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APPENDIX A: SAMPLE DEBUGGING DIALOGUE

This appendix contains a sample ATADDIN dialogue from debugging the

program in Figure Al which finds the maximum, minimum and total of a

list of positive numbers,



00100
00101
00102
00103
00104
00105
00106
00107
00110
00111
00112
00113
00114
00115
00116
00117
00120
00121
00122
00123
00124
00125
00126
00127
00130

.LOC

000100
030123 START: 1DA
021000 1DA
040131 STA
040132 STA
040133 STA
151400 NEXT: INC
021000 LDA
101112 MOVI#
063077 HALT
024131 LDA
106513 SUBL#
040131 STA
024132 LDA
122512 SUBL¥
040132 STA
024133 LDA
107000 ADD
04133 STA
000105 JMP
000124 ,TIST: LIST
000005 LIST: 5
000003 3
000002 2
000007 7
177777 -1
000001 MAX: ,BIK
000001 MIN: .BIK
000001 TOTAL: ,BIK
.END

Fig,

bt
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ADDRESS OF LIST INTO AC2
FIRST NUMBER IN LIST INTO ACO
FIRST NUMBER IS THE MAX,

MIN,

AND TOTAL

BUMP AC2 TO THE NEXT NUMBER
NEXT NUMBER INTO ACO
CHECK FOR THE END OF THE LIST
YES -~ STOP

CHECK IT AGAINST THE CURRENT MAX
IT'S BIGGER, SO UPDATE THE MAX

CHECK IT AGAINST THE CURRENT MIN
IT'S SMALLER, SO UPDATE THE MIN

ADD IT TO THE TOTAL
KEEP GOING

LIST OF NUMBERS

END-OF-LIST MARKER

Al. Sample program to be debugged.



?S
SYMBOL TABLE

LOCATION SYMBOL ADDRESS

B e —— - — - ——— o s e e e e e

005372 *ACO 000213
005376 *AC1 000214
005402 *AC2 000215
005406 *AC3 000216
005412 *CBIT 000217
005416 ¥BC 000220
005422 START 000100
005426 NEXT 000105
005432 .LIST 000123
005436 LIST 000124
005442 MAX 000131
005446 MIN 000132
005452 TOTAL 000133
?7B$1=1% (use an always-true assertion to run to completion)
? E
ADDR INST CARRY AC-0 AC-1 AC-2 AC-3
HALT: 000110 063077 1 177777 000021 000130 000177
PREVIOUS: 000107 101112 1 177777 000021 000130 000177
? I $ TOTAL = 21 $
TRUE .
?I$MAX =7 ¢
FAISE (test data used should have MAX = 7 -- error)
?I$MN=2$
TRUE
?F

DYNAMIC FLOW TRACE

000122 ---> 000105 (00001
000107 ---> 000111 (00001
000122 ---> 000105 (00001
000107 ---> 000111 (00001
000112 ---> 000114 (00001
000115 --= 000117 (00001§
000122 ---> 000105 (00001

000107 --=> 000111 (00001§

(MAX update was skipped with the 7)

?B$ *PC <> 114 : *PC = 114 & MAX >= *ACO $ (assert MAX update is
performed correctly)
? M 220/000102 100 (reset *PC to start of program)

31
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?E

ADDR INST CARRY AC-0 AC-1 AC-2 AC-3
FAILURE: 000114 024132 1 000007 000002 000127 000177
PREVIOUS: 000112 106513 1 000007 000002 000127 000177
? M 112/106513 106512 (skip condition was wrong on MAX test -- should

be SZC -- i.e., skip if MAX - NUM >= 0)

? M 220/00011% 100 (reset *rC)
?E

ADDR INST CARRY AC-0 AC-1 AC-2 . AC-3
HALT: 000110 063077 1 177777 000021 000130 000177
PREVIOUS: 000107 101112 1 177777 000021 000130 000177
? I8 TOTAL = 21 & MIN = 2 & MAX = 73 (check all the results)

TRUE (all are correct)
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APPENDIX B: SUMMARY OF ALADDIN COMMANDS

This appendix contains a summary of the ALADDIN command syntax.

Notes:

1)
2)
3)

L)

5)

All user-supplied portions of the commands are
underlined,

"n" is any valid accumulator number (0-3 for
the NOVA),

"xxxxxx" and "yyyyyy" are any valid 16-bit octal
strings (000000-177777).

"assertion text" can be any properly formed Boolean
expression containing user Program symbols, reserved
ALADDIN symbols, octal constants, logical/relational
operators and arithmetic operators; also, parenthe-
sizing of subexpressions is allowed. ‘

"aaaaaa" is any valid octal address (000000 to the
maximum address of the machine being used),



Command Meaning

A Ac—g/kxxxxx §2§ Examine contents (xxxxxx) of accumulator n and
leave it unchanged,

A AC-n/xxxxxx xxxzzgggi Examine contents (xooxxxx) of accumulator n and
change it to yyyyyy.

B $assertion text$ Enter a breakpointing assertion,

E Execute the user program subject to the latest
breakpointing assertion.

F Oump the dynamic flow table from the last execution, .

I $assertion text$ Evaluate an immediate assertion.

M aaaaaa/xxxxxx {E@ Examine contents (xxxxxx) of memory location aaaaaa

and leave it unchanged,

M aaaaaa/xxxxxx xxszng? Examine contents (xoxxxx) of memory location aaaaaa
and change it to yyyyyy.

S Dump the debugger symbol table.

Fig, A2, ALADDIN command summary,



APPENDIX C:

SUMMARY ‘OF ALADDIN ERROR MESSAGES
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Message

+ « o+ INVALID ACCUMULATOR

«+ .+ INVALID CHARACTER

« <+ INVALID COMMAND

X HA¥¥ERROR*¥* %%

XX XXXERROR*H*%%

¥ HXNRXFRROR ¥ ¥ H¥¥%

¥ HXAXFRROR ¥ % %%

X IXXKTRROR ¥*4%%

ATXT OVERFLOW
INVALID TOKEN NEAR",,"
IPS OVERFLOW
TOS OVERFLOW

UNMATCHED PARENTHESES

Meaning

Identifies an invalid accumulator number while
processing an "A" command,

Identifies an invalid character during input of
an octal constant or address.

Identifies an invalid command mnemonic input to
the command monitor,

Indicates overflow of the assertion text buffér
while inputting an assertion.

Indicates thé vicinity of an error found in
the syntax of an assertion,

Indicates overflow of the immediate polish stack
while performing the syntax check of an assertion.

Indicates overflow of the temporary operator stack
while performing the syntax check of an assertion,

Indicates an improperly parenthesized assertion,

Fig. A3. ALADDIN error message summaxy .

9€



APPENDIX D: ALADDIN SOURCE PROGRAM LISTING
This appendix contains the complete source for the version of
ATADDIN described in this thesis. This code was written in Data
General's NOVA assembly language. It was assembled on a NOVA 1200
system with 32K of main memory and 3,75 meéawards of disk storage
running version 5,01 of the Real Time Disk Operating Systenm (RDOS).
The object code was executed on an 8K NOVA system and also a 4K

SUPERNOVA system,

37
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:«w**q#*******4*»;******t***********************t#****w**********»*****t*t******
:;&**4******************u*t*********************t***********t********t**********
: AL ADDIN [.)E.’quGER--VE.RSION 1

:0i#*#**********************************#********t************#**t******#*t*****
:kﬂ**t******#t***********************t*t**#**********t#*****t***********t*******

:rA**w******************t***t*****#********»****t»#*****x****v*t*#**tt**********
: P NG E Z E RO COMNMNSTANTS AN D ADDHKETSSTE S

«LOC 1
T1SR i DIRECT INTERRUPTS TC "TiSR", TELETYFE INPUT
t SERVICE KOUTIMNE

.LOC 14¢ :

NCASKL 077777 15-BIT ADDRESS MASK

nepEFEpy ong ASCII ngn

PR 137 ASCII BACKWARDS ARROW

NCTRX: Ny ASCLI nxn

fTYTR D 617
ATYTP D JRLK 1
T T uGg4000
“TI5: 002000
«TT6: 001000 RIT & MASK
TTT7: 000400 BIT 7 MASK

:

i ADDRESS OFFSET T0o LAST ATXT ENTRY
PYTED 000200 i BIT 8 MASK

|

H

ASSERTION TEXT BUFFER PUINTER
BIT 4 MASK
BIT 5 MASK

“wTT18: 000001 BIT 15 MASK
LOASKS 0u0177 ASCII CHARACTER MASK

t N Che M3 ASCITI ngew

SRt I Y S TN ASCIYI nyn

e 015 ASCII CARRIAGE RETURN

CETRX ) 11 ADDRESS OFFSET To (LAST uFT VECTOR ENTRIES
neTt s JhLk 1 CURRENT NUMBER OF OFT VECTOR ENTRIES
nTE0T wg ASCII npn

NTel: M ASCII naw

nTr3r ngy ASCII v3n

aTe7ro oy ASCITI n7n



nreag
D ASK
neT o
NaTGn:
+ Ql":
b
(~Te
H"ASK
IASK S
]I""(‘h’:
10ocp
PARK :
LETAS
tFT2Z28
Lre

1 eF e
tneTe
1 DARMN Y
LT
mQTCMN .
Ml
NEWAQ
MPWALL
9:[“.1\['.2:
FMEWAZ S
MEFWCY S
ST pr:
TR SK
oy rAD:
aorral;
A2
mrna3;
ot rCy:
m.rPe:
AALEINT O

ng
000377

n
L]

N$

033

"=

"y
063077
001400
77
«BLK
17000¢0
H,\

(L4

g12
0006000
000001
H(

’l<

L1 I

-1
«BLK
«BLK
«BLK
«BLK
«RLK

o BLK
177400
« BLK
«BLK
+BLK
«PLK
«RLK
«BLK
000007

[ N S S

L S T S O S NN

ASCLI ngnu

MR1 DISPLACEMENT FIELL MASK
ASCII ngn

ASCII ngn

ASC1I ESCAPE

ASCII wzw

ASCII n>n

HALT INSTRUCTION MASK

MRI INDEX FIELD MASK

ADDRESS OFFSET TO LAST iPS ENTRY
IMMEDIATE ASSERTION PULASH STACK POINTER
MRI JMP/JUSR MASK

ASCII nAn

ASCITI n2w

ASCII LINE FEED

LOGICAL FALSE IN POLISH STACK EVALUATION
LOGICAL TRUE IN pOLISH STACK EVALUATION
ASCITI n(n»

ASCII ngn
ASCII Hemtt
-1

CURRENT USER ACO

CURRENT USER AC1

CURRENT USER AC2

CURRENT USER AC3

CURRENT USER CARRY BI1Y
CURKENT USER PROGRAM CUUNTER

NEGATIVE DISPLACEMENT SIGN RIT EXTENS4LOM MASK

PREVIOUS USER ACO

PREVIOUS USER AC1

PREVIOUS USER AC2

PREVIOUS USER AC3

PREVICUS USER CARRY Bl1
PREVIOUS USER PROGRAM LLUNTER
OCTAL DIGIT BINARY VALUE MASK
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HeTYNC e
N M
v rpSks
]
wng P
#5c3e
oy
S Eal el
uﬂce’,:
e 7 e
FNcg:
H1e G
010
v~ell;
IZANE K ¢TSI
GHrTE
HWOARN
ekl I
S1nSH:
SPACE ¢
whep
SYvhQ:
1Ty Sk
UEARNL/B
11eP:
STROS
L] QCN:
«MLAY:

oA R
o ALNZ
ATPT s
SATXT:
« MCHK

«BLK 1
« BLK 1
coooQn

1

2
3
4y
9]
b

7
10
11
12
13
"y
042
"y

.
N’

"/

040

«BLK 1
«BLK 1
177775
77

«BLK 1
0

ACM

ALA

ALAL

ALB
ALN
ATPT
ATXT
BCHK

WS BT 42 3 40 e ar w0 40 24 wn as 4s es e s

WE SG @0 40 @0 43 s 4 4o S0 4r o2 40 42 28 ee oe e -

PROGRAM COUNTER INCREMENTING FACTOR
FLAG TO ENABLE DUMPING THE PREVIOQUS CcPU STATE
POSITIVE DISPLACEMENT SIGN BIT EXTENSION MASK
+1
+2
+3
+4
+5
+6
+7
+8
+9
+10
+11
ASCIYI uv4n
ASCII QUOTE
A3CII nyn
ASCII nim
ASCITI w/n
ASCII " 113 .
SCRATCHPAD POLISH STACK POINTER
CURRENT NUMBER OF ENTKIES IN USER SYMBOL TABLE
TELETYPE INPUT INTERRUP) ENABLE MASK
ADDRESS OFFSET TO LAST 10S ENTRY
TEMPORARY OPERATOR STACLK POINTER
4]
ADODRESS OF "ACM®, ACCUMULATOR EXAMINE/MODIFY HANDLER
ADORESS OF "ALA", ALALDIN MONITOR ROUTINE
ADDRESS OF "ALAl1", ENTRY POINT IN wALAM
FOKk COMMAND PROMPTING
ADDRESS OF »ALB", ALPHABETIC CHARACTER VERIFIER
ADORESS OF "ALN", ALPHANUMERIC CHARACTER VERIFIFR
ADDRESS OF ATPT ALLOWABLE TOKEN PAIR TABLE
ADDRESS OF ATXT, ASSEKTLION TEXT BUFFER
ADDRESS OF "BCHKn, BREAKPOIMNTING ASSEKTION



«CMg
s IES e
L ATKE
ar_“,?r\:
s 202
IrIT:
LCrY?
JETC
JNETN
LETR
« VB
N S

MY
«TNAC

«TRR1;
.RR2:
CTRRY S
TPRS
FRERG:
FRR7:
CRRE
el
~AT:

«'ACS:
TR

BCM
BPS
BRK
82D
B20
cRIT
cry
OFTC
DFTD
LFTS
DmP
ECAC

ECM
ErAC

LRR1
ERR2
ERR3
ERRY
ERRS
ERRE
ERR7
ERRS
FCM
GAT
GETC
HLT
ICM
IPS
MCM

NEWAQ
NTKN

. 20 ev ws 24 e e

@O A% 04 40 4¢ w0 06 44 46 44 en @ e

B @2 @0 45 4% 40 20 ev 29 42 w6 v ev ee oe

ADDKESS
ADDRESS
ADDRESS
ADDRESS
ADORESS
ADDRESS
ADORESS
ADDRESS
ADDRESS
ADORESS
ADDRESS
ADDRESS

ADDRESS
ADDRESS

ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ADORESS
ADDRESS
ADDRESS
ADDRESS
ADDRESS
ANDPRESS

ADDRESS
ADODRESS

OF
OF
OF
OF
OF
OF
OF
oF
OF
oF
OF
OF

OF
oF

OF
OF
OF
oF
OF
OF
OF
OF
OF
OF
OF
OF
GF
OF
OF

OF
OF
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EVALUATION ROUTINE
"BCM", BREAKPOINTING ASSERTICN HANDLFR
BPSy BREAKFOINTING ASSERTION POLISH SsTACk
"BRK", BREAKPOINT ROUTINE
"B2D", BINARY TO GECIMAL CUNVERSION ROUTINE
"B20", BINARY TO OCTAL CONVERSION ROUTINE
"CEIT", CARRY BIT DUMPING KOUTINE
"CPY", CPU SIATE VECTOR COPYING ROUTTNE
OFTCy DFT CUUNT VECTOR
DFTDs DFT LESTINATION VECTOR
OFTSs DFT SOURCE VECTOR
"DVMP", CPU STATE DUMP ROUTINE
"ECAC", CUKRENT ASSERTION TEXT

CHARACTER EXAMINING ROUTINE
"ECM", EXECUTION HANDLER
"ENACH, NEXT ASSERTION TEXT

CHARACTER EXAMINING ROUTINE
ERRI(INVALID CHARACTER) ERROR MESSAGF
ERF2(TOS OVERFLOW) ERROR MESSAGE
ERR3(IPS OVEKRFLOW) ERROR MESSAGE
ERRU(INVALIU TOKEN) ERROR MESSAGE
ERRS(UNMATCHED PARENTHESES) ERROR MESSAGE
ERR6(ATXT CVERFLOW) ERROR MESSAGE
ERRT(UINVALID ACCUMULATOR) ERROR MESSAGE
ERRBUINVALID COMMAND) ERROR MESSAGE
"FCM", DYNAMIC FLOW DUMP HANDLER
"GAT", ASSERTION TEXT INPUT ROUTINE
"GETC», TELETYPE INPUT(SINGLE CHARACTER)
"HLT", PROGRAM HALT RCUTINE
"ICM", IMMELOLIATE ASSERTION HANDLER
IPS+ IMMECIATE ASSERTION PUGLISH STACKk
"MCM", MEMCRY EXAMINATICN/MODIFICATION

HANLLER
CURRENT ACCUMULATOR SAVE AREA
"NTKN", TOKEN EXTRACTION ROUTINE



FRERIED I
WPSRT

.2LTB:
LLTC
ONAC:

«SCNM2
SESS
«QF 23
e "RCH S
e RYNMRZ
e SYMUL

OCcT

ouT1
ouTe
oHT3
OUTy
ouTS
OuUTe
ouT?7
ouTs
ouT9
QUTA
ouTs
ouTcC
ouUTD
OUTE
QUTF
ouTG
028

POPT

PsB
PSL
PSHI
PSHT

PUTB
PUTC
RNAC

SCM
SPS
SP3
SRCH
SYMR
SYmu
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ADURESS OF "0CT", UCTAL DIGIT VERIFICATION ROUTINE
ADDKESSES

ADDRESS
ADDKESS

ADDRESS
ADDRESS
ADDRESS
ADDKESS

ADDRESS
ADDRESS
ADDRESS

ADDRESS

ADDRESS
ADDRESS
ADDRESS
ADORESS
ADDRESS

OF
OF

OF
OF
OF
QF

OF
OF
OF

OF
OF
OF
OoF
OF
OF

OF

cuTPUT

TEXT

BUFFERS

"02B", OCTAL TO RINARY CONVERSION ROUTINE
"POPT", TEMPURARY OPERAND STACK

POF ROUTINE
"PSB", POLISH STACK BUILDING ROUTINE
"PSE'", POL1SH STACK EVALUATION ROUTINE
"PSHIn, IMMEOIATE POLISH STACK PUSH ROUTINE
"PSHT", TEMPURARY OFPERAND STACK

PUSH ROUTINE
"PUTB"y TELETYPE QUTPUT(BUFFERED)
"PUTC", TELETYPE OUTPUT(SINGLE CHARAFTER)
"RNAC", NEXT ASSERTION TEXT

CHARACTER RETRIEVING ROUTINE
"SCM", SYMEUL TABLE DUMP HANDLER
SPSe« SCRATCHPAD POLISH STACK
"SP3", TRIPLE SPACING ROUTINE
"SRCH", SYMBUL TABLE SEARCH KOUTINE
SYMRy RESERVED SYMBOL TABLE
SYMU« USER SYMBOL TABLE



L3

TCSY TOS ¢ ADDKRESS OF TOS» TEMPOKAKY QOPERAND STACK

«MSER: LBLK 1 i ADDRESS OF USER PROGRAM
:*i**»4*****#***********************************************#***********#t******
: P ANGE Z ERO CONSTANTS AND ADDRESSES

