






































































































































































































































































































































































































































































































































••••••• *******.********* *************** 
* P-COCE DISASSEMBLER. * Section 4.9 * 
* •• **********.*.*.****** *************** 

Version 1.5 September 1918 

The disassembler reads a standard UCSD code file and outputs 
symbolic psuedo-assembly (P-Code) along with various statistics 
concerning opcode frequency, procedure calls, and data segment 
references. The disassembler was originally written to collect 
statistics on opcode frequency, etc. as an aid in making architecture 
improvements. It has since been found helpful in debugging 
interpreters, opttmizing programs, and provides a source of further 
information regarding some of subtleties of our implementation of 
Pascal. All statistics gathered are collected by making a pass 
through the code file instead of collecting them while the code file 
is actually running. 

4.9.1 DISASSEMBLY 

The Disassembler reads a code file that has been generated by 
the UCSD Pascal Compiler. If a program USES a UNIT the disassembly 
will include the UNIT only if the code file has been linked. Assembly 
routines linked into a Pascal host will never be included in the 
disassembly. 

The Disassembler is invoked by eXecuting DISASM.I5 and requires 
the file OPCODES.I5 to be on the system disk. The Disassembler will 
first prompt for an input code file, the suffix .CODE being assumed 
and thus not required. The next question refers to the byte sex of 
the machine the code file is intended to run on, that is whether the 
first Physical byte (byte 0) of a machine word is the most significant 
byte of the word. For more information, see section 3.6 BYTE­
SWAPPING. For the PDP-11 and the 8080 families, physical byte 0 is 
the least significant byte. Next the prompt will be for 3n output 
file for the disassembled output. Since the output file is untyped, 
CONSOLE: or PRINTER: (if it is on-line) may be used. The final 
question at this stage is whether the user wishes to take control of 
the disassembly, i.e. decide which procedures are disassembled as 
opposed to all the procedures in the file. 

The following question regards the collection of statistics on 
references to a particular Procedure's Qata segment. Should you 
decide to control the disassembly you will be warned that all 
statistics gathered are only gathered on those procedures which are 
disassembled. Next you will be taken into the Segment Guide. This 
level displays the segments you have by nane and lets you decide on 
v.hich one you are interested in • ./ The Procedure Guide follows to let 
you decide on the particular procedure(s) that you wish to 
disassemble. Typing an "L" at this point will list the procedure(s) 
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contained in this segment. A more complete description of this step 
occurs in the next section. the Segment Guide may be re-entered by 
typing "Q" in the Procedure Guide. Thus in this manner you may 
disassemble several procedures in several different segments without 
disassembling the entire file. The Segment Guide is exited by typing 
"Q". 

, 
I 

1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 

10 1 
11 1 
12 1 
13 1 

o (*$L CONSOLE:*) 
1 PROGRAM DISASMDEMO; 
3 VAR I: INTEGER; 
4 TOMORROW:BOOLEAN; 
5 COMMENT: STRING; 
o BEGIN 
o I::O; 
5 TOMORRCM: :FALSE; 
8 REPEAT 
8 I: :1+1; 

1: D 
1 :D 
1: D 
1:D 
1: D 
l:C 
1: C 
1:C 
1: C 
l:C 
1: C 
1:C 
1: C 

13 WRITELN('Disassembly -- a step backwards ... '); 
74 UNTIL TOMORROW; 
77 END. 

FIGURE 1 SA~PLE PASCAL PROGRAM 

BLOCK II 1 CFFSET IN BLOCK: 0 
I SEQ1ENT PRCC <FFSETII HEX CODE 

1 1 O( 000): BPI' 7 D507 
1 1 2(002): SLOC 0 00 
1 1 3 (003): SRO 3 AB03 
1 1 5(005) : SLOC 0 00 
1 1 6 (006): SRO 4 AB04 
1 1 8(008): SLOO 3 EA 
1 1 9 (009): SLOC 1 01 
1 1 10(OOA) : ADI 82 
1 1 11 (OOB): SRO 3 AB03 
1 1 13(00D) : LOO 1 3 B60103 
1 1 16(010): LCA 42 'Disassembly -- a step backwards .. 

1 1 60 (03C ): SLOC 0 00 
1 1 61(030): CX? WRITESTR CD0013 
1 1 64(040) : CSP ICCHECK 9EOO 
1 1 66(042) : LOO 1 3 B60103 
1 1 69 (045): CXP WRITELN CD0016 
1 1 72(048): CSP rCCHECK 9EOO 
1 1 74(04A) : SLOO 4 EB 
1 1 75(04B): FJP 8 A1F6 
1 1 77 (040): RBP 0 Cl00 

