
u 

DataGeneral 

LISTING 

PROGRAM 

EXERC!SER 

TAPE 

e95-0110I812-fJ7 

ABSTRA!:T 

DIAGNOSTIC 
LISTING 

EXERCISER IS A MAINTENANCE PROGRAM DESIGNED TO TEST fOR RELI­
ABLE OPERATION 0' THE PROCESSOR INSTRUCTIONS AND THE PAPER TAPE 
EQUIPMENT. THE PROGRAM MAV EXERCISER THE TELETVPE READER/PUNCH. 
HIGH SPEED READER/PUNCH, THE REAL TIME CLOCK, AND THE NOYA IN. 
STRUCTJO~S. THE DEVI!:!. TO BE USED ARE SELECTED BV CONSOLE 
SWITCHES AND A~E SERVI!:ED VIA THE INTERRUPT SVSTEM. 

COPVRIGHT ~ DATA GENERAL CORPORATION, UUI9. 19711, 1911. 1973. ,9704, ,975 
ALL RIGHTS~SERVED. PRINTED IN U,S.A, 



, 
n 

o 

u 



~I 
~2 

~3 
~4 

~5 

~6 

07 
~8 

09 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
U 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

~~~I 

"AT 

• M A I~! 

J •••••••••••••••••••••••••••••••••••••••••••••••••••••• ** ••••••• 

1 'AME: EXERCISER,SR 

~ESCRIPTION: EXE~CYSFR 

REVISION "IST~RY: 

REV, 

p~ 

01 
02 
~3 

1'14 
05 
1'l6 

DATE 

~5/1'l1/69 

1'l3/18171 
1'l9/U173 
11/3~173 
0112~17. 
06/~7174 

U/18115 

PART ~U~SERI ~94.0~~~11 

COPYRIGHT (C) OUA GENERA~ CORPORATION, 1969, 1970, 1971, 
1973, 1974, 197~ 
A~~ RIGHTS RESERVED, 

' •• *e •••••••••••••••••••••••••••••••••••••••••••••••••• ____ • __ ._ 

A r0~2 

~ \ 
~2 

~3 

04 
05 
06 
07 
08 
09 
10 
II 
12 
13 
14 
15 
Ie 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
U 
4~ 
46 
47 
48 
49 
~0 
~I 
~2 
~3 

~4 
55 
~6 
~7 

.,.. A I 1\ 

:1, 

12. 
'2.1 
, 2 ,2 
12,3 
12,3.1 
'2,3,2 
,2,3,3 
,2,3,4 
,2,3.5 

,3, 
,3,1 
'3~2 
,3.3 
'3~. 
,3,5 
'3~e 
'3,7 
'3,8 
'3,9 
,3,10 

' .. ,4.1 
'4,2 '.,3 
'4.4 , 
'4.5 
'4.~,1 
/ , , 
/ , , 
/4.5.2 
".~.2.1 
,4,5.2,2 
'4,5,2,3 , 
,4.5,2,4 
/4,5,2,5 
,4,5,2,6 
,.,5.2.7 

ARSTRACT 
EXERCISER 

EXERCISER IS A MAINTENCE PROGRAM OESIGNEO 
T~ TEST FOR RE~IAS~E OPERATION OF THE ~ROCEISOR 
INSTRUCTIONS AND THE PAPER TAPE EQUI~M!NT. THE 
PROGRA~ MAY EXERCISE THE TE~ETY~E READER/ 
PU~CH, HIGH SPEED READER/PUNCH. THE REA~ TIME 
C~OCK, AND THE NOVA INSTRUCTIONS, TM! DEV!CES 
TO SE USED ARE SE~ECTEO ev CONSO~E S_ITCHI 
AND ARE SERVICED VIA THE INTfRRU~T SYSTE~, 

MAC"I'E REQUIRE~ENTS 
STANOREO NOVA PROCESSOR 
4~ REAO/"RITE ME~ORV. MINI~U~ 
OPTION'~ EQUIPMENT 

sWnCH SETTINGS 

TE~ETVPE READER 
TE~ETYPE PUNC~ 
HIGH SPEED READER 
~IGH SPEED PUNCH 
R!A~ TIME C~DC~ 

STARTING ADDRESS •••••• 2 
SWITCH e(1l .ACT!YATE H!IH .PEED ~UNCH 
SWITCH I til .- - • IIUDIII 
swnCH 2CI) .- TE~n'~E RUDEll 
SwnCH 3CIl .- "UNCH 
,WnCH 4(1) .- IIEA~ TIME C~DC~ 
SWITeM ~(\l .ACTIYATE IECOND "T~ 
SwnCH SCIl .ACTIYAT! IECOND "TR 
SWITCH 7(1l .ACT!YATE IECOND TTl 
SWITCH e til .ACTIYATE IECOND TTD 

OPERAT!NG PROCEEDURE 
~OAD T~E PROGRAM YIA THE B!NAIIV ~OADEII 
SET S_!TCHEI TO ••••• 2 
~R!SS nART 
TME PROGRAM M!~~ RUN UNT!~~ MANUA~~' ITOP"ED 
DR A ERRDII IS DETECTED, 
IN/OUT EQUIPMENT TIIT!NG 

8Y SETT!NG IM!TCHEI •• , THI COIIII!'''ONDIN 
DEY ICE MIL~ BE ACTIVATED, THI aWITCHI All 
READ AT THE COMP~ETIDN 0' !ACH "' .. DP T 
INSTRUCT!ON TEIT, IP A CON'OL! IWITCH HA 
8EEN SET/C~EAR!D DUIIINI THI INITRUCTION 
TEST THE DEVICE W!~~ I! ACTIVATED/DEACT! 
AT THE END OP A ~AIS~ 
TO TEIT THE H!IH SPEID IIEADEII AND ~UNCH 

liAISE THE IIEADEII LEVEll 
lET SW!TCHEI • AND I 
WHEN 5 TO • PEET 0' TAPE HAVE 
IEEN ~UNCHED PilEI. ITDP, 
!NIEIIT THE TAPI INTO THE IIIADEII 
CLOSE THE ~EV!II 
"'UI CONTINUE 
THE TA~E N!~~ 8E CHECKED 
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• r~19 , MAI~ '" ~:-'I2~ ,""AlP'" 
U ~I 
02 02 
03 'FILL 'N~ CHECK RUFFER. A SUFFER OF ALTER'ATING PITS 03 ,T~IS TS A ADDRESS TEST IN .~ICH EACH LOCATION IN THE 
~. ~4 'BIiRFU 
~5 01363 03~130 STA~4: LOA ~,al.:FF ,FIRST LOCATION OF TME SUFFER ~5 'CONTAINS TME cnHPLEHE~T OF ITS ADDRESS, IF A FAILURE 
06 ~1364 A34131 LOA 3,nN 'LAST LOCATION OF T~E RUFFER 05 ,OCCURES 
07 01365 02~A2~ LOA 0,C52525 07 'EXAHr~E THE BUFFER ANO TRY TO FINO A PATTERN OF ERRORS 
08 013~6 luue COM 0,1 08 'LOA AND STA HAVf PREVIOUSLY WORKED WITH A SIMULAR 
09 013~7 U5000 STA 1,0,2 'BUFFER - 12~252 09 'PATTER~, 
\0 01370 0'U01 STA 0.1,2 ,BUFFER - 052525 10 
II 01371 021000 STA~5' LOA 0,0,2 ,THIS PAIR OF WOROS II 01431 03'130 srA20: LOA 3,BUF~ ,ce3l-FIRST BUFFER LOCATION 
12 01372 151'00 INC 2,2 'IS HOVEO THROUGH TME 12 01 432 02'131 LOA I,FIN ,CCtl-LAST BUFFER LOCATION 
13 01313 IS601S ACC. 2,3,SNR ,BUFFER 13 
14 01374 000774 JHP ,-4 I' 01433 160A0S 5TA211 COM 3,0,SNR ,THE CONTENTS OF 3 8~OU~D 
15 15 et434 063077 HAL T 'A~LWAVS PRODUCE NOT ZERO 
16 01375 02100e STA06: LOA ~,e,2 'GET BUFFER'S LAST ANa U 0143S lAun STA 0,0,3 ,STORE LOGICAL COMPLEMENT 
17 01376 02S377 ~OA 1,-1,2 'LAST-I WORSOS 17 01.36 Ul4n LOA 2,0,3 ,OF ADDRESS IN ADDRESS 
18 01377 123020 ADOZ I, ~ ,C(0) SHOULO-17777? IS 01437 142'1' SUB. 2,e,SZR ,ce2l SHOULD 8E SAME AS 
Ig 01400 100014 COM" 0,0,SlR ,BUFFER SHOU~D CONTAIN 19 01440 enl77 HALT 'CCll WHIC~ WAS STORED~ 
20 01'11\ 0838n HALT 'ALTERNATING WOROS 20 01441 175.U INC 3,3 'INC TO NEST ADDR!SS 
2t 01482 U1012 MOV" B,B,SlC ,EXA~INE BUFFER FOR ERRORS 21 0\442 US'14 sua. 1,3,az~ ,T!ST FOR END 0' BUFFER 
22 01403 063077 HALT ,HOO 010 CARRY CHANGE? 22 01443 eu"p JI1P 5H21 ,NOT YET END 0' BUF~ER 