ALALDIN MOMNITOR

+e

: ENTRY ALA

: INPUT NONE

: QUTPUT: NONE

! REQUIRED S MACH!, NBCMM, wECMM, NECMW, "GETC" .,

: nICmn, nMCmn, "PUTEB" wPUTC Y, ngemy
«LOC 400

ntons 10RST i CLEAR ALL I/0 DEVICES
INTDS i DISABLE ALL INTERRUPTS
STA LeNEWAC i INITIALIZE CURRENT USER ACO
STA l«NEWAL i INITIALIZE CURRENT USER AC1
STA 2yNEWA2 i INITIALIZE CURRENT USER AC2
STA S+NEWAS i INITIALIZE CURRENT USER AC3
MOVL UsG i INITIALIZE CURRENT USER CARRY BIT
LDA 1681715 :
AND 1.0 H
STA UeNEWCY H
LDA Uy oUSEK i INITIALIZE CURRENT USER PROGRAM COUNTER
STA 0« NEWPC t

"Ml LDA 21.PUTE i OUTPUT THE COMMAND PROUMPT TEXT
LDA U.,0UT1 :
STA 0+002 :
JSR 1.2 i
JSR aeGETC ¢ ACO <-- THE COUMMAND CHAKACTER



4y

JSK del-UTC t ECHU IT
LDA 2¢,CLIS i AC2 <~=- ADDRESS OF COMMAND LIST
nt oA LDA 1¢002 i ACl <=- NEXT CHARACTER 1IN COMMAND LIST
MOV H 1+1+SNR i+ CHECK FOR THE END OF 1THo LIST
JMP ALA3 ! YES == INVALID COMMANL
SUBH 091 eSNK i NO == CHECK IF THIS IS VHE CHARACTER INPUT
Jvp ALAY i YES -~ BRANCH TO THE APPROPRIATE HANDLER
InMC 242 i NO == GO BACK AND TRY THE NEXT CHARACTER
i IN THE COMMAND LIS
JMP ALAZ :
nNonNZe ILOA 2+ PUTE i FLAG THE COMMAND CHARALTER AS INVALID
LA U+ eERRE H
STA UeCe2 i
JSR 12 H
JMP ALAL H
neAgs DA leeCLIS i CALCULATE THE DISPLACEMENT INTO THE JUMP TABLE .-
i «ALAS + 2 x (ADDRESS IN CLIS OF CHARACTER = eCLIS) »=-
t AND BRANCH TO THE APPRUPRIATE COMMAND HANDLER
suB l1e2 ‘
MOVZL 2.1 H
LDA 2y e ALAS H
ADD 1.2 H
JMP De2 H
M AS ALAS i ADDRESS OF COMMAND HANDLER JUMP TABLE
ntASe JSR weACM i "A" COMMAND ~- ACCUMULATOR FXAMINE/MOUIFY
JMP ALAL H
JSR weBBCM i "B" COMMAND == BREAKPULNTING ASSERTIOMN
JMP? ALAL :
JSR weECM + "E" COMMAND -- EXECUTL
JMP ALAL H
JSR 2eFCM ¢ "F" COMMAND <~ FLOW DUMP
JMP ALAL H
JSR wellM i "1I" COMMAND == IMMELDIATEL ASSERTION
JMP ALAL H
JSR aie MCM i "M" COMMAND == MEMORY EXAMIME/MODIFY



LTS
1 1S

*8 @8 we e ss s s

s a0 s» se e

N ad T

JMP
JSR
JMP
CLLIS
ll/\
"R
IlE
"r
III
"
IIS
0

AL AL
DeSCM
ALAL

AL

AC

ENTRY:
INPUT
OUTFUT?
REQUIREL 2
STA 3+ SACM
LDOA 2e.PUTE
LDA 0+ 0UTB
STA el 2
JSR 12
JSR d«GETC
JSR aws FUTC
LLDA 1.01G0

.
A
.
L
.
L]
[
.
.
L

A
M
ACM

NONE
NONE
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"S" COMMAND == SYMBOL TABLE pUMP

ADDRESS OF COMMAND L1ST
COMMAND LIST

ww**********************************************************#*##*********t**t**
AL A
****»**************************************************************t*t*********
***********************#***********************t****************t****t*tt#***#*
ACM
*i******************************************#******t*******************#*******

AL A AL A AL A AL A AL A AL A AL A

ACM ACM ACM ACM ACM ACM A CM

"ACrH" HANDLES THE ACCUMULATOR EXAMINE/MODIFY CUMMAND

"B20", "GETCM, "02B"s "PUTB", "PyTC"

e 2¢ @¢ as ae

-e

- oe

SAVE RETURN ALDRESS
OUTPUT THE ACCUMULATOK NUMBER PROMPT

ACO <~=- ACCUMULATOR NUMBER
ECHO IT



L.UA
ADCZ#
ADCZH
JMP
LDA

AND
LDA
ADD
STA
LA
JSR
LDA
LDA
STA
JSKR
LDA
JSR
LDA

JSR
LDA
LDA
LDOA
SUBH

JUP
LDA
Movs
JMP
LDA

STA
JMP

2eL1l03
2¢0¢SNC
0e¢leS2C
ACM1
1+0OMASK

140
ZOONACS
Ue2
2+AADDK
GesSLASH
aPUTC
0+ @AADDR
2'.820
0'0'2
1.2
G+SPACE
wePUTC
2'.028

3ee
2414028
Ge2e2
1+CR
Vel eS2ZK

ACM2
UseOe2
Ue 0 eSNR
wSACM
Uele2

UraAADLR
ASACM

SKIP 1F ACO(ACCUMULATUR) > AC2(ASCII "gn)

SKIP IF ACO(ACCUMULATOR) >= AC1(ASCII nwow)
INVALID ACCUMULATOR NUMBER

VALID ACCUMULATOR NUMBER - MASK OFF ALL BUT

BITS 13~15 TO GET ITS BINARY VALUE FOR OFFSETTING
INTC THE ACCUMULATOR SAVE AREA

AC2 <~-- ADDRESS OF ACCUMULATOR'S SAVE LCCATION
OUTPUT A SLASH

OUTPUT THE ACCUMULATOK'S CURRENT CONTENTS

OUTPUT THE UPDATING CUNIENTS PROMPT

CALL "02B" TO LOOK FOR A STRING TO UPULATE
THE ACCUMULATOR'S CONTENTS

CHECK IF THE "02B" STKING DELIMITING CHARACTER
WAS A CARRIAGE RETURN
NO =~~~ INVALID INPUT

YES =~ CHECK THE "02B" STRING VALIDITY FLAG
NO STRING INPUT == JUST A CARRIAGE RETURN

A VALID UPDATING STRING -~ REPLACE THE ACCUMULATOR'S

CONTENTS AND RETURN

be



i\CRtl : 'JSR
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FLAG THE INVALID ACLCUMULATOR MNUMBER AND RETURN
FLAG THE INVALID INPUT CLHARACTER AND KETURN

ADDRESS OF ACCUMULATOK SAVE LOCATION BEING
EXAMINED/MODIFIED
"ACM" RETURN ADDRESS

.
L}
’
L]
]
A
.
.
.
\J
.
Al
.
‘
2
*
.
1]
.
L
.
]
:
.
]
:

**********&************************************t*************************t*****

M ACwm ACM ACM ACw ACM ACM A CWM

k************************************************************#*********#*******
**********************************************#********************************

aeHUTC
LDA 21v.PUTH
LDA UseERR7
STA Des09s2
JSR 12
JMPp WSACM
nenpe JSR @DeHUTC
LDA 2¢PUTEH
LDA UsoERRL
STA Uelo2
JSR 12
JMP wSACM
NAPGR T oRLK 1
SACMS «RLK 1
: ACwm A C
! B CwMm B C

M B CwMm BCM B CM 8 C m BCM B CM R C M

************************************************t**************#***************

-
.

¢ "BCE" HANDLES THE BREAKPOINT ASSERTION COMMAND

.t e

ENTRY

H INPUT:
H QUTPUT
H REQUIRFEL::

Rl VI STA
LOA

JSR
LDA

- 3+SBCM

2.QPSB

le2
UsdePSB

v

BCM
NONE
NONE
npspn

i SAVE RETURN ADDRESS
i CALL "PSB" TO INPUT AN ASSERTICN AND BUILD
i ITS POLISH STACK IN THE IPS STACK



MOV #
JMP
LOA
LDA
LDA
STA
LDA
STA

il 4 Ine

InC
InC
InNC
LDA
STA
LLDA
STA
MOVL #
JMP
JiP

SPCME L BLK

‘% a4s ew aa

!&i***********************#****‘*************************

28 .8 e® av 48 ee es

*i*************************#*************

B C

****#***************************************************
*i*********#***********************************t********

EC

M

M

Uy UeSNR
aSPCM
ZQQIPS
3+ 0BPS
0eGoe2
UeO0 3
1ele2
1¢143
212

22
3¢3
343
UsOw2
Uele3
l1el02
1913
UsDeSNC
BCm1
ASBCM

1

B C

£ C

13
4
.
.
.
+
.
L]
]
.
.
.
.
.
.
’
.
‘
*
U
.
L
.
’
»
L]
[3
L]
.
L]
.
‘
*
L

M

M

CHeCK FOR A VALID STALK

NO =

= JUST RETURN
YES =~ COPY THE IPS STALK To THE BPS STACK

CHECK FOR A FENCE
NO =~= MOVE THE NEXT ENTRY

YES

-= RETURN

"BCM'" RETURN ADDRESS

B CwMm

ECwM

BCM

ECMm

"ECM" HANDIES THE EXECUTE COMMAND

ENTRY
INPUT:
QUTPUT:
REQUIRED:

ECM

NOMF
NONF
"ECH

Kl" IIBRK"'

HCPY" .

BCM

EcCcm

MHLT®

B C pm

ECwm
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*******t************#***********#*****

B CM B CM RCwm
KOk AKXk K K K kR KKK # Kk
AR A K X K oK ok K K oK ok K ok
ECM ECM FCM™
HR K R ok K ROR K K kk  KK ok KK
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(el TBo N

STA
LDA
STA
LDA
STA

LOA
ADD
STA
LDA
ADD
STA
InC
STA
LDA
STA
INC
DSsZ
JMP
LNA
MSKO

NIOS
LDA
JSR
LNA
MOov#
JMpP
JSR
JMP

SeSECM
0+ZERO
v POUMP
1eOF TMX
L«DFTHC

2'.OFTS
1.2

0e (o2
21« DFTL
142
Uebo2
11
1LeCFMX]
2v.0FTC
Ve (o2
242
DFMX1
£ECMl
UeTIMSK
0

TT1

2 \J QBCHK
le2

Use BCHK
U+04¢SZR
LECM3

al o ERK
aASECM

WL 4O 2% 9e 2r 40 we 4o ©s ee oo

SO WS 4% % 2 4r 99 et s w0 4o w8 we oo -e ®e we 44 ws eo o oe

SAVE RETURN ADDRESS
DISABLE THE PREVIOUS (Pu STATE DUMP(PUUNP (== 0)

INITIALIZE THE DFT POLINTER TO THE LAST ENTRY OF THE
CIRCULAR BUFFERS(DFTNU K== DFTMX) AND SET THE SAURCE
AND DESTINATION FIELDS OF THIS ENTRY BOTH TO ZERO

TO FORCE THE FIRST NON=SEQUENTIAL FLOw 10 BE ENTERED
AT THE BEGINNING QF ThE BUFFERS .

(+DFTS + DFTMX) (== 0

(«OFTD + DFTMX) (== 0
DFMX1 <== DFTMX 4+ 1

ALSOs ZERO OUT THE ENTIRE DFT COUNT VECTOR

ACO <== 17777S(TELETYPE
DISABLE INTERRUPTS FROM
THE TELETYPE INPUT

START THE TELETYPE INFU]
CALL "BCHK" TO EVALUATE THE BREAKPOINT ASSERTION

INPUT INTERRUPT ENABLE MASK)
ALL DEVICES EXCEPT

CHECK IF IT EVALUATED TRUE OR FALSE
TRUL ~- EXECUTE THE NEX] INSTRUCTION
FALSE == CALL "BRK" TC OREAKPOINT AND RETURN

BEGIN THE INSTRUCTION INTERPRETATION PHASE
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a3

Lemb g

FroveR?

ey

JMP
JMP
INTDS
LOA
LDA
Subs#
JMP
JSR
JMP
LDA
AMNDH
JMP
LDA

STA
STA

JSR
LDA
MOVR
LDA
LDA
LDA
LDA
«RLK
DSZ

o+l
otl

VeaNEwWPC
1 +HMASK
UeleSZK
ECMY

oo LT
aSECM

1 +UMASK
Us1+SNR
LCME
1+P0S3

l.FCINC
GsECMS

oeCPY
UsNEWCY
Us0
UsMEWAD
1.NEWAL
2'NEWAZ
S+NEWA3
1

PCINC

WE BT W 20 S0 40 4% @0 90 w8 90 s 9% @v as @0 90 e Ss %6 me o5 40 as os as e s e -e

ALLOW THE TELETYPEL INFUJ TO INTERRUPT "ECMW
BEFORE INTERPRETING THE NEXT INSTRUCTION

ONLY

ACO <== NEXT INSTRUCTIUN

ACl <-= 063077(HALT MASK)

CHECK FOR A HALT INSTRULTION

NOT A HALT = CHECK FUR A JmMp OR JSR
YES == CALL "HLT" TO HALT ANP RETURN

AC1 <-- 170000 (JUMF MASK)

CHECK FOR A JMP OR JSK(BITS p=3 ALL ZERO)

A JUMP OR JSR

NOT A JMP OR JUSR, SO A SKIP OF ONE INSTRUCTION
IS THE ONLY POSSIBLE NUN-SEQUENTIAL FLOW

PCINC <== 3 |

TRANSFER THE INSTRUCTLON "IN-LINE®

AND EXECUTE IT "PSEUDUG=UIRECTLY" == CALL “CPY"®
TO COPY THE CURRENT CFU STATE SAVE ARLA TO THE
PREVIOUS CPU STATC SAVE AREA, THEN RESTORE THE
CURRENT CPU STATE BEFGRt ACTUALLY EXECUTING
THE INSTRUCTION

INSERTION POIMT FOR INSTRUCTION

IF THERE IS NO SKkIPs+ PCINC WILL BE DECREMENTED
TWICE 70 1 -=- IF THERE iS A SKIP, PCINC WILL BE
DECREMENTED ONCE TO 2



FrONE S

[ Lt A

Dsé
STA
STA
STA
STA
MOVL
LDA
AMD
STA
LDA
LDA
ACD
LDA
AnD
STA
JMP
JSR

LDA
LDA
AND#
JMP
LDA
1nc
LOA
AND
STA
LDA
AtD#
JMp
LnA

PCINC -
SeNEWA3
S NEWAZ
1«NEwAL
U'NEWAU
Ul
1LsRIT1S
1+0
UsNEWCY
UsCLDPC
1+PCINC
1.0

1L «AMASK
Uyl
leNEWPC
DFT1
&OCPY

0vaNEWPC
1.8ITu
UeleSNR
LCm7
24CLDPC
242
1+AMASK
1.2
2+NEWA3
1+ IMASK
U0+1482R
ECME

2+ DMASHE

DO WO B0 43 9% 4t @t wn ar @b Ge 40 0t 40 en ms s e ee os B BL 42 95 4% 40 e2 4e av w0 4+ @3 @v e as
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SAVE NEW CPU STATE

NEWPC <== OLDPC + PCINC

THAT'S ALL == HANDLE 7JHE OFT UPDATE

A JUMP OR JUSR CAN ONLY MUDIFY THE PROGRAM COUNTER
AND AC3+ SO COPY THE CURRENT CPU STATL TO THE
PREVIQUS CPU STATE SAVE AREA, DETERMINE THE

NEw VALUE OF ACS(IF A USR)s AND DETERMINE THE
ADDRESSING SCHEME TO GET THE NEW PROGRAM COUNTER VALUE
ACO <=-= INSTRUCTION BLING EXECUTED

ACl <== 004000(JSR MASK)

CHECK FOR A JSR

A JMp

A USR == NEWA3 <=« OLLPL + 1

ACl <=-= 001400(INDEX FltLD MASK)

CHECK FOR PAGE ZERO ALDRESSTNG

NOT PAGE ZERO ADDRESSING

PAGE ZERO ADDRESSING.,

SO EFFECTIVE ADDRESS <==- DISPLACEMENT FIELD



FOongos

FONG e

FOMAG

AL 2

AND
JMP
LDA
AND

LDA

LDA
AMD g
LOA
ADD
LOA
AND
LDA
SUB#
JMP
LNA

ADD
JMP
LDA
SuUB#
JMP
LNA

ADD
JMP
LDA

ADD
LDA
AND
LDA
LDA

Ue2
LCmB
1+DMASK
Uel

3 +PMASK

2.BIT8
1¢2+8S2ZR
3+ NMASK
3¢1

2+ IMASK
Us2
3BIT7
Se218SZR
£ECM9
<+0LOPC

1.2
LCMB
3+81Te6
S12¢82k
ECMA
2+CLDAZ

le2
ECtB
2+0LDA3

1.2
1.AMASK
1+2
Jer@NEWPC
1.BITS

]
]
.
.
.
*
]
'
*
L]
.
1]
!
]
L
.
.
.
1]
.
+
]
L]
.
A
*
L]
.
.
.
.
.
1]
.
L]
.
.
.
L]
]
]
.
\J
]
L]
.
'
.
'
.
]
]
+

i
*
\J
[]
.
]
]
i
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ACl <=~ 600377 (DISPLACEMENT FIELD MASK)

ACl <=~- DISPLACEMENT FLELD == SINCE THE ADDRESSING
SCHEME IS NOT PAGE ZEKOUS THE DISPLACEMENT IS A
SIGNED 7-BIT NUMBER

ASSUME THE DISPLACEMEN] IS POSITIVE(BIT 8 =
AC3 <== UO0DDOO(POSITIVE SIGN BIT EXTENSION MASK)

AC2 (== 000200 (DISPLACEMENT SIGN BIT MASK)

CHECK IF THE DISPLACEMENT IS POSITIVE AS ASSUMEN

NO == AC3 == 177400 (NEGATIVE SIGN BIT EXTENSION MASK)
ACl <== PROPERLY SIGNELU 16-BIT DISPLACEMENT

ACZ <== 0Q01400(INDEX FIELD MASK)

AC2 <== INDEX FIELD '

AC3 <~==- Q00400(RELATIVE ADDRESSING INDEX MASK)

CHECK FOR RELATIVE ADURLSSING

NOT RELATIVE ADDRESSING

RELATIVE ADDRESSING., ‘

SO EFFECTIVE ADDRESS <== OLDPC + DISPLACEMENT

AC3 <=~ 001000(AC2~BASE ADDRESSING INUEX
CHECK FOR AC2~BASE ADLRESSING

NOT AC2-BASE ADDRESSING

AC2-BASE ADURESSING,

SO EFFECTIVE ADDRESS == OLDA2 + DISPLACEMENT

MASK)

MUST BE AC3-BASE ADORESSING,
SO EFFECTIVE ADDRESS K== OLPA3 + DISPLACEMENT

EFFECTIVE ADORESS IN A(g

ACO ==
ACl (==

INSTRUCTION BLING EXECUTED
002000 (CINDIRECT ADDRESSING MASK)



|\r‘u,)(]:
N

-
H

SMTTq e

Ay
LDA
LnA
AND
STA
JypP
o« ALK
« BLK

UeleSZK
21092
1+AMASK
ire
2yNEWPC
UFT1

1

1

= 44 20 s we we s e

CHECK FOR INDIKECT ADURESSING
INDIRECT =- EFFECTIVE AUDRESS (==~

THAT*S ALL -- HANDLE THt DFT UPDATE
DFT VECTOR LOOP COUNTER
"ECM" RETURN ADDRESS

EXECUTION PHASE COMPLETE - UPDATE THE DYNAMIC FLOW TRACE

LNA

STA
LDA
LDA
Inc
SUB#H
JWp
LDA
LOA
AND
LDA
SuBs
JMpP
LDA
LDA
ADD
LDA
SuUB#
JMP
LDA

LDA
ADD

0«FPOS1

UePUUMF
0+0LDPC
1+NEWPC
Uy2

l Q2 QSNR
aeECMR
2+DFTMO
3'.DFTS
243
2103
0+29S8ZR
VFT?2
3+.0DFTL
2vLFTNG
243
2¢04¢3
1e2+¢S2ZK
DFTe
SyFTHO

34¢.DFTC

24¢3

.
Al
.
.
»
‘
.
L
[3
L
.
*
.
L]
13
A
’
L
»
L}
.
L
.
L
.
A
.
A\
’
L
.
\
[
L]
.
\J
.
L
[}
L

.t @4 ws o

AT LEAST ONE INSTRUCTIUN WAS EXECUTEDs SO
ENABLE THE PREVIQUS Chu STATE CUMP(PDUMP C-w 1)