FIGURE 2 SAMPLE PROGRAM DISASSEMBLED 
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Figure 1 displays a sample Pascal program that has been listed 
during compilation. Figure 2 displays the disassembled code of the 
file generated by the compiler. The left 3 columns in figure 2 
correspond to the 3 columns to the right of the line number in figure 
1. They are segment number, procedure number, and offset within 
procedure, respectively. The offset is also given in hex in 
parentheses. A complete description of UCSD P-Code mneumonics is given 
in section 3.4. The actual code that exists in the file is given in 
hex in the rightmost column. The parameters to CXP's and CSP's are 
converted to the procedure name if it is a known system procedure or 
function. WRITESTR, WRITELN, and IOCHECK are some examples. The 
string operand for LCA is printed as a string as evidenced by the line 
with offset 16. Jumps have their operand(s) converted to an offset 
from the start of the procedure so that the offset may act as a label. 
Thus the 8 displayed in the operand field of the FJP at offset 75 
really means a jump to the SLOO"at offset 8. This is also true of case 
jumps (XJP's). The block number and byte offset of the start of the 
procedure are given relative to the start of the code file. Thus this 
procedure starts at block 1, offset 0 of the code file. The segment 
dictionary resides in block 0 for all code files .• 

4.9.2 DATA SEGMENT REFERENCE STATISTICS 

The fourth prompt the Disassembler provides is a question 
asking if you would like to keep track of all references to a 
particular procedure's data segment. The most common use of these 
statistics is in optimization of a given procedure's code file. By 
re-arranging the order of declaration of variables one may change the 
offset within a data segment that applies to a given variable. For 
p-machine architecture reasons the first 16 words offset into the data 
segment are the fastest and have optimized 1 byte instructions. Offsets 
from 17 to 127 result in instructions as least 2 bytes long, while 
references to greater than 127 require at least 3 bytes. By making the 
most frequently used variables have the smaller offsets one may save 
considerable code file space and possibly time during execution. 

IData Segment size: 
I 
I 
I 
I 

IFor segment DlSASMDE 
IOffset(word) 

3 
4 

45 Data references: 

Procedure # 1 
% 

60.00 
Total 

3 
2 40.00 

5 Lex level 

FIGURE 3 SAMPLE PROGRA~'S DATA SEGMENT STATISTICS 
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Figure 3 shows the data segment statistics for our sample 
program. Clearly there is little to be gained frem optimizing such a 
small program but the general idea can still be presented. By using 
the compiled listing shown in figure 1 one can match offsets to 
variables as such: 

variable 

I 
. TG10RR~ 

CC»1ENI' 

offset 

3 
4 
5 

Now by using the figures in figure 3 one can see that offset 3 
or the variable I occurs most frequently and thus deserves it's 
position. This same idea carried out on a large program may result in 
substancial size savings. Notice that offset 6 nevers occurs and thus 
is not included in the statistics in figure 3. 

The prompt for the output file for these statistics occurs 
after the disassembly has been completed. If you elect to collect 
these statistics you will be taken into the Segment and Procedure 
Guides as described in the previous section except that the prompt 
requests the selection of a data segment on which to collect 
statistics. In the Procedure Guide, "L" gives a listing of all the 
procedures in the selected segment by number, lex level, and data 
segment size. After the selection of a data segment, processing 
continues, as described in the previous section, from the point after 
the data segment question. 

4.9.3 OPCODE, PROCEDURE CALL, AND JUMP STATISTICS 

These statistics are collected as an aid in opti~izing the 
architecture of P-Code and although they are interesting to look at 
they are of no real use to the typical user. For this reason they will 
be described only superficially. 

Each opcode is given with a complete breakdown of which bit was 
most significant for each operand on any given occurrence of the 
opcode. These are presented in terms of totals and percentages of the 
number of occurrences of the opcode. In addition a histogram of the 
opcode occurrence as a percentage of the total number of opcodes 
disassembled runs along the righthand margin. There is also a table of 
jumps in terms of the number of bits required to represent the distance 
of the jump for both positive and negative jumps. Finally there are 
counts of all procedure calls listed by segment and procedure number. 
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The last prompt of the program is the file to which these 
statistics are to be written. 
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-- Notes --
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*********************** ***f************ 
* LIBRARY MAP UTILITY * * Section 4.10 * 
*********************** ***f************ 

Version 1.5 SeptembEr 1978 

The program LIBMAP produces a map of a library (or code) file 
and lists the linker information maintained for each segment of the 
file. In the case of segments which are Pascal Units the map file 
will also contain the interface section of the Unit. See section 
3.3.2 for greater detail. 

The program first prompts for a library file name. As in the 
linker t this may be an asterisk to indicate "*SYSTEM. LIBRARY". The 
".CODE" suffix may be suppressed by appending a period to the full 
file nane. 

Example 

typing 

* FARKLE 
OLD. LIBRARY. 

re ferences file 

*SYSTEM. LIBRARY 
:FARKLE.CODE 
:OLD.LIBRARY 

Typically, the map utility will be used to list library 
definitions but the option is available to include intra-library symbol 
references. S10uld this feature be desired, type a "Y" when queried 
for a reference list. A space (or carriage return) is considered a 
"N" . 

The user is now prompted for an output file name. ( " . TEXT" 
will be appended unless an extra period is used.) Typing just 
carriage return defaults outpt to CONSOLE:. Several libraries may be 
mapped at the same time. To quit, type a carriage return when 
prompted for any file name. 

