictionary E3 
IEM0169I Read In IEM05141 Dictionary EG 
IEM01701 Read In IEM0515I Dictionary E3 
IEM0171I Read In IEM0516I Dictionary E3 
IEM01721 Read In CL IEM0517I Dictionary EG 
IEM0177I Read In IEM05181 Dictionary EG 
IEM0178I Read In IEM0519I Dictionary EG 
IEM01791 Read In IEM0520I Dictionary E3 
IEM0180I Read In CT IEM05211 Dictionary EG 
IEM0181I Read In CL IEM05221 Dictionary E3 
IEM0182I Read In CL,CS, IEM05231 Dictionary EG 

CT,CV IEM0524I Dictionary EH 
IEM0183I Read In IEM0525I Dictionary EI 
IEM0184I Read In IEM0527I Dictionary EJ 
IEM0185I Read In CT IEM0528I Dictionary EH"EI,EJ 
IEM0187I Read In CT IEM05291 Dictionary EI 
IEM0188I Read In IEM05301 Dictionary EI 
IEM01891 Read In IEM05311 Dictionary EI 
IEM0190I Read In IEM0532I Dictionary EI 
IEM01911 Read In CT IEM05331 Dictionary EI 
IEM01931 Read In CT IEM05341 Dictionary EI 
IEM0194I Read In CT IEM05351 Dictionary EI 
IEM0195I Read In CT IEM0536I Dictionary EI 
IEM0196I Read In IEM05371 Dictionary EI 
IEM01971 Read In IEM05381 Dictionary EJ 
IEM0198I Read In CT IEM05391 Dictionary EJ 
IEM0201I Read In IEM05401 Dictionary EJ 
IEM0202I Read In CL IEM0541I Dictionary EJ 
IEM0205I Read In IEM0542I Dictionary EJ 
IEM0206I Read In IEM0543I Dictionary EL.EK,EM 
IEM02071 Read In CG IEM0544I Dictionary EL"EK,EM 
IEM0208I Read In CG IEM0545I Dictionary EL.EK,.EM 
IEM0209I Read In CC IEM0546I Dictionary EL.EK,EM 
IEM02101 Read In IEM0547I Dictionary EL"EK"EM 
IEM0211I Read In CL IEM0548I Dictionary EL"EK.,EM 
IEM0212I Read In CP IEM05491 Dictionary EL .. EK,EM 
IEM0213I Read In CP IEMO 5501 Dictionary EL"EK,EM 
IEM0214I Read In CP IEM0551I Dictionary EK.,EL., EM 
IEM0216I Read In CP IEM0552I Dictionary EL"EK.EM 
IEM0217I Read In CP IEM05531 Dictionary EL.,EK., EM 
IEM0218I Read In CL IEM0554I Dictionary EL"EK.EM 
IEM0220I Read In CT IEM0555I Dictionary EL,EK"EM 
IEM0221I Read In CT IEM0556I Dictionary EL"EK.EM 
IEM0222I Read In IEM0557I Dictionary EL"EK.,EM 
IEM0223I Read In CT IEM0558I Dictionary EL"EK"EM 
IEM0224I Read In cr IEM05591 Dictionary EL .. EK,EM 
IEM0225I Read In CT IEM0560I Dictionary EL,EK,EM 
IEM02261 Read In CT IEM05611 Dictionary EL"EK,EM 
IEM0227I Read In CT IEM0562I Dictionary EK,EL,EM 
IEM0228I Read In CT IEM0563I Dictionary EK"EL.,EM 
IEM0229I Read In CT IEM0564I Dictionary EK.EL.,EM 
IEM0230I Read In CS,CT IEM0565I Dictionary EK.EL.EM 
IEM02311 Read In CT IEM05661 Dictionary EK,EL"EM 
IEM0232I Read In CT IEM05671 Dictionary EP 
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1EM05681 Dictionary EP IEM06991 Dictionary FI 
IE;H0569I Dictionary EP IEM0700I Dictionary FI 
IEM0570I Dictionary EP IEM0701I Dictionary Fl 
1EM05711 Dictionary EK lEM07021 Dictionary F1 
lEM05721 Dictionary EL lEM07031 Dictionary Fl 
IE.M0573I Dictionary EL 1EM07041 Dictionary F1 
1EM0589I Dictionary EW lEM07081 Dictionary FK 
IEM05901 Dictionary EW lEM07091 Dictionary FK 
IEM0591I Dictionary Ew IEM0710I Dictionary FK 
I£M0592I Dictionary EW IEM07111 Dictionary FK 
IEOO0593I Dictionary EW lEM07121 Dictionary FK 
lEM0594I Dictionary EW lEM07151 Dictionary EJ 
IEOO0595I Dictionary Ew IEM0718I Dictionary FO 
IEM0596I Dictionary EW IEOO0719I Dictionary FO 
IErvl05971 Dictionary EW IEM07201 Dictionary FO 
lEOO0598I Dictionary EW lEM0721I Dictionary FO 
1EM0607I Dictionary FV,FW lEM07221 Dictionary FO 
1EM0608I Dictionary FV,FW lEM07231 Dictionary FO 
1EM0609I Dictionary FV,FW 1EM07241 Dictionary FO 
1EOO06101 Dictionary FV,FW IEM07251 Dictionary FO 
IEOO0611I Dictionary FV,FW lEOO07261 Dictionary FO 
1EM0623I Dictionary FV,Fw IEOO07271 Dictionary FO 
1EM0624I Dictionary FV,FW 1EOO07281 Dictionary FO 
IEM0625I Dictionary FV,FW 1EOO07291 Dictionary FO 
1EOO0626I Dictionary FV,FW 1EM07301 Dictionary FQ 
IEOO0627I Dictionary FV,FW lEM07311 Dictionary FQ 
1EM0628I Dictionary FV,FW lEM07321 Dictionary FQ 
1EOO06291 Dictionary FV,FW lEM07331 Dictionary FQ 
1EOO06301 Dictionary FV,FW 1EOO07341 Dictionary FQ 
lEM06311 Dictionary FV,FW lEM07351 Dictionary FQ 
IEM06321 Dictionary FV,FW 1EM07361 Dictionary FQ 
1EM06331 Dictionary EY lEM07371 Dictionary FQ 
1EOO06341 Dictionary EY 1EM07381 Dictionary FQ 
1LM06361 Dictionary EY 1EM07391 Dictionary FQ 
lEM06371 Dictionary EY 1EM07401 Dictionary FQ 
lEM06381 Dictionary EY 1EM07411 Dictionary FQ 
1EOO06401 Dictionary EY lEOO07421 Dictionary FQ 
1EOO06411 Dictionary EY 1EOO07431 Dictionary FQ 
1EOO06421 Dictionary EY lEM07441 Dictionary FQ 
1EM0643I Dictionary EY lEOO07451 Dictionary FQ 
1EOO06441 Dictionary EY lEM07461 Dictionary FQ 
1EOO06521 Dictionary FE 1EM07471 Dictionary FQ 
1EM06531 Dictionary FE 1EOO07481 Dictionary FQ 
lEOO06541 Dictionary FE 1EOO07491 Dictionary FQ 
1EOO06551 Dict'ionary FE 1EM07501 Dictionary FQ 
1EM06561 Dictionary FE lEOO07511 Dictionary FQ 
lEOO06571 Dictionary FE lEM07521 Dictionary FQ 
IEOO06581 Dictionary FE 1EOO07541 Dictionary FQ 
1EOO06731 Dictionary FE lEM07551 Dictionary FQ 
1EM0674I Dictionary FF lEOO07561 Dictionary FQ 
1EM06751 Dictionary FF 1EM07581 Dictionary FQ 
lEOO06761 Dictionary FF 1EM07591 Dictionary FQ 
1EM06771 Dictionary FE lEOO07601 Dictionary FQ 
1EM06831 Dictionary F1 lEM07611 Dictionary FQ 
lEOO06841 Dictionary F1 lEM07621 Dictionary FQ 
1EM06851 Dictionary Fl lEOO07691 Pretranslator GA 
1EOO06861 Dictionary F1 1EOO07701 pretranslator 
lEOO06871 Dictionary F1 lEM07711 Pretranslator Gl\ 
1EM06881 Dictionary F1 lEOO07851 Pretranslator GK 
lEOO06891 Dictionary F1 lEOO07861 Pretranslator GK 
IEOO06901 Dictionary FI IEOO07871 Pretranslator GK 
1EOO06911 Dictionary FI IEOO07881 Pretranslator GK 
1EM0692I Dictionary Fl lEOO0789I. Pretranslator GK 
1EOO0693I Dictionary FI lEOO07901 Pretranslator GK 
IEOO0694I Dictionary F1 1EM07911 Pretranslator GK 
IEOO06951 Dictionary Fl IEOO07921 Pretranslator GP"GQ.GR 
IEOO06961 Dictionary F1 lEOO07931 Pretranslator GP.,GQ"GR 
IEOO0697I Dictionary FI IEM0794I Pretranslator GP .. GQ .. GR 
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IEM07951 Pretranslator GP,GQ,GR IEMlO291 Translator IA 
IEM07961 Pretranslator GP,GQ,GR IEMi0401 Translator 1M 
IEM07971 Pretranslator GP,GQ,GR IEMlO5i1 Translator 1M 
IEM07981 Pretranslator GP,GQ,GR IEMlO561 Translator 1M 
IEM07991 Pretranslator GP,GQ,GR IEMi0571 rranslator 1M 
IEM08001 Pretranslator GP,GQ,GR IEMi0581 Translator 1M 
IEM080i1 Pretranslator GP,GQ,GR IEMl0591 Translator It-'1 
IEM08021 Pretranslator GP,GQ,GR IEMlO601 Translator 1M 
IEM08031 Pretranslator GP,GQ,GR IEMlO611 Translator 1M 
IEM08041 Pretranslator GP,GQ,GR IEMi0621 Translator 1M 
IEM08051 Pretranslator GP,GQ,GR IEM10631 Translator 1M 
IEM08061 Pretranslator GP,GQ,GR IEMi0641 Translator 1M 
IEM08071 Pretranslator GP,GQ,GR IEMi0651 Translator 1M 
IEM08161 Pretranslator GU,GV IEMlO661 Translator 1M 
IEM08171 Pretranslator GU,GV 1EMi0671 rranslator 1M 
IEM08i81 Pretranslator GU,GV IEMlO681 Translator 1M 
IE £'.'10 8191 Pretranslator GU,GV IEMi07i1 Translator 1M 