ACC ==
ACl <=-
AC2 <~== QLDPC + 1

COMPARE OLDPC AND NEWFL
JUST A SEQUENTIAL FLOW
NON=SEQUENTIAL

OLDPC
NEwPC

== THROUGH WITH DFT UPDATE
== SEE UF IT*'S THE LAST ENTRY MANE

AC2 <== LAST ENTRY'S SUURCE
CHECK IT AGAINST OLDPC '
NO MATCH == GO ADD THIS PAIR

AC2 <== LAST ENTRY'S LESTINATION
CHECK IT AGAINST NEWPC

NO MATCH =« GO ADD THIS PAIR

E0TH SOURCE AND DESTINA}ION MATCH,
THE LAST ENTRY'S COUNT

SO INCREMENT

AC3 <==- ADDRESS OF LAST ENTRY'S COUNT FIELD

(EFFECTIVE ADNRESS)
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ISz Ue3 i INCREMENT COUNT OF LAS1 DFTC ENTRY
JMP deECM2 ¢ THROUGH WITH DFT UPDATEL
NnrToe LDA 2eLFTNG ¢ ADD THE (OLDPCeNEWPC41) TRIPLE TO THE DFT VECTORS
i AS THE NEXT ENTRY(DFTIG <== DFTNO + 1)
INC 22 :
LDA 3¢DF TMX i AC3 <== DFTMX(MAXIMUM VALUE OF DFTNO)
ADCZ#  d.2482C ¢ SKIP IF AC2(DFINO + 1) <= AC3(DFTMX)
LDA e ZERQ i OVERFLOW == CIRCLE ARGUND TO THE FRONT COF THE OFT
i VECTORS(DFTNO <== () ,
STA 2+LFTNO i DFTNO <== (DFTNO + 1) MUD (SIZE OF DFT VECTORS)
LDA 34eDFTS H :
ADD 243 H
STA 04043 i (+OFTS + DFTNQ) C=wm OLDPC
LDA 3+.0FTD H
ANDD 2+3 H
STA 1903 i (4DFTD + DFTNG) (=e NEwPC
LDA 30 UFTC H
ADC 2¢3 H
LDA UsPOS1 :
STA Gsy0e3 i (+OFTC 4+ DFTNO) K== 1
JMP "ok CM2 i THROUGH WITH DFT UPDATE
M2 ECM2 i ADDRESS OF vwECM2n, ENTRY POINT IN *ECM" FOR

BREAKPOINT ASSERTION EVALUATION

FC M FCM Fcm FCwM Fcwm FCMm FCM
:tﬁ*#*******************#********************************************#**»*******

"FCr'" HANDLES THE FLOW TRACE DUMP COMMAND

EMNTRY:
INPUT

FCMm
NOME

s 43 <8 oo aa



Loy

;.ﬁm1:

OUTPUT ¢
REQUIREL:
STA 3+¢SFCM
LDA Usaie DFTC
MOVH UG SR

JMP ASFCM
LOA €1.PUTH
LDA U0+ 0UT2
STA 0e0e2
JSR 1.2

LDA O0sDFTMX
InNC O+C

STA OsvDFMXE
LCA 0+DFTNCU
INC 0«0

LDA 1.0DF TMX
ADCz# 1,06+82C
LDA 0+ZELRQ
STA 0.OFTNO
LDA 2v.0FTC
ADD 0+2

LOA 04002
MOV# U¢09SNR
JMP FCM2
LDA 21 PUTH
LDA UsaOUT3
STA Qo092
JSR 1«2

LOA 29 UFTS
LDA 14sDFTNO
ADD 1.2

LOA Uv0e2
LDA 214820

NONE ,
"B2N"y "B20", "PUTR"

WE B9 40 4% 48 4% S B9 ©v @0 ©b we @ @6 ee s @8 we we

WO 49 23 20 4% 9% <8 we w6 @e w0 o ee

SAVE RETURN ALCDRESS

CHECK COUNT FIELD OF F1RST DFT ENTRY
ZERO COUNT == NO DFT LNIRIES
OUTPUT DFT DUMP HEADING

DFMX2 <=- SIZE OF DFT VECTORS(DFTMX + 1)

LOOK AT THE NEXT DFT ENTRY(DFTNO <== UFTNO + 1)
ACl <-= DFTMX(MAXIMUM VALUE OF DFTNO)

SKIP IF ACO(DFTNO + 1) <= AC1(DFTMX)

CIRCLE ARQUND TO THE FRUNT oF THE CFT
VECTORS(DFTNO <== 0)

DFTNO <=~ (DFTNO + 1) MUD (SIZE OF DFT VECTORS)

CHECK THIS ENTRY*S COUNT FIELD
ZERO COUNT == SKIP IT

OUTPUT THE SOURCE ADDKESS
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STA
JSR
LDA
LDA
STA
JSR
LDA
LDA
AND
LDA
LDA
STA
JSR
LDA
LDA
STA
JSR
LDA
LDA
ADD
LDA
LDA
STA
JSR
LDA
LDA
STA
JSR
+ev2t  DSZ
JMP
JMP
NFNX2: «BLK
NECML oBLK

UsU9e2
1¢2
ZO.PUTB
UQQOUTu
0+0s2
1.2

2+ DFTD
1.DFTNO
1.2
Oe0e2
2'.820
Ue092
12

2+ +PUTB
0+,0UTS
O0e0e2
1+2
2v.DFTC
1+DFTNO
le2
Ue0oe2
2veB2D
0002
142
2+1.PUTB
U'OOUT6
GeDe2
1¢2
DFMX2
FCm1
aSFCMm

1

1

*® ©v @e 2 oo we as

-cqa.«..o.conoo-oooo.ooo-oo-a‘occooooucncocco-.-

QUTPUT THE DESTINATION ADDRESS

OUTPUT THE EXECUTION COuN

CHECK IF THAT*S A FULL PA
NO == CONTINUE

YES =<« RETURN

DFT VECTORS LOOP COUNTER
"FCM" RETURN ADDRESS

T

SS ARQUND THE VECTORS YET

56

HE 3 *************************************************************‘#**************



.
.

FCM™

F C

M

f

Cm

FCMm

FCwm

FCM FCM

FCcM

FCM

57

:************************************#*******************#****t****#********t***
:k**********************************#***********************#******t******#**t**

I ¢ ™

Ic

M

I

C M

I cwm

I cm™m

s C N IcM™

IcMm

rcwm

:***************************************************************#********t******

: "ICH" HANDLES THE IMMEGIATE ASSERTION COMMAND

- 4% @6 w6 ee a3 se

NTCM:

.
L]

ENTRY
INPUT
OUTPU
REQUI

STA
LDA

JSR
LDA
MOVH
JMP
LDA
LDA
STA
JSR
LDA
LDA
LDA
MOV H
LDA
LDA
STA
JSR
JMP
BLK

r:
RED?S

3+SICM
2'OPSB

1e2
U0+0.PSB
0+0+SNR
ASICM
2vePSE
U'QIPS
Ge002
22

"24v.PSE

Uele2
1+.0UTC
Us04SZR
1+,0UTL
2+,PUTHE
1+Ce2
12
aSICM

1

Icm

NONE
NONE
"PSRB

R BE 2 ST GBS 20 B WE 49 4o ws 4% @% 4O 66 49 e et @ o ww

LU

v "ESEM,

"Py

8"

SAVE RETURN ADDRESS .
CALL "PSB" TO INPUT AN ASSERTION AND BUILD
ITS POLISH STACK IN THE IPS STACK

CHECK FOR A VALID STACK

NO == JUST RETURN

YES

-= CALL

"PSEN

TO EVALUATE IT

ASSUME IT WAS FALSE
CHECK THE "PSE" EVALUATLON FLAG

NO =~

"ICM

= IT WAS TRUE
QUTPUT THE APPROPRIATE VALUF MESSAGE AND RETURN

" RETURN ADDRESS
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"MCMY HANDLES THE MEMORY EXAMINE/MODIFY COMMAND

‘-nu-..-..na-.-.

ENTRY: MCMm
INPUT: NONE
OUTPUT NONE
REQUIRED: "820", nrpapn, "PUTR"y npUTCH
weN e STA 3e8MCM i SAVE RETURN ADDRESS .
LLDA 0,SPACE i QUTPUT THE MEMORY ADDRESS PROMPT
JSR de PUTC H
LLDA 214028 i CALL "o2B"™ TO LOOK FOK AN OCTAL ADDRESS
JSR 342 H
LDA 2+.02B H
LDA Us242 H
LDA 1,SLASH H :
sSuB# Us19S2ZR t CHECK IF THE "02B" STKING DELIMITING CHARACTER
i WAS A SLASH
JMP MCM1 i NO == INVALID INPUT
LDA 14042 H
MOvV#H 1+1+SNR i YES == CHECK THE "02B" STRING VALIDITY FLAG
JMP MCM1 ¢ NO ADDRESS INPUT == JUST A nyn
JSR D PUTC ¢ A VALID ADDRESS STRING =« DISPLAY ITS CONTENTS
¢ AFTER THE SLASH
LOA Uelae2 H
LCA 1+AMASK H
AND 10 :
STA U+MADDR ¢ MADDR <~= THE ADDRESS INPUT

LDA U+aMADDR FETCH AND DISFLAY THIS LOCATION'S CONTENTS,



LEAVING IT OPEN FOR SUBSEQUENT MODIFICATION

LDA cveB20
STA O0+002 H
JSR 1s2 H
LDA U0+SPACE v OUTPUT THE UPDATING COUNTENTS PROMPT
JSR adePUTC :
LDA 240028 ¢+ CALL "g2B" TO LOOK FOK A STRING TO UPOATE
i THE LOCATION'S CONTENTS
JSR 3462 :
LDA 21,028 :
LDA Ue292 H
L.DA 1+CR $
SuB# UrleS2K i CHECK IF THE "02B" STRING DELIMITING
i CHARACTER wAS A CARRIAGE RETURN
JMP MCM1 i NO == INvALID INPUT :
LDA UeQo2 H
MOV# 0+0¢SNR i YES ~= CHECK THE "02B" STRING VALIDITY FLAG
JMP ASMCM ¢ NO STRING INPUT = JUST A CARRIAGE RETURN
LDA Uesle2 i A VALID UPDATING STRING == CHANGE THE LOCATION''g
i CONTENTS AND RETURN -
STA 0+aMADDR
JMP ASMCM H
2rMYTT JSR asPUTC { FLAG THE INVALID INPUT LHARACTER AND RETURN
L.DA 2v4PUTH H '
LDA O+eERR1 H
STA Us0oe2 H
JSR 1+2 H
JMP wSMCM :
MArDR: JDLK 1 i ADDRESS OF LOCATION BEING EXAMINED/MOUIFIED
SsTeny «BLK 1 H
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H S CMm S Cm S Cwm S CM Scwm S CMm SCM SCM™ S CMm
AR 3 ********************************************************************‘*****
PONSCR" HANDLES THE SYMBOL TABLE DUMP COMMAND
: ENTRY SCm
H INPUT NONE
: ouUTPUT: NONE
: REQUIRED "Ba2o". "PUTR", "PUTCY", nSpan
Sy STA 3¢8SSCMm i SAVE RETURN ADDRESS
LLDA 2¢PUTE ¢ QUTPUT SYMBOL TABLE DUMP HEADING
LDA UeOUTE H
STA Us0e2 H
JSR 1,2 H
LDA 1+SYMNO { NSOMP <=+ SYMNO(NUMBEK UF USER SYMBOLS) +
4 i 6(NUMBER OF RESERVED SYMBOLS)
[.DA 0+PCSE H
ADD O+1 H
STA 1+NSDMP :
LDA U+eSYMR i SADDR (== «SYMR(BEGINNING OF SYMBOL TABLE)
STA 0+SADDR H
SCv1d LDA 21.PUTE i OQUTPUT NEXT SYMBOL*S SYMBOL TABLE LOCATION
LDA OQQOUTF H
STA 0es002 :
JSR 142 H
LDA UsSADDR H
LDA 21,820 :
STA U002 H
JSR l1e2 H
JSR @weSP3 H
JSR deSP3 '
LDA 2¢SADDR ! QUTPUT SYMBOL
LDA Osle2 H
MOVS Ce0 H



LDA
AND
LEA
JSR
LDA
LOA
AND
LDA
JSR
LDA
MOVS
LDA
AND
LDA
JSR
LDA
LDA
ANMD
LLOA
JSR
LDA
MOVS
LDA
AND
LOA
JSR
JSR
JSR
LDA
JSR
LCA
LDA
LDA
STA
JSR

1L+CMASHKH
1+UeSNK
C+SPACL
@ PUTC
Uelie2

1 +CMASK
1+09SNK
U+SPACE
ad«PUTC
0¢102
Ge0
1,CMASHK
1+0¢S8SNR
0+SPACE
@d.PUTC
Uele2
1+CMASK
1+0+SNR
0+SPACE
wePUTC
Ue2e2
0+0
1+CMASK
1+04¢SNR
U+SPACL
e PUTC
WeSP3
deSP3
0+SPACE
aePUTC
2+SADDR
0e¢342
2'0820
0e002
12

@ B4 40 % 40 40 s S 90 40 w0 90 ¢ se 0 as oo oo es es

@8 4% @8 40 Av o% 49 e ae 4o @0 @® o6 se e

FIRST CHARACTER

SECUND CHARACTER

THIRD CHARACTER

FOURTH CHARACTER.

FIFTH CHARACTER

OUTPUT SYMBOL'S ADDRESS

61
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wervP L 4 BLK 1 NUMBER OF SYMBOLS TO bt DUMPED

SATDR: W BLK 1 ADDRESS OF SYMBOL TABLE ENTRY OF CURRENT SYMBOL

serM: LBLK 1 "SCM" RETURN ADDRESS
:k****i***************************t**************‘****t***************t*tt**tt**
: S CcM S ¢ ™ S Ccwm SCM S CM SCM™ SCcM™ ScM SCM
!*i************************************#****************************#*#*********
:***********#***#****************************t*#***************lt*#**************
: AN LB AL B AL B AL B AL B ALRB AL B AL B A LD
:*A***************************************************x************tt**t********

LDA UePOSY i SAUDUR <==- SADDK + 4 TU _OOK AT THE NEXT SYMBOL
¢ TABLE ENTRY

LCA 1+SADDR :

ACD Uel :

STA 1+SADDR :

NsZ HSLMP i CHECK FOR THE END OF THE TABLE

JMP SCwm1 ¢ NO == DUMP THE NEXT SYMBOL

JMP aSSCMm i YES ~= RETURN
A\l

"WALE" PERFORMS ALPHABETIC("AM « nzZun AND n,n) CHARACTER VERIFICATION

s8 e am ae ae

ENTRY: ALB + 1
INPUT? CHARACTER To BE VERIFIEDs IN ALB
QuUTPUT: VERIFICATION FLAG(O=INVALID+i=VALID)s IN ALB

REQUIRED: NONMF

28 we a»

nee o PLK 1 ON ENTRYs CHARACTER TG BE VERIFIED

ON EXITs VERIFICATION FLAG(O=INVALID,1=VALID)

STA 34+ SALP { SAVE RETURN ADDRESS

LDA 0+ALDB i+ ACO <==- CHARACTER 10 bt VERIFIED

LDA 1+ZERQ i ASSUME THE CHARACTER 18 INVALID(ALB <== 0)
STA 1.ALB 4

LDA 1.D0T t AC1l <=~ ASCII ",

Suts Us1l+SNK i CHECK IF THE CHARACTER 1S A n.m

JMP ALB1 ¢ YES <= MARK THE CHARACTLR AS VALID AND RETURN
LDA LeLETA t NO == CHECK IF THE CHARACTER IS "AM" = nzmn
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Q
[
H
.
L]
.
L]
v
Al
*
H
.
1
L
L]

~a @6 a0 o0 oo &3 as

S es we

A

R

LOA
ADCZH
ADCZH
JMP
LOA

STA
JMP
«BLK

2'LLETZ
2+0e¢SNC
UeleS2C
aSALB
0+P0OS1

0«ALB
aSALB
1

€e @e @0 22 wn os o we o
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SKIP IF ACO(CHARACTER) > AC2(ASCII wz")

SKIP IF ACO(CHARACTER) >= AC1(ASCII "A")

NOT "AM « nZn EITHERs SU IT*S INVALID AS ASSUMEN
MARK THE CHARACTER AS VALID(ALB <== 1)

AND RETURN

"ALB" RETURN ADDRESS

ki**********************************************t***************#**************

ALRB

AL B

AL B AL B AL B AL B A LB AL B A LB

***********************************************t*#**************************t**
k**************************************************#***********#****#**********

A LN

A LN

A LN A LN A LN A LN A LN AL N a LN

*i**#*********************************#********l***********#*#******#t***‘*****

L} ALN"

Ed

PERFORMS ALPHANUMERIC("AM « WZu, ngw o wgu . Anp o)
CHARACTER VERIFICATION

ENTRY:
INPUT
QUTPUT:
REQUIRED
« LK 1
STA 3¢ SALN
LDA 2v+ALB
LDA UesALN
STA Uele2
JSR 1.2
LDA Uvde ALB
MOV#H U+s0+S2R
JMp ALN]

O 4 S0 G4 @0 @0 awe we oo o

ALN + 1

CHARACTER TO BE VERIFIEDs IN ALN
VERTIFICATION FLAG(O=INVALILA=VALID)s IN ALN
"ALBH

ON EMTRYs CHARACTER TU BE VERIFIED

ON EXITs VERIFICATION FLAG(O=INVALID.1=VALID)

SAVE RETURN ADDRESS

CALL "ALB" TO CHECK IF THE CHARACTER IS ALPHABETIC

CHECK THE "ALB" VERIFICATION FLAG
ALPHABETIC =-=- MARK THE (HARACTER AS VALID AND RFTURN
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LDA UsALN NONALPHABETIC == CHECK LF THE CHARACTER IS "gw . ngu
LDA 1.C1G0
LDA 20169

ADCZH#  2+04SNC
ADCZH# (0el+S2C

SKIP IF ACO(CHARACTER) > AC2(ASCII "9")
SKIP IF ACO(CHARACTER) >= AC1(ASCII ugn)

i
i
'
JMP ALN2 ¢ NOT "0 - ng" EITHERs SU MARK THE CHARACTER AS
i INVALID AND RETURN
Al LDA 0+.POS1 i MARK THE CHARACTER AS VALID(ALN <== 1)
* { AND RETURN
STA UsALN i
JMP aSALN : '
npr2s LDA 0+ ZERC i MARK THE CHARACTER AS INVALID(ALN <== 0)
' { AND RETURN
STA 0+ALN t
JMP aSALN :
L]

SALM:  oBLK 1
:

HE &} *********************#*********************#Xt*******************************
H AL N A LN A LN A LN A LN AL N A LN A LN A L N
:*k**********#******************************************#******************#t****
:*»*********************#******#*********#******************#********t***tt#*t**

B CHK B CHK B CHK B CHK B CHK B C H kK B CHK
* 4 **t&******************f*************#******#******************#***************