A sample map follows 

LIBRARY MAP FOR *SYSTEM.LIBRARY 

Segment II 0: PASCALIO separate procedure segment 
PASCALIO separate proc P #1 
'FSEEK separate proc P #1 
FSEEK separate byte reference (once) 
FREADREA separate proc P 112,. 
FREADREA separate byte reference (once) 
FREADDEC separate proc P #4 
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FREADDEC separate byte reference (once) 
FWRITERE separate proc P #3 
FWRITERE separate byte reference (once) 
FWRITEDE separate proc P tl5 
FWRITEDE separate byte reference (once) 
DECOPS separate byte reference (8 times) 

---~~----------------------------------------~~----------------------

Segment # 1: 
DECOPS 
DECOPS 
GDEC 

DECOPS separate procedure segment 
separate proc P #1 
global addr P #1, I #0 
global addr P #1, I #0 

----------------------------------------------------------------------
Segment 11 3: 

POtiER 
PCWER 

MAGIC separate procedure segment 
separate proc P #1 
separate byte reference (once) 

----------------------------------------------------------------------
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<uns~cned ~~~eoer> 

<ideY\tlri~r> 

<unslgned constnnt) 

J I cons c.n 1, en '- \,er t t' d t'r' 

_ .. unsLgned 

_.-

I 
i 

i 
1 
L---....... ~O 

nUMber 

1 
._----._ ... _- _ ... _ ... 

J 

~-.-- ----

-- , 
I 
I 
I 

-~ 

.-
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<c:o."sla.." t> 

Ur'\S L 9ru~ d r'\uMber 

<u~~tg"'Qd ~u~bQr> 

-1 unst~ned t~le~~ [0~-c~~t~t0~)1-or-1 -r~~ 
1 I 

I . d' t. ~--~-------.-~~ u."s~g~e ~~ eger 
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<fl,,\d \i.s;t..) 

. --·---.... 0 ... ----
" I 

type~-....----··--··~··· -,-~ 
i 
\ 

r·· ..... -
I 

<SlMp\e: l.ype:) 

! 
I 

__ -------__ , i 

'ts;t.~ 
J 

r·· I 
.----.------~ .. ~~._:det'\l~_~Ler j_.""_.' .. ~.- -- -r---' 

I 
Ldel'ltlt'Ler J---rO-1 

i 

! 
I 

I 

l------..i cOflsla.l'lt i-I----' ........ G ..... ~ -./ - ... F~st.QJ'It i-! __ J 
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<fa.c:tor> 

--rl--------~1 unsl91"1ed c;ol"lst.o.nt. .... 1-- ---.-.---r--

~------------------1varlab'el~----------- __ A 

, .. -- -.------.-
~--, fu"c:t~on ~dent~f~er 

I 
express~on 

L--_ .. _______ ---' 

- .... - ._..J'I; 

----... 0 .... ---...1 expre,;,;i. on 1~-""0t-----~ 

r--- ---{NaT )-~o.c;t.;~-' --

I i 

~ 
'~J .J I. .. - .,..~ 

--_ .. "'-l I 
I :-. . ---; ( :- - i 
~~:,~eSSi.o~J.o:~pressio~1 
; \ 
: ~ J L. ..~ ... . - --._---

<l~r;-1> 

--~~;~ctcr~----------~--~~---r----~--~ 

, 
L ___ ------~-~~~~-
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<e~pr~sslDn> 

------sl~p'e expresslon ~-------------------- r ~ 

( 

I 
I 
i 
I 
! 

I 
i i 

sl~p\e e~presst~~------~ 

<par~eter 'lst) 

.~--- - -"---"--.' .. _---, 
! 
I 

1 
! 

: i . I 

. Jt~ \ 
type ldenllrler~-.-~ 
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r .., r--i uns~gned ~n~eger 

expres­
! s;tcn 

c:cnsla.t'1l 

expres­
si.Ot'1 

....... ---- .. ---.,. 

; 

+-----;1, 
i 

,----------------~ ,----
st.a.t.e­

Menl 
I~t.a.te-~ 
; Met"'ll i 

! 

~ 
,/ 

-----" 

i 
! , I 

1 I 
I i 
l .... ---.JII~HIu:)--1 expressLcn f---@--1st.o.t.eMel'lt.H 

+--...... sto.teMent express L Ol'l H 
-----' , 

va,rl,a.ble 
LdentL rl.'er ~pr-'!':ssi.Cr1 

,-____________________________________ ~J! 

q expresslCl'l ~ :Sto.t.eM~;-l ------~ 
st~teMentp--------' 

I 
I 

I 

I 
I ul'Islgl'led Ll'lteger 1~----1 
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t---.... c:anst.QJ1t. ...... ----

~--- LdentLfler""'--" : \------t.ype ....... ----~ 

+-----111 procedure too-----' 

1-----.. procedure ........ --
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uses c:'Cluse 

~-----..... b\oc:k ~-----. ...... ----... 