IEM08201 Pretranslator GU,GV IEMi0721 Translator 1M 
IEM08211 Pretranslator GU,GV IEMlO731 Translator 1M 
IEM08231 Pretranslator GU,GV IEMi0741 Translator 1M 
IEM08241 Pretranslator GU IEMlO881 A.ggregates JK 
IEM08251 Pretranslator GU,GV IEMi0891 A.~gregates JK 
IEM08321 Pretranslator HF,HG IEMi0901 A.ggregates JK 
IEM08331 Pretranslator HF,HG IEMii041 A.ggregates JP 
IEM08341 Pretranslator HF,HG IEMii051 Aggregates JP 
IEM08351 Pretranslator HF,HG IEM11061 Aggregates JP 
IEM08361 Pretranslator HF,HG IEMll071 A~gregates JP 
IEM08371 Pretranslator HF,HG IEM1i081 A.ggregates JP 
IEM08481 Pretranslator HF,HG IEMlli01 A~gregates JP 
IEM08491 Pretranslator HF,HG IEMllll1 Aggregates JP 
IEM08501 Pretranslator HF,HG IEMli121 Aggregates JP 
IEM08511 Pretranslator HF,HG IEMll131 Aggregates JP 
IEM08521 Pretranslator HF,HG IEM11141 Aggregates JP 
IEM08531 Pretranslator HF,HG IEM11151 Aggregates JP 
IEM08641 Pretranslator HK,HL IEM11201 A.ggregates JP 
IEM08651 Pretranslator HK,HL IEMl1211 A~gregates JP 
IEM08661 Pretranslator HK,HL IEM11221 Aggregates JP 
IEM08671 Pretranslator HK,HL IEMl1231 Pseudo-code LD 
IEM08681 Pretranslator HK"HL IEM11241 Pseudo-code LB 
IEM08691 Pretranslator HK,HL IEM12001 Pseudo-code LA 
IEM08701 Pretranslator HK,HL IEM15691 Pseudo-code LG-ON 
IEM08711 Pretranslator HK,HL IEM15701 Pseudo-code LG 
IEM08721 Pretranslator HK,HL IEM15711 Pseudo-code LG 
IEM08731 Pretranslator HK,HL IEM15721 Pseudo-code LG 
IEM08741 Pretranslator HK,HL IEM15741 Pseudo-code LG 
IEM08751 Pretranslator HK,HL IEM15751 Pseudo-code LG 
IEM08761 Pretranslator HK,HL IEM16001 Pseudo-code LS,LT'I LU 
IEM08771 Pretranslator HK,HL IEM16011 Pseudo-code LS 
IEM08781 Pretranslator HK,HL IEMl6021 Pseudo-code LS,LT,LU 
IEM08791 Pretranslator HK.,HL IEM16031 Pseudo-code LS'ILT,LU 
IEM08801 Pretranslator HK,HL IEM16041 Pseudo-code LS.LT"LU 
IEM08811 Pretranslator HK,HL IEM16051 Pseudo-code LSilJLT.,LU 
IEM08821 Pretranslator HK IEM16061 Ps eudo- code LS"LT.LU 
IEM08961 Pretranslator HP,HQ IEM16071 Pseudo-code LS"LT.,LU 
IEM08971 Pretranslator HP,HQ IEM16081 Ps eudo- code LSi/JLT.LU 
IEM08981 Pretranslator HP,HQ IEM16091 Pseudo-code LS,LT,LU 
IEM08991 Pretranslator HP,HQ IEM16101 Ps eudo- code Lw 
IEM09001 Pretranslator HP,HQ IEM16111 Pseudo-code Lw 
IEM09011 Pretranslator HP,HQ IEM16121 Pseudo-code Lw 
IEM09021 Pretranslator HP,HQ IEM16131 Pseudo-code LSIILT"LU 
IEM09031 Pretranslator HP,HQ IEM16141 Pseudo-code LW' 
IEM09061 Pretranslator HP,HQ IEM16171 Pseu.lo-code MB 
IEM09071 Pretranslator HP,HQ IEMl6181 Pseudo-code MB 
IEM10241 Translator IA IEM16191 Pseudo-code MB 
IEM10251 Translator 1A IEMl6201 Pseudo-code MB 
1EM10261 Translator 1A 1EMl6211 Pseudo-code MB 
1EM10271 Translator 1A IEM16221 Pseudo-code MB 
IEM10281 Translator 1A 1EMl6231 Pseudo-code ME 
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lEM1624l Pseudo-code MB lEM1838l Pseudo-code NM 
lEM1625l Pseudo-code MB lEM1839l Pseudo-code NM 
IEM16301 Pseudo-code MG,MH IEr-U8401 Pseudo-code NM 
lEM1631l Pseudo-code MI,lV1J lEM18411 Pseudo-code NM 
lEM1632l Pseudo-code Ml,MJ lEM1843l Pseudo-code NM 
lEM1640l Pseudo-code MM,MN lEM1844l Ps eudo-code NM 
lEM164i1 Pseudo-code MM,MN IEM18451 Pseudo-code NM 
lEM1642l Pseudo-code MM,MN IEM18461 Ps eudo- code NM 
IEM16431 pseudo-code MM, LV1N IEM18471 Pseudo-code NM 
lEM16441 Pseudo-code MM,MN IEM18481 Ps eudo- code NM 
lEM1645l Pseudo-code MM,MN lEM18601 Pseudo-code NU 
lEM16481 Pseudo-code MM,MN IEM1861l Pseudo-code NU 
lEM16491 Pseudo-code MM,MN lEM18621 Pseudo-code NU 
lEM16501 Pseudo-code MM,MN IEM18701 Pseudo-code NU 
lEM165i1 Pseudo-code MM,MN IEM187i1 Ps eudo- code NU 
lEM16521 Pseudo-code MM,MN IEMl872l Pseudo-code NU 
IEM16531 Pseudo-code MM,MN IEM18731 Ps eudo- code NU 
lEM16541 Pseudo-code MM, LVlN IEM1874l Pseudo-code NU 
lEM16551 pseudo-code MN IEMl875l Pseudo-code NV 
lEM16701 Pseudo-code MP IEM23041 Storage Allocation PD 
lEM1671l Pseudo-code MP IEM2305l storage Allocation PD 
IEM1680l Pseudo-code MS IEM23521 Storage Allocation PO 
lEM1687l Pseudo-code MS IEM2700l Register Allocation RF,RG,RH 
lEM1688l Pseudo-code MS IEM2701l Register Allocation RF"RG,RH 
lEM16891 Pseudo-code MS IEM2702l Register Allocation RF,RG,RH 
lEM16911 Pseudo-code lVIS IEM27031 Register Allocation RF."RG.RH 
lEM16921 Pseudo-coGe MS IEM2704l Register Allocation RF."RG,RH 
lEM16931 Pseudo-code MS lEM2705l Register Allocation RF"RG"RH 
lEM1750l pseudo-code MS lEM27061 Register Allocation RF,RG.,RH 
lEM1751l Pseudo-code MS IEM2707l Register Allocation RF"RG,RH 
lEM17931 Pseudo-code OE IEM27081 Register Allocation RF.,RG.,RH 
lEM17941 Pseudo-code OE IEM2709l Register Allocation RF.,RG,RH 
lEM17951 Pseudo-code OE IEM27101 Register Allocation RF"RG.,RH 
lEM1800l Pseudo-code as IEM27111 Register Allocation RF"RG,RH 
lEM180il PSeudo-code as IEM2712l Register Allocation RF"RG"RH 
lEM18021 Pseudo-code as IEM2817l Final Assembly TA. 
lEM1803l Pseudo-code os IEM2818l Final Assembly TA 
lEM1804l Pseudo-code as lEM2819l Final Assembly TA. 
lEM18051 pseudo-code as IEM28201 Final Assembly TA 
lEM18061 Pseudo'" code as lEM28211 Final Assembly TA 
lEM18071 Pseudo-code as lEM2822l Final Assembly TA 
lEM1808l Pseudo-code os lEM2823l Final Assembly TA. 
lEM18091 Pseudo-code as IEM2824l Final Assembly TA 
lEM18i0l Pseudo-code os IEM2825l Final Assembly TA 
lEM18ii1 Pseudo-code os lEM2826l Final Assembly TA 
IEM18121 Pseudo-code as IEM28331 Final Assembly TF 
lEM18131 Pseudo-code as IEM2834l Final Assembly TF 
IEM18141 Pseudo-code as lEM28351 Final Assembly TF 
lEM18i51 pseudo-code os lEM28361 Final Assembly TF 
lEM18i6l Pseudo-code NJ IEM2837l Final Assembly TF 
lEM1817l Pseudo-code NJ IEM28491 Final Assembly TJ 
lEM18181 Pseudo-code NJ lEM2852l Final Assembly TJ 
lEM18191 Pseudo-code NJ IEM28531 Final Assembly TJ 
lEM1820l Pseudo-code NJ lEM2-8-54I Final Assembly TJ 
lEM1821l Pseudo-code NJ lEM2855l Final Assembly TJ 
IEM1822l Pseudo-code NJ lEM2865l Final Assembly TO 
lEM1823l Pseudo-code NJ IEM28661 Final Assembly TO 
lEM18241 Pseudo-code NM lEM2867l Final Assembly TO 
lEM1825l pseudo-code NG IEM2868l Final Assembly TO 
lEM1826l Pseudo-code NG IEM2881l Final Assembly Tr 
lEM1827l Pseudo-code NG IEM2882l Final Assembly TT 
IEM18281 Pseudo-code NG lEM28831 Final Assembly TT 
lEM1832l Pseudo-code NM IEM28841 Final Assembly T'r 
IEM1833l Pseudo-code NM IEM28851 Final Assembly TT 
lEM1834l Pseudo-code NM IEM2886l Final Assembly TT 
IEM1835l Pseudo-code NM IEM28871 Final Assembly TT 
lEM18361 Pseudo-code NM lEM2888l Final Assembly Tr 
lEM18371 Pseudo-code NM IEM28971 Final Assembly UA 
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IEM28981 Final Assembly UA IEM41421 Compile-time Processor BC 
IEM28991 Final Assembly UC IEM41431 Compile-time Processor Be 
IEM29001 Final Assembly UC IEM41481 Compile-time Processor BC 
IEM29131 Final Assembly UF IEM41501 Compile-time Processor BC 
IEM35841 48 Character BX IEM41511 Compile-time Processor BC 