"ALN" RETURN ADDRESS

nBCHK" EVALUATES THE BRREAKPOINTING ASSERTION

ENTRY S BCHK + 1

INPUT NONE

CUTPUT ¢ VALUE OF BREAKPOINTING ASSERTION(O0=FALSE+13TRUE)+ IN BCHK
REQUIRED: "pSE"

88 04 ae o0 am +4 4o 40 -0 as

i ON EXITs VALUE OF BREAKPOINTING
i ASSERTION(O=FALSE,1=TRUE)
'

X

HOEKS  #BLK 1
SAVE RETURN ADDRESS

STA- 3+SBCHK :
EVALUATE THE BREAKPOINTING ASSERTION BY

LDA 24+,.PSE
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CALLING "PSE" TO EVALUAIE ITS POLISH STACK

i

LDA UseBPS :

STA Ue0v2 t

JSR 22 i

LDA 2+.PSE i

LDA 0elo2 t

STA 0+BCHK ¢ BCHK <== "PSE" EVALUATIUN FLAG
Jmp ASBCHK i RETURN

SRCHK S 4BLK 1 "BCHK" RETURN ADDRESS

H
13

FRH KKK O R KK K KK KKK HOKOK KO KKK K KK KK KR K KR KKK K K ok K K KK o K A R R o Ko
: B CHK B CHK B CHK B CHK BCHK B CHK BCHEK

B KRR KA KR KKK KKK KKK K KKK R KKK KK KR KK K K OR KK Ak o ok o K KKK R kK K KK o o
PR KA AR R KOk AR KK KK KKK KKK AORROK K K MK O R KK K 3ok R R KK K MK K K K K o ok kK K K
: B R K B R K B R K B R K B R K B R K B RK B R K R R K
FEH KKK RKOKK KK AR ROK KK KOK AR A KKK R OK KK KK R KKK K A KK K Ok ok K ok ok ok K R Ok K

"BRK" LISPLAYS THE USER PROGRAM STATE AT A BREAKPOINT

ENTRY? BRK
INPUT: NQNE
H OUTPUT @ NONE
' REQUIRFED? "OomMp Y
HOK e STA 3+SBRK it SAVE RETURN ADDRESS
LDA 2¢e0MP i CALL "DMP" TO OUTPUT THL USER PROGRAM STATE
{ AT A BREAKPOINT(DMP <K== 1)
LDA 0+POS1 :
STA 0+0e2 H
JSR 1¢2 H
JMP aSBRK i RETURN
H

RAK?Y  «BLK 1 "BRK" RETURN ADDRESS

HOH KRR AOK KK K8 R AR KK KKK KK KKK OK K oKk kKK KKk K K K R KoK ok o KK R R o ook KK K o b o
B R K B R K B R K B R K B RK 8 R K B R K B R K R R K

“s oo s
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;*i*******************************t**#**********t*************#**#**t*********#*
:*i*********************************************************w****t*#*****t***#**
: B 2D B 20D B 20D B 20D B 20D b 20D B 20D B 20D R 2D

2*********************#*******************#********t*t*********#t*****#**#******

"B2L" PERFORMS BINARY TO DECIMAL CONVERSION PER "INTRODUCTION TO
PROGRAMMING THE MOVA COMPUTERS", 093-000Ue7-01, DATA GENERAL
CORPORATION+ SOUTHBOROs MAs 1972+ PAGE A=p

@9 48 20 90 4% os a4 wa on

ENTRY BeD + 1

INPUT BINARY INTEGER TO BE CONVERTED, IN B2D
OUTPUT NONE

REQUIRED: "PUTCn

HD2T ¢ «BLK 1
STA 38820

ON ENTRY, BINARY INTEGER TO BE CONVERTED
SAVE RETURN ADDRESS

MOVR 2+2+SNC
JMP B2O1

CHECK FOR THE LAST DIGi1
MO == CONTINUE

LCA 1+8B2D i AC1l <=-=- BINARY INTEGEK J0O BF CONVERTED
LDA 3+ INST i SET UP LDA COMMAND
STA 3'0+1 H
Rorl: W BLK 1. ¢ AC2 <~= POWER OF 10
L.DA 0+.DIGO { ACO <~=- ASCII "0
SUBQO 2+1+SNC { STILL PLUS IF NO CARRY
INC 0+09+SKP i INCREMENT ASCII CHARACTER
ADD 2v19SKFP t TOC MUCH «- ACD BACK
JMP 0'3 {
JSR d«PUTC i QUTPUT CHARACTER
1sZ  B2D1 i INCREMENT LDA COMMAND
JMP asB20 i YES =~ RETURN
«RDX 10 { CHANGE RADIX TO 10
1FaS: 10000
1000
100

10
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1 . :
+«ROX 8 i CHANGE RADIX BACK 10 &

[eT:  LDA 21.+TENS=B2D1

sSRz0Y WBLK 1 i "B2D0" RETURN ADODRESS

BRSO AR KK KKK KK AR KKK KR KKK K R K KKK R KKK KKK K K ok ook kKKK R K ook K oKk
: B 20D B 20D B20D B20D B 20D 820D B 20D B 2D R2D
TR AR AR KKK KR SOKK K KoK KK o ok KK KRR KKK KKK o Kok ok o KKK K Ko oo o o o
R AR KRR AR KRR KKK KKK KR KKK KKK KK KR SR KKK K K Ak o ok oK oo K ok o o oo oo o K o o
: B 20 B 2O B20 B 2o B 2O B 20 B 2o B 20 R2O
OB OR A A RKKKARAAKK KOK KK KKK KK S oK ROK K ok K oK KK o Kk KK K K R K K o o

¢ "B2o" PERFORMS BINARY TO OCTAL CONVERSION PER "INTRODUCTION TO

: PROGRAMMING THE NOVA COMPUTERS". 093-000067=-014 DATA GENERAL
: CORPORATIGNs SOUTHBOROe« MA, 1972+ PAGE A<b

H ENTRY S B20 + 1

: INPUT: BINARY INTEGER TO BE CONVERTEDe IN B20

: QUTPUT NONF

: REQUIRED: "PUTC®

Aed e «BLK 1 ON ENTRY, BINARY INTEGER TO BE CONVERJED

CHECK FOR THE LAST DIGIiT
NO == CONTINUE

MOVZR 2+2¢SZR
JMP 38201

i
STA 3+8B20 i SAVE THE RETURN ADDRESS
LDA 1,820 i AC1l <=~ BINARY INTEGEK 10 BE CONVERTED
SUBZR 22 i AC2 <-- 100000

B2l LDA 0.0IGO i ACO <== ASCII "On

SUBO 2+14+SNC ¢ STILL PLUS IF NO CARRY
INC 0+0+SKP i INCREMENT ASCII CHARACTER
ADD 2v148KP i TOO MUCH == ADD BACK
JMP =3 H
JSR WePUTC i OUTPUT ASCI1 CHARACTEK
MOVZR 242 i SHIFT RIGHT THREE BITS
MOVZR 2+2 }

L



68

JMP asbeu ¢+ YES -= RETUKN
snz08 oBLK 1 i "B20" RETURN ADDRESS

ok kb ok Ak K Kk ok Ok K K Kk ok ok Kk K Kk ok o Ok ok ke ok ok K o ok ko K ok o 3K K K K KK Ak ok ok ok 3 K K K oK ok o ok XK ok ok K o ok oK o ok ok o ok ok K
B 2 C B 2o B 2 ¢C B 20 B 2O s 20 B 220 B 2O R2O0

§ ok ok ok ok KK kK R ok kK K K K OK JROK ok A OR ok Ok K o 3 K ook o ok Kk K K ok K K K IO K ok ok K o o e ok o o ok ok ok K o ok KKk K K

o A ok ok ok ok 3Ok kK K K K ok K ok ok sk ok K 3 ok ok i 3 ok k3 ok KOk K 0 ok K K K ok oK K oK s o oK ok K o ok o o ok oK ok K o ok ok Kok o oKk K ok
cnRIT cCBIT CBIT cB1I1T LBIT cBIT csrT

¥4 KOk Kk KOK K KO KK K K K K 3k ok sk ok ok 3 ok o kK 3k ok ok K K K Kk ok K K % ok 3 K oKk ok 3 ok 3K 3K ok ok ok R ok ok K K o K ok e K Rk ok ok

*e 28 se

"CBIT" OUTPUTS THE VALUE OF AN ENCODED(ROTATEU LEFT INTO BIT 15) CARRY RIT

[ a0 «s oo as se ea as se en a»

ENTRY CBIT + 1
INPUT: ENCODED CARRY BIT TO BE OUTPWT. IN CBIT
OQUTPUT? NONE
REQUIRED: "pUTC™
nTT:  BLK 1 i ON ENTRY, ENCCDED CARKY BIT TO BE QUTPUT
STA 34SCBIT i SAVE RETURN ADDRESS
LDA 0+SPACE i OUTPUT TWO SPACES
JSR - &.PUTC :
JSR d.PUTC H
LDA 0.C1G0 i ASSUME THE CARRY BIT 1S A O(ACO <~e ASCIT wQn)
LDA 1.CBIT ; '
MOVRHE# 1414+S2C i CHECK IF THIS IS RIGHT
LDA UWLIG1 t NO == IT*'S A 1(ACO <== ASCII "1")
JSR @ePUTC i OUTPUT ACO, THE ASCII EWUIVALENT OF THE ENCODED CARRY
LDA 0+SPACE { OUTPUT TWwO SPACES
JSR aePUTC :
JSR a.PUTC :
JMP aSCBIT { RETURN
[

SCRIT «BLK 1

.
*

Db KRk OR OKAOK SRR OF KKK K R KOK SE KOk KOk ok R K K kKKK KKK K R Kk ok o o K ok o o 3K ok ok ok o K ok R KK R ok o koK o Kk
: cBIT cBIT1 CBIT cCBIT «tBIT cBilT cBr7T

"CB8IT" RETURN ADDRESS



;*****#**#**************************************#***
k*******************************************

Cpy
*i***********************************************t******

.
H
.
.
.
1
.
.
»
A
.
.
.
A
.
.

-s

Py

cpP

"CPY "
ENTRY
INPUT
OUTPUT :
REQUIRED .
LDA Ve NEWAU
STA 0+.CLDAC
LDA 0.NEWAL
STA 0+0LDAL
LDA GeNEWA2
STA G.0LDA2
LDA OyNEwA3
STA 0+0LDA3
LDA OeMNEWCY
STA 0+0LDCY
LDA UeNEWPC
STA G+COLDFC
JMP 0+3

Y

CPy

NONE
NONE
NONE

OO 4% 4% @6 40 we <+ 00 @6 ev ee we ee

2 26 26 48 we os aa

CpPyYy

Dmep

c

&

P Y

M P

CPyY

ACO
AC1
ACe

AC3

CPyYy

CARRY BIT

PROGRAM COUNTER

RETURN

cpPy

DmpP

R RO K KRR K K KK KK K KOk Kok K K oKk K ok KK ok Ko

DmePp

Cpy

CpPy

D mP

CPY

L PY

CPy

e ok kA ok K K o KOk KK K ok K K e o oK ok ok g K
****************************#*****i

cPYy cPY

XK o Kk KK oK o ok ok kK ok K o ok

cpPy

#***********#**************************************************#
k***********************************************

COPIES THE CURREMT CPU STATE VECTOR TO THt PREVIOUS CPU STATE VECTOR

******#*******************t**t#******

3 2K o o o o o Ok Kok K ok

R S oK o KK oK K KK K K o ok oK o o K

UMmMP

ODmep

***********#****************************************************

DMP nMmePe
3 ok 2o o o ok Ok Ok K

"CMP" DUMPS THE CURRENT AND PREVIOUS CPU STATLS OF THE USER PROGRAM



e &8 o1 we aa

[RAEE ol

ENTRYS
INPUT?
OQUTFUT
REQUIKEDS
«RLK 1
STA 5 4¢SDMP
LDA 24PUTE
LDA Oy QGUTT
STA 0«00 2
JSR 1«2
LDA 1.0MP
MOVR 1¢1e82C
MOVR 1+¢1+82C
LDA 0yos0UTS8
MOVR 141482C
LDA Ue o OUTO
STA Oe002
JSR 12
LDA 2y.820
LDA OsHNEWPC
STA 0+002
JSR 1.2
JSR deSP3
LDA 2+.B820
I.DA UsadNEWP
STA 04042
JSR le2
JSR eSP3
L.DA 2eeCBIT
LDA Qe NEWCY

0¢e042

DMP + 1

OUMP FLAG(1=BREAKPOINT ¢2=HALT 4=INTERRUPT)s IN DMP
NCNE

"g20o", "CBIT", "PUTB", "Spa"

ON ENTRYs FLAG TO INDICATE TYPE

OF DUMP(1=BREAKPQINT+2=HALT4=INTERRUPT)
SAVE RETURN ADDRESS ‘

OUTPUT DUMP HEADINGS

QUTPUT CAUSE OF DUMP

CHECK IF IT WAS A BREAKPOINT(DMP=1)
YES == A BREAKPOINT

CHECK IF IT wWAS A HALT(UMP=2)

YES == A HALT

CHECK IF IT WAS AN INTERRUPT(DMP=4)
YES == AN INTERRUPT

OUTFUT APPROPRIATE LABEL FOR CAUSE OF DUMP
OUTPUT CURRENT ADDRESS

@E 29 20 B4 A 4% 4e 2% G0 2% 60 GF @6 wa o9 46 s oe we

OUTPUT CURRENT INSTRUCTLON
c

OUTPUT CURRENT CARRY B4l

S @8 @e w8 @v w¢ e ae o8 ee ee

70



JSR
JSR
LDA
LDA
STA
JSR
JSR
LDA
LDA
STA
JSR
JSR
LDA
LDA
STA
JSR
JSR
LDA
LDA
STA
JSR
LOA
MovVy

JMP
LoA
LDA
STA
JSR
LOA
LDA
STA
JSR
JSR
LDA

142
WeSP3
20.820
UsNEWAU
Uel000 2
1+2
AeSP3
20.820
O«NEWAL
0es0nv2
1+2
aeSP3
2y+.820
UenNEWAR
Uv092
1.2
AdeSP3
290820
UsNEWA3
UelGo2
1+2

0 +PDUMP
0+0+SNR

adSOMP
2'.PUTB
0+ OUTA
0v0e2
1+2
244820
U«OLDPC
0s0e2
1e2
deSP3
21820

71

OUTPUT CURRENT ACO

OUTPUT CURRENT AC1

OUTPUT CURRENT AC2

OUTPUT CURRENT AC3

CHECK PDUMP TO SEE IF ANY INSTRUCTIONS ACTUALLY

GOT EXECUTED

NO == THERE WAS NO PREVIOQUS CPU STATEs SO JUST RETURN
YES -- OUTPUT LABEL FUR PREVIOUS CPU STATE LINE

OUTPUT PREVIOUS ADORESS

OUTPUT PREVIOUS INSTRUCTION



LDA Csa0LDFC

STA Ge092 H

JSR 1+2 :

JSR d.SP3 H

LDA 2+v.CBIT i OQUTPUT PREVIOUS CARRY B.iT
LDA 0s0LDCY H

STA Ue0e2 H

JSR 1+2 H

JSR deSP3 H

LDA 2veB20 { OUTPUT PREVIOUS ACO
LDA U+0OLDAC H

STA 0002 H

JSR 1+2 H

JSR DeSP3 t

LDA 2¢4B20 ! OUTPUT PREVIOUS AC1
L.OA Us0OLDAL H

STA a0 2 H

JSR 1.2 H

JSR AdeSP3 H

LOA 214820 i OUTFUT PREVIOUS AC2
LDA U«.0LDA2 H

STA UeBe2 H

JSR 1e2 $

JSR deSP3 H

LDA 2+4B20 i QUTPUT PREVIOUS AC3
LDA 0+0LDA3 H

STA 0¢002 H

JSR 1+2 H

JMP aSDOMP ¢ RETURN

NPNPD O GBLK 1
i
!'****t***********************ﬁ****************************************#*********
; bMmp OMP LDMP DMP OMP LMP DMP DMP pMP
!*#**4*************************************#****i****************#***t**********
:*t**t**************************************************************************

"DMP" RETURN ADDRESS



; Lt CaAC ECaAC L CAC ECacC £ CacC £ECAC ECacC
:kt*********#******************t**************#***************#***t*****t*#****:

"ECAC™ EXAMINES THE CHARACTER IN ATXTs THE ASSERTION TEXT BUFFER.
: CURRENTLY POINTFD TO BY ATXTPs THE ASSER}ION TEXT POINTER

: ENTRY ECAC

: INPUT? NONE

H ouTPUT: CURRENT ASSERTION TEXT CHAKALTER, IN ACO

: REQUIRED?: NONE

: NOTE S ATXTPs THE ASSERTION TEXT FULNTER. IS NCT ADVANCED

FrACT  LDA 29 ATXT ¢ AC2 <=~ STARTING AODRESS OF ASSERTION TEXT BUFFFR
LDA LsATXTP i ACl <=~ ASSERTION TEXT POINTER
ADD l.2 ¢ ADD THESE TwO TO OFFSET TO THE CURRENT CHARACTER
DA 0+002 i ACO <-= CURRENT ASSERT1UN TEXT CHARACTER
JSR U3 i RETURN :

:
3k&************************************#************************************t***
: ECAC ECAC ECAC ECAC ECAC ECAC EC A C

ok ok kb a3k K Ok K K OK K ok ok 3k K ok K ¥ KK K # *********************************#****##*****t***’******
:-&i:k************************#*******************t*****************##*tt**#******
. E v AC ENAC L NAC ENAC E N AC ENAC ENAC

HE AR 22 :0'***#**************w********************#**************t***t***#**t*t******

:onERACH EXAMINCS THE CHARACTER IN ATXTs THE ASSERTION TEXT BUFFER,
! FOLLOWING THE ONHE CURRENTLY POINTED TO BY ATXTP+ THE ASSERTION
; TEXT POINTER

: ENTRY: ENAC
INPUT: NONE
OUTPUT: NEXT ASSERTION TEXT CHARACTER, IN ACO

REQUIRED? NONE
NOTE @ ATXTPs THE ASSERTION TEXT FUINTER, IS NOT ADVANCED

“8 e% as e ax



SACS

-

-o

28 ee we

~ATL:

LDA
LOA
INC
ADD
LDA
JMP

GAT

29 ATXT
LeATXTP
1+1

1,2
Jele2
Ue3

G A

ENTRYZ
INPUT:
OUTPUT:
REQUIRED?S
STAa 3¢8GAT
LDA 0NEGY
STA UeATXTH
JSR AeGETC
JSR aePUTC
LDA 1+CR
SUB#H Us1leS2ZK
JMP GAT2
LDA UsLF
JSR a e PUTC
JSR AeSF3

LDA

U+ SPACE

“s o3 &% e av oo

ENAC

T

GAT

NONE
NONE
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AC2 <=~ STARTING AUDRESS OF ASSERTION TEXT BUFFER
ACl <=- ASSERTION TEXT POINTER

INCREMENT THE ASSERTION TEXT POINTER

ADD THESE TWO TO OFFSET TO THE NEXT CHARACTER

ACO <=< NEXT ASSERTION 1EXT CHARACTER

RETURN

*?‘******’***************:&*******************************************#***t*******
ENAC
*******#**t*********************#**************************#******************#
L 3] **#*******************************************#*********#************#*******
G AT G AT G AT b AT GAT GAT G AT

* % *************************’********************************#****#*****##t******

ENAC ENAC ENAC ENAC ENAC

"GAT" PERFORMS TELETYPF INPUT OF THE ASSERTION 1EXT

"GETC", "PUTB", "PUTCH, "SEaw

WS B0 @4 44 we 40 B¢ we @% we @ os wv a=

SAVE RETURN ADDRESS
MOVE THE ASSERTION TEX1 POINTER BACK 10
THE FRONT OF THE BUFFER(ATXTP == =1)