<procedure> 

Page 262 



o System error 

\ 

••• ******** ****" "************ 
* TABLE 1 * * EXECUTION ERRORS * 
*********** ******************** 

Version 1.5 September 1918 

1 Invalid index, value out of range (XINVNDX) 

2 No segment, bad code file (XNOPROC) 

3 Procedure not present at exit time (XNOEXIT) 

4 Stack overflow (XSTKOVR) 

5 Integer overflow (XINTOVR) 

6 Divide by zero (XDIVZER) 

FATAL 

7 Invalid memory reference (bus timed out> (XBADMEM) 

8 User break (XUBREAK) 

9 System 1/0 error (XSYIOER) FATAL 

10 . User 1/0 error (XUIOERR) 

11 Unimplemented instruction (XNOTIMP) 

12 Floating point math error (XFPIERR) 

13 String too long (XS2LONG) 

14 Halt, Breakpoint (without debugger in core) (XHLTBPT) 

15 Bad Block 

All fatal errors either cause the system to rebootstrap, or if 
the error was totally lethal to the system, the user will have to 
reboot. All errors cause the system to re-initialize itself (call 
system procedure INITIALIZE). 

Page 263 



- Notes -

Pa.ge 264 



************ ************* 
* TABLE 2 * * IORESULTS * 
************ ************* 

Version 1.5 September 1918 

o No error 

1 Bad Block, Parity error (CRC) 

2 Bad Unit Number 

3 Bad Mode, Illegal operation 

4 Undefined hardware error 

5 Lost unit, Unit is no longer on-line 

6 Lost file, File is no longer in directory 

1 Bad Title, Illegal file name 

8 No room, insufficient space 

9 No unit, No such volune on line 

10 No file, No such file on volume 

11 rtlplicate file 

12 Not closed, attempt to open an open file 

13 Not open, attempt to access a closed file 

14 Bad format, error in reading real or integer 

15 Ring buffer overflow 
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*********** *************** 
* TABLE 3 * * UN1TNUMBERS * 
*********** *************** 

Version 1.5 September 1918 

NUMBER ~LUME NAME 

o (empty> 

CONSOLE 

2 SYSTERM 

3 GRAPHIC 

4 floppyO 

5 floppy 1 

6 PRINTER 

1 REMIN 

8 REMOur 

9 block 1 

10 block2 

11 block3 

12 block4 

Devices 9 - 12 are block-structured devices, in most cases (RK-05). 
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• ••••••• *** *** •• ************* 
• TABLE 4 * * RESERVED wORDS * 
***.******* *****.*******.**** 

Version 1.5 September 1978 

STANDARD PASCAL RESERVED WORDS 

AND 

UCSD RESERVED 'NORDS 

ARRAY 
BEGIN 
BOOLEAN 
CASE 
CHAR 
CONST 
DIV 
DO 
DCWNTO 
ELSE 
END 
FILE 
FOR 
FUN:TION 
GO TO 
IF 
IN 
INTEIJER 
LABEL 
MOD 
NIL 
NOT 
OF 
OR 
PACKED 
PROCEDURE 
PROGRAl\1 
REAL 
RECORD 
REPEAT 
SET 
STRING 
THEN 
TO 
TYPE 
UNTIL 
VAR 
WHILE 
WITH 

SEGMENT 
SEPERATE 

UNIT 
INTERFACE 
IMPLEMENTATION 
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*********** ******************************** 
* TABLE 5 * * SYNTAX ERRORS IN UCSD PASCAL * 
*********** H H*****H* ******** H**H*** *** 

Version 1.5 september 1978 

The syntax errors this compiler gives are not the best it can 
do. When t~e comes available to do so, the error generation of the 
compiler is going to be seriously re-vamped. 

1: Error in simple type 
2: Identifier expected 
3: 'PROGRAM' expected 
4: ' )' expected 
5: ': ' expected 
6: Illegal symbol 
7: Error in parameter list 
8: 'OF' expected 
9: '(' expected 

10: Error in type 
11 : '[ , expected 
12: ']' expected 
13: 'END' expected 
14: ';' expected 
15: Integer expected 
16: ':' expected 
17: 'BEGIN' expected 
18: Error in declaration part 
19: error in <field-list> 
20: '.' expected 
21: ,*, expected 
22: 'Interface' expected 
23: 'Implementation' expected 
24: 'Unit' expected 

50: Error in constant 
51: ': :' expected 
52: 'THEN' expected 
53: 'UNTIL' expected 
54: 'DO' expected 
55: 'TO' or 'DO~NTO' expected in for statement 
56: 'IF' expected 
57: 'FILE' expected 
58: Error in <factor> (bad expression) 
59: Error in variable 

101: Identifier declared twice 
102: Low bound exceeds high bound' 
103: Identifier is not of the appropriate class 
104: Undeclared identifier 
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105: sign not allowed 
106: Number expected 
101: Incompatible subrange types 
'08: File not allowed here 
109: Type must not be real 
1'0: <tagfield> type must be scalar or subrange 
11i: Incompatible with <tagfield> part 
112: Index t.ype must not be real 
113: Index type must be a scalar or a subrange 
114: Base type must not be real 
"5: Base type must be a scalar or a subrange 
1'6: Error in type of standard procedure parameter 
1'1: Unsatisified forward reference 
118: Forward reference type identifier in variable declaration 
119: Re-specified params not OK for a forward declared procedure 
120: Function result type must be scalar, sub range or pointer 
121: File value parameter not allowed 
122: A forward declared function's result type can't be re-specified 
123: Missing result type in function declaration 
124: F -format for r eals only 
125: Error in type of standard procedure parameter 
126: Number \)f parameters does not agree with declaration 
121: Illegal par3meter substitution 
128: Result type does not agree with declaration 
129: Type conflict of operands 
130: Expression is not of set type 
131: Tests on equality allowed only 
132: Strict inclusion not allowed 
133: File comparison not allowed 
134: Illegal type of operand(s) . 
135: Type of operand must be boolean 
136: Set element type must be scalar or subrange 
137: Set eleme~t types must be compatible 
138: Type of variable is not arr~y 
i39: Index type is not compatible with the declaration 
140: Type of variable is not record 
141: Type of 'Jariable must be file or pointer 
142: !llegal parameter solution 
143: Illegal type of loop control '"ariable 
144: Illegal type of expression 
145: Type conflict 
146: Assignment of files not allowed 
147: Label type incompatible with selecting expression 
148: Subrange bounds must be scalar 
149: Index type must be integer 
150: Assignment to standa~d function is not allowed 