Preprocessor IEM41521 Compile-time Processor BC 
IEM38401 Compiler Control AA IEM41531 Compile-time Processor Be 
IEM38411 Compiler Control AA IEM41541 Compile-time Processor BC 
IEM38421 Compiler Control AA IEM41571 Compile-time Process.or Be 
IEM38431 Compiler Control AA IEM41601 Compile-time Processor BC 
IEM38441 Compiler Control AA IEM41631 Compile-time Processor Be 
IEM38451 Compiler Control AA IEM41661 Compile-time Processor BC 
IEM38461 compiler Control AA IEM41691 Compile-time Processor BC 
IEM38471 Compiler Control AA IEM41721 Compile-time Processor BC 
IEM38481 Compiler Control AA IEM41751 Compile-time Processor BC 
IEM38491 Compiler Control AA IEM41761 Compile-time Processor BC 
IEM38501 Compiler Control AA IEM41781 compile-time Processor BC 
IEM38511 Compiler Control AA IEM41841 Compile-time Processor BC 
IEM38521 Compiler Control AA IEM41871 Compile-time Processor BC 
IEM38531 Compiler Control AA IEM41881 Compile-time Processor BC 
IEM38541 Compiler Control AA IEM41901 Compile-time Processor BC 
IEM38551 Compiler Control AA IEM41931 Compile-time Processor Be 
IEM38561 Compiler Control AA IEM41961 Compile-time Processor BC 
IEM38571 compiler Control AA IEM41991 Compile-time Processor Be 
IEM38581 Compiler Control AA IEM42021 Compile-time Processor BC 
IEM38591 Compiler Control AA IEM42051 Compile-time Processor BC 
IEM38601 Compiler Control AA IEM42081 Compile-time Processor BC 
IEM38611 Compiler Control AA IEM42111 Compile-time Processor BC 
IEM38621 Compiler Control AA IEM42121 Compile-time Processor Be 
IEM38631 Compiler Control AA IEM42141 Compile-time Processor BC 
IEM38641 Compiler Control AA IEM42171 Compile-time Processor BC 
IEM38651 Compiler Control AA IEM42201 Compile-time Processor BC 
IEM38721 Compiler Control AA IEM42231 Compile-time Processor BC 
IEM38731 Compiler Control AA IEM42261 Compile-time Processor BC 
IEM38741 Compiler Control AA IEM42291 Compile-time Processor Be 
IEM38751 Compiler Control AA IEM42321 Compile-time Processor BC 
IEM38761 Compiler Control AA IEM42351 Compile-time Processor BC 
IEM38771 Compiler Control AA IEM42381 Compile-time Processor BC 
IEM38781 compiler Control AA IEM42411 Compile-time Processor BC 
IEM38801 Compiler Control AA IEM42441 Compile-time Processor Be 
IEM38881 Compiler Control AA IEM42471 Compile-time Processor BC 
IEM38891 compiler Control AA IEM42481 Compile-time Processor Be 
IEM38901 Compiler Control AA IEM42501 Compile-time Processor BC 
IEM38911 Compiler Control AA IEM42531 Compile-time Processor BC 
IEM38921 Compiler Control AA IEM42541 Compile-time Processor BC 
IEM38931 Compiler Control AA IEM42561 Compile-time Processor BC 
IEM38941 Compiler Control AA IEM42591 Compile-time Processor BC 
IEM38951 Compiler Control AA IEM42621 Compile-time Processor BC 
IEM38961 Compiler Control AA IEM42651 Compile-time Processor Be 
IEM38971 Compiler Control AA IEM42711 Compile-time Processor BC 
IEM38981 comviler Control AA IEM42771 Compile-time Processor BC 
IEM39041 Compiler Control AA IEM42801 Compile-time Processor Be 
IEM39051 compiler Control AA IEM42831 Compile-time Processor BC 
IEM39061 Compiler Control AA IEM42861 Compile-time Processor BC 
IEM39071 Compiler Control AA IEM42891 Compile-time Processor Be 
IEM39081 Compiler Control AA IEM42921 Compile-time Processor BC 
IEM41061 Compile-time Processor AS IEM42951 compile-time Processor BC 
IEM41091 Compile-time Processor AS IEM42961 Compile-time Processor BC 
IEM41121 Compile-time Processor AS IEM42981 Compile-time Processor BC 
IEM41151 Compile-time Processor AS IEM42991 Compile-time Processor BC 
IEM41181 Compile-time Processor AS IEM43011 Compile-time Processor BC 
IEM41211 Compile-time Processor AS,BC,BG IEM43041 Compile-time Processor Be 
IEM41241 Compile-time Processor BC,BG IEM43071 Compile-time Processor BC 
IEM41301 Compile-time Processor BG IEM43101 Compile-time Processor Be 
IEM41331 Compile-time Processor BC IEM43131 Compile-time Processor BC 
IEM41341 Compile-time Processor BC IEM43191 Compile-time Processor Be 
IEM41361 compile-time Processor BC IEM43221 Compile-time Processor BC 
IEM41391 Compile-time processor BC IEM43251 Compile-time Processor BC 
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IEM43281 Compile-time Processor BC IEM44481 Compile-time Processor BG 
IEM43311 Compile-time Processor BC IEM44511 compile-time Processor BG 
IEM43321 Compile-time Processor BC IEM44521 Compile-time Processor BG 
IEM43341 Compile-time Processor BC IEM44541 Compile-time Processor BG 
IEM43371 Compile-time Processor BC IEM44571 Compile-time Processor BG 
IEM43401 Compile-time Processor BC IEM44601 Compile-time Processor BG 
IEM43431 Compile-time Processor BC IEM44631 Compile-time Processor BG 
IEM43461 Compile-time Processor BC IEM44691 Compile-time Processor BG 
IEM43491 Compile-time Processor BC IEM44721 Compile-time Processor BG 
IEM43521 Compile-time Processor BC IEM44731 Compile-time Processor BG 
IEM43551 Compile-time Processor BC IEM44751 Compile-time Processor BG 
IEM43581 Compile-time Processor BC IEM44781 Compile-time Processor BG 
IEM43611 Compile-time Processor BC IEM44811 Compile-time Processor B:; 
IEM43641 Compile-time Processor BC IEM44841 Compile-time Processor BG 
IEM43671 Compile-time Processor BC IEM44991 Compile-time Processor BG 
IEM43701 Compile-time Processor BC IEM45021 Compile-time Processor BG 
IEM43731 Compile-time Processor BC IEM45041 Compile-time Processor BG 
IEM43761 Compile-time Processor BC IEM45051 compile-time Processor BG 
IEM43791 Compile-time Processor BC IEM45061 Compile-time Processor BG 
IEM43821 Compile-time Processor BC IEM45081 Compile-time ProcesSOr BG 
IEM42831 Compile-time Processor BC IEM45111 Compile-time Processor BC 
IEM43911 Compile-time Processor BC IEM45141 Compile-time Processor BG 
IEM43941 Compile-time Processor BC IEM45171 Compile-time Processor BG 
IEM43971 Compile-time Processor BC IEM45201 Compile-time Processor BG 
IEM44001 Compile-time Processor BC IEM45231 Compile-time Processor BG 
IEM44031 Compile-time Processor BC IEM45261 Compile-time Processor AS 
IEM44061 Compile-time Processor BC IEM45291 Compile-time Processor BC/BG 
IEM44071 Compile-time Processor BC IEM45321 Compile-time Processor AS 
IEM44091 Compile-time Processor BC IEM45351 Compile-time Processor AS 
IEM44121 Compile-time Processor BC IEM45381 Compile-time Processor BC 
IEM44151 Compile-time Processor BC IEM45471 Compile-time Processor A\1 
IEM44211 Compile-time Processor BC IEM45501 Compile-time Processor BG 
IEM44331 Compile-time Processor BG IEM45531 Compile-time Processor B:; 
IEM44361 Compile-time Processor BG IEM45591 Compile-time Processor BG 
IEM44391 Compile-time Processor BG IEM45621 Compile-time Processor BG 
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~PPENDIX J: COMPILE-TIME PROCESSOR 