ACO <=~ NEXT INPUT CHARAWCTER
ECHO IT

CHECK IF IT IS A CARRIAGE RETURN

NOT A CARRIAGE RETURN

YES =« QUTPUT A LINE FEED AND TAB IN FOR
ANOTHER LINE OF INPUT



JSK a«PUTC

JSR awes PUTC
JMP GAT1
GATP:  LDA 1+SPACE
suB# O0+1+SNK NOT A CARRIAGE RETURN == CHECK IF IT IS A BLANK
JMP GAT1 YES == IGNORE IT
LDA 1L+ARROW

SUBH Uvy11S2ZK NOT A BLANK EITHER == CHECK IF IT IS

A BACKWARDS ARROW

SUB# UeleSNR
LDA 0+ AMPER
LDA L.COMMA
suB# Us19SNR
LDA 0+COLON

TRANSLATE 4" TO ngn

L
JupP GAT3 ¢ NOT A BACKWARDS ARROW
LLOA UsNEGI i YES == CHECK IF THE PUINTER CAN BE BACKED uP
LDA 1.ATXTP H
SUB# 0+19¢SNK 3
JMP GAT1 i IT'S ALREADY AT THE FRUNT. SO LEAVE IT ALONE
ADD 01 i NOT AT THE FRONT(ATIXTF > =1), SO BACK
i IT UP(ATXTP <=~ ATXTP - 1)
STA LyATXTH H
JMP GAT1 H
Y135 LDA LeATXTP ! THE CHARACTER WAS NOT A CARRTIAGE RETURN. A BLANK OR
i A BACKWARDS ARROW, SO AUD IT TO THE END OF THE
i BUFFER == IF THERE'S KUUM LFFT
InNC 1,1 i ACl <== ATXTP + 1
LDA 2yATXTV i AC2 <== ATXTM(MAXIMUM VvALUE oF ATXTP)
ANCzZR 2414S2C i SKIP IF ACL(ATXTP + 1) <= AC2(ATXTM)
JMP GATY t ATXT OVERFLOW
STA 1+ATXTF i+ THERE WAS ROOMs SO ADL THE CHARACTER AND
{ UPDATE ATXTP(ATXTP <== ATXTP + 1)
LDA 2¢ATXT 5
ADD le2 H
LDA 1+SCOLN i TRANSLATE "i" TO wgv
L]
H
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STA Uele2 H
LDA 1+LSIGN H
SuB# 0+v1eSZR ¢t CHECK IF THAT LAST CHARKACTER WAS A FENCE("sg")
JMP GAT1 { NO == GO GET ANOTHER CHARACTER
JMP ASGAT ¢ YES == RETURN
tATu . LDA 2+ PUTE ¢t OUTPUT A FATAL ERROR MESSAGE (ATXT OVEKFLOW) AND
t RETURN TO "ALA"™ DIRECTLY
LDA 0+ oERRE :
STA UeB 2 H
JSR 1.2 :
JMP aeALAl 3

SnAT: o BBLK 1

.
0

30k ok ok ko ok ok K ok ok Sk ok oK kK b K K b R K K K OK K K Ok SRk SKOR K o S 0 K K R ok o sk oK ok 3K ok 3 o o K o 3K ok oK ok 3K K oK oK ok ko Kk
! G AT G AT G AT G AT G AT L AT G AT G AT 6 AT
3ok Kok sk ok ok 0K Ok Sk OK KOK koK OR K OK KKk 0K KR R b K OK ROk ok ok 0K Kk K o ok K ok K o K oK ok ok ok ok Kk ok oK K oK oK 3 oK 3 K 3K ok 3K K oK o K o K ok ok
3k ok KOk b Ok kK Kk kR KOR K ROK K CKOK OF R KKK KR OK Rk kR R R OROROKOK K 0K K08 0K K ok ok ok KOk ok ok ok o 0K ok K K 3 ok oK K ok o oK oK oK ok oK K
: 6GFETC CETC 6GETC G ETC b ETC G ETC 6GETC

Tk kO KOKOROROROROR OKOKK KRR SR OR o KR R OK ROR OR KK K KK R R OR R R OR JOR KR R OK KKk KKK K b K ok oKk o K b o o K ok o ook o o KK

"GAT" RETURN ADDRESS

»
k]

"CETC" PERFORMS SINGLE CHARACTER TELETYPE INPUIT

ENTHRY S GETC
INPUT S NONF
QUTPUT S TELETYPE INPUT CHARACTERe IN ACO

REQUIREL NONE

18 ae @a o0 o3 ae e

»EICT NIOS TT1
SKPDN  TTI

STARKT TELETYPE
WAIT FOR INPUT

JMP =1

DIAC 0.TT71 ACG <== CHARACTER AND CLEAR TELETYPEL
LDA 1+CMASK ACl <~~= 000177(ASCII CHARACTER MASK)
AND 1.0 MASK OFF THE PARITY BI11

a% o0 4% as 0+ e ae

JMP 043 RETURN
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:*******************************************************************#***t*******

GETC

GETC

G ETC GCGETC GETC GETC GETC

FFOW KK KK R OK KOk K R K K KK Sk KO K KOK KK KKK R R KOK  KK o R 3K K R K R Ko o K oK K o KR K Rk Rk ok Kk ok ok ok ok ok K
B K R R KK KKK K K oK K OF 8 K KK KK KK K KKK O o K o K K O o ok o ROk KK K K koK K KKK R ok KK K ok kR Ok ok ok ok R

HLT HLT HLT HL T HLT H LT H LT

:i***1******************************************************t*******************

PROGRAM STATE AT A HALIT

SAVE RETURN ADDRESS
CALL "DMP" TO OUTPUT THt USER PROGRAM STATE
AT A HALT(DMP <=~= 2)

NOWe "EXECUTE"™ THE HALT == cALL "CPY" TO COPY
THE CURRENT CPU STATE VECTOR TO' THE PREVIOUS cPi
STATE VECTOR

FINALLYs NEWPC <e= OLLPL + 1

RETURN
"HLT" RETURN ADDRESS

H H LT WL T
t MEg T DISPLAYS THE USER
: ENTRY HLT
H INPUT: NONE
$ OuTPUT: NOMF -~
: REQUIRED "omMpP "
Hy T2 STA 3eSHLT H
LDA 2. OMP H
LDA 0eFPOS2 i
STA 0«09 2 :
JSR 1.2 }
JSR @sCPY '
H
LDA 0.0LDPC '
IiC G0 H
LDA 1¢AMASK 3
AND Uel H
STA 1+NEWPC H
JMP aASHLT H
SHE TS «BLK 1 t

.
»

:***********************************#**##*******tt********************t*********

H HLT

H L

T

HLT HLT HLT HLT HLT HLT H LT

:k******************************************************************************
:*******************#***************************************#****t**************



.
.

:****4*****************************************************#****#****

"% ee A% se 26 s -

-

a6 2w ae

aTK NS
rverLlye
TyaLo:

MTRNT S

N T KN N

ENTRY
INPUT:
OUTPUT:

REQUIKRED !

«BLK
«BLK
«BLK
STA
JSR
LDA
suB#
JMP
LDA
STA
JMP
LDA

- SUBH

JMP
LDA
STA
LDA
STA
LDA

[S Y

S3+SNTKN
ad s RNAC

1.0SIGN
Ue1e8S2R
NTKN1

0+POSH
O'NTKN
dSNTKN
1.LPARN
0+14S2ZR
NTKN2

0+PCS1

UO'NTKN
U'FOS10
Us TVALI]
UsZERO

T KN N T K N N T KN N T KN N T KN

POUNTEE Y RETURNS THE NEXT TOKLN OF THE ASSERTION 4NPUT STRING

NTKM + 3

NONE

TOKEN CLASS OF NEXT TOKEN, AN NTkp

IF TOKEN IS OPERAND =«
OPERAND TYPE+ IN TVALI(NTKN + 1)
OPERAND VALUEs IN TVAL2(NTKN + 2)

IF TOKEN IS OPERATOR ==
OPERATOR IDy IN TVALL(NTKN + 1)
OPERATOR PRIOR1TY, IN TVAL2(NTKN + 2)

"ALR"y "ALN". "ECAC"+ "ENAC", "OCT"+ "RNAC"+ "SRCH"

ON EXITs TOKEM CLASS UF NEXT TOKEN

ON EXITe. OPERAND TYPE/UPERATOR ID

ON EXITs OPERAND VALUE/UPERATOR PRIORLITY

SAVE RETURN ADDRESS

ACO <~= NEXT ASSERTION TEXT CHARACTER

CHECK IF IT IS A ws"(tENCE)
NOT A ngn
RETURMN

CHECK IF IT IS A n(n
NOT A n(n

YES == TOKEN CLASS <=~ 1

H
H

H

i

!

H

{

i

¢ YES =« TOKEN CLASS <== 4
:

:

{

i

L

i OPERATOR ID <=-=- 10

:

N T KN
A A Kk ok kK

78



CHECK IF IT IS A new
NOT A e

SuB# U+1+S2ZR
JMP NTKNG&

STA UsyTVALZ ¢ OPERATOR PRIURITY ==
JMP aSNTKN ¢ RETURN

TRk M2 LDA 1 +RPARN H
SuB# U¢1¢SZR ¢ CHECK IF IT IS A n)n
JMP NTKN3 ¢ NQT A m)n
LDA U082 H
STA 0yNTKN i YES == TOKEN CLASS == ¢
I.OA U4.P0S11 :
STA O« TVALL { OPERATOR ID <-=- 11
LDA UeZERO :
STA UsTVALZ2 ! OPERATOR PRIORITY (== {
JMP dSNTKN { RETURN

TTRUIZT LA 1,E£Q }
sus# UevleSZK i CHECK IF IT IS AN "“=w
JMP NTKNY i NOT AN Mwazn
LDA U+POS3 H
STA DeNTKN ¢ YES == TOKEN CLASS K== 3
LDA 0+PCS2 H
STA Us TVALL i OPERATOR ID == 2
LDA 0+FPOS3 H
STA O« TVALZ i OPERATOR PRIQRITY (== 3
JMP aSNTKN ' RETURN

oTelhy s LDA 1+PSIGHN 3
SuUBsy 0¢1+SZK i CHECK IF IT IS A n4n
JMP NTKNS ¢ NOT A nen
LnA 0+PUS3 :
STA O+NTKN i YES == TOKEN CLASS <=+ 3
LDA U«Z2ERO 5
STA 0+TVAL1 ! OPERATOR ID <== ¢
LDA GePOSYH H
STA UsTVALZ i OPERATOR PRIQRITY K== 4
JHMP aSKHTKN ¢ RETURN

SGTKINS T LDA 1eMSIGM H



mTuf\'e‘:

MTu M7

mT RN

LDA
STA
LDA
STA
L.OA
STA
JMP
LDA
SuUB#
JMP
LDA
STA
LDA
STA
LDA
STA
JMP
LDA
SuBsa
JMP
LDA
STA
LDA
STA
L.DA
STA
JMP
LDA
suB#
JMP
LDA
STA
LDA
STA
LDA

UsHUS3
VIaNTKN
L«POS1
usTVALL
0+POSK
JeTVALC
aSHTKN
1+COLON
UevleSZR
NTKN7
0+PCS3
U+ NTKN
0+POSS
O+TVALL
0+.PCS1
UeTVALZ
ASNTKN
1+AMPER
el eSZK
NTKNS8
0+P0S3
0 qNTKN
U+P0S8
UsTVALL
usPOS2
UsTVALZ
ASNTKNM
1.L7
0e1+SZK
NTKNA
G+POS3
UsMNTKN
UsPOSY
0sTVAL1
UePGCS3

40-“n-<o.o.4’.a.-o.o.c.“oncl.'.a-o.QaO.-aD‘A““nncooooo‘ooo

o e s s

YES «- TOKEN CLASS <K== 3

OPERATOR ID <-=- 1

OPERATOR PRIUGRITY <K== 4

RETURN

CHECK IF IT IS A

NOT A ":"

YES == TOKEN CLASS <== 3

OPERATOR ID <=~ 9

OPERATOR PRIOKITY <== 1

RETURN

CHECK IF IT IS AN

NOT AN ngw

"&"

YES ~= TOKEN CLASS <== 5

OPERATOR ID <=-- 8

OPERATOR PRIORITY (K== 2

RETURN

CHECK IF IT IS A

NOT A ngn

ngn

YES == TOKEN CLASS <K==

ASSUME JUUST A

ngn

== UPERATOR ID <K== 4

8o



WTR NG

WTKNA :

wirn1:
SOTKRMG

sTA
JSR
LDA
SUB#H
JMP
LDA
STA
JSK
JMP
LA
SuBH
JMP
LDA
STA
JSR
JMP
LDA
SuB#s
JMP
LDA
STA
LDA
STA
LDA
STA
JSR

LDA

SuB#
JMP
LDA
STA
JSR
P
o BLK
« PLK

JeTVALZ
DeENAC
167
Ues1eS2ZK
NTKNS
C«POS3
CsTVALIL
ate FNAC
ASKTKN
1.£G
0¢14S2R
WSMTKN
0+F0Se
GeTVALI
AeKNAC
ASNTKN
1467
UesleS2ZR
NTKNB
0+PCS3
GeNTKN
0.P0OSS
GCeTVALL
UsPOS3
U«TVALZ
adeENAC
1.EQ
UeleSZR
ASNTKN
0.P0OS7
O0+TVALL
o e RNAC
aSMHTKN
1

1

ST ST B0 43 4% 90 43 w8 v ev o0 e w4 o 09 0t o3 an @ % 28 o0 e+ o+ s

®e @% B 40 we or a¢ <o o0 ws
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OPERATOR PRIOQRITY <K== 3
LOOK AT THE CHARACTER FULLOWING IT

CHECK IF IT IS A u>w

YES == TOKEN IS "<>" -= OPERATOR IC <-=- 3
MOVE UP THE POINTER BELAUSE OF THE n"ou
RETURN

NO == CHECK IF IT IS AN n=n
NO == JUST A "<" AS ASSUMED -= RETURN

YES == TOKEN IS w<=" == QPERATOR I[p (=~ 6
MOVE UP THE POINTER BELAUSE OF THE wzn
RETURN

CHECK IF IT IS A w>n
NOT A u>w

YES <= TOKEN CLASS <=~ 3
ASSUME JUST A ">n == CPERATOR ID == 5

OPERATOR ID K== 3
LOOK AT THE CHARACTER FULLOWING IT
CHECK IF IT IS AN "=w
NO == JUST A ">" AS ASSUMED =~ RETURN

YES == TOKEN IS ">=" == QPERATCR ID (== 7

MOVE UP THE PCINTER BLCAUSE oF THE "=n

KETURN

COUNTER TO LIMIT THE UCIAL STRING TO SIX DIGITS
"NTKN" RETURN ADDRESS



STVL
.l
m‘yhB;

NTRHC

MY RN

~NYRE 3

TVAL1
TVAL?2
LDA
STA
JSR
LOA
MmOV
JMP
STA
LDA
STA
JSR
LDA
STA
JSR
LDA
MOVL #
JMP
bsZ
JMP
LDA
STA
JMP
LDA

ADDZL
MOVZL
ADD
STA
JSR
JMP
LDA
STA
LDA
STA

2' -OCT
Oe002
le2
UsaeOCT
GelieSZC
NTKNF
Ueb VAL
Us+Q0S6E
UsMX0D1
aeENAC
2 .OCT
0+092
1+2
Je@de0OCT
Ue00S2Z2C
NTKNE
MXCD1
NTKND
Ue«ZERQ
Uead e NTKN
ASNTKN
1.LVAL

1.1

1.1

Uel
1L+LVAL

a e RNAC
NTKNC
0+POSY
UedeNTKN
0+POSYH
Usa2eTVL1

B B8 Ba B8 BT 42 B2 A S8 GP Ge B° G0 ST M0 BT G° B9 Bs A% @6 @+ @e 02 @ S0 S0 av o s Se @8 ee as o
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CALL "OCT" TO SEE 1F 1TV'S AN OCTAL DIGIT(LITERA:I)

CHECK THE "OCT" VERIFICATIOM FLAG
NOT AN OCTAL DIGITe SCU NOT A LITERAL
LVAL <=~ VALUE OF FIRST DIGIT

MX0D1l K== 6
LOOK AT THE NEXT CHARACITER
CALL "OCT" TO SEE IF i1'S AN OCTAL DIGIT

CHECK THE "OCT" VERIFLCATION FLAG

MO == THAT'S THE END GF THE LITERAL

YES == CHECK IF THAT*S MORE THAN SIX UIGITS

NO == ADD IT INTO THE PREVIOUS ACCUMULATED VALUF
YES -~ TOO MANY DIGITS == TOKEN CLASS <== 0

RETURN

MULTIPLY THE OLD ACCUMULATED LITERAL VALUE BY 8
AND ADD IN THE LATEST UIGIT INPUT

MOVE THE POINTER UP FUR THE LAST DIGIT PROCESSEN
GO GET ANOTHER CHARACTER

LITERAL =~ TOKEN CLASS K== y

OPERAND TYPE <== 4



MTRINF g

MNTRMG S

LOA
STA
JMP
JSR

LDA
STA
JSR
LDA
MOV#
JMP
JSR
LDA
SuB#
JMP
LDA
STA
JMP
JSR
MOVS
STA

LDA
STA
STA
JSR
LDA
STA
JSR
LDA
MOV#H
JMP
JSR
LDA

O+LVAL
OeddeTVL2
ASNTKN
Q.ECAC

2+4ALB
04002
le2
OvaeALB
0+04SZR
NTKNG
ad«ECAC
1+ASTRX
0+1¢SNR
NTKNG
0+ZERO
OOEQNTKN
AaSNTKN
d«ECAC
0«0
0+.IVALL

0+«2ERO
0«IVAL2
O0+IVAL3
d«ENAC
21 eALN
Ue002
1.2
UedeALN
UeU+sSNK
NTKNH

o «RNAC
1+.IVALL

- o8 s

T B¢ @o 20 we oo oc o

@O WD 20 G0 WE 9t G GT G4 4% 00 @0 00 9% we 4o e @ o6 on s ae se
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OPERAND VALUE <~== LVAL

RETURN

THIS CHARACTER MUST BEGIN AN IDENTIFIER ~e
CALL "ALB" TO CHECK IF iT'S ALPHABETIC

CHECK THE "ALB"™ VERIFICATION FLAG
YES == IT'S ALPHABETIC =~ PROCESS AN IDENTIFIER
NO == MUST BE AN "x"(KESERVED SYMBOL)

CHECK IF IT IS AN "xn
YES =~ PROCESS AN IDENTIFIER

NO <= TOKEN CLASS <== 4
RETURN

MOVE THIS FIRST IDENTIFIER CHARACTER INTO THE
LEFT BYTE OF IVALle ANU FILL OUT THE REST OF
THE IDENTIFIER WITH NULLS

LOOK AT THE NEXT CHARACTER
CALL "ALN" TO CHECK IF 1T'S ALPHANUMERIC

CHECK THE "ALN" VERIFI{ATION FLAG
NOT ALPHANUMERIC -~ END OF THE IDENTIFIER
ALPHANUMERIC =-= MOVE THE POINTER UP



NTKANH S

ADD
STA
JSR
LDA
STA
JSR
LDA
MOV#H
JMP
JSR
MOVS
STA
JSR
LDA
STA
JSR
LDA
MOV#
JMP
JSR
LDA
ADD
STA
JSR
LDA
STA
JSR
LDA
MoV#
JMP
JSR
MOVS
STA
LDA
LDA

Uel
1+IVALL
A ENAC
ZQOALN
0+s042
1.2
Oeadde ALN
0+04SNR
NTKNH
A« RNAC
UeO
JeIVAL2
aAe«ENAC
2+ ALN
0e0e2
i+2
OsaeALN
0+ 09+SNR
NTKNH
adsRNAC
l1+IVALZ2
0e¢1
1«.IVALZ
deENAC
214 ALN
Ue002
1.2
0seALN
0+0+SNR
NTKNH
o« RNAC
00
OeIVALS
2'OSRCH
OveIVAL

0.-0..“4...‘.“““““"““-.«‘..‘0.40...0‘.0.‘.‘.0000.oo.o-cl““
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MOVE THIS CHARACTER INTU THE RIGHT BYTE OF IvaL1
LOOK AT THE NEXT CHARALTER
CALL "ALN" TO CHECK IF 1T*S ALPHANUMERIC

CHECK THE "ALN" VERIFICATION FLAG
NOT ALPHANUMERIC ~- END OF THE IDENTIFIER
ALPHANUMERIC -~ MOVE THE POINTER UP

MOVE THIS CHARACTER INTUG THE LEFT BYTE OF IvaL2
LOCK AT THE NEXT CHARALIER
CALL "ALN" TO CHECK IF IT'S ALPHANUMERIC

CHECK THE "ALN" VERIFICATION FLAG
NOT ALPHANUMERIC == END OF THE IDENTIFIER
ALPHANUMERIC =~ MOVE THE POINTER UP

MOVE THIS CHARACTER INTG THE RIGHT BYTE OF IVAL>
LOOK AT THE NEXT CHARACIER
CALL "ALN" TO CHECK IF L1T'S ALPHANUMERIC

CHECK THE "ALN" VERIFILATION FLAG
NOT ALPHANUMERIC «= END OF THE IDENTIFIER
ALPHANUMERIC ~- MOVE THE POINTER UP

MOVE THIS CHARACTER INTU THE LEFT BYTE OF IVaL3
NOWs SEARCH FOR THE IUENTIFIER IN THE SYMBOL TARLE



MYKFT e

.
.
.
L
[
3
[
»
.
0
.
A
.
.