151: Assignment to formal function is not allowed 
152: No such field in this record 
153: Type error in read 
154: Actual parameter must be a variable 
155: Control variable cannot be formal or non-local 
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156: Multidefined case label 
157: Too many cases in case statement 
158: No such variant in this record 
159: Real o~string tagfields not allowed 
160: Previous declaration was not forward 
161: Again forward declared 
162: Parameter size must be constant 
163: Missing variant in declaration 
164: Substition of standard proc/func not allowed 
165: Multidefined label 
166: Multideclared label 
167: Undeclared label 
168: Undefined label 
169: Error in base set 
170: Value parameter expected 
171: Standard file was re-declared 
172: Undeclared external file 
174: Pascal function or procedure expected 
182: Nested units not allowed 
183: External declaration not allowed at this nesting level 
184: External declaration not allowed in interface section 
185: Segment declaration not allowed in unit 
186: Labels not allowed in interface section 
187: Attempt to open library unsuccessful 
188: Unit not declared in previous uses declaration 
189: 'Uses' not allowed at this nesting level 
190: Unit not in library 
191: No private files 
192: 'Uses' must be in interface section 
193: Not enough room for this operation 
194: Comment must appear at top of program 
195: Unit not importable . 

201: Error in real number - digit expected 
202: String constant must not exceed source line 
203: Integer constant exceeds range 
204: 8 or 9 in octal number 
250: Too many scopes of nested identifiers 
251: Too many nested procedures or functions 
252: Too many forward references of procedure entries 
253: Procedure too long 
254: Too many long constants in this procedure 
256: Too many external references 
257: Too many externals 
258: Too many local files 
259: Expression too complicated 

300: Division by zero 
301: No case provided for this value 
302: Index expression out of bounds 
303: Value to be assinged is out of bounds 
304: Element expression out of range 
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398: lmplementation restriction 
399: Implementation restriction 

400: Illegal character in text 
401: Unexpected end of input 
402: Error in writing code file, not enough room 
403: Error in reading include file 
404: Error in writing list file, not enough room 
405: Call not allowed in separate procedure 
406: Include file not legal 
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*********** *************************** 
* TABLE 6 * * ASSE}1BLER SYNTAX ERRORS * 
*********** *************************** 

Version 1.5 September 1978 
Tois section lists all the general errors found in the ERRORS 

file, specific machine errors are found in the sections below 
dealing with machine specifics. 

1: Undefined label 
2: Operand out of range 
3: Must have procedure name 
4: Number of parameters expected 
5: Extra garbage on line 
6: ]mput line over 80 characters 
7: Not enough ifs 
8: Must be declared in ASECT before use 
9: Identifier previously declared 

10: Improper format 
11: EQU expected 
12: Must EQU before use if not to a label 
13: Macro identifier expected 
14: Word addressed machine 
15: Backward ORG not allowed 
16: Indentifier expected 
17: Constant expected 
18: Invalid structure 
19: Extra special symbol 
20: Branch too far 
21: Variable not PC relative 
22: Illegal macro parameter index 
23: Not enough macro parameters 
24: Operand not absolute 
25: Illegal use of special symbols 
26: Ill-formed expression 
27: Not enough operands 
28: Cannot handle this relative 
29: Constant overflow 
30: Illegal decimal constant 
31: Illegal octal constant 
32: Illegal binary constant~ 
33: Invalid key word 
34: Unexpected end of input - after macro 
35: Include files must not be nested 
36: Unexpected end of input 
37: Bad place for an include file 
38: Only labels & comments may occupy column one 
39: Expected local label 
40: Local label stack overflow 
41: String constant must _,be on 1 line 
42: String coo.stant exce€ds 80 chars 
43: Illegal use of macro parameter 
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44: No local labels in ASECT 
45: Expected key word 
46: String expected 
47: Bad block, parity error (crc) 
48: Bad unit nunber 
49: Bad mode, illegal operation 
50: Undefined hardware error 
51: Lost unit, no longer on-line 
52: Lost file, no longer in directory 
53: Bad title, illegal file name 
54: No roam, insufficient space 
55: No unit, no such volumn on-line 
56: No file, no such file on volunn 
57: Duplicate file 
58: Not closed, attempt to open an open file 
59: Not open, attempt to ~cess a closed file 
60: Bad format, error in reading real or integer 
61: Nested macro definitions not allowed 
62: ':' or ,<>, expected 
63: May not ECU to undefined labels 

Z80 Based machines 

For constants, Hex is the default type, 
a 'B' defines binary ex. 10010B , 
at.' defines decimal ex. 5674 •. 