This appendix describes. for the 
Compile-time Processor Logical Phase, the 
internal formats of text and tables, com­
munication region use, Operating System 
interfaces and compiler control interfaces. 

1. INTERN~L 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 tech­
niques 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 zero. 

PROC NO.: The number assigned to the proce­
dure in which the identifier was 

Byte 1 Byte 2 Byte 3 

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: The dictionary address 
of the next item on this hash 
chain. This address is zero if no 
item follows. 

TYPE: ~ byte which gives the attributes of 
the entry. The bits (if on) have 
been assigned the following mean­
ings: 

1 fixed 
2 character 
3 bit 
4 entry 
5 label 
6 INCLUDE identifier 
7 iterative DO 
8 constant 

VALUE/VALUE-POINTER: If the item is fixed, 
this contains the value proper 
stored as a five-digit packed deci­
mal 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 val~e. 
For a character variable, it con­
tains a pointer to IVBs containing 
the value. For a procedure. it 
points to the text-block location 
of the code. For a label, it 

Byte 4 
r----------T----------T---------------------, 

Word 1 I LENGTH I PROC NO. I HASH-CHAIN-POINTER I • __________ + __________ L _____________________ ~ 

Word 2 I TYPE I VALUE/VALUE-POINTER I 
~-----_----i----------T---------------------~ 

Word 3 I FLAGS I COUNT I 
~---------------------~---------------------~ 

word 4 I POINTERS/PARM-TYPES I 
~-------------------------------------------~ 

Word 5 I EBCDIC NAME ------> I L ______________ --___________________________ J 

I I 
~-------------------------------------------i 

Word n I ------> EBCDIC NAME I L ___________________________________________ J 
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points to the text-block location 
of the label. If references to the 
label are found before the label is 
discovered., the value pointer tem­
porarily points to a chain of IVBs 
with a description of every GOTO 
transferring to this label. This 
information is processed and dis­
carded 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 
item. They are used as follows·: 

BII MEANING 

1 
2 

special entry bit 
DECLARE encountered (Phase 
BC) 

3 procedure body encountered 
(Phase BC) 

4 parameter 
5 used to indicate a procedure, 

called by Phase II scan. 
6 DECLARE encountered (Phase 

BG) 
7 unused 
8 ACTIVATE bit 
9 "in-use" bit 
10 "indirect reference" bit 
11 "undefined" bit for multiple 

declarations 
12 left-hand side (LHS 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 ini­
tially, and subsequently contains 
the ini ti·al 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 charac­
ter. If neither bit is set, this 
indicates that the entry declara­
tion did not specify attributes for 
the ·parameters. 

For a label, word 4 contains two 
pointers to dictionary 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. 
-Foran INCLUDE identifi:er,only the 

pointer to the immediately embrac­
ing 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 is 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 facil­
itate 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-blocks,chained together, is used to 
hold a value. The condition byte is zero 
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 significant bytes in the 
sub-block. There is a maximum of 27 signi­
ficant bytes in an IVB. 

The chain address 
the next sub-block in a 
of the chain address in 
in a chain depends 
being used. 

is used to point to 
value. The meaning 
the last sub-block 

on how the chain is 

These small chained 
referred to as "identifier 
or IVBs. 

sub-blocks are 
value blocks," 

Text blocks are allocated to hold IVBs 
as the need arises. Those IVBs not cur­
rently 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, 0, is put into 
another IVB. The condition code byte of 
the first IVB is zero. The second condi-
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r--------------T---T-' r------------T---------T----' 
I?AB C I O·I---->ICD///// I 100000011 ? I l ______________ ~ ___ ~_J l ____________ ~ _________ ~ ____ J 

<----28------> 1 3 <---28-----> <---1---> <-3-> 

tion 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. 
rhese 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 exe­
cuted 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 (A+B) I IC, for exam­
ple, is turned into 

A B + CII 

ro be more explicit, it is turned into the 
instructions 

PUSH Ai 

PUSH B 

ADDi 

PUSH Ci 

CONCAT 

The PUSH operator pushes its operand 
onto the phase II stack. This stack con­
sists 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 ref­
erence to a dictionary entry if the indi­
rect bit is on. 

The bits of the status byte have the 
following meaning if set to one: 
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BIT 

1 
2 
3 
4 

5 

MEA~ING 

FIXED 
CHARACTER 
BIT 
Indirect reference (i. e. " points 
to a dictionary entry) 
Character string value 
"belong" to the stack 
not be erased when 
popped. (Shared with 
scan. ) 

does not 
and should 
stack is 
Phase BG 

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 charac­
teristics follows: 

1. STACK. These instruction 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 wheth­
er 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, !!Lplace 
to the required type. After the items 
are used they are popped from the 
stack. rhe 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 usu­
ally 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 gen­
eral operand type for a variable-length 
item. The count byte is omitted. 



r--------~-------T------------------------------------T----------------------------, 
I MNEMONIC I TYPE I OPERAND DESCRIPTION I FUNCTION I 
~--------+-------+------------------------------------+----------------------------~ 

ADD STACK BINARY; OPERANDS, RESULT FIXED A+B 

SUB 

MUL 

DIV 

UNMIN 

UNPLS 

ASSIGN1 

NOT 

AND 

OR 

CONCAT 

INC 

ABORT 

TRA 

TRAC 

TRAI't 

PUSH 

PUSHI 
I 

UPDT 

ENTlVl 

RTNS 

ENB 

DSB 

STACK BINARY; OPERANDS, RESULT FIXED A-B 

STACK BINARY; OPERANDS, RESULT FIXED A*B 

STACK BINARY; OPERANDS, RESULT FIXED AlB 

STACK UNARY; OPERAND, RESULT FIXED -B 

STACK UNARY; OPERAND, RESULT FIXED +B 

STACK UNARY; B CONVERTED TO TYPE OF A A=B (assignment) 
FIXED 

STACK UNARY; OPERAND, RESULT BIT I,B 

STACK BINARY; OPERANDS, RESULT BIT A£B 

STACK BINARY; OPERANDS, RESULT BIT AlB 

STACK BINARY; OPERANDS, RESULT CHAR AIIB 

STACK BINARY; OPERANDS, RESULT VARY A=B (equality) 

STACK BINARY; OPERANDS, RESULT VARY A>B 

STACK BINARY; OPERANDS, RESULT VARY A<B 

FIXED Two-byte dictionary reference INCLUDE A 

FIXED One-byte code ABORT processing 

FIXED Two-byte dictionary reference Transfer to label 

FIXED Two-byte dictionary reference Transfer to label 

STACK Two-byte dictionary reference Transfer to label 
FIXED if top of stack false. 