23 01404 101011 MDV" 0,0,SKP 'SKIP OVER CONSTANT 23 
2. 0140S IS2~25 C~2~2S' 052S25 24 
2S 25 11444 03'131 5TA221 LOA 3,BUH ,RESET ce3l TO ~!R.T ~OCAT!ON 
28 2S 01445 031U0 LOA 2,1,3 ,IN THE BUFFER, WORD 'ROM 
21 ,MAKE SURE THAT AL~ LOCATIONS IN THE BUFFER EXIST, 27 llA46 IUlme COM 2,e 'BUFF!R SHOULD IE COM' Dr 
28 ,STORE A ADDRESS PATTERN eEACH LOCATION CONTAINS ITS 28 11447 118414 SUU 0,3,UR ,ADDR!SS IN 3, CCll.Bu'~rR WD 
29 'ADDRESSl, 29 014~0 183177 HAL T ,ccel-ITS COM', ccal.ADOR!" 
31 'IF STA WERE ATTEMPTING TO STORE A 2.00 IN LnCATION 30 0\4SI 17,.88 INC 3,3 'INCR!MENT TO Nr.T ADDRIS. 
3t '2.00 3t 01.52 \3841' SUU 1,3,SZR ,TIST 'OR IND 0' BU"IR 
32 'BUT I~STEAO STORED IN 2000, THE CONTENTS OF 2~00 WOULD 32 01.53 IU772 JMP SH2hl ,MORE WORDS TO CHECK 
33 'CO~TAIN 2401,ONE SHOULD SUSPECT HA eIT 7 OR OT~ER 33 
34 ,MEMORV ADDRESS DECODING, 3. U4S4 000401 JMP ,.1 ,REPLACE WITH CJMP .TAlll TO 
3S 35 'LOOP 
36 01406 182400 STAI0; sue 0,e ,C(0) NOT USED THIS TEST 36 
37 01.e7 834130 LOA 3,BUFF ,FIRST LOCATION OF BUFFER 
38 01'10 024131 LOA I,FIN 'LAST LOCATION OF BUFFER 
39 
A0 01411 IS~'00 STAIII STA 3,0,3 ,STORE THE ADDRESS AT ADDRESS 
'1 01412 031400 LOA 2,',3 'LOAD ce2l WITH DATA JUST 
42 01'13 te541' SUB. 2,3,SZR 'STORED, ce3l-0ATA SENT, 
43 0141' 063071 HAL T ,ce3l-ADCRESS,ce2l-RECEIVEC 
A4 0141~ I1S400 INC 3,3 'I~C TO NEXT AODR 
A5 01415 136.U sue" 1,3,UR ,TEST FOR END OF BUFF 
A6 01417 8U772 JM" STAll 
47 
A8 01420 034130 STAI21 LOA 3,BUfF 'CORE SHOULD BE FILLED WITH 
49 01421 031'00 LOA 2,0,3 'ADDRESS PATTERN, GET WORO 
50 ~1422 156414 SUa. 2,3,SlR ,ce2l SHOULD EQUAL ce3l 
51 01423 063011 HALT 'LOOK FOR PATTERN OF ERRORS 
52 ~1424 175400 INC 3,3 ,GO TO NEXT ADDRESS 
53 01425 13641' SUB. 1,3,SZR ,TEST FOR ENO OF BUFFER 
5' 01426 000713 JMP STA \2+1 ,MORE TO GO 
55 
56 01427 10101' STAI3: MOV. 0,0,SZ~ ,CHANGE TO eJMP STAI0) FOR LOOP 
51 0143~ 063077 HALT ,ee0l NOT USED THIS TEITI 
58 



c 

• 0021 
~I 

.MAIN 

02 
03 
@4 
~5 

05 
~7 

e8 
09 
III 
II 
12 
13 
14 
15 
18 
17 
\8 
U 
20 
2\ 
22 
23 
U 
25 
28 
27 
28 
29 
38 
31 
32 
33 
U 
35 
35 
37 
38 
38 
41l 
41 
42 

01455 
1l145e 
U457 
1l1481l 
11\ 481 
01482 
U483 
U46. 

1125U 
834131 
0311421 
"4131 
1l5UIJI 
175UIl 
le6.1. 
eem775 

'A TEST OF JSR 
.T~IS PROGRAM WILL fWErUTE A JSR INSTRUCTIC' TO EVf~V 
'~OCHInN 
.IN THE RUFFER, EACH LOCATION IN THE BUFFER CONTAINS 
,AtJSR 1,3) 
I!NSTRIICTION, THE JSR RETURN FRO~ THE BUFFER 'YLL BE TO 
/THE 
'CALLI~G (J5R TO BUFFER) *2, THE RETURN FRO~ THE BUFFER 
'''I~L 
,ALSO STORE THE PC (PROGRA~ COUNTER) OF THE BUFFER 
.INSTRUCTION+I 
'IN C(3), C(2) por~TS TO T~E BUFFER LOC.TIO~ TO BE 
,exECuTEO, 
'C(3)pl INDICATES .MrCH LOCATION IN THE BUFFER •• 5 
,EXECUTED, THE 
'C(3) SHOULD BE ON! GREATER THAN THE BUFFER POINTER IN 
'C (2), 

JSRU: suelL 0,' 
LOA 3,BUFF 
LOA 2,CJSRU 
LOA I,FIN 
SlA 2,~,3 
INC 3,3 
SUI,., 301, SIR 
JMP ,~3 

'LOOP ON ERR SWITCH 
'C(3).~IRST BUFFER LOCATION 
'CONSTANT (JSR 1,3) 
'C(ll.~INAL BUFFER LOCATION 
,FILL THE BUFFER 
,wIT~ JSR INSTRUCTIONS 
,TEST FOR END OF THE BUFFER 
,MORE WORDS TO STORE 

01.e5 83013e JSRIII 
014ell 8I51l18 

LOA 2,BUFF 
JSR 0,2 
HALT 

'C(2).~IRST BUFFER LOCATION 
,GO TO THE BUFFERI C(3). 
,RETURN ADDR, FAIL TO PC XFER 
'CHECK NEw C(3) FROM JSR IN 
'BUFF 

el.e, eeU77 
II." tee~l. 

01471 
01.72 
U473 
014" 
11.75 
11478 
11477 
U5ei! 

eUt77 
15eel4 
112 ... 
113"18 
14e4U 
1"778 
luell 
815411 CJSR 101 

ADC. 2,3,SlR 

HALT 
AOC. 2,3,SZR 
SUB e,1 
ADD ',2 
SUB. 2,I,SZIl 
JMP J!RII+I 
MOV. 0,0,SKP 
JSR 1,3. 

,C(3)SHOULD.C(2l+I, WENT WRONG 

'NEXT aUFF LOC,TE!T FOR END 
,MORE LOCATIONS IN BUFF 
,SKIP OVER CONSTANTS 

"'......, 
-

• p.e22 ,"AIN 
~I 
~2 

~3 

04 
05 
A5 
07 
08 
09 
U 
\I 
12 
13 
14 
15 
Ie 0151'l1 l2e520 
17 01502 020131 
\8 01503 nun 
19 0151114 n"13 
20 01505 UIIII! 
21 U5U 0e3177 
22 01507 15601. 
23 01518 UU77 
24 01511 1511"14 
25 11512 UUII 
2e 01513 13Uem 
27 01514 14241. 
28 01515 .. 1787 
29 015t6 lUlU 
31 U517 IIIlS8e 

fA TEST OF JHP 
,THIS PRnGRAM -ILL EWE CUTE A JMP TO EVERV LOCATIOH IN 
/THE BUFFER, 
.THE BUFFER CO~TAINS A (JSR 1,3) INSTRUCTION IN EACH 
'1.0CATION, 
.THE VALUE I~ C(3) IS SET SUCH THAT THE JaR IN THE 
,BUFFER "ILl. 
,RETURN TO THE H.IN PROGRAM, THE PROGRAM THEN CHECKS 
,THE PC 
,PROGRAM COUNTER) STORED BV THE BUFFERS' JSR 
'INSTRUCTION, THIS 
,PC SHOULD 8E ONE GREATER THAN THE LOCATION JUMPEO TO, 

JMPI~I suezl. 1,1 
LOA e,FIN 
LOA a,BuFF 
LOA 3,CJMPIl 
JMP 0,2 
HA~T 

JMPII' ADC. 2,3,SIR 
HA~T 
ADC. 2,3,SZR 
SUB 1,1 
ADD 1,2 
sua. a,e,UR 
JMI' JMPI .. a 
MOV •• ,.,OP 

CJMPIII JIIPU-I 

'LOOP ON ERR SWIT 
,FINAL ADDRESS OF BU"ER 
'FIRST ADDRESS OF BUFFER 
,C(3).A RETURN TO THE pRDG 
,GO TO A ~OCATION IN BUFFER 
'NO JMP' INDEX.I IN BU~'ER' 
,CHECK PC STORED 8Y BU'FER JIR 
'C(Z).JMP ADDRESS,C(3).JIR PC 

,TEST FOR END 0' THE IUFFER 
'NOT YET END 0' BUFFER 
,SKI" OYER THE CONITANT 
,CONITANT 

') ,. 
• 



• 0023 ,HUN 
~1 

02 
~3 

"4 
05 
~e 
117 
ee 
09 
III 
11 
12 
13 
I. 
115 
18 
11 
\8 
10 011510 
U 1\521 
21 01522 
22 1\523 
23 11152' 
24 015215 
25 111525 
28 el1527 
27 

n'lu 
1Il2·131 
e!5'IIl" 
17,.10 
13841. 
11111775 
eU.28 