.
.

*® s: 2 s »

0orTe

STA
JSR
LDA

MOVL#H

JMP
LOA
STA
JMP
STA
LDA
STA
LDA
STA
JMP

NTKN

«BLK
«BLK
+BLK
«BLK
IVALl

UrOe2
1+2
Us@eSRCH
04+09SNC
NTKNI
0+ZERD
Osade NTKN
ASHTKN
UsdeTVL2
0+FPOSY
Ovaie NTKN
0.POS2
Ue@eTVL1
ASNTKN

1

1
1
1

ocCT

8%

CHECK THE ABSOLUTE ADLRESS RETURNED

INVALID IDENTIFIER =+ TUKEN CLASS C== 0
RETURN
VALID IDENTIFIER == OFERAND VALUE ¢== ABSOLUTE ADDRESS

TOKEN CLASS <== 4

OPERAND TYPE <=~= 2

RETURN

IDENTIFIER LABEL ~= CHAKACTERS 1 AND 2
IDENTIFIER LABEL »= CHARACTERS 3 AND &
IDENTIFIER LABEL == CHARACTER 5 AND "<00>"
BINARY VALUE OF LITERAL

ADDRESS OF IDENTIFIER LABEL

W AR 90 2% We 4e s 40 S @0 we 2 ev s os ae we ee me

*********************#*********t****************t***#tt****t**********#tt*****#
NTKN
*#*********************************************#t**#***t******‘***‘#******#****
*t*********************************************************#*#****t****#‘******
cCT
*************************#*********tt*#**************#*****#************t**‘**#

NTKN NTKN NT KN NTKN NTKN

ccCcT cCT ocT v CT ocCcT GecrT ncCceT

"CCT" PERFORMS OCTAL DIGIT VERIFICATION

ENTRY S
INPUT
QUTPUT
REQUIKED

«BLK

1

CCT + 1

CHARACTER TO BE VERIFIEDs IN OCT

BINARY VALUE(0O = 7 == =1 IF INVALID) OF CHARACTER, In OCT
NONF -

¢ ON ENTRY, CHARACTER TU BE VERIFIED



86

ON EXITe BINARY VALUE(U = 7) OF OCTAL DIGIT, IF VALID
=1, IF INVALIOD

- as

STA 3+S0CT SAVE RETURN ADDRESS
LDA 0s0CT ACO <~- CHARACTER TO BE VERIFIED
LDA 1.0IG0

LDA 2.01G7
ADCz#H 2+00¢SNC
ADCZH  (4+1+¢SZC

SKIP IF ACO(CHARACTER) > AC2(ASCII "7V)
SKIP IF ACO(CHARACTER) >= AC1(ASCII "0")

JMP OCT1 NOT A VALID OCTAL DIGIT
LbA 1+0MASK AN OCTAL DIGIT == FIND iTS BINARY VALUE
BY MASKING OFF ALL BUT BITS 13-15 AND RETURN
AND 140
STA 0.0CT
JMP asSOCT
N1l LDA 0 «NEG1 MARK THE CHARACTER AS AN INVALID

OCTAL DIGIT AND RETURN
STA 0.0CT
JMP aAsSoCT

ST «BLK 1

.
.

TR OR A AR SOR KKK KKK KR KR A KRR K AOK ok A ook o K ok ok ok A K o
! oCT ocrT ocCT cocr ocrT vCrT ocCcr occCT ncrT
ok Rk oK KR KK RO KKK K KR KK R K KoK KK K 00 o K ook ok ok ok ok ok o o oo o o
THR RN AN AA AR AR K o o KK KRR KKK KR o oK o Ko o o Kk o Ok
t 026 028 028 028 o228 vaas 028 028 n 28
AN AN AR AR A AOR AR A K AR K KKK KKK KKK O ok o oK ok o Kok o b Kok R o o o o o

W e B 46 20 44 ws @e e ©F 4% we @ se b we os

"OCT" RETURN ADDRESS

"02B" PERFORMS OCTAL TO BINARY CONVERSION

ENTRY: 02B + 3
INPUT NONE
QUTPUT? OCTAL STRING VALIDITY FLAG(USINVALID+1=VALID). IN 02r

BINARY VALUE OF THE OCTAL STRING(IF VALID)+
IN BvAL(02B + 1)
THE DELIMITING CHARACTER FULLOWING THE END OF THE

*8 26 <o cr we e es ee

..



NoEls

noess

REQUIRED:
«BLK 1
«RLK 1
«BLK 1
STA 38028
LDA U+ ZERO
STA g+BvAaL
STA 0.028
LDA 0+POS7
STA 0eMX0OD2
JSR DGETC
STA U+ NCHAR
LDA 2¢¢0CT
STA Ue0v2
JSR 142
LDA U0+3.0CT
MOVLH (4.0.S2C
JMP aS028
DsSZ MXoD2
JMP o282
LLDA 0+ZERO
STA 04028
JMP asS028
LLDA 1«BVAL
ADDZL 1.1
MOVZL 1+1
ADD 041
STA 1+BVAL
LDA 0.POS1

WE B B We S0 B G0 4% o8 @v We 4% we we e se s

WE B8 40 24 42 4% 40 40 G @ 29 #e G0 & ae
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STRINGs IN NCHAR(0OZ2B + ¢)

"GETC"y "OCT", npyTC"

ON EXITe STRING VALIDITY FLAG(O=INVALID+1=VALID)

ON EXITes ACCUMULATED BINARY VALUE OF THE STRING

ON EXITs THE CHARACTEK FOLLOWING THE END OF THE STRING
SAVE RETURN ADDRESS

ZERO THE ACCUMULATED BINARY VALUE OF THE STRING

ASSUME THE STRING IS INVALID(02B == §)
MX0D2 <== MAXIMUM NUMBER OF OQCTAL DIGITS

NCHAR (== NEXT CHARACTER INPUT

CALL "OCT" 70 CHECK IF THE NEXT CHARACTER
IS AN OCTAL DIGIT

CHECK THE "OCT" VERIFICATION FLAG
NOT AN OCTAL DIGIT =~ THAT'S ALL OF THE STRING
AN OCTAL DIGIT =~ CHECK IF THAT'S MORE THAN SIX DIGITS

YES == MARK THE STRING AS INVALID AND RETURN
NO == MULTIPLY THE OLD ACCUMULATED BINARY VALUE

BY 8(SHIFT LEFT 3 BITS) AND ADD IN THE LATEST
OCTAL DIGIT INPUT

PROCESSED AT LEAST ONE UCTAL DIGIT. SO MARK
THE STRING AS VALID FUR NOW(02B C== 1)



STA
LDA
JSR
JMP
wNCD2T «BLK
SOZES JBLK

0028
0+ NCHAR
a«PUTC
02B1

1

1

s @ o% oo we o
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ECHO THE LATEST OCIAL DiGIT INPUT

GO GET ANOTHER CHARACTER ‘
COUNTER TO LIMIT THE GCIAL STRING TO SIX DIGITS
"Geb" RETURN ADDRESS

:*i*********************************************#*****#*#*************t*#*#*#***

: 028

02

8

028 028 028 vLe2ep 028 028 0 2R

:***********************t***********************************#***********t*******
;*i****************************************#*****#******************tt#*****#***

W 49 4% we 49 ew 48 e seu es =

POPT

ENTRY:
INPUT:
OUTPUT
REQUIRED:
PNET? «BLK 1
STA 3+SPOPT
LDA 240708
LDA 1.TOSP
ADD Ie2
LDA 0s0e2
STA U+FPOPT
LDA 0+P0OS]
sSuB 0.1
STA 1+TOSP
JMP aSPOPT
SPCPT: JBLK 1

.
Al

POPT
NONE
WORD
NONE

#e M Ge 4% 4 es 48 o9 e 40 o9 o

POPT POPT POPT POPT POFPT POPT
b Kk KK KKK K K K X KK K KK Kk K K K 30K ok ok K ok XK KK i R K KR O ok o K ok o o o oK 3K o o 3 ok o ok o o o ok o ok ok

"POPT" POPS A WORD OFF THE TOS STACK

+ 1

POPPED OFF THE TO0S STACK, IN POPT

ON. EXITs WORD POPPED OFF THE TOS STaCcK

SAVE RETURN ACLDRESS

AC2 <== STARTING ADDRESS OF TOS STACK

ACl <=~ TOS STACK POINIER

ADD THESE TwO TO OFFSET TO THE TOP OF THE STACK

POPT <=- WORD ON TOP OF THE TOS STACK
TOSP == TQOSP = 1

RETURN
"POPT" RETURN ADDRESS

3*i**************************************************************************t**
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: PoPT POPT POPT POPT POPT POFT POPT

Tb ok Kok b oF ko XK Kk kK K K 3 *******#********************#*****************#*****t**##******
R ‘**i**************************************************‘***#***t******##****l&**
: PSB PsB Psk& PsB PSB PSp PSB PSB PSR
DRAAEESEEESEEE SR SR FTE TR ****#*******************#**************#********t******

"PSU" BUILLS A REVERSE POLISH STACK IN IPS UF TnE ASSERTION IN ATXT

: ENTKY S PSB + 1
: INPUT? NONE
: OuUTPUT STACK VALIDITY FLAG(O=INVALLU+1=VALID)s IN PSB
: REQUIREL : "GAT" ¢ "NTKN", vPOPT", wPShin, wpgHT", wPUTB", WPUTCw
pan? «RLK 1 O EXITs STACK VALIDITY FLAG(O=INVALID1=VALID)
STA 3+SPSB SAVE RETURN ADDRESS
LOA U+ ZERO
STA uePSB ASSUME INVALID(PSB <== ()
LDA U+SPACE QUTPUT A FENCE("$n) AS JHE ASSERTION INPUT PROMPT
JSR @ePUTC
LDA U+DSIGN

?
H
JSR d.PUTC H
L.DA 0+PCSS i MAKE NOTE OF THIS FENCE AS THE CURRENT(FIRST)
{ TOKEN(NTOK <K== 5)
STA 0'NTOK H
JSR NeGAT i CALL "GAT" TO INPUT ThE ASSERTION TEXT INTO ATXT
LDA 0+NEG] i MOVE THE ASSERTION TEXT POINTER RACK TO
i THE FRONT OF THE BUFFER(ATXTP <=» =1)
STA CrATXTP H ,
STA U«IPSP { MARK THE INTERMEDIATE(1US) AND OUTPUT(IPS) STACKS
it EMPTY(TOSP <== =1 AND IPSP (== =1, RESPECTIVELY)
STA 0+TOSP H
L.DA 24 ePSHT H
LDA O'MEG] ]
STA 0e0e2 :
JSR 1+2 :

PUSH A FENCE ONTO TOS(~140)



LOA
LDA
STA
JSK
LLA
DA
STA
JSR
LOA
LDA
STA
JSR
LDA
STA
LoA
JSR
LDA
STA
MOV &
Jrp
LDA

mov
ADDZL.
AND
LDA
AND
LDA
sSug
LA
AND

2y ePSHT
UeZERC
Ul 2
le2
2eePSHI
UWNEGT
Uelo2
leg
ZvePSHI
U+ ZLRO
Lelbe2
12
OyNTOK
GsPTOK
Zev o NTKH
3
Usate NTKN
CeNTQK
UeGoSMR
PSBE2
Uk TOK

Uel

L0

1.C
1+NMTOK
1.0
1.£0S6
140
2|0ATPT
U2

WO B0 40 2% 94 4% 4s 2% e @e 40 S° 60 ae o6 @ a4 s o8 we ®E S5 @2 4% 45 40 e es e or ac v+ o8 ws as
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PUSH A FENCE ONTO IPS(=i,0)

PTOK <== NTOK
CALL “NTKN" TO FIND Tht NEXT TOKEN IN THE ASSERTION

TOKEN VALIDITY FLAG
NTOK <== UNTKN" TOKEN (LASS

CHECK IF THE TOKEN WAS VALID(NTOK > 0)

MO == INVALID TOKEN

YES =~ LOOK UP THE (PI1URJNTOK) PAIR IN THE ALLOWED
TOKEN PAIR TABLE == Tht ATPT(5 X 5) Is STORED In
ROW MAJOR ORDERs SO Tht (PTOKeNTOK) PAIR IS OFFSET
FROM THE BEGINNING OF 1HE TABLE BY

S * (PTOK = 1) + (NTOK = 1),

OR (5 * PTOK) + NTUK = & ENTRIES

ACL <== (5 % PTOK)

ACU <== (5 * PTOK) + NTUK
ACO
ACe

AC?2

<--
(oo
(me

(5 * PTOK) + NTUK -« ¢
STARTING ADDRESS OF ATPT
AUDRESS OF (PTUKWNTOK) EMTRY



wero s

LDA
MOV #
JMP
LOA

LDA
SuB
LDA
ADD
JEP
LA

LDA
STA
JSR
LDA
LDA
suB
LDA
ADD
LDA
JSR
LNDA
JSR
LDA
JSR
LDA
JSR
LnaA
JSR
LDA
JSR

Uelog
QU e SHK
FSLe
UsNTOK

1+F(GS1
1+C
Z'OT\JT
U2

Osé
2'.PUT8

OQOERR“
UeaOo2
1.2
OeATXTP
1+FO0S2
10

21 ATXT
Ues2
0+042
Wel"UTC
Oele2
deFUTC
Ue2e2
Q.PUTC
Ue302
de PUTC
Oel o2
aefPUTC
0+.6GUOTE
ad+PUTC

%% 86 e a¢ 2o ov ov a

- oo e¢ e oo s

W A S0 w4 6% 48 42 ws B @Y @v @ 40 @ 43 as 4 e @6 e =»
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CHECK THE (PTOKWNTOK) ENTRY

INVALID PAIR

VALID PAIR == CALCULATE THE DISPLACEMENT INTO THE
TOKEN JUMP TABLE == 4,7ul + (NTOK = 1) == AND BRANCH
TO THE APPROPRIATE TOKEN HAMNDLER

FLAG THE INVALID TOKEN UR TOKEN PAIR ~= DISPLAY
THE TwO CHARACTERS BEFUKE AND AFTER THE LAST
CHARACTER PROCESSED IN ATXT TO HELP PINPOINT THF
ERRUR == AND RETURN



ar 3

nTOK:
v\;\Y,r“:
nocR
LwTrKks
gr)c[_l.:
AR R B

W« 7T

-~
1

RVEE

WE MDA W 4L s ae S0 40 @b et 40 @ oo o ws we v as

.
L]
.
]
]
1
.
‘
.
L]
.
L]
.
A
*
’

FLAG UNMATCHED PARENTHESES AND RETURN

TOKEN CLASS
OPERATOR ID

OF CURRENT 10KEN
SAVE | OCATLiUN

OPERATOR PRIORITY SAVE LOCATION

TOKEN CLASS

OF PREVIOUS TOKEMN

"PSB" RETURN ADDRESS

ADDKESS OF "PSB1", ENTKY POINT IN "PSB" FOR
PRULESSING THE NEXT ASSERTION TOKEN
STAKTING ADDRESS OF TUKEN JUMP TABLE

TOKEN CLASS
TOKEN CLASS
TOKEN CLASS
TOKEN CLASS
TOKEN CLASS

N(" -~ PYUSH

")!" -~ POP CPEKATORS CFF TOS AND PUSH THEM ONTO IPS

JMp aSF SB
LDA 24PUTHE
LDA UsoeERRS
STA Vellve
JSR 142

JMP aSHSIB
LK 1

«BLK 1

«BLK 1

«BLK 1

PSB1

TJdT

JMP TOK1
JMP TOKe2
JMP 10Kk 3
JHP TOKY
JMp TOKS
TOKEN CLASS =
GO GET THE NEXT TOKEN
LDA 21+ .PSHT
LDA UsFPOS1IUL
STA Usls2
JSRK 1.2

LEA 2¢ o PSHT
LDA U ZERO
STA Oe002
JSR L2

JMP neF’SB1
TOKEN CLASS =
ULTIL A

"‘!l
N)"

-= OPLKATOR
OPLRAND
-=- FENCLL

e nun
| ]

NEND R

IT ONTO TLS(10,0) IMMECIATELY AND

MATCHING "(" IS FOQUND =-- DISCARD BUTH PARENTHESES AND

92
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GO GET THE NEXT TOKEN

LDA 21 4POPT :

JSR 1.2 i POP PRIOKITY UF TOP TUS OPERATOR

LDA 2+.P0OPT H

JSR 1.2 ¢ POP ID OF TOP TOS CPERAIQR

LDA Ura e PCPT

8TA UsCPID i OPID <== ID OF OPERATCGR JUST POPPED OFF 708
LDA 1.NEGL '

Sub# UelsSNR CHECK IF THE OPERATOR wuUST POPPED GFF TCS

WAS A FENCE(OPERATOR 10 = -1)

JMP FSE3 i YES == UNMATCHED PARENTHESES

LDA 1+POS1C :

SuBy 0e19SNK i NO =< CHECK IF IT WAS A w("(0PERATOR ID = 10)

JUP @eFSB1 ? YES == FQUND THE MATCHING ")" == IGNOKE THEM
i AND GO GET THE NEXT TUREN

LDA 21 4PSHI i NOT A FENCE OR "("s SC UUTPUT THIS OPERATOR
i ONTO IPS(1.0PID) AND GU TRY THE NEW TOP OF TOS

LDA U FP0S1 ;

STA Oela2 ;

JSR 142 $

LDA 24 ePSHI :

LDA U'OPID :

STA UsUe2 :

JSR le? H

JUP TOKZ ;

TOKEN CLASS = 3 == QOPERATOR == IF THE CURKENT OPERATOR'S PKIORITY IS
HIGHEF THAMN THAT OF THE OPERATOR ON THE TGP OF TOSs PUSH IT ONTO TnS
IMMEDIATELY +ee OTHERWISE, POP OPERATORS UFF TOS AND PUSH THEM ONTN IPS
UNTIL THIS COMDITTOUN IS METs THEN PUSH I1 UNTO TOS ses In EITHER CaSFo
GO GET THE NEXT TOKEN AFTER PUSHING THE CULRRENT OPERATOR ONTO TOS