Location Counter (LC) : $ 

All reserved words may not be used for any other purpose 
such as an identifier. For example, the reserved word "C" 
currently is being used as a register and in a condition 
code, therefore it may not be used for any other purpose 
(this is contrary to usual Zilog assembly language, but is 
restricted in the UeSD assembler). 

Specific error messages: 

76: Incorrect operand fonnat 
77: Close paren ")" expected 
78: Corrma "," expected 
79: Plus "+" expected 
80: Open paren "(" expected 
81: Stack po inter "SP" expected 
82: "HL" expected 
83: Illegal "ce" condi ticn code 
84: Register "C" expected 
85: Register "Rn expected 
86: Register "A" expected 
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PDP 11 Basej machines: 

For constants, Octal is the default type 
and output, 
a 'H' defines hexadecimal 
a '.' defines decimal 
a 'B' defines binary 

Location CoUlter (LC) = * 
Specific error messages: 

76: Closing paren n)" expected 
77: Register expected 
78: Too many special symbols 
79: Unrecognizable operand 
80: Register reference only 
81: First operand must be a register 
82: Comma ex pected 
83: Unimplimented instruction 
84: Must branch backwards to label 

for both input 

ex. 056H, 
ex. 546. 
ex. 1001B . 
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*********** f*********************ff**f******************f******** 
* TABLE 1 * * American Standard Code for Information Interchange * 
**f******** f************f**************************************** 

Version 1.5 September 1978 

o 000 00 NUL 32 040 20 SP 64 100 40 @ 96 140 60 , 

1 001 01 SCl1 33 041 21 65 101 41 A 97 141 61 a 
2 002 02 srx 34 Ol:2 22 " 66 102 42 B 98 142 62 b 
3 003 03 E.1'X 35 043 23 1/ 61 103 43 C 99 143 63 c 
4 004 04 EOT 36 044 24 $ 68 104 44 D 100 144 64 d 
5 005 05 ENQ 37 045 25 % 69 105 45 E 101 145 65 e 
6 006 06 ACK 38 046 26 & 70 106 46 F 102 146 66 f 
7 007 07 BEL 39 047 27 , 71 107 47 G 103 147 67 g 
8 010 08 BS 40 050 28 72 110 48 H 104 150 68 h 
9 011 09 HT 41 051 29 73 111 49 I 105 151 69 i 

10 012 OA LF 42 052 2A * 14 112 4A J 106 152 6A j 
11 013 OB VT 43 053 2B + 75 113 4B K 107 153 6E k 
12 014 DC FF 44 054 2G , 76 114 4C L 108 154 6C 1 
13 015 OD CR 45 055 2D - 77 115 4D M 10g 155 6D m 
14 016 OE SO 46 056 2E . 78 116 4E N 110 156 6E n 
15 017 OF S1 47 057 2F / 89 117 4F 0 111 157 6F 0 

16 020 10 DLE 48 060 30 0 80 120 50 P 112 1EO 70 p 
17 021 11 DC1 49 061 31 1 81 121 51 Q 113 161 71 q 
18 022 12 DC2 50 062 32 2 82 122 52 R 114 162 72 r 
19 023 13 DC3 51 063 33 3 83 123 53 S 115 163 73 s 
20 024 14 DC4 52 064 34 4 84 124 54 T 116 164 74 t 
21 025 15 NAK 53 065 35 5 85 125 55 U 117 165 15 u 
22 026 16 SYN 54 066 36 6 86 126 56 V 118 166 76 v 
23 027 17 E'IB 55 067 37 7 87 127 57 W 119 167 77 w 
24 030 18 CAN 56 070 38 8 88 130 58 X 120 170 78 x 
25 031 19 EM 57 071 39 9 89 131 59 y 121 171 79 y 
26 032 1A SUB 58 072 3A 90 132 5A Z 122 172 7A z 
27 033 1B ESC 59 073 3B ; 91 133 58 [ 123 173 78 { 

28 034 lC FS 60 014 3C < 92 134 5C \ 124 174 7C 
29 035 1D GS 61 075 3D = 93 135 5D ] 125 175 7D 
30 036 1E RS 62 076 3E > 94 136 5E A 126 176 7E -
31 037 1F US 63 077 3F ? 95 137 SF 127 177 7F DEL 
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*********** ********************** 
* TABLE 8 * * P-MACHlNE OP-CODES * 
*********** ********************** 