111514\1 

IA TEST OF P~SITIVf nISPLAC~~ENT USING T~E "LO'" 
, INSTRUCTION 
,THE HUFFE~ IS FILLED ~tT~ A ADD~ESS PATTERN 
'(C(AnORFSS).AD~~ESS), 
'C(3) POINTS TO A LOCATION I~ THE BUFFER., A "LO." 
, INST~LJCTEON 
,WITH • POSITI~E DISPLACF.MENT THEN ~EFFERA~CES THE 
'~UFFER VIA 
'INOEX ~EGISTER 3. TME EFFECTIVE ADDRESS IS THE SUM OF 
/THE INDEX 
IREGI~TER VALUE ANO THF OISPLACEMENT. C(2).EFFECTIV~ 
, ADDRESS 
,OBTAINED,cell.cORRECT EPFeCTIVE AOORESS.C(3).INDEXING 
,VALUE 
IC(POSX2).FAILING INSTRUCTION--DISPLACEMENT IN BITS 
'8-\5 

POSX: LOA 3,8UFF 
LOA I.FIN 
STA 3,0,3 
INC 3.3 
SUBII 1,3.SZR 
JMP POSh2 
LDA 2,CLOAPX 
SU 2,POln 

,FIRST BUFPf~ LOCATION 
'LAST BUFFER LOCATION 
,STO~E A ADORESS PATTERN 
'IN THE BUFFER 
,C(BUFFERl.ADORESS OF eup, 
,EXAMPLE I C(3015).3015 
'CONSTANT eLDA 2.e.3) INST 
,INITIALIZE THE INSTRUCTION 

28 015311 B2813' POSXII LOA .,C3 ,ADD 3 TO THE INDEX 
,DISPLACEMENT.-U 

3. 
31 
32 
33 
34 
35 
38 
31 
38 
311 
.11 
• 1 
4Z 
.3 .. 
.15 
.6 
• 7 
48 

." 511 
51 
152 
53 
54 

111531 
1111532 
01533 
0153. 
U535 
U53a 
11\537 
1\540 

1JI"1 
0\5.2 
III 1543 
11S44 
.1545 
0\545 
til 5.7 
1J1550 
0\551 
115S2 
U553 

1J2UIIl1 
1m 7 !! .. 
UUIIII 
128421 
1881132 
IIJUZI 
lUlU 
ee .... 
eU777 
... ue 
1174 •• 
187.18 
1'8414 
a8U77 
111132 
175411 
1\841 • 
111788 
II1J71111 

POSUI 

LOA I,POSU 
ADD •• 1 
STA I.POSXI 
LOA I.PDSPIN 
ADCZ' 1Il,t. Sle 
JMP POSND 
LDA 3.BU'F 
~ 

LOA 1 .... 1 
LDA IIl.C377 
AND 11.1 
ADD 3.1 
SUBI 2.I.UR 
HALT 
LOA ',fINIU 
INC 3,3 
SUBII 1.3.SZR 
JMP POSX2 
JMP PDSXl 

1Il1554 .31 ••• CLOApX. LOA 2,0.3 
0155S 1131S77 POSFIN: LOA 2.177.3 
~1555 ••••• 1 POS~OI JMP ,.1 

c 

,HENT OF THE LOA INSTRUCTION 

,END TEST FOR DISPLACEMENT 

,GO TO NEXT TEST 
,IF THIB TEST FAILS PLACE 
,eJMP ,-ll AFTER THIS 
'INSTRUCTION 
,cePDSX2).LDA 2.N.3 
'INSTRUCTION DISPLACEMENT 
,TO cell, THIS DISPLACEMEHT 
,.INDEX VALUE.EFFECTIVE ADDR!88 
,Cll)'EFFECTIYE ADOREss.c(2). 
'WORD OBTAINED, CII) WAONG 
,T~I8 DISPLACEMENT WILL BE 
,TRIED WITH OTME" LOCATIONS 
,IN TME BU'FER 

,NEXT DISP~ACEMENT 

'CONSTANT FIRST DISPLACEMENT 
'CONSTANT FINAL • 
,REPLACE WITH JMP TO LOOP 

o 

• ~~2~ 

01 
.""'1~ 

02 
03 
1Il~ 

05 
85 
III 7 
08 
1Il~ 

II 
11 
12 
13 
14 
IS 
IS 
17 
18 
111 
Ie 
21 
22 
23 
U 
2S 
28 
27 
28 
21 
311 
31 
n 
33 
34 
35 
38 
37 
38 
31l 
.1 
41 
.2 
43 
44 .5 
48 .7 
.8 
48 
III 
51 

01557 
01sse 
I1SS1 
1J1582 
IJI 583 
011154 
0US5 
1J15S8 

11587 
1157111 
1111571 
.1572 
111573 
11574 
.1575 
815711 

11577 
01 Sill 
.1811 
111112 
1\813 
11181. 
USIS 
UIIU 
11118117 
IISU 
USB 
UIIU 
U6\3 
USI4 
011115 

03.131 
1124131 
1IJ1I5.0IIJ 
1754111 
13e.I' 
1II1IJIJ7711 
IJ3U31 
1118412 

12113. 
824411 
l1U.1II 
IU4I8 
81 •• 24 
118133 
0.1413 
•• 11401 

nllJln 
•• I .. n 
.14777 
... 138 
UI7'1. 
11111. 
111111. 
1.71.1 
138'1. 
1113117 
11111131 
1514111 
llUI. 
.. 17SA 
IU7I52 

'A T!~T OF NEGATIVE ~ISPLACEMENT USING "LOA" 
ITH! BUFFER IS FILLED WITH A ADDRESS PATTERN 
'(CeAOORESSl.AODRESS). A "LOA" INSTRUCTION 
IWITH A NEGATIVE DISPLACEMENT THEN RE'FERANCES 
'THE RUFFeR VI~ INDEX REGISTER 2. THE EFPe:CTIYE 
'ADDRESS IS THE VALUE OF THE INDEX REGISTER 
,MINUS THE DISPLACEMfNT VALUE, C(3)'EFFEeTIVE 
,ADDRESS OBTAINED.cell.cORECT EFFECTIVE ADDRESS, 
,CI2l.INDEXING VALUE.C!NEGX2).FAILING INSTRUCTION 
'DISPLACEMENT IN 8ITS 1-15, 

NEGXI 

HEGXII 

NEIIX!I 

LDA I.BU'F 
LDA l,FIN 
STA 3 ••• 3 
INC 3.3 
SUR. 1.3.SZR 
JM" NEGX+2 
LOA Z.NEGFIN 
STA 2,~EGU 

LDA '.CI 
LOA I,NEGU 
SUI 1.1 
STA I,NEIIXR 
LDA ,.NEIIU 
ADClI _.I.INC 
JMP NEGND 
JMP NfGXZ-l 

LOA .,IUP2111 
II 
LOA 1 .. -1 
LOA .,C317 
AIIID 1.1 
COM .,11 
ADD •• 1 
AOD I, I 
SUBII "I.S!II 
HALT 
LDA •• nN 
INC 2.2 
lUll II .,I.IU 
JM" NUX! 
JMP NEGXl 

,fIRST IIUFFER LOCATION 
'FIliAL IIUFFER LDCATION 
'PILL THE BUP'ER WITH A 
'ADDRESS PATTERN~'OR 
,EXAMPLE' ce3.17).S.17 
IC (41111,.4151 
'INITIALIZE TME LOA INST 
,TO ILDA 3,37'.2) 

,SUBTRACT (3) F"OM TME LDA" 
,DUPLACEMeNT 

'PUT IT IIACK IN CORE 
,TEIT 'DR A POSITIYE 
,DUPLACEMENT 
,END, 10 TO N!XT TEIT 

,FIRST BUP,!R LOCATION •• II 
,BECOMel' LOA 3,_N,1 II 
,GET DISPLAceMENT IITI 
,MASK THE INSTRUCTION PART 

,Cel).THe EP'ECTIVE ADDRE'I 
'Cel)'THE INDEXING VALUE 
'C(3)'THE AODRE.S OBTAINED 
,INIT AT NEaxa 'AILED 
,UIE THII DIIpLACEMENT 
,NITH OTH!R LOC.TION' IN TH! 
,aUPFER 
INOT aU"ER END 
,END,TR' NEW DI'''LACEMENT 

11518 135377 NEG'IN. LDA 3,-1,2 
1111517 laS2 •• NEGXX. LDA 1,_2",2 
11821 ••••• , NEGIIID' JMP ,.1 

ICDNITANT. DIIpLACEMENT-I 
'CONITANT. DIIpLACEMENT A' -177 
IR!/ILACE _ITH J"" TO LOOP TEIT 

, • 
8 



c 

• ~~25 ,MAI" 
~1 

02 ,A TFST OF POSITIYf OISPLACE~ENT USI~G THE "J~P·. 
CIlJ ,TWE BUFFE~ IS FILLEO 'IT~ (JSR ~,3) INSTRUCTI~NS 

04 ,TWUS W~EN A JS~ IN THE SuFFfR IS EXECUTED C!31 "ILL 
05 'SE SfT TO TWE BUFFER LOCATION.l, A "JMP" INSTRUCTIO~ 
06 ,WITH A POSITIVE DISPLACEMENT GOES TO T~E BUFFER VIA 
~7 ,INDEX REGISTER ~, THE JSR INSTRUCTION I~ T~E BUFFER 
08 ,WILL RETURN TO THE P~OGRAM SAVING ITS LOCATION .1 I~ 
09 'C131, THE EFfECTIVE ADDRESS OF TWE "J~P" IS COMPAIREO 
10 ,wITM C(31, C(3l.1-LOCATION JUMPED TO, CI21-INOEX 
II ,VALUE,CI11-EFFECTIVE IOORESS,CCPOSJ31-FAILING INST-