LDA 21 e NTKN H
LUA Uele2 H



R N

STA
LDA
STA
LOA
LOA
ADD
LhA
LDA
ACZH

JMP
LDA

JSR
LDA
JSR
LOA
LDA
STA
JSR
LDA
LODA
STA
JSR
JMP
LOA

LDA
STA
JSR
LDA
LDA
STA
JSR

UsUPIN
Dede 2
Uy OPPR
214708
0+TCSP
Jeco
Uele2
14+0FPR
UeleS2C

TOK32
29ePGP1

1+2
2esPOPT
l1e¢2
24v4PSHI
UsPOS1
0«09 2
12
2eePSHI
UrdePOPT
Oe0e2
1.2
TOK31
2'QPSHT

G«QPID
Uelae2
12

29 PSHT
U GPPR
002
12

B4 48 49 29 40 4b as 4% @8 6 40 4e w8 40 B 4s 4e @6 en e6 4% se @+ 48 es 4e e ws - B se @b e as
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UPIU <== CURRENT UPERATUR'S D

OPPK <== CURRENT OFPERAIUR'S PRIORITY

AC2 <== ADDRESS OF TOF UF TOS

ACO <== PRIORITY CGF OFERKATOR ON YOP OF TOS

AC1 <~- CURRENT OPERATUK'S PRIORITY

SKIP IF AC1(CURRENT OFEKATOR'S PRIORITY) <=
ACO(PRIORITY OF OPERATUR ON TOP OF TOS)

HIGHER PRIORITY THAN TUP OF STACK == STACK IT

EQUAL OR LOWER PRIURITY THAN TOP OF STACK == POP THE
TUS OPERATOR AND PUSH 41 ONTO

IPS(1+CURRENT TOS OPEKAJOR'S 1ID)

GO TRY THE NEW TOP OF 1uS
PUSH THE CURRENT OPERATUR ONTO TOS(OPID+OPPR) AND
GO GET THE NEXT TOKEN



JMP JeSB1 ‘

é TOKEM CLASS = 4 == OPEKAND == PUSH IT ONIU IPS IMMEDIATELY AND

! GO GFT THL NEXT TUKEN
‘““i‘.: LJA ZeveliTKI. ;

LA Uele2 :

LnA 21 ePSHIL H

STA UrGe2 H

JSR 1.2 ! PUSH THE OPERAND TYPE UNTO TIPS

LDA 29 o NTKN H

LA U2 H

LOA 21 ePSHI1 H

STA GCeOre2 H

JSR 1¢2 i PUSH THE OPERAND VALUL UNTO IPS

JMP deFSB1 ;
: TOKEN CLASS = 5 =~ FENLE == POP ENTRIES GFF TOS AND PUSH THEM ONTO IPS
: UNTIL THE MATCHING FENCE IS FOUNDs THEN kL TURN
1 s DA 21+ POPT

JSR 1.2 POP PRIORITY CF TOP TUS OPERATCR

LOA 2v.POPT

JSR le2 POP ID OF TOP T0OS OPEKAJOR

LOA UsaiePOPT

STA UCPIDC OPID <=« 1IN OF OPERATUR JUST POGPPED OFF TOS

LDA 1+FOS1G

Sues UeleShk CHELK IF OPERATOR JUST POPPED OFF T0OS

WAS A "("(OPERATCR ID = 10)

Jup PSES YES == UNMATCHED PARENTHESES

LDA 1eNEGL

SUB# Us1¢SNK NO == CHECK IF IT WAS A FENCE(OPFRATOR ID = -1)
JMP TOKS51 YES == GC PUSH A CLOSING FENCE ON IPS AND RETURN
LDA 2vePSHI1 NO == PUSH THIS OPERATUK ONTG IPS(1.0PID)

WS SS9 40 4c S0 ws ws Ge we A% wr oe as ae

LDA Ueh0S1



LIRSSt B

STA
JSR
LDA
LA
STA
JSk
JvP
LA

LOA
STA
JSR
LOA
LDA
STA
JSR
LDA
STA
JMP

Uslie2
1.2
2vsPSHI
UsGPID
urle2
le2
TOKS
ZvoPSHI

JeliEG2
GeCw2
le2

v+ PSHI
0+ZERO
Oells2
le2
U+POS1
Ged ePSB
aSPSB

%6

GO TRY THE NEWw TOP UF TUS
ALL DCONE == PUSH A FENLE ONTO IPS(=14U)»
STACK VALID(PSB <== 1) AND RETURN

MARK THE

o‘o.ocao00..004-00c-00“-4”0.¢.00.~40

P SB P S B

:*i**w******************************************************************#*******
!***#k*********************************************************t****************

P s €

PSE P S E P SE PSE P SE P S E P SE P SEFE

:&w**t******************************************t***********#*#***********#*****

"PSEM EVALLATES A KEVFRSE POLISH STACK BUILT bY npgpn

ENTEY : PSE + 2
INPUT S ADDKESS UF STACK TC BE EVALLATEDy IN PSE
OuUTPUT: LOGTCAL EVALUATTION OF STACKR(U=FLASE+1=TRUE),

REQUIKEL :

IN PVAL(PSE + 1)
NONE
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RS LK i v Gl ENTRY,y ADDKLESS OF SInCK TO BE CVALUATED
AN o LK i i 0N EXITe LOGICAL EVALLAIION OF STACK(U=FALSE.«1=TRUE)
STA S¢SPSE v SAVE RETURN ADDRESS
LDA 2 PSE it COPY STACK TO BE EVALUAIED TO SCRATCHPAD POLISH STACK
LDA Uelap2 H
STA OeU+3 H
LDA lLele2 H
STA l1els3 H
RN s B InC 22 H
MC 2ve H
InC 3¢3 H
InC 943 :
LOA Uelo2 H
STA Gel03 :
LDA 1vle2 H
STA 1¢1+3 3
MOVL#E  UeCaSNC i+ CHECK FOR A FENCE
JUp PSE1 ¢t NO == MOVE THE NEXT ENIRY
LDA U+2ERC ! YES ==~ MOVE THE SCRATCHPAD POLISH STACK POINTEKR
$t BACKR TO THE BEGINNING UF THF STACK(SPSP <=« ()
STA UeSPSP H
pweefr LDA U+SPSP H
InC 040 $
InC UsO H
STA 0+SPSP s LOUK AT THE NEXT STACK ENTRY(SPSP (=~ SPSP + 2)
LDA 2veSPS H
ADD Uel i ACe2 <==- ADDRESS OF NEX1 STACK ENTRY
LDA Us0as2 + ACG <== ID FItLD OF NEXI STACK ENTRY
MOVELR 0«0 9SNC $ CHECK IF IT 1S A FENCEt4D = =1)
JMP PSE 4 i NG == OPERATCRs LITERAL OPERAND OR SYMBOLIC OPERAND
LDA U+ SPSP t YES =« THE STACK®S VALUE IS TN THE VALUE FIELD ofF
1 THE ONLY STACK ENTRY WNUT MARKED UNUSEL(ID = 0)
LOA 2esSPS :
ADD U2 + AC2 <=~= ADDRESS 0oF FENLE



por g

nf*r‘q:

por s

AN 2N S

LUA
SuB
SuB
LOA
MOV #
JMP
LCA

MOVs
LDA
STA
JMp
MOVR
JUP
LoA

LDA
ADD
LDA
LA
ARD
STA
LDA

SuB
suB
LDA
MOV #
JHMpP
LA
STA
LoA
STA
SR

1+HUS1
le2

le2
Oelag
UsGoSNK
FPSE3
Usle2

Ue(eS2ZK
UsLOGT
UsPVAL
aSPSE
UeLoSNC
PSE7
UsSPSP

Z21v¢SPS
Je2
O0v142
l!oO\JT
Uel
1+0dTA
1.POS1

12

12
Ue0s2
UeloSNK
PSES
el e2
Us'0OPRB
UeZERD
Ue0e2
1.2

WO B2 ae @0 o0 4r 44 we o0

“e se w8 @t 4o ee as

OO A4S L0 2t 22 wr 4o 4e w0 eo ee wo o “s @0 a2 48 o ae

BACK UP TD THE PREVIOUS ENTRY(AC2 <== AC2 =~ 2)

CHECK IF IT IS MARKED UNUSED(ID = @)

YES == BACK UF AND TRY AGAIN

NO == THIS ENTRY'S VaLLE WORD IS THE STACK'S
OVERALL VALUE

MAKE SURE THE STACK VALVE IS 000000/0u0001
NON=-ZEROy SO MAKE IT IVENTICALLY 0o00U1

PVAL <=~ STACK VALUE &Ny RETURN

CHECK IF THE CURRENT ENTRY IS AN OPERATGR(ID =
NO =< LITERAL CPERAND UR SympoLIcC OPEKAND

YES == CALCULATE THE ULISPLACEMENT INTOU THE OPERATOR

JUMP TABLE ~= .0JT + ENCODED OPERATOR =- TU
BRANCH TO THE APPROPRIATE HAMDLER

ACU0 <~- ENCODED OPERATUR

ACl <~-- STARTING ADDRESS OF OPERATOR WUMP TABLE

OJTA <== OPERATOR JUMF VABLE ADDRESS

MOWs BACK UP IN THE STALK TO FIND THE
OPERATOR'S OPERANDS

BACK UP TO THE PREVIOUS ENTRY(AC2 ¢~= AC2 - 2)

ACU <== PREVIOUS ENTRY'S ID FIELD
CHECK IF IT IS MARKED USED(ID > 0)
NO == BACK UP AND TRY ALAIN

YES == FIRST OPERAND F GUND Is CPEB

MARK THIS ENTRY UNUSEL NOW(ID <== Q)
BACK UP TO THE PREVIOUS ENTRY(AC2 <~-= AC2 - 2)

9e
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sug Le2 :
LDA Usls2 i ACU <== PREVIQUS ENTRY'S ID FIELD
MOV # UvDeSNR i CHECK IF IT IS MARKED USED(IU > ©)
Jirp PSE6 i NO == BACK UP AND TRY AGAIN
LA Uesle2 :
STA U GPRA ¢ YES -~ SECOND OPLKAND FuUND IS OPRA
LDA Uy ZERQ :
STA Uuelie2 i MARK THIS ENTKY UNUSEL NOW(IL <=- 0)
LDA U+ OPRB { ACU <== UPLCRAND R
LDA 1+CPRA i AC1l <== QOPERAND A
JHAP AOJTA i JUMP TO THE APPROPRIATE OPERAND HANDLER
wRr T MNVYR 00 eSNC + CHECK IF IT IS A SYMBULLC OPERAND(ID = 2)
JMp pPsge ¢ LO == MUST BE A LITERAL OPERAND == IGNORE 1IT
LOA JrSPSP # YES == ITS VALUE FIELL iS THE ADDRESS OF ITS VAl UE
LDA 21eSPS : :
ADD U2
LDA Uyale2
STA Uyls2 VALUE FIELD <== (VALUL FIELD)
Jmp PSE2 GO PRUGCESS THE NEXT STALK ENTRY

NITAG «BLK 1
NORAT WBLK 1
nrefR S LBLK 1
REEAN M «BLK 1
NCT 0uT

OPERATOR JUMP TABLE AUUKESS
LEFT OPERAND IN POLISH IRIPLES
RIGHT OFERAND IN POLISH TRIPLES
"PSE" RETURN ADDRESS

ADDRESS UF OPERATOR JUMP TABLE

e 2o as @ 4B 80 24 we e w0 4n 40 44 er 4s S0 we ws s ws

e JMp OPo OPERATOR U =-- ADDITION
JMpP uP1 OPERATOR 1 =« SUBTRACTLUN
JMP uP2 UPERATOR 2 =- ELQUAL
JMP oP3 OPEKATOR 3 =- NOT=-EQUAL
JMp CPYy OPERATOR 4 == LESS-THAN
JMP uP5 OPERATOR 5 == GREATER=THAN
JMP uPe OPERATOR 6 == LESS=THAN=QOR-FQUAL~-TO
JiP UP7 OPERATOR 7 == GREATER=THAN=CR~EQUAL~TO
JMP ub & OPERATOR 8 == AND
JMP JuP9 OPERATOR 9 == OR
nne s ADD Uel ADD OPERATOR == ACl + ALQ
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RIek]

[RRSNT]

M e

fing

ap3

Yy e

se

MOV
JMP
sSuB
MY
LOA
Suin
LOA
JVP
LDA
sy
LDA
JdMp
LA
SUBL#H
LOA
JMP
LA
SuBL #
LDA
JMP
LA
SUBL#H
LDA
JMP
LDA
SuBLH
LOA
JMP
AHD
MOV
JMP
COM
AnD
ADC

Leg
OFPEND
Usl

le2
OPLND
2oLGGT
UeleS2Zk
2+LOGF
uPEND
2eLOGT
UelSNR
2+LOGF
UPEND
e LOGT
Uel e SNC
2+ LOGF
JPEND
2eLOGT
e SNC
2+LOGF
OPEND
2+LOGT
LeUeSZC
24 LOGF
OPEND
2+LOGT
Je1482C
< LOGF
UPEND
Usl

el
OPELND
Qe i

Usl

Usl
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AC2 <== OPRA + OPRKB
SUBTRACT OPERATOR == Ali = ACO
ACz <~- OPRA - OPRB

EQUAL OPERATOR == ASSUML TRUL
SKIP IF AC1 = ACO
FALSE

ACe¢ <~= OPRA = OPRS
NOT=EQUAL OPERATOR ==
SKIP IF AC1 <> ACO
FALSE

AC2 <==- UPRA <> OFPRB
LESS=THAN OPERATQR ==
SKIP IF AC1 < ACQ
FALSE

FC2 <== OPRA < OPRB
GREATER=THAN OPERATOR
SKIP IF AC1 > ACp
FALSE

AC2 <~= QPRA > OPRSB
LESS=THAN=QR=EQUAL~=TO
SKIP IF AC1 <= ACO
FALSE

AC2 <=« OPRA <= (PRB
GREATER=THAN=OR=EQUAL=Tv OPFRATOR - ASSUME TRUF
SKIP IF AC1 >= ACO

FALSE

AC2 <== (OPRA >= QPRB

ANU OPERATUR «= AC1 & ALD

ASSUME TRUE

ASSUMF TRUE

=+ ASSUME TRUE

UPERATOR ==

ASSUME TRUE

AC2 <=- OPRA & OPEB

OR GPERATOR == AC1 : ALV
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T e e

nELL
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MOV
LDA
LDA
ATD
STA

JMp

P s E

P S i

lec
U+SKFSP
34 eSPS
Ued
vl

PSE2

P s

1 P

-

@t 2% 2: @8 o» e as

£

S H

p

ACZ2 <~= OPRA { UPkB

PUT THE RESULT INTO Tht VALUE FIELD OF THE
UPEKATOR STACK ENTRY uuST PPOCESSED AND GO PROCFSS
THE NEXT STACK ENTRY
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2K 34 ok 3k K K Sk K o ok ok % 3k K Kk K K K % 8 K K ok ok o kK

S E P S E P s E A P S E P S E P SE

P S HI F S HI P S HI P S H I PSHI

"PSHIM™ PUSHES A WOKD OnTQ THE IPS STACK

.e

ENTRY
INPUT
OuTPU
REQUI

« BLK
STA
L.DA
igle
STA
LPA
ACczi
Jrp
LOA

LOA
STA

T
RED S

1
3¢SPSH1
UsIPSP
UeO
CeIPSP
1+.1PSM
1+0USNC
PSHI1
ZQQPUTB

UeeERR3
Uslbos2

PSHI + 1
WORD TO BE PUSHED GNTO THE LPS STACK., IN PSHI

NONE

"PUTB"

S B 40 20 S+ @e on we e» s am

ON ENTRY, WORD TO BE FUSHED ONTO THE iPS STACK
SAVE RETURN ACDRESS

IPSP <== IPSP + 1
ACl C== IPSM(MAXIMUM VALUE OF IPSP)
SKIP IF ACO(IPSP + 1) > AC1(IPSM)

MO MORE ROOM == OUTPUT 4 FATAL ERROR
MESSAGE (IPS OVERFLOW) AND RFTURN TO "ALA" DIRECTLY

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

% A K ko ¥ ok ok ok KK



102

JSK 12 H
JIAP as LAY .
o110 LDA 21 IPS ¢ THEKE WAS RUOOMs SC ADL THE CHARACTER AND RETURN
ADD U2 :
LDA UsFSHI :
STA Ueslie2 ’
AT = aiSPSHI :
DTl GFRLK 1 ¢ "PSHI"™ RCTUKN ADDRESS

H P ST P SHT PSS HT S HT F S HT P SHT P SHT
:*******k*******i**tt**tk******************#**********1*****#****************#**

¢onPSHTH PUSHES A WORD OMTO THE TOS STACK

H EnTRY: PSHT + 1

; INPUT: WORD TO BE PUSHED ONTO THE 1US STACKs IN PSHT
! uuThuT NONE
: REQUIRED S "PTBY

bel T: WBLK 1 ON ENTRY, WORL TO BE FUSHED ONTO THE 10S STACK

*
STA SeSHSHT i SAVE RETURN ALDRESS
LUA Us TOSP :
InG el H
STA UsTOSP t TOSP <=~ TOSP + 1
LA 1,TOSM i AC1l <== TOSM(MAXIMUM VA_UE OF TOSP)
ADCZH 140 0SNL ¢ SKIF IF ACO(TOSP + 1) > AC1(TOSM)
NRAL FShT1 :
L.DA 21 PUTE i NO MORE ROOM =« QUTRUT & FATAL ERPRQR
i MESSAGE(TOS OVERFLOW) AND RETUKRN TC "ALA" DIRECTLY
LEA UseERR2 H

STA Us(9e2
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JSR 12 H
JMP weALAL H
22T LDA 214 T0S i THERE WAS ROOMs SC ADL 1HE CHARACTER AND RETURMN
ADD Jeg :
LOA U+PSHT H
STA uele2 i
JMP WSHSHT H
NOCHT, JRLK 1 i "PSHT" RETURN ADDRESS

T ***#****t*t**********t*****************************#***#**********#**********
H P SHT P S HT PSS T F SHT P SHT P SHT PSHT
ki$***#t***************t******************#************************************
'r‘$44******************w***********************t#t**i**************************

P UTRBSB PUTB U T B FUTBDB P UTB P UTB P UTB
*4*1t******#*****#*****************************************‘*******************
"PLTR" PERFUKMS RUFFERFD TELETYPE OUTPUT

.
*
*
.
.
.
L}
E]
v
L]
.
K
L3
.

ENTRY S PUTE + 1
H INPUT: STARTING AUDRESS OF TEX! BUFFER TO BE OUTPUTy IN PUTR
: CuTPuT NONE
: REQUIKED? "puTC"

»
.