Version II.O February 1979 

o 000 00 SLDC 0 
1 001 01 SLOC 1 

. . . 
126 176 7E SLOC 126 
127 177 7F SLDC 127 
128 200 80 ABI 171 253 AB SRO 214 326 D6 
129 201 81 ABR 172 254 AC XJP 215 327 D7 
130 202 82 ADI 173 255 AD RNP 216 330 D8 
131 203 83 ADR 174 256 AE CIP 217 331 D9 
132 204 84 AND 175 257 AF EQU 218 332 DA 
133 205 85 DIF 176 260 BO GEQ 219 333 DB 
134 206 86 OVI 177 261 B1 GRT 220 334 DC 
135 207 87 DVR 178 262 B2 LDA 221 335 DD 
136 210 88 CHI< 179 263 B3 LOC 222 336 DE 
137 211 89 FLO 180 264 B4 LEQ 223 337 DF 
138 212 8A FLT 181 265 B5 LES 224 340 EO 
139 213 8B INN 182 266 B6 LOD 225 341 E 1 
140 214 8C IN! 183 267 B7 NEQ 226 342 E2 
141 215 8D lOR 184 270 B8 STR 227 343 E3 
142 216 8E MOD 185 271 B9 UJP 228 344 E4 
143 217 8F MPI 186 272 BA LDP 229 345 E5 
144 220 90 MPR 187 273. BB STP 230 346 E6 
145 221 91 NGI 188 274 BC LIM 231 347 E7 
146 222 92 NGR 189 275 BD S1M 232 350 E8 
147 223 93 NOT 190 276 BE LDB 233 351 E9 
148 224 94 SRS 191 277 BF sm 234 352 EA 
149 225 95 SBI 192 300 CO IXP 235 353 EB 
150 226 96 SBR 193 301 C 1 RBP 236 354 EC 
151 227 97 SGS 194 302 C2 CBP 237 355 ED 
152 230 98 SQI 195 303 C3 EQUr 238 356 EE 
153 231 99 SQR 196 304 C4 GEQI 239 357 EF 
154 232 9A STO 197 305 C5 GRTI 240 360 FO 
155 233 98 IXS 198 306 C6 LLA 241 361 F 1 
156 234 9C UNI 199 307 C7 LOCI 242 362 F2 
157 235 90 200 310 C8 LEOI 243 363 F3 
158 236 9E CSP 201 311 C9 LESI 2~4 364 F4 
159 237 9F LOCN 202 312 CA LDL 245 365 F5 
160 240 AO ADJ 203 313 CB NEQI 246 366 F6 
161 241 A 1 FJP 204 314 CC STL 247 367 F7 
162 242 A2 INC 205 315 CD CXP 248 370 F8 
163 243 A3 IND 206 316 CE CLP 249 371 F9 
164 244 A4 IXA 207 317 'cF CGP 250 372 FA 
165 245 A5 LAO 208 320 DO LPA 251 373 FB 
166 246 A6 LSA 209 321 D1 252 374 FC 

XIT 
NOP 
SLDL 1 
SLDL 2 
SLDL 3 
SLDL 4 
SLDL 5 
SLDL 6 
SLDL 7 
SLDL 8 
SLDL 9 
SLDL 10 
SLDL 11 
SLDL 12 
SLDL 13 
SLDL 14 
SLDL 15 
SLDL 16 
SLOO 1 
SLOO 2 
SLOO 3 
SLOO 4 
SLOO 5 
SLDO 6 
SLOO 7 
SLOO 8 
SLOO 9 
SLOO 10 
SLOO 11 
SLOO 12 
SLOO 13 
SLDO 14 
SLOO 15 
SLOO 16 
SIND.O 
SIND 1 
SIND 2 
SIND 3 
SIND ;4 
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167 247 A7 210 322 D2 
168 250 A8 MOV 21' 323 D3 EFJ 
169 251 A9 LDO 212 324 D4 NFJ 
170 252 AA SAS 213 325 D5 BPT 

170 252 AA SAS 213 325 D5 BPT 

253 375 FD SIND 5 
254 376 FE SIND 6 
255 377 FF SIND 7 
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************** ********* 
* Appendix A * * Index * 
************** ********* 

ARRAY, 115 
ASSEMBLER, 4, 97, 98, 111 
nt~D BLOCK SCAN, 25 

·:NISH, 59 
BASIC, 85 
BLOCK, 115 
BLOCKNUMBER, 115 
BLOCKREAD, 122, 138, 155 
BLOCKS, 30 
BLOCKWRITE, 122, 138, 155 
BCOTSTRAP, 233 
BOWLES, 1 
CASE STATEMENTS, 133 
CHANGE, 18 
CHARACTER, 115 
CLOSE, 123, 147, 155 
CQ~MENTS, 133 
COMPILED LISTING, 81 
COMPILER, 3, 77, 85 
CO NCA T , 11 7, 155 
CONDITIONAL ASSEMBLY, 108 
~CNTROL CHARACTERS, 63 
:oPY, 55, 118 
CP/M, 5 
CURSOR, 31, 37, 66, 68 
DATE, 24 
DEBUGGER, 4, 75, 78 

FUNCTION, 
GENERAL ERRORS, 
GET, 
GO TO , 
GOTOXY, 
GRAPHICS, 
HALT, 
HEAP, 
IDSEARCH, 
IMPLEMENTATION, 
INCLUDE, 
INDENTATION CODE, 
INDEX, 
INITIALIZE DISKS, 
INPUT , 
INSERT, 
INTERACTIVE, 
INTERFACE, 
INTRINSICS, 
IO-ERRORS, 
I OR ESULT , 
JUMP, 
KEYBOARD, 
KRUNCH, 
L2 EDITOR, 
LENGTH, 