STACK Two-byte dictionary reference and Invokes the procedure 
FIXED a one-byte argument count 

FIXED two two-byte dictionary references Transfer out of INCLUDE 

FIXED Two-byte dictionary reference Push A onto stack 

FIXED Two-byte dictionary reference Push address of A 
onto stack 

FIXED Three-byte line count Put line count into LINCNT 

FIXED no operand Enter interpreter 

FIXED no operand Return to Phase II scan 

FIXED Two-byte dictionary references ACTIVATE A 

FIXED Two-byte dictionary references DEACTIVATE A 

DCL FIXED Dictionary reference DECLARE A 
I 

NOPD FIXED Dictionary reference INO-ops the DECLARE, once 
I I executed L ________ ~ _______ ~ ____________________________________ ~ ____________________________ J 
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r--------T-------T------------------------------------T----------------------------, 
I MNEMONIC I TYPE I OPERAND DESCRIPTION I FONCTION I. 
r--------+-------+------------------------------------+----------------------------~ 
ICVT6 I FIXED IDictionary reference IConvert to RETURNS I 
I I I I attribute I 
I I I I I 
IRETN7 I FIXED IDictionary reference IReturn from procedure A I 
r--------~-------~------------------------------------~----------------------------~ 
11The ASSIGN operator does not push a result. The expression result is found onl 
I the PDS and is popped; the dictionary reference for the left hand side is thel 
I single argument. I 
I I 
12 0perand conversion for EQU, Gr, and LT is as specified in IBM System/3601 
I QEerating System: PL/I Lang£~~_~ecifications, Form C28-6571. I 
I I 
13 The TRAF uses and pops the top operand on the stack. It is treated as a bit 
I string for conditional transfers. 
I 
I~This handles GOTOs out of included text. At this point CLNUP is performed. rhe 
I arguments are (a) the dictionary entry for the label to which control is to pass; 
I and (b) the dictionary entry for the current INCLUDE. 
I 
ISThe arguments for the invocation are contained on the stack. The dictionary 
I reference is to the procedure entry. 
I 
16This converts the top of the stack to the attributes specified in the RETURNS 
I attribute for the procedure A. 
I 
17This terminates the invocation of procedure A and converts the value on the topl 
I of the stack to the attribute specified on the PROCEDURE statement. I L __________________________________________________________________________________ J 
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2. COMMUNICATIONS REGION USE 

The region from offset 0 to offset 304 
(ZCOMM) is used as a general communications 
region throughout the compiler, including 

the compile-time processor. The region 
from ZCOMM to ZCOMM+463 is also used by the 
compiler; ho~ever. during the compile-time 
processor phase. this region is used exclu­
sively by the compile-time processing. The 
details of this usage are shown below. 

STATUS 

STA2 

Dec. 
Offset 

ZCOMM 

ZCOMM+l 

SUBSTRDR ZCOMM+2 

TOKPTR ZCOMM+4 

INCPTR ZCOMM+8 

INBUF ZCOMM+12 

OUTBUF ZCOMH+16 

PDSPTR ZCOMM+20 

ENDBUF ZCOMIvl+24 

WHERE ZCOMM+28 

IVBPTR ZCOMM+32 

LINCNT ZCOMM+36 

TEMPTR ZCOMM+40 

DCENTY ZCOMM+42 

CURINC ZCOMM+44 

CURDO ZCOMM+46 

PROCNO ZCOMM+48 

NXTPC ZCOMM+49 

DPHCNr ZCOMM+50 

CODE ZCOMM+52 

LENGTH ZCOMM+54 

1 

1 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2 

2 

1 

1 

2 

1 

2 

contents 

Byte 1: Bit 0 not used 

Note: 
Condition 
Settings 
"1" set 
"0" = off 

1 
2 
3 
4 
5 
6 
7 

PROCSW -- processing macro procedure 
FINDBIT -- SRHDIC has found dictionary item 
ERSW -- diagnostic produced in Phase II 
EFSW -- end of file encountered (input) 
LEVBIT -- processing IVB 
INCSW processing included text 
PH2SW -- in Phase II 

Byte 2: Bit 0 OLDINC -- processing already listed INCLUDE 
1 SKPSW -- indicates entry to END from PRCSCN 
2 NOPERCENTSW -- look ahead for % completed 
3 SYSOPN -- SYSLIB DCB is open 
7 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 

Number of significant characters in TOKBUF, right justified 
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MXDPTH ZCOMM+56 2 

INDEX ZCOMM+58 2 

ATTR ZCOMM+60 2 

GRSAVE ZCOMM+64 4 

NEWIVB ZCOMM+68 4 

VALUE ZCOMM+72 4 

PREINB ZCOMM+76 4 

BUFSRT ZCOMM+80 4 

INIVB ZCOl-'..M+84 1 

OUTIVB ZCOMM+85 1 

TXTBLK ZCOMM+86 1 

INVBAB ZCOMM+88 4 

OUTIVBAB ZCOMM+92 4 

TXTBLKAB ZCOMM+96 4 

MTABC ZCOMM+100 4 

TXTEST ZCOMM+104 4 

BUF1 ZCOMM+108 4 

BUF2 ZCOMM+112 4 

LIBDCB ZCOMM+116 4 

USRDCB ZCOMM+120 4 

MAXLCT ZCOMM+124 4 

PRCWHR ZCOMM+128 4 

DCENTYAB ZCOMM+132 4 

SCHK ZCOMM+136 4 

PROCCL ZCO~1+140 2 

OUTERCL ZCOMM+142 2 

PROCCLDR ZCOMM+144 2 

OUTRCLDR ZCOMM+146 2 

DECIDR ZCOMM+148 4 

CURPRC ZCOMM+152 4 

TOKBUF ZCOMM+164 32 

HASTB ZCOMM+300 128 

CONSCH ZCOMM+428 2 

SPECCH ZCOMM+430 2 

376 

Integer value of depth of replacement~ right justified 

Hash table index for dictionary routines 

"Type" byte for dictionary routines 

Save area for GRG 

Pointer to IVB chain to be freed or obtained 

Type and value/value pOinter for dictionary entries 

Pointer to header information for INBUF 

Pointer to left margin in INBUF 

current busy block number 

Current busy block number 

Current busy block number 

Current block used in absolute address calculation 

Current block used in absolute address calculation 

Current block used in absolute address calculation 

Address of translate table for TOKSCN and FINDPC 

Length of text block adjusted for chain address 

Pointer to first INCLUDE buffer 

Pointer to second INCLUDE buffer 

Pointer to DCB for SYSLIB data set 

Pointer to DCB for user data sets 

Maximum line count used so far 

Pointer to next byte in which to put procedure text 

Absolute address of dictionary entry 

Pointer to level 1 SUBSTR entry 

Dictionary reference of procedure check list 

Dictionary reference of outer check list 

Dictionary reference for PROCCL cell 

Dictionary reference for OUTERCL cell 

Dictionary reference of dictionary entry for DECIMAL 1 

Pointer to current procedure entry on PDS 

32-byte buffer, characters inserted left justified 

64 two-byte dictionary references to hash chains for named 
items 

Dictionary reference to constant chain 

Dictionary reference to special chain -- debugging only 



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 indi­
rectly through the compiler control. How­
ever, 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 
Qperating System: Control Program Services, 
Form C28-6541. 

The root phase is invoked by the compil­
er control if the MACRO option is speci­
fied. 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 rou­
tines, the decoded options which are test­
ed, and the cells set to indicate the 
status of source margins and mode (EBCDIC> 
of the output. 

Specifically, the following cells in the 
communications region are either used or 
set: 

PMl 

PAR2 

ZTV 

ZMYNAM 

MCSIZE 

CCCODE 

rXTSZ 

ZSOR 

Z~G 

ZTRANl 

column number in which to begin 
scan of input text 

column number in which to end 
scan of input text 

The following compiler control routines 
are referenced: 

ZUPL RELESE 

ZURD RLSCTL 

ZUGC ZTXTRF 

ZUTXTC ZTXTAB 

ZURC ZCHAIN 

ZABORT ZALTER 

ZLOADW ZDABRF 

ZDICRF ZEND 

ZUERR ZUBW 

ZDRFAB 
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Note': This index refers to the descriptive 
sections only; it does not refer "directly 

Abbreviations used during compilation 
341-349 

Abort 292 
ABS function 44 
ABS marker 336 
ABS' marker 336 
Absolute code 335-336 

format of 
RR instructions 336 
RS inst.ructions 336 
RX instructions 336 
SI instructions 336 
SS instructions 336 

ACCUIuulator register 52 
AddrE:!ss calculation 53 
Address constants 55 
Address conversion 13 
Addressing mechanisms 52 
Adjustable length strings 44 
Aggregates logical phase 39-40 

function 15, 17 
ALLOCATE chain 25, 27 
ALLOCATE statement 52 

analysis 27 
attributes 32 
format after read-in 325 

ALLOCA'rE triple 
translation to pseudo-code 48 

Allocated item 
dictionary entry 32 

ALLOCATION function 44 
AREA 22 
Arithmetic triples 42 
Arrays 

assignment 37 
adjustabl€ bounds 31 
bounas 

format of second file statement 337 
currespondence defi-ned 40 
expressions 37 
initialization 42 
processing 39 
storage allocation 50 

Assigned registers 53, 335 
Assignment statements 

format after read-in 323 
nest'ed 37 

Assignment triple 
translation 'to ps€udo-code 48 

ATR listing 
(see attribute listing> 

ATR option 14<, 34, 292 
Attribute collection area 30, 31 
Attribute list 29 
Attrib~te listing 

how produced 34 
:Attributes 30 

BIT 30 

37~ 

to items in Section 3. (For details of the 
organiza'tibn of Secti'on 3, see page 57.) 