12 '~UCTION,DISPLACEMENT IN BITS a-15, 
13 
14 01621 134138 PDSJ' LOA 3,eUFF 'FIRST LOCATION I~ BUFFER 
15 01522 82'131 LDA I,FIN ,FINAL LOCATION IN BUFFER 
16 0\ 623 130435 LOA 2,POSJX ,FILL THE BUFFER WITHIJSR 0,3l 
17 UIl2. 151'1111 STA 2,1,3 , INSTRUCTIONS 
18 01625 175401 INC 3,3 
19 0\626 1611.1. SUB. 3,I,SZR ITEST FOR END OF BUFFER 
2m 01627 UI7H JMP POSJ.2 ,MORE LOCATIONS TO FILL 
21 0\1131 IU427 LDA .,POSJZ 'INITIALIZE THE JU~P 
22 011131 1114 •• \11 ITA ."osn ,WITH POSITIVE DISPLACEMENT 
23 
2. 011132 121138 POSJII LOA I,C5 ,IHCREASE POSITIVE OISPLACE 
25 01633 UUU LOA I,POSJ3 ,eY FIVE 
211 01113. U7811' ADD 1,1 
27 ~11I35 IU.12 STA I,POSJ3 INEW "JMP' INSTRUCTION 
28 011136 1"413 LOA I,POSJF ,ANY HORE • DISPLACEMENTS 
zg 0te37 \161132 ADClII I,!, SIC ,TO GO 
31 0\648 nun J"'p POSJNO '~O GO TO NE.T TEST 
31 
32 01841 '3~13e POSJ21 LOA 2,BUFF ,FtRST LOCATION IN BUFFER 
33 1\642 1211132 LOA I,FIN2I11 ,FINAL LOCATION tN BUFFER 
34 1111.3 ISUII INC 2,2 ,POINT TO NEXT aUFFER 
311 1J154. 142415 aua. 2,.,SN" 'LOCATtON, tS IT THE LAST' 
36 11645 1117811 JMP I'OSJI ,YES TRY NEW DISPLACEMENT 
37 118.8 "'''14 LOA 3,POSJY ,SETUP CI3l FOR BUFfER RET 
38 118.7 .1 •••• PDSJ31 • ,"THE" JHP INSTRUCTION 
~g 1185" 114777 LOA 1 .. -1 
•• 11851 121138 LOA I, C317 ,CALCULATE THE EFFECTIVE 
.1 11852 \17 •• 1 AND .01 'ADDRESS DF THIS JUMP 
42 11853 1.,111 ADD 2,1 ,CCINDEXl.DISPLACE~ENT 

43 01654 136114 AOC. 1,3,S!R ,Clll-EFFECTIVE ADDREss,ce3l 
44 111885 .13171 HALT ,JSR PC,CC2l-INDEX VALUE 
.5 111858 111754 JMP POSJ2+1 ,GO AGAIN AT NEXT LOC 
46 
.7 01657 III ••• PDSJZI JHP 1,2 ,CDNSTANTS 
.8 1158 •• 154.1 POSJXI JSR 0,3 ," 
4. 11581 1.1171 POSJfl JMP 177,2 
5. 018112 1118511 POSJYI POIJ3+1 
51 01883'114.1 PDSJNOI JMP ,.1 ,REPLACE WITH JHP TO LOOP 
52 

...... " 
"-

• r~2~ .~AI\I 

~I 

~2 
03 
04 'A TEST O~ NEGATIVE OISPLACEMENT USING "JSR" 
05 ,TWE RUFFER IS FILLED wITW (JSR e,~) INSTRUCTIONS, 
06 ,THE BUFFER IS ENTERED "ITW A JSR VIA CC3l WITH A 
07 ,NEGATIVE OISPLACE~ENT IN 8ITS a-15, eFFECTIVE 
08 'ADDRESS CALCULATION SHOULD SUBTRACT THE DIS-
09 'PLACEMENT FROM THE VALUE IN INDEX REGISTER ~, 
10 'TME JSR IN THE 8UFfER WILL RETURN TO THE ~ROGRAM 
I1 'SAVING ITS LOCATION .1 IN C!3l, COMPARISON Of 
12 ,CALCULATED EFFECTIVE ADDRESS AND C(~l DETERMIN 
13 'IF THE ~IJFFER WAS ENTE~EO CORR!CTLV, 
14 
15 01664 030432 NEGJI LOA 2,NEGJv 'C(2l-CONSTANT CJSR -1,21 
16 01665 85U15 STA 2,NEGJ3 ,STORE "TME" JSR 
17 
18 01666 121134 NEGJII LOA I,C:! 'DECREMENT THE VALUE OF 
III 01687 12"13 LOA I,NEGn ,THE DISPLACEMENT BY 3, 
2e 01670 118.01 SUB 0,1 ,EACH DISPLACEMENT IS TEIT. 
21 01671 UUlI SlA I,NEGJ3 'ED WITH THE BUFFER 
22 811172 112 •• 23 LOA e,NEGJ. 
23 011173 1111152 AOCO •• ", azc 'DIS~LACE"!NT END TEST 
24 01674 nU23 JHP NEGJD ,GO TO NEXT TEST 
25 
26 01675 1311~3 NEGJ21 LOA 2,BUF21e ,FIRST ADDRESS •• " IN aUFPE~ 
27 0U76 UU31 LOA .,FlN ,THIS ROUTtNE lET. CA~~'III 
28 811177 151 ... e tNCO 2,2 ,tTl TEITEO LA'E~I tNC aupp 
zg 111700 1.1435 SUBZ. 2,.,SNII ,AOOREI. AND TEIT POR END 
31 II7U I0I78e JMP NEGH ,END,GET NEW -JI'" 
31 
32 111.e •••••• NEGJ31 e ,GO TO THE au,pe" HIREI 
33 .l7n 124717 LOA 1 .. -1 'OBTAIN THE EPfECTtVE 
3. U1U 11111138 LOA .,C317 /AODRUS IN C (\) 
35 81715 \17.13 AND 1,1,SNC 'T"E CA~~' .HOULO NOT HAVE 
38 017.8 11SS1I77 WALT ,CHANGED I lEE AIOVE 
37 11717 IIl11"l COM .,e 
31 II7I1l' 1"7ee~ ADD ',1 
31 01711 1.71111 ADD 2,1 'CHECK EfPECTlvE ADOREIS 
4. 01712 1381\4 ADC. I,~,.ZR 'C"ECK EFPECTtVE ADO~lsa 
.1 11713 183177 MALT 'WITH I'C OP aU'fER J'~ IN 
42 01714 .U782 J"'I' NEGJhl ,CI3l,CI2l-tNDEX VALUE 
43 
•• '1715 .15211 NEGJXI JIR -211,2 ,CONSTANT 
.5 11118 1111377 NEGJ.I JaR -1,2 'CONSTANT 
48 11717 e •••• 1 NEGJD' J"" ,H ,REPLACE WtTH J"~ TO LOOP 
47 
48 

~ 
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~2 

03 
~4 

~~ 

06 
~7 02~~1 
~8 ~2~~2 

09 ~2003 
10 ~2~04 

II ~2005 
12 ~20M 
13 02007 
I~ 0201~ 

15 02011 
16 02012 
17 02~13 
18 ~2014 
19 02015 
20 02~16 
21 02017 
22 02~20 

23 02021 
2. 
25 
26 
27 
28 
n 
30 
31 02030 
32 02031 
33 02032 
34 
35 02033 
36 02034 
37 02035 
38 02036 
39 02037 
40 02040 
41 020'1 
.2 020.2 
43 02043 
U 020.4 
.5 020.5 
.8 020.6 
'7 020.7 
.8 02050 
.9 02051 
50 02052 
51 02053 
52 02054 
53 02055 
5. 02056 
55 02057 
58 02080 
57 02081 
58 02062 

(' 
""-" 

,MAIN 

!0252~ 
12~620 
\52000 
050122 
060377 
010122 
0004~4 

1~'00' 
0U773 
000405 
020122 
0e3077 
102.00 
0007ee 
101234 
063077 
000407 

00203~ 
le2520 
112820 
14300~ 

080423 
0'0122 
080377 
010122 
UUII 
eU41l 
11'\22 
U8U5 
U07e7 
eeU0\ 
1\5.80 
183077 
152400 
000762 
\15405 
IU'10 
024122 
183077 
000772 
10200. 
024\22 
M3077 
000768 
eU.01 

,6 TEST OF I!Z 6PILITV TQ S~IP 
'T~E C(Tf~) IS SfT Tr -I (177777), INCRE~E'TInG TE" 
,TO II SMOuL~ PROOUCE 6 ISZ SKIP, 

lSI" 

ISI5: 

ISZ6. 

ISZ71 

suelL P,0 
SUBZR 1,1 
AOC 2,2 
STA 2,TEM 
NIOP CPI) 
ISZ TEM 
JMP ISH 
ADO 001 ,SIR 
JMP ISZ5 
JMP Isn 
LOA 0,TEM 
HAL T 
SUB 0,0 
JMP ISZ5 
"OVZR. 0,0,SIH 
MALT 
JMP ISZU 

'C(~).\,LOOP ON ERRDP S_ITCM 
,C(I)oI00000,ITERATlON CoU" 
,C(2)-177777 
,STOH THE (-I) 
ISYNC AT 7-41. 
'INC IT SMoULo SKIPI 