DELETE, 35, 41, 42, 55, 56, 69, 118, 155 
DESTINATION, 115 
DIRECTIVES, 102 
DIRECTORY, 15, 17 
DISK ERROR, 25 
DISK SIZE, 30 
DISK SPACE, 27 
DLE, 163 
DRAWLINE, 159 
EDITOR, 2, 31 
EOF, 123, 136, 140 
EOLN, 123, 136, 140, 147 
EXAMINE, 26 
EXCHANGE, 69 
EXECUTE, 3 
EX!T, 140, 155 
EXPRESSION, 115 
EXTENDED LIST, 17 
EXTERNAL, 91, 100, 173 
FILE, 121, 124, 146 
FILEID, 115 
FILENAMES, 7, 9, 32 
FILER, 2, 3, 7 
FILES, 137 
FILLCHAR, 132, 144, 156 
FIND, 44, 45, 55, 68 
FORWARD, 47, 173 

LIBRARY, 
LINKER, 
LIST DIRECTORY, 
LOCK, 
LCG, 
LONG INTEGERS, 
MACRO, 
MACROS, 
MAKE, 
MARK, 
MARKERS, 
MEMAVAIL, 
MEMORY ALLOCATION, 
MEl-10R Y MANAGEl-1ENT, 
MOVE LEFT , 
MOVERIGHT, 
NEW , 
NEXT, 
NORMAL, 
NUMBER, 
OUI'PUl' , 
PACK, 
PACKED ARRAYS, 
PACKED -RECORDS, 
PACKED VARIABLES, 
PAGE, 

104 
275 
12, 124 
79, 88, 89, 140 
127, 156, 226, 241 
159 
127, 156 
134 
156 
167 
79, 98, 112 
163 
115 
28 
136, 147 
34, 39, 55, 69, 11 e, 156 
147 
167 
155 
124, 263, 265 
79, 124, 156, 186 
55 
136, 147 
27 
57 
117 ~ 152, 156 

173 
4, 91, 173 
15, 17 
123 
127 
118, 181 
101 
71, 107 
28 
127, 156 
38, 49, 55, 5f: 
128, 156 
134 
127 
131, 156 
131, 156 
14, 136 
59 
123 
115 
136, 141 
145 
142 
144 
142 
125 



PASCAL, 
PDP- 11, 
PDP 1 1, 
POS, . 
PREFIX, 
PROCEDURE, 
PR CGRAM HEAD INGS , 
PSEUDO CCl1MENTS, 
PSEUOO-OPS, 
PURGE, 
PlJ1' , 
PNROFTEN, 
QUIET, 
QUIT, 
RADAR, ~~~ 
RANGECHECK, 
READ, 
READLN, 
RELBLCCK, 
RELEASE, 
RBv!OVE, 
REPLACE, 
RESET, 
RESTR ICTIONS, 
REwRITE, 
RT-'1, 
R'jN, 
~AVE, 
SCAN, 
SCREEN, 
SCREEN CCNTRCL, 
SCREENCCNTROL, 
SEEK, 
SeGMENT PROCEDURE, 
SeT, 
SETS, 
SIMPLVARIABLE, 
SIZE, 
SIZECf, 
SOURCE, 

STRING, 
STRINGS, 
S.JAPPING, 
SYNTAX ERRORS, 
SYSCOM, 
SYSTEM COMPILATION, 
SYSTEM. CQv1PILER, 
SYSTEM. LIBRARY, 
SYSTE}!.WRK. CODE, 
TEXT, 
T:ME, 

Pa.ge 284 

1 
97 
5, 188 
117, 156 
25 
104 
146 
78 
102 
123 
124 
127, 156 
82 
14, 52, 55, 66 
159 
82 
124, 146, 153 
146 
115 
127, 156 
20 
44, 46, 56 
121, 147, 148, 156 
154 
121, 147, 148, 156 
239 
3 
13 
131 
116 
5, 82, 127 
225, 241 
125, 138, 156 
149, 165 
Ll9 
150 
115 
116 
127, 144, 156 
116 
118, 156, 182 
86, 116, 117 
i51 
82 
271 
77 
83 
85 
4,81,83,91,104 
3, 36, 77, 93, 98 
146, 163 
127, 157 

TITLE, 
TOKEN, 
TRANSFER, 
TREESEARCH, 
TRUNe, 
UNIT, 
UNITBUSY, 
UNITCLEAR, 
UNITNUMBER, 
UNITREAD, 
UNI'IWAIT, 
UNITt/RITE, 
UNPACK, 
UNTCLEAR, 
USE LIBRARY, 
USES, 
VCLID, 
VOLLME, 
VOLUME NAMES, 
VOLUME NUHBERS, 
VOLLMES, 
WHAT, 
WILOCARDS, 
WCRD PROCESSING, 
WORKFILE, 
WRITE, 
WRITELN, 
YALOE SUM-1ARY, 
Z8C, 
ZERO, 
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U4 
21 
157 
182 
e 3 , 94 , 167, 168 
122, 157 
122 
116, 267 
121, 157 
122, 157 
121, 157 
145 
157 
83 
168 
116 
25 
7 
267 
15 
15 
10 
39, 4e, 49, 55 
2, C, 33, 36, 63, 77, 93, 92 
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