CHARF.l.CTEH. 30 
DEFINED 30. 31~ 34, 338 
dimension 30 
GENERIC 31, 44 
INI'I'IAL 30, 31 
INITIAL CALL 30, 31 
LA.BEL 30 
LIRL 30, 31 
PICTURE 30 
POSITION 30 
precision 30 
SETS 30, 33 
USES 30 
association with identifiers 31 
check for invalid 29 
conflicting 31 
default 31 
expressions ih 336 
factored 30 
syntax check 27 
test for consistency 28 

AUTOMATIC chain 33, 34, 51 
delimiter dictionary entry format 314 
storage allocation 49, 50 

BALR instruction 53 
Base registers 53 
BCD 

dictionary entry format 312 
to dictionary refe're'nce 32 
input 292 

BEGIN block S 1 
linkage 52 

BEGIN chain 27 
BEGIN statement 32, 51 

format after read-in 322 
BEGIN triple 

translation to pseudo-code 4·8 
BEGIN' triple 45 

translation to pseudo-code 48 
BEGIN-END statement analysis 27 
BINARY function 44 
BINARY standard type -OED 5;() 
BIT attribute 30 
BIT function 44 
BLDL macro 20, 22,292 
Block control 19 
Block header chain 29 
BOOL function 43 
BPAM 377 
Branch and link instrQct,ion5 3 
Branch outside block 33 
BSAM 21 
Build list 20, 22# 292 
Built-in function 

addressing slot 49 
aggregate arguments to 39 
dictionary entry format 311 



name 31 
(see also functions) 

BUY ASSIGN statement 48 
BUY statement 35, 36, 48, 52 

reordering of 44 
BUY triple 

translati'on to pseudo-code 48 
BY NAME option 35 

CALL chain 25, 27, 31, 32 
CALL statement 32 

analysis 27 
format after read-in 324 

Card image output 14 
Catalogued procedures 13 
CCCODE 15, 22 

(see also format of) 
CEIL function 44 
Chai.ns 

ALLOCATE 25, 27 
AUTOMATIC 33, 34, 49, 50, 51 
BEGIN 27 
CALL 25, 27, 32 
CALL 25, 27, 31, 32 
constant 49 
CONTROLLED 49, 51, S5 
DECLARE 25, 27 
DEFINED 40 
ENTRY 27 
entry type 1 31 
LIKE 31 
PICTURE 33 
PROCEDURE 27 
PROCEDURE-ENTRY-BEGIN 25 
STATIC 55 
storage class 293 

Chameleon temporary 36, 39 
CHAR function 44 
CHAR48 option 21, 292 
CHARACTE'R attribute 30 
Character translation tables 19 
CHECK list 33 

dictionary entry format 313 
pretranslator scan of 37 

CHECK macro 377 
CLOSE macro 377 
CLOSE statement 46 

format after read-in 326 
Code bytes, dictionary entry 293 

text 327-328, 332-335 
Code produced for prologues and epilogues 

358-362 
Communication between phases 293 
Comrnuni'cationsregion 15, 19, 23, 352- 355 

names of locations 353 
use by compile .... time processor 375-377 

Compare action 38 
Compare weght -38 
Comparison triples 43 
Compilation 

entry point to 55 
Compile-time processor logical phase 

23-24, 370-377 
cleanup phase 24 
communications region use 375-377 
compiler control interface 377 
error messages 24 
function 15, 17 

initial scan and translation 24 
instruction codes 377-374 
internal formats of text 370-374 
line numbering 23 
operating system/360, interface with 

377 
output 24 

Compile-time statement 23 
Compiler control 19, 352 

compile-time processor interface 377 
routines 16 

functions 13 
initialization 13 

Compiler functions 28 
ps eudo- code 48 

format 335 
Compiler label 

dictionary entry format 309 
numbering 55 

Compiler logic, g~ide to 57-286 
Compiler options 13 

table 22 
Compiler organization 15, 16 
Compiler phases 19-56 

loading 13 
Compiler pseudo-variables 28 

pseudo-code 48 
Completion code, compiler 20 
COMPLEX function 44 
CONDITION condition 33 
CONJG function 44 
Constant chain 49 
Constant, conversion to internal form 48 
Constant marker 32 
Constants pool 49, 55 
Containing block Chain 29 
Control code word 15 

(see also format of) 
Control, compiler 

(see compiler control) 
Control flow 16 
Control, passing ,between phases 15 
CONTROLLED chain 

final assembly scan 55 
storage allocation scan 49 

CONV pseudo-code macro 48 
Correspondence definin9 34, 40 
Cross-reference listing 

how produced 34 
CSECTs 54 

Da'ta byte format 3bs 
Data element desc;rip'tor (DED) 33 
Data flow 14 
Data item dictionary entry format 300 
Data list 36 

aSRQciat,ion wi'bh format list 47 
D~ta sets 1~, 14 
Data transmission 47 
Data types, incompatible 36 
DCLeB generation 54 
Debugging 13 
DECIMAL function 44 
DECIMAL standard type DED 50 
DECLARE chain 25, 30 
DECK option 14, 292 
DECLARE chain 27 
DECLARE control block 54 
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DECLARE statement 32 
analysis 27 
format after read-in 325 

DED 33 
DED, DED:l 

dictionary entry formats 314, 315 
Default attributes 31 
DEFINED attribute 30, 31 

format of second file statement 338 
DEFINED chain check 40 
DELAY statement 45 

analysis 27 
format after read-in 325 

DELETE statement 45 
analysis 27 
format after read-in 326 

Diagnostic message control 20 
Diagnostic messages 14, 24, 25, 56, 

363-369 
Dictionary 24, 27, 290, 293 

comunications z:"egion 15, 352-355 
contextual scan 32 

Dictionary block 16, 19 
control 19 
size 13, 350 

Dictionary entry 24~ 293-316 
for allocated item 32 
code bytes 293-295 
compile-time processor 370 
from constant 310-311 
dope vector descriptor 40 
for entry points 28 
for internal entry point 29 
record description 40 
zone delimiter 51 
OFFSET1 slot 50 
skeleton dope vector 49 
virtual origin slot 50 
(see also format of) 

Dictionary entry chains 29 
Dictionary logical phase 27-35 

function 15, 17 
housekeeping 34 
output 32 
picture processing 33 
second file merge 34 

Dictionary reference 
validity check 33 

DIM fUnction 44 
Dimension attribute 30 
Dimension table 30, 316 
DISPLAY statement 45 

analysis 27 
format after read-in 324 

DO statement 
format after read-in 323 

DO-END statement analysis 27 
DO group expansion 42 
Dope vector 

format 316 
descriptor dictionary entry 40 
extra slots 49 
skeleton, dictionary entry 314 
temporary, dictionary entry 315 

'Dope vector required' bit 34 
DSA 41, 51 
Dummy dictionary reference 31, 33 
DUMP option 21, 292 

380 

Dumping 21 
DVD 

(see dope vector descriptor) 
Dynamic defining 34 
Dynamic dump 22 
Dynamic storage 

allocation 52 
management 358 

Dynamic storage area 41 
Dynamic temporary 49 
Dynamically DEFINED item 49 

EBCDIC 24, 292 
Edit-directed input/output 47 
ELSE clause 45 
END card for compile program 55 
End-ofprogram, logical 25, 26 
End-of-program triple 

translation to pseudo-code 48 
END statement 

compiler-generated 25 
format after read-in 322 

ENTRY chain 27 
ENTRY code byte format 299 
Entry label 25 
Entry point 

dictionary entry format 295 
to compilation 55 

ENTRY statement 32 
analysis 27 
dictionary entry 30 
format after read-in 322 

Entry type 1 28, 29 
chain 31 
dictionary entry 295 

Entry type 2 29 
dictionary entry 297 

Entry type 3 28, 29 
dictionary entry 297 

Entry type 4 28, 29 
dictionary entry 298 

Entry type 5 28 
dictionary entry 299 

Entry type 6 28 
ENVIRONMENT option 54 
Epilogues, code produced for 358-362 
Error chain 24, 56 
Error messages 

(see diagnostic messages) 
Errors 25 
Error editor logical phase 26, 55-56 

function 15, 18 
Error package, library 53 
ESD cards 54 
Event variable 32 
EXIT statement 45 

format after read-in 325 
Expressions 

in attributes 336 
compile-time processor encodement 312 
definition 36 
evaluation (pseudo-code) 42 

External/internal code conversion 25 
EXTERNAL item addressing slot 49 
External library routines 341 
External symbol dictionary 54 
EXTREF option 14, 292 



F-format records 292 
Factored attributes 30. 31 
Factored attribute tablQ 30 
FED 

(see format element descriptor) 
File 

constant 54 
dictionary entries 310 
variable 32 

Final assembly 54 
Final assembly logical phase 53-55 

function 15, 18 
initial values 55 

FIND macro 377 
First code byte (other 1) format 303 
FIXED function 44 
FIXED standard type DED 50 
FLAGL, FLAGS, FLAGW options 292 
FLOAT function 44 
FLOAT standard type DED 50 
FLOOR function 44 
Flowcharts 57-272 
Formal parameter type 1 

dictionary entry 309 
Format element descriptor 

dictionary entry 315 
Format list 36 

association with data list 47 
Format of 

ALLOCATE statement 325 
array bound second file statement 337 
assignment statement 323 
BEGIN statement 322 
CALL statement 324 
CLOSE statement 326 
control code word -- CCCODE 292 
DECLARE statement 325 
DBFINBD second file statement 338 
DELAY statement 325 
DELETb statement 326 
dictionary entries 