,FAIL TO SKIP, lSI FAIL 
,ITERATION COUNTER 
,COONTINUE TEST 
'END OF TMrs TEST 
,C(0)-RESULT OF FAIL lSI 
'CORRECT VALUE-0 
'CLEAR C!0l TO LOOP 
,ON ERROR FOREVER 
,REPLACE TO LOOP TEST 
'C(0) SHOULD BE <I 

,THE RESULT OF A lSI INSTRUCTION IS CMECKED _ITH A ADD, 
,ADD IS ~RE8UMEO TO ~ORK,THE lSI INCREMENT LOGIC,SKIP 
'AND NO SKIP IS CHECKED,PRESSING CONTINUE AFTER A ERROR 
'HILL CAUSE THE PROGRAM TO LOOP UNTILL RESTARTEO, 

,LOC 2030 
ISII01 SUBIL 2,2 

SUBIR e,e 
ADD 2,0 , SNR 

JMP lSZl3 
SU lITEM 
NIOP CPU 
lSZ Tf. 
MOV. @,0,S~P 
JMP IUI2 
LOA I,TEM 
ADCII e,l,SNR 
JMP ISZIh2 
JMP ISIII 

ISZII' INC 0,3 
HALT 
SUB 2,2 
JMP nZU+2 

152121 INC 1,3,SNR 
JMP ISZI4 
LOA lITEM 
HALT 
JMP ISZ \2~2 

ISZl31 ADC e , 0 
LOA I,TE~ 
HALT 
JMP 15Z\2-2 

ISUII JMP ,+1 

,Ce2l-1 
,C (0) -100000 
'UPDATE THE COUNT BY 

,ISZ FAIL TO SKIP ON 177777 
,STORE THE VALUE FOR ISZ 
'SYNC A 7.47. 
,"THE" ISZ 
'ISZ SHOULD SKIP AT END OF TEST 
,ONLY 
'DOES VALUE OF TEM-COUNT+I 
,IN cell 
,YES KEEP CMECKI~G 

,C(ll-ISI COUNT,C(3).CORRECT 
'lSI INCRE~ENT LOGIC FAILED 
'CLEAR ce2l TO LOOP ON ERROR 

'ISZ SKIPPED WAS T~AT OK? 
,YES, EXIT THIS TEST 
,Cel)-ISZ COUNT,C(3)-INC COUNT 
'C(llSHOULD - C(3),SKIP OR NOT 
,CLEAR COUNT ANO LOOP ERROR 
'ISZ FAI~ TO SKIP ON 
,CeTEM) __ I,Cel)_ISZ COUNT 
'LOOP ON ERROR 

'CHANGE TO LOOP TEST 

" "'~3~ 
~ I 
02 
~J 

04 
05 
0~ 

07 
~8 
09 
10 
11 ~2M3 
12 0206. 
13 0206~ 
14 02066 
15 02067 
16 02070 
17 02071 
18 02072 
19 02073 
20 0207. 
21 02075 
22 02078 
23 02077 
2~ 02100 
25 02101 
26 02102 
27 02103 
28 02U. 
29 02105 
30 02108 
31 
32 
33 
3. 
35 
38 02107 
37 02110 
3. 82\ II 
U 02112 
.e 0211~ 
41 0211' 
42 02115 
'3 02116 
44 e2117 
u 02120 
'8 02121 
41 02122 
41 02\2~ 
'9 0212' 
5e e2125 
51 82128 
52 02127 
53 021U 
5. 02131 
55 02132 
58 02133 
57 02134 
58 

• "" "l~' 

0J~13' 
!024~~ 

~3.IJ' 
117022 
U~4!7 
040122 
eeun 
010122 
010122 
010122 
010122 
eUI22 
024122 
1~8·14 
UJ077 
138'1' 
I ~2.em 
143000 
~~0760 
000401 

102520 
U4I3t 
n0U0 
"uee 
1551l1li 
een77 
011100 
eee'\2 
n5eee 
17501' 
800405 
113180 
13241' 
In'88 
0011407 
te3e" 
eee403 
USU0 
e831l77 
U2'U 
000757 
U0401 

,. TEST OF ISZ 
,FIVE C~NSECUTIvE lSI I"STRUCTIONS TO LOCATION"TEM" ARE 
'EXECUTEO,TME V6LUf IN CeTE") SMOULD EQUAL C(3) 
,TME ~UMSERS ARE ARRANGED SUCM TMAT NO ISZ INSTRUCTION 
,SMOULr SKIP. SMOULO T~E TEST FAIL PRESSING CONTINUE 
'-ILL PLACE TME PROGRAM IN A FAILING LOOP UNTILL 
,RESTARTED. 

ISZ201 LOA 2,C5 
SUA 0,~ 

LOA 3 , C5 
AODZ 0,3,SlC 
JMP 15122 

ISZ21. STA ~,TEM 
~IOP CPU 
ISZ TEM 
ISZ TEM 
ISI TEM 
In TEM 
ISZ TE~ 

LOA I,TE" 
SUSII 1,3,SIR 
MALT 
SUB_ 1,3,SIR 
SUB 2,2 
ADO 2 , 0 
JMP UUU2 

ISZ221 JMP ,+1 

,C(2)-ERROR SWITCH 
,START WITH C(0)o0 
'C(3)-EXPECTED RESULT OF 
,lSI, ALSO TEST FOR END 
,GO TO NEXT TEST 
,STORE THE VALUE TO BE INC 
,SY~C AT 7 .. 14 
'00 IT 5 TIMES 

,celloRESULT OF 111.5 
,C(3)'CORRECT RESULT 
,lSI FAILED 
,IF A ERROR OCCUREO 
'CLEAR Clll TO ~OO~ ERR 
,UPDATE FOR NEXT GO 
'ROUND 
,CHANGE TO LOOP TEST 

,EACH WORD IN THE BUFFER IS SET TO .1 1177777l~ 
,ISZ THEN INCREMENTS IT TO ZERO ANO SKIPS, THE PROGRAM 
'WILL LOOP O~ ERRO~ IF CONTINUE IS PRESSED 

ISZ3~1 SUBZL 11,0 
LOA I,'IN 
LOA 2,BUFF 
AOC 3,3 

ISZ311 STA 3,1 , 2 
NIOP C~U 
ISZ e, 2 
JMP UZ3h2 
LOA 3 , 1,2 
~OVII 3,3,SZR 
J"'P lSZ32 
ADD 0,2 
SUS II 1,2,SIR 
JMP Ul31 ~ I 
JMP ISZ33 

15132. HA~ T 
JM~ ,+~ 

LOA 3 , 1 , 2 
HALT 
sue 0,' 
JMP tsZ31_\ 

ISZ331 JMP ,+1 

,cell'I,THE LOOP ON ERR aWIT 
,Cel)'FINAL BUFFER ADDRESS 
,ce2l.FIRST BU"ER ADDR!SS 
,C(3l'17777' [.Il 
,STORE THE 1.ll IN aU"ER 
,SYNC AT 7.A7. 
'INCREMENTIOH SHOULD SKIP 
'ISZ FAIL TO SKIP 
,DOES BUF'ER." 
'IF NOT ISZ 'AIL TO COUNT 
'CORRECT I BUT SKIPPED 
,INC TO NEXT BUF'ER LOC 
,ANO TEST 'OR END 

'END GO NEXT TEST 
'lSI SKIPPED aUT STORED NG 
,ce3l'IIZ RrSULT,ce2l'OK 
'C(2l'ADDRESS OF ERR 
'lSI 'AIL TO SKIP, CI3,' 
,lSI RESULT,cellor" ADDRESS 
'LOOP ON THE ERROR 
,CHANGE TO LOOP TEST 

.. 
• 



• qt031 ,MAIN • ~03~ .M.I' 
et U 
1!2 ~2 ,A TEST ~F OSl ARILITY TO ~OT SKIP 
03 'ANOTHE~ TEST OF ISZ 03 ,THE C(TE~' 15 SET TO (-I', DECREME~TING S~OULO 
U ,THIS TEST WILL ADD ONE TO EACM LOCATION OF A RUFFER U ,PRODUCE .2 AND NOT SKIP. PRESSING CONTI~UE AFTER A 
115 ,TMAT IS PRESET TO ONES, THE LAST LOCATION IN THE 05 'ERROR WILL CAUSE TME PROGRAM TO LOOP ON ERROR 
118 ,BUFFER IS SET TO CONTAIN ZEROS, THUS PREVENTING 08 ,UNTILL RESTARTEn, 
07 ,A ISl S~IP ON THAT LOCATION, A ISZ IN5TRUCTIO~ WILL 87 
U ,REFFERANCE TME RUFFER VIA INOEX REGISTER 2.IF· THE 08 
ell 'lSI INSTRUCTION S~IPS AC2 IS INCREHENTEO AND THE 08 ~2183 1P.252~ OSI0: SUBIL Il,~ 'CII'.I,LOOP ON ERR SWITCH 
18 ,SEQUENCE REPEATS. wHE~ THE ISZ FAILS TO S~IP THE U 0216. f1U\38 LOA I,C377 
II ,8UFFER POINTER IS CHECKED. IF IT IS EQUAL TO TME END 1\ IU85 1521l11Jt Aac 2.2 ,CI2' NOT USED THIS TEST 
12 ,OF TME BU 12 0218e 178~n AOC 3,3 ,CI3'''1 
13 ,8UFFER THE TEST IS SUCESSFUL, IF MOWEVER IT IS NOT 13 
U ,THE BUFFER END THE PROGRAM WILL HALT, IF A ERROR I' 12187 1l5.122 OSZII STA 3.TEM ,STOllE THE VALUE 
15 ,OCCURES THE ENTIRE TEST WILL BE REPEATED UNTILL THE U 02170 088377 NIOP CPU ,SYNC AT 7.A,. 