PUTIe  RLK 1 ON ENTRYs STARTING ADLKESS OF TEXT BUFFER

NEXT wORD OF THE BUFFERK AND 6O BACK

STA 32 SPUTL i SAVE RETURN ADDRESS

LOAN - 24PUTR i AC2 <-- STARTING ADDRLSS OF BUFFER
LUTRT Y LDA Uslo i ACC <== NEXT WORD OF BUFFER

MOV # Oe«00SNFE i CHECK FOR A NULL WORD

JMPp uSPUTR i YES == END OF THE 1EXT

JSR e PUTC t NO == QUTPUT THE RIGHT (HARACTER

MOVS Uel i SWAP THE CHARACTERS

JSR aePUTC i OUTPUT THE LEFT CHARACLTLR

1 v i INCREMENT AC2 TO POINT 10 THE

A

Jup PUTB1
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SO TR GHLK 1 ¢"PUTE" RETURN AUDRLSS

P urT P uTC PUTC PUTC PUTC P UTC PUTC

:Vt**$$*********#***i***************************t****************t*****t*t#*****
P hrce PERFURMS SINGLF CHARACTER TELETYPE OUTFU |
H EnTRY FUTC
: INPUT CHARACTEK TO QE OUTPUT, IN ALD
H OUTPUT?: NOME
H REVUIRED?: NCME
#ITCY SKPBZ  TTG {OWAIT UNTIL THE TELETYHE IS roT BUSY

JMP -1 :

DOAS UsTTO it QUTPUT THE CHARACTER IN ACQ

JMP usd i RETURN
t
:«;**w*******t**********x***‘**t************t***tr**t*******************#*******
H PUTC P UTLC P UTC PUTC PUTC PUTTC P UTC
:«&*#****#*t*******#****k***********t*******#***i*#***t*#***#****t**t***********
!‘l**L*****#******************************t#*****************#******************
: R 1y naC R N A C K N AC R NAC KN AC R N AC RNaAC

w’*#4**k***************************************‘***********i*******************

e 4y wa

WREACHY RETRIEVES THE CHARACTER IN ATXTs THE ASSERTION TEXT BUFFER,
FOLLOWING Tht OrnE CURRENTLY POINTED TO By ATxTP+ THE ASSERTION
TEXT POINTEK

ENTRY S RNAC
INPUT NONTI
OUTPUT: NEXT ASSERTION TEXT CHARACTER. IN ACO

49 4% @¢ 4% e ua
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: REGUIKED S NONE
: WOTE S ATXTPs THE ASSERTICN TEXT PULNTER, IS ADRVANCED
CRR G I 1o ATXT i AC2 <=~ STARTING ADUKLSS OF ASSERTION TEXT BUFFFR
LDA LepTXTH i ACl <-= ASSERTION TEXT PFPOINTER
InC 141 i INCKEMENT THE ASSERTIULN TEXT POINTER
STA 1LeATXTE P ATXTIRP K== ATXTP + 1
ADD 12 v ADD THESE TwO 10 OFFSLT TO THC NEXT CHARACTER
LDA GCebe2 i ACH == NEXT ASSERTVION JEXT CHARACTER
JVP Uv3 i RETURN

!kt»#‘**f****#**********t**t*t***#**********************#**********t*##*********
: Ry A C RN ANC kW AC FNAC kKM AC RN AC RNAC
:****¢1************»***v*****s*********»***************#*****tt*t*******tt******
HES I B | ﬁ******t’***********#******#t********************#**************************
skP3 SFP3 sP3 sP3 sSpP3 sP3 SP3 sP3 gqgp3
w**ww******************w**************»******w»t*******#********»*****#**t*****

e a® ae

HSpa AUTPUTS THREE SPACES

: EMTRY S SP3

: InPUTS NONFE

: OUTHLT ? NOME

: REQUIRET $ "puUTCH

A STA 5+¢8SP3 i SAVE KETURN ALCDRESS
LGA UeSPACL i ACO <=~ ASCII SPACEt
JSR aeFUTC i CHNEY
JER adefUTC H TW( e
JSK aeFUTC ' THREE
JeP WSS 3 i+ RETURMN

<ep3r JALK 1 "SPA" RETUKN ADDRESS

.
.

TR KK K KK KK Kb RO KKK K K KK KK b Sk K oK ok K K ok K K KK KK K K KK K OR oK K oK ok ok ok ok Ok ok K Kk o K ok K ok ok oK oK ok oK
: S P 3 S P 3 S P 3 SpP3 Sp 3 > P 32 Sp 3 S P 3 S P 3
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Tork kb A b kb K ROk R bk KR KOk KKK ¥ ok ok K 8 ok R ok ok ok Kok ok K ok K K ok 3k oF K K K kO ok ok 3k ok ok ok Kk ok ok Aok B b ok oK K sk 3K oK K ok ok o oK ok X K
ToE gk ok ok ok R E b bRk R Kb b Kk K K 4K k3 ok ok ok ok ok K ok K ok oK oK ok ok ok R ok ok ok ok ok ok K ob b ok 3K Ok ok Ak Kk ok ok o B 3K K e Rk % KOk

.

N

K

C

H N

R C

H S R CH S R C H

S K CH

S R CH

SR H

TRk gk ok ok ok Kok b ok ok Kk o KR K kK kb b ok kK ok kb Kok ok R ok ok K b 0K sk sk Ok Kk K R ki K o ok ok b Sk ok ok ok ok ok Kk ok ok K ok ok ok K ok ok ok ok ok K o Kk

AR

Sorkes

SRehl g

SEARCHES FOR AL

IDENTIFIER i

THE SYMBCL TABLF

SRCH + 1
ACDRESS OF IDENTIFIER TG Bt SEARCHED FOR.
ABSHLUTE ADDRESS(=1 IF NOT FUUND)

IN SRCH

ENTRY S
InPUT S
OuUTPUT S
REQUIRELD :
LK 1
STA 3+SSRCH
LOA UePGSE
ILOA LeSYNMNNO
ADD Usl
STA 1+15SRClHy
LUA Uy e SYMK
STA Uy FSRCH
LDOA 21SRCH
LDA 3+¢PSRCH
LDA Uele2
LDA 1+¢04¢3
SUBH UeleS2Zh
JMP SRCH2
LA Uele2
LDA 149143
Sty UeleS/ZK
Jrp SKRCH2
LOA Ve

NOMF

[
Al

29 2% 46 44 48 46 se se Be B4 et SF @r BT B @8 8 S aa 4s W0 e

OF IDENTLIFIERe IN SRCH

Ul ENTRYs ADLKRESS OF LlUucNTIFIER TO BE SEARCHED FOR
SAVE RETURN ACDRESS

NSRCH <== SYMNO(NUMBEK UF USEFR SYMBOLS) +
6 (NUMBER OF RESERVED SYMBOLS)

PSRLH <== STARTING ACLKESS GF SYMBOL IABLE
COMPARE THE THREE WORLS(5 CHARACTERS PLUS
OF THE IDENYIFIER BEING SEARCHED FOR wITH
WORLS OF THE NEXT SYMBUL TARLE IDENTIFIER
THE IDENTIFIER HAS BEEN FOUND ONLY IF ALL

<00>)
THE THREE

THREE MATCH

mMIS=-MATCH ON WORD 1

MIS=-MATCH ON WCRD 2



LA
SUisn
JME
LOA
STA
JhR
o LUA
LDA
ADD
STA

“‘f‘}‘,’;'

1se
Jl\' F.)
1LDA
STA
JN §.J

MSPCHS «8LK
earCHy  JRLK

<

as -~s 2e

0 Ch L W 8LK

lecd
Usl s S2Hk
SRCHe
Uede3
UsSKRCH
FSSRCH
Ueb OSH
LoFSRCH
tel

L1 ePPSKCH

LSKCUIH
SRUH]
UsNEGL
GesSKRCH
wSSKRCH
1

1

1
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MIS=MATCH ON WORD 3
FOUND IT == SPCH <== lUcNTIFIFE'S ABSULUTE ADDRFSS

*s oo @+ s

s o0 we

FPSRCH <== PSRCH + 4 TU LOOK AT THE NEXT SYMBOL
TABLE ENTRY

CHECK FOR THE END OF THe TARLE

MO == KEEP LOCGKING

YES == MARK THE IDEKNTIFLER NS UNDEFINED AND RETIIRN

NUMEER OF ENTRIES TO Bt LOOKEDL AT
SEARKCH POIMTER
"SRCH" RETURN ADDRESS

®s % 40 40 er 4+ e+ wv on £ s ae

*1*********in#*********#***i#****#******************************#*******t*#****

S rRC

H S

R CH S R CH SR CH S R CH S kK CH SRcH

2*0*#4#*#*******#**********#*#****4**#*»*************#**#****t**t********#******
++$»4t#********1t******s***itt********i#**n****t#t***#***********************#*

s6 aa

.

®8 v e we e .a

T 1 &
'*ii*#*****k*t#*»*t********#***V*************‘*******************#**************

R T

"TTSR" SERVI

t XECU

EMNTRY
INPUT L
CUTruv 2

REQUIKF[ 2

I S K T 1SR T ISR ' I sE¢F T ISR T 1S8R

CtS TELETYPE INPUT INTERRUK IS DURPING PROGRAN
Tion Iy "ECM®

TISP
NOME
NUKNE
"DMF) "



YR

1 TeR1:

STTAD:
STYAL;
sTTAS:
STTAZ:
;T"(‘Y:
STTSH

»
*

STA
STA
STA
STA
MOVR
STA
LOA
STA
CTAC
LA
At:D
LLA
SUBn
JMP
LA
MOVL
LA
LDA
LhA
LA
MNIOS
JapP
LDA

LOA
STA
JSK
JMp
o BLK
« PLK
« LK
o LK
« LK
« LK

398TIAS
2e8TIA:
1LeSTIAL
UeSTIAC
Uel
usSTICY
v C
UueSTISK
yel Tl
1CMASK
1+C
1+ESC
UelesShE
TISR1
UsSTICY
Ul
UsSTIAG
1+STIAL
2e8TING
3+85TIA3
1T1I
aSTISR
2o LMP

usPUSH
Usle2
Le2
(\lo/‘\L.Al

e S S S

T B AT 43 2% a4 4 e 40 we 86 98 4% se 44 es ws as = -s  aa

WS 92 42 av 43 4% ws @0 @0 &% ws we =

SAVE INTERRUPTED CPU SIATE

SAVE RETURM ADDRESS
ACU <== INPUT CHARALTER AND CLEAR TELLTYPE INPUT
ACl <-= 000177(ASCII CHARACTER MASK )

MASK OFF THE PARITY B11

CHECK IF IT WAS AN "ESCH
YES =~ ABNORMALLY TERMINATE PROGRAM EXECUTION
NO ==~ IGNORE IT == RESTURE INTERRUPTEL CPU STATF

RESTART THE TELETYPE 1INPUT

RETURN TO THE POINT oOf ANTERRUPTION IN "“ECM"
CALL "DMP" TO OUTPUT THt USFR PROGRAM STATE
AT AN ABNORMAL TERMINAILON(DNP Ce= &)

RETURN CIRECTLY To "ALA"

TELETYPE IMPUT INTERRUP| ACo
TELETYPE INPUT INTERRUPI AC1H
TELETYPE INPUT INTERRLPI AC2
TELETYPE INPUT INTERRUPT ACZ
TELETYPE INPUT INTERRUP] CARRY BIT
"TISKR" RETURN ADDRLSS
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;‘iiiaQtk**i***#***************************#****l****t#***************‘*********

ATXT e
406
T

T

« BLK
o LK
«PLK
e LK

o2l
100
12
12

*e ov es 0o oo

O 4% 4e 4r e @s e w4v

n‘n -- H(U ALLLWLD TOKEh PAIR TABLE
MM e iy (C=1NVALID.1=VALID)
"(" -= OPERATOR

"N == OPERAND

NN me gn
L R (R [

LIS T B u)n

")" == OPERATOR

") == OPERAND

N)M" e ngn

DPERATOR == n(w
OPEKATOR == nwyn
OPERKATOR == OPERATCR
OPERATOR == OPERAND
OPEHATOR - HEN
OPEKAND w= n(n

OPERAND == m)mn

GPERAND == OPERATOR
OPERAND -= OPERAND
OPERAND == ngn

g e "n,

N$H - - H)ll

"$" == OPERATCR

"$" == OPERAND

Il$" - - |I$H

ASSERTION TEXT BUFFCP
BREAKPOINTING ASSERTIUN POLTISH STACK
DFT CCUNT VECTCR

DFT DESTINATION VECTO



‘.«
T BN

ERRREES B

EReEal A
S
Sl
ST R
AR S A ]
.
sRa 7
ma e
1nce
yitle
oyt -~
YT 2 :
EEEE 2 3
.
AN A 4
'ﬂ)T f—'-.:

f‘!\’ 5;:

AR Y

reT
atirq

v 23 e

(vhie A
oY e
Lk NS
e

e e0 o

anET

s

DT
TG

s ILK
« TXT
o TXT
« IXT
T XT
s TXT
e TXT
« I XT
STXT
o LK
o ITXT
S TXT
« TXT
o TXT
o TXT
« TXT
o TXTHN
« TXT
o« TXT
« TXT
e TXTH
o TXT
« TXT
o TXT
o TXT
o ITXT
o TXT
e TXT
«TXTH
« TXT
«TXT
e TXTY
e T AT
o TXT
.TXT

e
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UF1 SUURLE VECTOR

RCLIS72INVALIC CHARACTERS#

BK150K122< 120 % ¥k x ERROR % %k k¥
HCIODKI22KTI20 ¥ %k kERROR % %k k%
HLLIO2C1 2%+ %+ Xk ERROR % % # % %
HKISDK12D % » % ¥ ¥ EKRCK * % 4 £ %
ACLISDK1I22C12 %k ¥k FRRUR * % % k%
W<LI37>INVAL LD
L3720 NVAL T

10U

TOS UVERFLCw &

IPS CVERFLOW #
INVALIL J1OKEN MEAR ng
UNMATCHEL PARENTHESES &
ATATl OVERFLCWH
ACCUMULATCRH

CUMMAND #

IMMEDIATE ASSERTION PLLLISH STACK

H<10><15><12><12>7 #

8<15><12>
#<1S>2<1e>
h ome==> g
" (4

#) B

i
#<15><12>
H AC=]

v

H - en wn - -
B<15><12oHALT
#<15>2<1e>F A LLURE ¢
H<15><C125PREYVIOUS

# L=
n<185><12>
H<18><C12>
1
n<15><i2>

H<155<C122<1 25 0CATION

U
4<10><1e,

n<15><12>

DYNAMIC FLUW TRALE <135><12>#
i

ADDRK INST CARRY AC=-U &
AL=2 AC+=3#
----------- - L ey ------h
- - —-moeee “
H
#
4
FALSEn
TRUE
SYMBOL TABLE#®
SYMBOL ADCRESSH
------------ - e —-e-.—-

#<15><15><12> &
H<1I5><122FESCAPE S H
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Noat o LK 10t i SCRATCHPAD POLI1SH STALnA
e TXTHM 1
.TXT“; 1
AR o IXT HxALOCLUDENLDY i KLScRVED PGRTION UF SYMBOL TAPRLE
abwng
W IXT e CICLODCLU>
[Fwhl
o TXT preAL2<U0OCUDH
MNEWAR
« TXT HenL3ICLOOLnUDH
MEWA 3
o TXT H*xCRBITCOODH
MEWCY
o TXT HxPLK0U2K0NDC0UDH
pEwl G
I XTM g
CTXTIN  y
Svuper JBLK 4o i USER=DEFINED PORTION UF SYMBOL TABLE
P e e RLK 1L0C i TEMFORARY OPERAND STAULK

»
1
[y

oo e

AEEE FEY S8 ¥ S &ww:*********w#***********************************************#***4**
N R E L EUFFERTS ., STACKS AMD TABLES
"*********************0*******************************************************

&+$*4n#****w***»*******t************#****#*****t***************#*****t*t*#*t***

PR A REAROR R O KR KRR O Kk KR KR KRR K AR KKK R b 3 K ook ok 3h 2K Kk ok 3 oK o o oK oK K K
AL AD o T N DEBUGGER == VERSTION 1
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AFPENDIX E: CALL TREES OF THE ALADDIN ROUTINES
The figures in this appendix show the first-level subroutine call
trees for the command monitor and command handlers, and the complete
subroutine call trees for the utility routines (no trees are shown for
primitive utilities such as "GETC" and "PUTC" which call no other
routines). At all levels in the trees, those routines called directly
by some other routine are listed alphabetically from left to right

below the calling routine.



ACM

BCM

ECM

FCM

GETC

ICM

MCM

PUTB

PUTC

SCM

Fig. A4, Call tree for the command monitor "AIA",

€1t



ACM

B20

GETC

02B

PUTB

PUTC

Fig. A5. Call tree for the command handler "ACM",

Fig. A6. Call tree for the command handler "BCM".

BCM

PSB
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ECM

BCHK

BRK

CPY

HLT

Fig. A7. Call tree for the command handler "ECM",

FCM

B2D

B20

PUTB

Fig. A8. Call tree for the command handler "FCM".
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Fig. A9. Call tree for the command handler "ICM",

ICM

PSB

PSE

PUTB

MCM

B20

02B

PUTB

PUTC

Fig. A10. Call tree for the command handler "MCM".
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SCM

B20

PUTB

SP3

Fig. All. Call tree for the command handier "SCM",

AIN

Fig. Al2, Call trees for the utilities "ALN" and "BCHK",

BCHK

PSE
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BRK

bMP

B20

CBIT

PUTB

SP3

PUTC

PUTC

PUTC

PUTC

Fig. Al13. Call tree for the utility "BRK".
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B2D

PUTC

Fig. Al4. Call trees for the utilities "B2D", "B20" and

B20

PUTC

DMP

CBIT

"CBIT".

B20

CBIT

PUTB

SP3

PUTC

PUTC

PUTC

PUTC

Fig. Al5, Call tree for the utility "DMP",
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GAT

GETC

PUTB

PUTC

SP3

"PUTC

PUTC

Fig, A16. Call tree for the utility "GAT".
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HLT

DMP

B20

CBIT

PUTB

SP3

PUTC

PUTC

PUTC

PUTC

Fig. A17. Call tree for the utility "HLT".
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ALB

AIN

ECAC

ENAC

oCT

-

RNAC

SRCH

ALB

Fig. Al18, Call tree for the utility "NTKN",

22t



02B

GETC

oCT

PUTC

Fig. Al9. Call tree for the utility "02B".
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PSB

GAT NTKN POPT PSHI PSHT PUTB PUTC
L
GETC PUTB PUTC SP3 PUTB PUTB PUTC
PUTC PUTC PUTC PUTC
ALB ALN ECAC ENAC oCcT RNAC SRCH
ALB

Fig. A20, Call tree for the utility "PSB",
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PSHI PSHT
PUTB - PUTB
PUTC ' PUTC

Fig. A21, Call trees for the utilities "PSHI" and "PSHT",

PUTB SP3

PUTC PUTC

Fig. A22, Call trees for the utilitics "PUTB" and "SP3",



TISR

B20

CBIT

PUTB

SP3

PUTC

PUTC

PUTC

Fig. A23, Call tree for the utility "TISR",

126



127

APPENDIX F: ALADDIN STACK FORMATS

The figures in this appendix show the internal stack formats used

in the NOVA implementation of ALADDIN,



iy
Entry | Entry
Code Value
(2-word Polish stack entry)

Entry type Entry code Entry value
Fence -1 eeea
Unused 0 s
Operator Operator's ID

Symbolic operand

£ N O

Literal operand

Symbol table address
Literal's octal value

Fig. A24. Polish stack internal format.

Operator
ID

Operator
Priority

(2-word temporary operator stack entry)

Operator iD

n$n -1
o 0
" 1
=" 2
" 3
e 4
> °
"= 6
oot o
g 8
won 9
" 10
" 11

Priority
0

O O H N W W WwWwWwwds &

Fig., A25. Temporary operator stack internal format.
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DATAPOINT CORPORATION

January 7, 1980

Professor Richard E. Fairley
Computer Science Department
Colorado State University
Fort Collins, Colorado 80521

Dear Professor Fairley:
May I have a copy of the listings and documentation on your

ALADDIN system, as offered in your paper on that system in IEEE
Transactions on Software Engineering for July 1979. Thank you.

Yours sincerely,

| / ,f/uc(,/Z /5/%%&

Mark Halpern

MH:j1

WESTERN DEVELOPMENT CENTER 2126 SIXTH ST. BERKELEY, CALIFORNIA 94710 (415) 848-7100
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