(see below) 
DISPLAY statement 324 
DO statement 323 
END statement 322 
ENTRY code byte 299 
ENTRY statement 322 
EXIT stattment 325 
FOR~~T statement 326 
G~NERIC entry point 299 
GET statement 326 
GOTO statement 324 
identifier value block (compile-time 

processor) 371 
IF statement 322 
INITIAL label DECLARE statement 325 
INITIAL value second file statement 338 
keyword table 291 
multiplier function second file 

statement 337 
null statement 325 
ON statement 323 
OPEN statement 326 
options code byte 299 
phase directory entry 292 
PROCEDURE statement ~21 

PUT statement 326 
READ statement 326 

REVERT statement 324 
RETURN statement 325 
REWRITE statement 326 
RR instructions 334, 336 
RS instructions 334. 336 
RX instructions 333, 336 
second file statement 337 
SI instructions 334, 336 
SIGNAL statement 324 
SS instructions 334, 336 
STOP statement 325 
string length second file statement 338 
text after read-in phase 321-326 
text in absolute code 335 
text in pseudo-code 332-335 
text code byte after read-in phase 

318-321 
triples 329-331 
UNLOCK statement 326 
WAIT statement 324 
WRITE statement 326 
variable information 305, 306 

Format of dictionary entries 293-316 
AUTOMATIC chain delimiter 314 
BCD 312 
built-in fUnction 311 
CHECK list 313 
compile-time processor 370 
compiler label 309 
from constants 310-311 
data item 300 
code bytes for data, label, and 

structure entries 303-305 
DED 314-315 
DED2 315 
dope vector 316 
dope vector for temporary 315 
dope vector skeleton 314 
entry points 295-299 

code bytes 299 
entry type 1 295-297 
entry type 2 297 
entry type 3 297-298 

SETS list format 298 
entry type 4 298 
entry type 5 299 
FED (format element descriptor) 315 
FILE 310 
file constant 310 
file environment 310 
file parameters and temporaries 310 
formal parameter type 1 309 
internal library function 312 
label BCD 315 
label constant 309 
label variable 300 
ON condition 313 
ON statement 312 
parameter description 312 
parameter list 314 
PICTURE 313 
record definition vector 315 
second file 316 
structure item 300 
symbol table 314 
task identifiers and EVENT data 311 
workspace requirement 313-314 

FORMAT statement 
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analysis 27 
format after read-in 326 

Fourth code byte (other 4) 304 
FREE statement 52 

analysis 27 
FREE triple 

translation to pseudo-code 48 
FREE VDA library call 52 
FREEDSA routine 45 
Functions 44 
Function triples 43 

GENERIC attribute 31, 44 
GENERIC entry labels 37 
Generic entry name arguments 44 
GENERIC entry point, format 299 
Gentric library routine 39 
Generic procedure 39 
GET statement 46 

format after read-in 326 
GOOB 33 

triple 45 
GOTO statement 33 

analysis 27 
format after read-in 324 

GOTO triple 45 
go-out-of-block 

(see GOOB) 

Hash chain 27,29 
Hash table 27, 29 
Hashing 27, 370 
HBOUND function 44 

IDENT option 47 
Identifier value block 371 
IEMAA 19 
I EIViAF 356 

bit identification 357 
IF statement 

format after read-in 322 
IF-THEN-ELSE statement analysis 27 
IF triple 45 
IGN pseudo-code item 48 
IHEIVlAIN 55 
IMAG function 44 
INCLUDE 377 

dictionary entry 54 
INCLUDE card 

generation 54 
matrix 47, 48 

Included data sets 21, 23 
INITIAL attribute 30, 31 
INITIAL CALL attribute 30, 31 
INITIAL label DECLARE statement 

format after read-in 325 
INITIAL value 

format of second file statement 338 
Initial values, final assembly 55 
Initialization 19 
Initialization table 42 
In-line functions (pseudo-code) 44 
Input/output 46 

382 

control 19, 20 
edit-directed 47 
interface with operating system 21 
modification 36 
RECORD-oriented 45 

STREAM-oriented 47 
usage table 21 

Input/output statements 
format after read-in 326 

Insertion file 53 
Instruction codes for compile-time 
processor 372-374 

Intermediate file 21 
Internal formats of dictionary entries 

293-316 
(see also format of) 

Internal formats of text 317-349 
compile-time processor 370-374 
(see also format of) 

Internal library function 
dictionary entry 312 

Internal library routines 341 
Invalid character 24 
Invocation count 45 
IRREDUCIBLE 31 
iSUB 30 

defining 37 
Iterative DO statement analysis 27 
IVB 

(see identifier value block) 

JMP triple removal 
Job control language 
Job termination 20 

KEY option 46 
KEYFROM option 46 
KEYLENGTH option 47 
KEYTO option 46 
Keyword tables 26 

48 
13 

organization 290-291 
(see also format of) 

Keywords, national language 291 

Label 26 
array 33 

with initial label statement 34 
dictionary entry for BCD 315 
dictionary entry for constant 309 
dictionary entry for variable 300 

LABEL attribute 30 
Label table 25 
Labels, multiple 25 
LBOUND function 44 
LENGTH function 44 
Level count 32 
Library 45 

calling sequences 43, 45, 48 
format in pseudo-code 341 

epilogue routine 45 
error package 53 
format director routines 47 

LIKE attribute 30, 31 
LIKE chain 31 
'Likened' structure 31 
LINE option 47 
Line numbering 23 
LINESIZE option 47 
Link library 13 
Linkage editor 13, 54 
LIST option 14, 55, 292 
Listings 14 

attribute 34 



cross reference 34 
Load-ahead technique 31 
LOAD option 14, 292 
Loader text cards 55 
Loading of phases 13, 20 
LOCATE statement 45 

analysis 27 
Location counter 

machine instructions 54 
STATIC 50 

Logical end-of-program 25 
Logical phases 

functions 15, 17 
(see also phases (logicql), description) 

LONG standard type DED 50 
'Look-ahead' routine 52, 53 

Machine instructions 55 
MACRO option 21, 23, 292, 377 
IV1AIN option 55 
lVlAX function 44 
Message text 56 
Messages, diagnostic 363-369 
lVlIN function 44 
Mixed overlay defining 40 
!VIOD function 44 
Modules 

AA 19, 21, 56 
AB 21 
AC 21 
AE 21 
AF 356 

bit identification 357 
AS 21 
BX 21 
CA 290 
CC 290 
CE 290 
CG 290 
CI 20, 290 
CK 290 
CN 290 
CR 290 
FY 21 
UA. 21 
UF 21 
XB 21, 56 
XF 56 
XG through YF 56 
(see a.lso phases and modules) 

Multiple assignment 43 
Multiple source assignment triples 

translation to pseudo-code 48 
Multiple target assignment triples 

translation to pseudo-code 48 
Multiplier function 

format of second file statement 337 

National language keywords 291 
Nested assignment statements 37 
Nested DO groups 42 
Nested procedures 

object time unnesting 55 
NOCHECK list 33 
Null statement 

format after read-in 325 

Object deck serialization 54 

Object listing 55 
Object program 15 
OFFSET1.and OFFSET2 slots 306, 307 

uses'of 308-309 
ON block 51 
ON CHECK condition 35 
ON condition 33, 50, 51 

dictionary entry format 312, 313 
pr,ogrammer-named 32 

ON statement 
dictionary entry format 312 
format after read-in 323 

ON triple 45 
OPEN control block 54 
OPEN macro 377 
OPEN statement 46 

format after read-in 326 
Operating system/360 

access methods 21 
compile-time processor~ interface with 

377 
control program 13, 16 
job control language 13 

OPT 292 
Optimization 54 
Option list 19 
Options code byte 29 

format 299 
options, compiler 356-351 
Options listing 19 
Other 1 

(see first code byte) 
Other 2 

(see second code byte) 
Other 4 

(see third code byte) 
Other 4 

(see fourth code byte) 
Output 

compile-time processor 24 
dictionary 32 
read-in phase 25 

Overlay defining 34, 40 

P FORMAT marker 32 
PAGESIZE option 47 
Parameter description dictionary entry 312 
Parameter list dictionary entry 314 
Parameter matching 36 
Phase 

BC 372 
CI 22 
FT 293 
IA 42 
JK 52 
LB 49 
(see also phases and modules) 

Phase directory 19, 20 
entry format 292 
organization 292 
second half 22 
status byte 13 

Phase loading 
compile-time processor 23 

Phase marking 20, 38, 42 
Phases, communication between 293 
Phases and modules 

description 19-56 
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guide to 287-289 
Phases (logical), description 19-56 

aggregates 39-40 
compile-time processor 23-24 
dictionary 27-35 
error editor 55-56 
final assembly 53-55 
pretranslator 35-38 
pseudo-code 40-49 
read-in 24-27 
register allocation 52-53 
storage allocation 49-52 
translator 38-39 

Physical registers 41 
allocation 53 

PICTURE 
chain 33 
dictionary entry 29, 32 

format 313 
table 30 

reorganization 34 
Polish, postfix 372 
POSITION attribute 30 
Postfix Polish 372 
Precision attribute 30 
PRECISION function 44 
Pretranslator logical phase 35-38 

function 15, 17 
PROCEDURE 

block 51 
chain 27 
statement 29, 32 

format after read-in 321 
triple 

translation to pseudo-code 
PROCEDURh-END statement analysis 
PROCEDURE-EN'I'RY-BEGIN chain 25 
PROCEDURE-ENTRY chain 29-30 
Procedure invocation 44 
Procedure size 54 
PROCEDURE' triple 45 

translation to pseudo-code 48 
Program check handling 20 
Prologues 53 

code produced for 353-362 
construction 28-51 

PRV 45 
pseudo-assignment statement 26 
Pseudo-code 

description 40 
design 40, 332 
format of 

RR instructions 
RS instructions 
RX instructions 
Sl instructions 
SS instructions 
text 332-335 