U ,PROGRAM IS RESTARTED. ttl 12171 01.122 OSZ TEl' ,DECREMENT CeTEM) 
17 17 82172 IlIIUU JI'P ,+4 'IT .HOULO NOT SKI' 
18 ~2135 126'10 ISZ4": SUS 1,1 ILOOP ON ERR SWITCH 18 02173 020122 LOA ',TE" 'IT IKI"ED, CC".OSI RESULT 
II 1112136 112""" AOC 1.1l 18 1217. ee~1II77 HALT 'CORRECT YALUE •• 2 
211 uln 134131 LOA 3,I'IN 'FINAL SUFFER ADDRESS 211 02175 \fUll SUB II ••• IKP ,CLEAR CII) TO LOOP ERII 
21 0214' 131113. LOA 2.BUFF ,FIRST SUFFER ADDRESS 21 02176 188"4 SUB •• I.IZI! ,CHANGE AND TEIT ITERATION 
22 12141 841"U STA 0.1.2 ,'ILL THE BUFI'ER WITH 22 12177 11111770 J"" DUI ,COUNTER, ANOTHER 'AII 
t3 112142 lSl.1lB INC 2,2 , (-1) 23 122110 lS001. COM. 2,2,SlIl 'C (2)MDOII't!O I 
2. 02143 1111541. SUB" 2,3,Slll ,EXCEPT TME LAST U 12211 18311177 HALT 
U UIU 1""11 JMP .-3 ,WHICH IS FILLED WITH 25 
28 021'11 "45.0111 ITA I,ll.! ,ZEROS U 'A TEST OF OIZ AIILITY TO IKI' 
27 27 ,CITEM) IS lET TO f, DECREMENTING CeTE") TO • 
21 1112140 IIS0131 ISZ'II LOA 2.eUFF ,C(2' POINTS TO BUFFER 28 ,SHOULD PRODUCE A OIZ IKI', PRESSING CONTINUE 
III 121.7 11811377 IIIOP CPU ,SYNC AT 7-A7. U ,AFTER A EIIRDR WILL CAUIE TOHE 'IIOGRAM TO LOOP 
31 1211111 llIeel nz 11.2 'ISZ SHOULD SKIP EVERV 31 ,UNTILL RESTARTED, 
31 12\51 lee.1Il3 J!'IP UZ42 ,TIME EXCEPT LAST 31 
32 02\112 151.l1li INC 2.2 ,POINT NEXT LOCATION 32 02212 1.21120 OSZ21 IUBlL •• 11 ,CII).I.LOOP ON ERR SNITCH 
33 02153 1118077. JMP XSHI+I 33 1221113 128821 SUBZI! 1.1 'CC1'.I •••••• IT!RATION. 
3. S~ IIU .. 15252~ BUilL 2.2 ,CCR'·I 
35 0215. 121.111 ISZ421 LOA 1.11,2 ,CII,.RESULT OF ISZ 35 12215 151122 OSZ31 ITA 2.TEM ,STaRE THE I 
311 IUS!! !SUI. SUII" 2,3.SZR ,SHOULD 8E A 0 315 82216 181377 NIO," C'U ,nNC AT 1.". 
31 02158 IUIIIII AOC I,I.SKP ,CII).LOOP ON ERR SWIT 31 82211 11.\22 on TEM ,DECREMENT, IT SHOU~O SKI' 
31 82157 t118.1' SUII. 2,3, S2P ,C(2).EFF AODRESS OF ISZ 38 822111 11111.114 J"' DIU '051 'AIL Ta IKI' 
38 11218111 183077 HAL T 'OPERAND. 38 lUll \1711. ADD I.I.I%R ,TEST ITERATION COUNT 
41 12181 \2511U MOV loI.SZR 'IF Clll NOT 0 PROG •• 122\2 •• 1773 JMP Din ,CONTINUE ON 
.1 02182 IlU75. JMP ISZ.hl '''ILL LOOP .1 12213 InUII JMP OU5 'NEXT TUT 
42 .2 12214 121122 01!.1 LDA I.TEM ,CII).RESULT 0' 'AI~ DII 

n 12215 1163077 HALT ,CORRECT COUNT •• 
U U2111 IIIU'" SUI 1,1 ,CLEAR CII' TO LOD' 
411 U211 Ille,s, JMP 0113 
~8 12228 11123. OSZ51 MOVZR/f II,I.SU ,crl) IHOULO IE ·.1 
41 12221 1831177 HALT 'CHANaE MOYZR TO Laa, TEIIT 
48 
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• P~33 ,MAIN 
01 
12 
03 
U 
05 
Ie 
07 
U 
U 
II 
II 
12 
U 
I~ 

'A TEST OF OSZ 
,THE RESULT OF A OSI I~gT~UCTION IS CHECKE~ 
'WITH THE RESULT OF , AOD INSTPUCTIO~, T"f ADO 
'IS PRESUMED TO WOAK htCAUSE OF PREVIOUS TESTING, 
,THE OEC~EMENT LOGIC OF THE nSl, ITS ABILITY 
'T~ SKIP, ANn ~OT SKIP IS CHECKED, SHOULD T~E 
lOSI FAIL, T~E PROGRAM WILL HALT, PRESSING 
,CONTINUE ~ILL PLACE T~E PROGRAM IN A FAILING LO"P 
,FOR SCOPING PURPOSES (YOU MUST REMOYE T~E HALT), 
IPROGwA~ 

,MUST 8E RESTARTED TO GET OUT O~ THE FAILING LOOP 

DSII0I 40C 2,2 
AOC 3,3 
SUBU e,e 
INC III,' 
ADDI 2,II,S~R 
JMP DUI3 
SU II,TfM 
NIOII CPU 

,ce2l'~1 
,C(3)·-1 

'C r~l.I00e~1 
ITEST FOR PASSING THROUGH ~ 
'OSZ FAILED TO SKIP 
,STORE THE YALUE FOR OSI 
,SYNC AT 7-A7. 

T~E 

15 02222 
15 02223 
17 0222' 
18 02225 
U 02226 
21 1112227 
21 02230 
22 1112231 
23 02232 
2~ 02233 
25 12234 
21 U2311 
17 02235 
28 02237 
U 

I 5211111P 
17Un 
Ine2. 
Ul.tlJP 
1'3~25 
UI'2' 
1411122 
1180377 
1111'122 
17511U 
1111'11 
124122 
122115 
eel787 

OSZ T!" 
ADC 3,3,SKP 
JMP DSll2 
LOA I,TE14 
ADCII I",S~R 
JMP D!lI 111+. 

,T. DECREMENT, THE DSZ SKIllS 
'ON EXIT, SET Ce~)~~1 

31 
31 
32 
U 
3. 
35 
31 
31 
U 
U 
4. 
41 
.2 
n .. 
45 
45 4, 
41 

022'" 
112241 
02242 
02243 
IU .. 

02245 
02ue 
112247 
122511 
82251 
822112 

1225~ 
82254 
112255 
022511 
822117 

11711 •• 
111131177 
15241111 
175l1ee 
1111782 

!lU311 
1111412 
1124122 
117111111l 
11831177 
111117711 

.24122 
178'11) 
11241111 
15U77 
••• 783 

OUIII 

DSZl21 

DSU31 

48 1112251 '.0411 OSll.1 
5. 

ADD 0,~ 
~ALT 
SUB 2.2 
ADC 3,3 
JMP DSZU.' 

M~YIRII II,~,SNR 

JMP OUI' 
LOA I,UM 
ADD .,3 
HALT 
JP4, DsZtU2 

LOA I,UM 
SUB 3,3 
SUB e,e 
~ALT 

J"" DUll.!! 

JMP ,.1 

,oU SKIPPED, 
'COUNT OBTAINED FROM OSI 
lIS COUNT CORRECT' 
,VES CONTINUE ON 

,ce3l.CORRECT COUNT 
, ,cell.OSl COUNT 

'CLEARING At2 WILL CAUSE 

,PROGRAM TO LOOP ON ERR 

'OS% SM!PPED,WAS THAT OK' 
,YES GO TO N!XT TEST 
,cell.ost COUNT CAUSI~G 
,THE SKIP. CI3l.CORRECT 
lOSl SKIP LOGIC 'AIL 
'LOOP ON THE ERROR 

'DSI FAILED TO SKIP 

'FROM II.Clll.oSI COUNT 
,ce31.cORR!CT COUNT 
'LOOP ON ERR 

'CH4NGE TO LOOP TEST 

~ -
A ~~3. .-"'l"i 
01 
112 
03 
~. 

05 
06 
~7 

me 
~g 

u 02261 ~3"13~ 
II 02252 U2e2~ 
12 32263 03'123 
13 11226. 117~~~ 
I' ~2265 UIII22 
15 02266 1150377 
16 02267 "14 \22 
17 022711 0\'122 
18 02271 0\'122 
U 1112272 1\'122 
21 02273 8\'122 
U 1112274 112.122 
22 02275 13UI' 
n 02276 ee3~77 
24 02277 131!41' 
IS 02300 152UIIJ 
25 U3fll 1431123 
27 02302 IIn751 
25 02313 nUll I 
u 
311 
U 
32 
33 
34 
U 
35 023U 1111252IIJ 
37 02315 11124131 
U 1112316 I13U3111 
311 82387 1755211 
41 123111 155111' 