334 
334 
333 
334 
334 

library calling sequences 341 
skeletons 47 
supplementary items 41 

48 
27 

temporary result descriptors (TMPDs) 
339-341 

Pseudo-code logical phase 40-49 
branches 45 

384 

compiler functions and pseudo-variables 
48 

expression evaluation 42 

function of 15, 17 
in-line functions 44 
RECORD I/O 45 
STREAM I/O 47 
string utilities 43 
subscripts 45 
utilities 41 

Pseudo-register vector 45 
Pseudo-variable 

syntax check 37 
triples 43 

PUT statement 46 
format after read-in 326 

Qualified subscripted name 32 
QSAM 21 

R format item 47 
RDV 

(see record definition vector) 
Read-in logical phase 24-27, 290 

function 15, 17 
output string 25, 26 

arrangement 26 
storage map 26 
structure 26 

READ macro 377 
READ statement 45 

analysis 27 
format after read-in 326 

REAL function 44 
Record definition vector 46 

dictionary entry 315 
Record decription dictionary entries 40 
Record descriptor vector 46 
RECORD-oriented input/output 45 
Records on input 

F-format 292 
U-format 292 

REDUCIBLE 31 
Register allocation logical phase 52-53 

function 15, 18 
Registers 

pseudo-code description 41 
RELESE 352 
Relocation dictionary cards 55 
Remote format item 47 
REQEST 352 
REQUEST CODES 46 
Resident tables 290-292 
RETURN (expression) 28 
RETURN statement 

analysis 27 
format after read-in 325 

RETURN triple 45 
REVERT statement 33 

format after read-in 324 
REVERT triple 45 
REWRITE statement 45 

analysis 27 
forlTlat after read-in 326 

RLD cards 55 
RLSCTL 352 
RLSCTLX 352 
ROUND function 44 
Routine directories 57-286 
RR instruction format 

absolute code 336 



pseudo-code 334 
RS instruction format 

absolute code 336 
pseudo-code 334 

RX instruction format 
absolute code 336 
pseudo-code 333 

Scalar assignment 37 
Scalar overlay defining 40 
Scratch storage 19 
Second code byte (other 2) format 303 
Second end-of-program marker 38 
Second file 33, 34 

dictionary entry 316 
statement 29, 30, 49, 51, 336 

Second half phase directory 22 
Second offset slot 306, 307 

uses of 308-309 
SELL statement 35, 37, 48 

reordering of 44 
SELL triple 

translation to pseudo-code 48 
SETS attribute 30, 33 
SETS list format 298 
Severity code 292 
SHORT standard type DED 50 
SI instruction format 

absolute code 336 
pseudo-code 334 

SIGNAL statement 33 
format after read-in 324 

SIGNAL triple 45 
SIGNAL CHECK statement 37 
SIGN function 44 
SIZE option 20, 21 
Skeleton dope vector dictionary entry 49 
SKIP option 47 
SOURCE option 14, 27, 292 
SOURCE2 option 14 
Source program listing 27 
Special assignment triple 

translation to pseudo-code 48 
Spill file 351 
Spill point 13, 351 
Spill storage 16 
SS instruction format 

absolute code 336 
pseudo-code 334 

Stack action 38 
Stack weight 38 
Standard type DED 50 
Statement 

anlysis 27 
identifier 26 
label 2S 

dictionary entry 30 
label, translation to pseudo-code 48 
number 25, 32 

translation to pseudo-code 48 
type identification 26 
within statements 35 

Statements 
ALLOCATE 52, 325 
assignment 323 
BEGIN 51, 322 
BUY 48, 52 
BUY ASSIGN 48 

CALL 324 
CLOSE 46, 326 
DECLARE 325 
DELAY 45, 325 
DELETE 45, 326 
DISPLAY 45, 324 
DO 323 
END 322 
ENTRY ·322 
EXIT 325 
FORMAT 326 
GET 46, 326 
GOTO 324 
IF 322 
INITIAL label DECLARE 325 
LOCATE 45 
null 325 
ON 323 
OPEN 46, 326 
PROCEDURE 51, 321 
PUT 46, 326 
READ 45, 326 
RETURN 325 
REVERT 324 
REWRITE 45, 326 
SELL 48 
SIGNAL 324 
STOP 325 
UNLOCK 45, 326 
WAIT 324 
WRITE 45, 326 
(see also individual items, and format 

of) 
Static 

defining 34 
external variable CSECT 55 
internal CSECT 49, 55 
storage allocation 49 

Status byte 13 
Step table 53 
Sterling constants 34 
STMT option S 3 
STOP statement 45 

format after read-in 325 
Storage allocation logical phase 15, 17, 

49-52 
arrays 51 
AUTOMATIC chain 50-51 
controlled variable address 51 
DEDs 49, 50 
DEFINED items 51 
dynamic 52 
entry label BCD 49 
entry type 1 parameters 51 
INITIAL arrays 50 
label constant BCD 49 
RDVs 49 
SAVB/RESTORE entries 49 
simple variables 49 
STATIC 49 
STATIC INTERNAL arrays and structures 50 
strings 51 
structures 51 
symbol tables 50 
temporary type 2 address 51 
variables 51 

storage class chains 293 
Storage dumping 21 
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Storage requirements 13 .. 20. 350-351 
STRE~~oriented input/output 47 
String 

dope vector description 43 
length 31 

format of second file statement 338 
tr.iples 43 
utiiities (pseudo-code) 43 

STRING function 44 
Structure 

assignment 37 
'inherited' dimensions 34 
item dictionary entry 300 
level number 30, 31 
storage allocation 50 

Structure processor phase 39 
Subscripted qualified name 32 
Subscripts 

pseudo-code 45 
too many in list 37 
triiJles 43 

Symbolic accumulator register 40 
Symbolic register 41, 52, 53 

counter 41 
SYSIN 14, 19, 20, 21 
SYSLIB 21 
Symbol table dictionary entry format 314 
SYSLIN 14, 20, 21 
SYSPRINT 14. 19, 20, 21 
SYSPUNCH 14, 20, 21 
System generation 356-357 
System residence 16 
SYSUT1 14, 19, 21, 351 
SYSUT3 14, 19, 21 

Task identifier and EVENT data 
dictionary entries 311 

Temporary description stack 339 
Temporary result descriptor 339-341 

format 339 
triple 41 

Temporary storage 35 
Temporary variable 35, 36 
Termination of compilation 20 
Terms used during compilation 3 41-349 
TESTRAN 21 
Text 

block 15, 16, 19 
control 19 
marker 24 
size 13, 350 

code byte 
format after read-in 318-321 
on entry to translator phases 327-328 
in pseudo-code 322 

formats 317-349 
after read-in phase 321-326 
compile-time processor 370 
absolute code 335-336 

skipping 26 
string 

at start of compilation 15 
after translation 38 

supplementary items 35 
tern$ and abbreviations during 

compilation 341-349 
Third code byte (other 3) 304 
TITLE option 47 

386 

TMPD 339-341 
format 339 
triples 43 
(see also temporary result descriptor) 

Track over flow 292 
Transfer vectors 19, 352 
Translate table 25 

triples 42 
Translation stack 38 
Translator logical phase 38-39 

function 15, 17 
generic phase 39 
stacker phase 38 

Triples 17, 38 
conversion to pseudo-code 40 
format 329-331 
translate table 42 

TRUNC function 44 
TXT cards 55 

U-format records 292 
Umbrella symbol 35 
Undimensioned structure 

overlay defining 40 
UNLOCK statement 45 

analysis 27 
format after read-in 326 

UNSPEC function 44 
USES attribute 30 

Variable byte format 305 
Variable data area 44, 51 
Variable information, format of 305-306 
Variable initialization 42 
Variable length item 334 
Variable storage accumulator 52 
VARYING attribute 40 
VDA 

(see variable data area) 
Virtual origin 36, 316 

slot 50 

WAIT statement 
analysis 27 
format after read-in 324 

Workspace requirement dictionary entry 313 
Workspace supervision 13 
WRITE statement 45 

analysis 27 
format after read-in 326 

XREF listing 
(see cross-reference listing) 

XREF option 14, 34, 292 

ZABORT 352 
ZALTER 352 
ZCHAIN 352 
ZDICAB 352 
ZDICRF 352 

.ZDABRF 352 
ZDRFAB 352 
ZEND 352 
ZLOADW 352 
ZLOADX 352 
ZNALDB 352 
ZNALRF 352 
Zone delimiter dictionary entry (AUTOMATIC 



chain) 51, 
ZTXTAB 352 
ZTXTRF 352 
ZUBW 352 
ZUERR 352 
ZUGC 352 

ZULF 352 
ZUPL 352 
ZUSP 352 
ZURC 352 
ZURD 352 
ZUTXTC 352 
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