41 1112311 151377 
41 IIIU12 ItI'lIlI 
43 112313 1111412 
.. 12314 1351111 
45 11315 175111' 
.8 11316 11114115 
., 02317 1131n 
.. UUI 132414 
.. 02321 11111756 
51 112322 111111'117 
51 112323 11531177 
52 1132' 11 .. 13 
!!3 11232!! 113511111 
5. 112325 11531177 
55 112327 1124l1li 
58 023311 0107!!7 
57 112331 llieAU 

IA TEST OF OSI 
,FIYE CO~SECUTIV~ nsz INSTRuCTIONS TO LOCATION TEM 
,ARE EXECUTED, THE VALUE IN TEM SHOULD EQUAL C(~l 
I.HICH I~ 5 LESS T~AN THE INITIAL VALUE STORED IN 
,C!TE¥) 
,THE ~UMBER5 ARE APANGEO SUC~ THAT Nn aSK INST~UCT!ON 
,SHOULD SKIP, 

0572~1 LOA 2,C~ 
sueZR .,0 
LOA 3,CM5 
ADD 0,3 

D51211 STA ',TE" 
Nlnp CPU 
OSI TE~ 
OSZ TE~ 
DSZ TE~ 
OSZ TE~ 
Oil TE~ 
LOA I. TEH 
sun 1,3,SlR 
HALT 
sua_ 1.3,SlR 
SUB 2,2 
.OOZ 2,Il,S~C 
JP4P DSZ2h2 

DSU21 JMI' ,.1 

,A TEST 0' DSI 

,ce2l.E~RDA LOOP SWITCH 
,START AT 1 •••• 11 
,C(3).ExPECTED OSZ RESULT 

,STORE TH! VA~UE FDA DEC 
,SYNC AT 7-474 
'DECREMENT ceTEMl 

Icell.RESULT 0' O!C~EM!NT 
,ce~l.CORR!CT COUNT 
,OU 'UL!D 

'CLEAT Cltl TO LOOP 
,UIIOATE 'O~ NEWT 
,GO ROUND 
,CHANIE TO LOOP TEIT 

,EACH WORD IN THE SUPPER 18 SET TO .1. DSZ THEN 
,DECR!MENTS IT TO e.ll AND SM!PP!S. !, A ER~DR 
,OCCURES THE PROGRAM WILL C'C~E CONT!NUIEL' 
,UNTILL !T IS ~ESTARTED. 

DSl3111 suelL e,e 
LOA I,FIN 
LOA 2,eu" 
sueZL 3,~ 

OSl31' STA ~,e,1 
NIOP CIIU 
DSZ 1,2 
JHP Dsn .. ! 
LOA 3,11.2 
MOVII 3,3,SZR 
J"I' OU32 
ADD .,2 
sun 1,2,UR 
JMP Osnl~1 
J"'P DIl33 

OSZ~21 HALT 
J"P ,.3 
LOA 3,.,2 
HAL T 
IUB ~,I 
JHI' OSZ31-1 

DSU31 JMP ,.1 

,Clllol,LDDIl ON !RR I~!TCH 
,Clll.'!NAL 'U"!~ AOOREII 
,CI2lo'IRST IU"!~ ADORIII 
'CI~I"I 
,ITORE WO~D 0' • !N SU"ER 
,nNC AT h'" 
,D!CR!MENT!ON SHDULD IK!P 
'DSZ 'A!L TO SMI' 
'OSZ SKIPPED OK,!S MEM 
'WORD ., 
,NOI !R~O" 
,AOYANCE TO NEWT LOCAT!ON 

,MORE LOCAT!ONS IN IU"E~ 
,10 TO NEIT TIST 
,01Z SKI'IIEO BUT ITORI NI 
,CIIl.E" AOO~!SS.tlalo~ESULT 
'0' THE OSZ 
,01Z 'AIL TO IK!P 
,CI2l.E"ECT!¥E ADO~!SI 
'LOOP THII TUT 
,CHAN;E TO LOOP TEST 

~ 
J • 

• 
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• 00~SI 

01 
.ftIIlIN 

12 
13 
04 
IS 
es 
07 
III 
lSI 
Ie 
II 
II 
13 
14 
15 
II 
17 
II 

025110 
025111 
825112 
112583 
1U5 .. 
1125115 
1112588 

1025U 
113e13~ 
834131 
1511U~ 
1S14811 
158414 
11811775 

II 12587 
21 02510 
21 02511 
22 02512 
n 12513 
U 112514 
25 112515 
25 112515 
27 112517 
21 U520 
U 112521 
311 

Ulue 
088377 
027~~1I 
llIa414 
183177 
132414 
U24B1 
11311011 
15t1414 
0111177~ 

8111"4"'1 

31 
32 
33 
U 
U 
311 
37 
U 
3IJ 
411 
41 
42 
411 .. 
45 
45 
47 
48 
48 
58 
51 
52 
511 
54 
55 
51 
57 

112522 112521 
usn IUUI 
112524 IlIlue 
12525 851881 
12525 1514111 
02527 155414 
82538 1111775 
1125111 nU311 
02532 1150377 
025113 05Uet 
112534 025111111 
81535 132414 
112535 053077 
02537 132414 
8254" U241111 
82541 1138111 
12542 1551114 
12543 eee7117 
025 .. IIIUfIll 

c 

,A TF.ST OF INOIRF.CT AOORF.SSING 
'THE 8UFFER IS seT TO CONTAIN A ADDRESS PATTERN, A LOA 
'INST~UCTION VIA Ct2l THEN CAUSES A INDIRECT ~F.FFER4NCF. 
,Tn ~E ~AOE AT EAC~ LOCATION IN THE BUFF~R~ RECAUSE 
lEACH LOCATION CC~TAINS ITS ADDRESS THE LOA INSTRUCTION 
,wILL LOAD THE LOCATION INOIRECTEO THROUGH, PRESSING 
'CONTINUE AFTER A ERR WILL CAUSE THE PROGRAM TO LOOP O~ 
,ERROR UNTILL RESTARTED, 

OEF311: SUSZ~ 0.0 
LOA 2.SlIFF 
LOA 3.FIN 
STl 2.0,~ 
INC 2,2 
SUBII 2.lI,SIR 
JMP ,-3 

OEF311 LOA 2.BUFF 
NIOP CPU 
LOA l.n.2 
SUBII 1,2.SlR 
HAL T 
SUBII 1.2,SlR 
sua 0.0 
ADD 111.2 
SUSII 2.3.8IR 
JMP OEF31+1 

OE'32. JMP ,+I 

,Cf0lcl.LDOP ON ERRO~ S~ITCH 
,FIRST ADDRESS I~ BUFFER 
,FINAL ADDRESS IN BUFFER 
,STORE A ADDRESS P~TTERN 
'IN THE BUFFER 
'EXAMPLE' Cf731"'731' 

,FIRST BUFFER LOCATION 
,SYNC AT 7-A74 
'S~OULD LOAD WO POINTEn TO 
'C(2l.AODRESS INDIRECT THROUGH 
,C(ll.VALUE OBTAINED 

'CLEAR e TO LOOP ON ERROR 
'INC TO NEXT BUFFER LOC 
,TEST FOR END OF BUFFER 

'CHANGE TO ~OOP TEST 

IA TEST OF INDIRECT ADCRESSING 
,A MOOIFIED ADORE 55 PATTERN (C(ADDRESSl'ADORESS.I) IS 
,STOREO IN THE BUFFER, A STA INSTRUCTION INDIRECTS 
,THROUGH EACH LOCATION IN THE BUFFER STORING IN THAT 
,LOCATION-I. PRESSING CONTINUE AFTER A ERROR CAUSES THE 
,PROGRAM TO LOOP ON THE ERROR UNTIL~ RESTARTED, 

DEF3" suaZL e.8 
LOA 3.FIN 
LOA a,BUF" 
SU 2,1.2 
INC 2.2 
SUBII 2.3.SlR 
J14P ,-3 

DEF35' LOA 2.BUFF 
NIDP CPU 
SU 2,'1.2 
LOA l.e.2 
SUB" 1.2,SlR 
HALT 
suall 1.2.UR 
SUB 8.' 
ADD •• 2 
ADCII 2,3.SZR 
JMP OEF35+1 

DEF351 JMP ,+1 

,C(I)'I 
'FINA~ LOCATION I~ BUFFER 
,FIRST LOCATION IN BUFFER 
'IN EACH BUFFER LOCATION 
,STORE THE AODRESS OF THAT 
,LOCATION·I 

,FIRST BUFFER LOCATION 
,SYNC AT 7-A74 
,DEFER THROUGH BUFFER •• TDRE 
,C(2) IN BUFFER_I,THEREFOR 
,STORE ADDRESS IN ADDRESS, 
,FOR EXAMPLE! C('fIlee).xx. 
,C('051)"B50.C(2l'4B58 
'INDIRECT THROUGH 4151 TO 
,STORE CC2l IN LOCATION .e5. 
,TEST FOR END OF BUF'ER 

,CHANGE TO LOOP TEST 

o 

• ~~4~1 .p""P<rt 
01 
02 
~3 

04 
05 
06 
e7 
ee 
U 02545 10252P 
18 02546 ~3~ 130 
II 02547 03'131 
12 02550 051000 
t3 fIl2551 151.00 
14 02552 1515'" 
15 02553 ~00775 
ttl 
t7 02554 net 3@ 

18 02555 126620 
III 12555 147011fJ 
ia 025" 1144122 
21 U5811l 88e377 
22 U5111 828122 
III 02582 132414 
24 825113 U3I77 
25 0258. 132414 
25 11125115 182'00 
27 82556 113000 
21 025117 155414 
U 112570 011785 
31 0U71 011Um! 
3t 
32 
33 
U 
35 
III 
37 
38 
38 
4' 4, 
41 
43 
'u 
45 
411 
47 
.8 
411 
!l8 
51 
!l2 

,A TEST OF IN~tRECT ADDRESSING C2 LEVELSl 
'T~E ~~FFER 15 SET TO CO~TAI~ A ADDRESS PATTERN. A ~DA 
't~ST"UCTtO~ USING T~O LEVELS OF INDIRECT ADDRESSINg 
'THE~ REFFERANCES EAC~ LOCATION IN THE BUFFER, 'RESSING 
'CONTI~vf AFTE~ A ERROR ~ILL CAUSE THE PROGRAM TO LOD' 
'ON THE ERROR U~TILL RESTARTED, 

DEF40! SVSZL 0.e 
LOA 2.B,)FF 
LOA 3.FIN 
STA 2.0,2 
INC 2.2 
suall 2.3,SZR 
JMP .-3 

OEF'I! LOA 2,BUFF 
BUBZR 1.1 
AOO 2 tI 
STA I.TE~ 
NIOP CPU 
LOA 1 • .rEM 
SUB II 1,2.UR 
HALT 
Sua. 1.2.IlR 
SUB •• ' 

,CC')'I.LODP ON ERR I~ITCH 
"IRIT BUFFER LOCATION 
'FINAL BUFFER ~OCATION 
'STORE A ADDRESS PATTERN 
'IN THE BUFFER 

,FIRIT BUf,ER LOCATION 
'C(I).I •••• e.THE DE,ER aiT 
'Cea)'INDIRECT 'OINT!R 
ITO BUF'ER 
,SYNC AT 7~A'4 
,GO INDIRECT 'OR DATA 
,CII"DATA ,ROM BUF,ER 
,C(2)-CORRECT DATA 
,2 LEVE~I INDIRECT 'AIL 
'CLEAR TO LOO' ON ERROR 

ADD •• 2 , INC TO NEXT BU', LaC 
SUBII 2,3.SZR 
JM' DEF41.1 

DEF.2: JMP ,.1 

,TEST FOR END OF BU"ER 

'CHANG! TO LOOP TEIT 

,. TEIT 0' JIR (HARD TEITI 
,TH! BU"ER II FILLED NITH THE ,a~LONING 
, JaR 2.3 ,GO TO THE ~oCATlON l'ECl'IED BVCCS) •• 
, JSR •• 2 ,GO BACK TO THE CONTROL 'ROIRA" 
, JaR e.2 ,".". • • 
, JIR e.2 '" • •• 
, JaR 2.3 ,GO TO HHE ~OCATloN l'ECl'IED 'V C(II •• 
,THE C(lI) II INITIALLY SET TO BUF'ER.I 
,THE CIZ)· " ". RITURN TO "AIN 'RoIR'M 
,TH! PROGR'M THEN JUM'I TO THE 'IRIT BU"ER LOCATION. 
,THE BUFFER IEQUENCE 11 AI ,0LLO.I. 
'.1 JIR TO BUF'ER •• C(3).IU,,!R.I 
,112 JI' TO aU"ER.3 C(3,-BU"ER.4 
,.3 JSR TO BUFFER.' C(S)'BUF'ER •• 
,.4 J8R TO BUFFER.a Cel)'BU"ER., 
,115 JSR TO BUFFER.II CC3,-Bu"rR.' 
,lie nc 

~ 
• 

• 
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• 0~~~ .MAI~ 
~I 

~2 ~2e73 ~2~13P ~4~FL: 
B3 02574 04~122 
U 321175 0341~1 
., 02876 U4~~P. 
118 A2577 121~0~ ~ANFCI 
.7 U71!~ 024433 
Be 027U 152520 
eg 027112 107222 
11 02703 IA7UIJ 
II 02704 UI0~~ 
12 02705 113520 
13 U7116 1117880 
14 027117 145410 
15 
15 127\0 11211125 
17 1127\1 12341111 
U 027\2 11130130 
III 1Il271~ 182433 
2B 112714 1421!~3 
21 1112715 1111111752 
22 12715 0311122 
23 02717 112415 
24 U7U 111110757 
25 1/1272\ 18112111 
28 1112722 1251011 
27 1112723 111210 
28 112724 125280 
2g 1112725 iIl4212l! 
31 02726 0111122 
31 1112727 11130122 
32 1121311 155814 
33 1Il2731 1111110745 
34 02732 \lilt II 
35 1J27~~ 135753 C1347: 
36 

c 

LOA 0.~IJFF 
STA e.TEM 
LOA 3.FI~ 
LIlA I.p 
~ov I.e 
LOA I.CI3., 
SUBZI! 2.2 
,'}/lZR e .1. SZC 
AIlO 2,! 
~nv !.2 
ANOIL 11.2 
ADO ".t 
SUA 2.1 

LOA IJ.~SIZE 
AND I •• 
LDA 2.eUFF 
sueu 3.Il.SNC 
ADeZll 2.Il.SNC 
JMP IUNFC 
LOA 2.TEM 
SUB .. 0.2.SN~ 
JHP RANFC 
"DVZL 0.0 
MOVL 1.1 
MOVR 0.0 
MOVR I,! 
STA I •• TEM 
ISZ TEM 
LilA 2.TEM 
AOC .. 2.3.32R 
J"P RANFC 
HOV .. 1.0.SKP 
135753 

'FILL THE BUFFER _IT" 
'~ANDO" .DORESS I~ 
IRITS .-15. THIS V'LUE 
'"ILL POINT TO SOME 
'OT"ER SPOT IN T"E BUFFER 
,elT 0 IS RANDOMLY 0/1 

,THIS 

,ROUTINE PRODUCES A 
'RA~DOM 15 81T NU"BER 
,e Cll.~ANOO" 

'MASK OF MEM SIZE 
,cell·RANDOM MOOUL~ ~E~"RY 

'IS ceal WITH IN T~E 
IR~NGE OF THE 8UFFER, 
'NO TO BIG OR TO S~ALL 

,REJECT IF ADDRESS SAME 

,ceBIT I) RANDOM DETERMINES 
'IF WORD GETS INDIRECT BIT 

/STORE THE WORD 

,TEST FOR END OF BUFFER 

IMAKE MORE RANDOM 
ICHANGE TO LOOP 

o 

It, C'!PI-44 .MAll\i 
AI 
A2 
~3 
A4 
Be 
A6 
07 
08 
1)9 
1111 
\I 
12 
13 
14 
15 
15 
11 
18 
\9 
2111 
21 
U 
U 
U 
25 
U 
27 
28 
II 
31 
3\ 
32 
33 

02734 
0273e 
02735 
1112737 
1112740 
12741 
U742 
12743 
02744 
1274e 
02746 
02747 
12750 

U 02751 
3182712 
35 12753 
37 12754 
311 12755 
U 021511 
40 02757 
41 112780 
42 02761 
43 

02413~ 
121120 
10\240 
1Il41t37 
112520 
lUna 
IUIl!5 
1004" 
1131018 
151132 
U0n4 
1150122 
0311'11110 

1112521 
.,U7T 
835\37 
172414 
153e77 
172414 
1111241111 
Ullle 
aU771 

,. T~ST OF INDI~~CT 'OORESSI~G 
:THE "~FFE~ IS FILLEe wITH PSEUDO RANDOM NUMBERS -HICH 
'ARE AOORESSES. THE VALUE OF EACH ADDRESS POINTS TO 
,SOME SPOT IN THE BUFFER. BIT 0 OF EACH 8UF~!R 
'WORO IS RA~OOMLY SET DR CLEARED. THE PROGRAM 'IRST 
,POINTS TO THE FIRST BUF'ER LOCATION. THE 'INAL 
,EFFECTIvE ADDRESS IS CALCULATED UP TO 15 LEVELS OF 
IINDIRECT •• LOA INSTRUCTION THEN REFFERANC!I 
/INDIRECTLY 
,THE BUFFER, THE RESULT DC THE INDIRECT LD. SHOULD IE 
,THE SAME 'S THE CALCULATED VALUE. IF IT IS NOT THE 
,SA"E THE CORRECT CHAIh SHOULD 8E CALCUL.TED WITH PAPER 
,AND PENCIL.RESTARTIhG THE PROGRAM AT TH! LOCATION 
,FOLLOWING THE HALT WILL CAUSE THE PROGRA" TO ENTER 
,A FAILING LOOP UNTILL RESTARTED. A SYNC PUlIE AT 
,7-A7. PROCEEDS THE INDIRECT CHAIN. 

DEFel: 

DEFUI 

LO. 1.8UFF 
MOVIL I •• 
MOVOR 11,'­
au III.C'DO 
SUIIZL 0 •• 
MOV 1.2 
MOVZl •••• SNII 
JMP OEF62 
LOA 2 ••• 2 
MOVZL_ 2.2.SZC 
JMP .-4 
SU 2.TEM 
LOA 2,'.2 

SUIIZL '.' 
NZOP CPU 
LOA 3 •• C~00 
sua_ 3.2.SZR 
MALT 
sua_ 3.2.SZR 
IU8 1l.I,IMp 
tlOV 1.0.SNR 
JMP DE,III.I 

,F!RST LDCATtON IN THE IU"ER 

ICCIlel.LEVEL COUNTER 

ICoUNT INDIRECT LEVEll 
'15 lEVElS.GIVE UP TMII 
,GET aUFFER WORD 
lODES IT H.VE A INDIRECT 
IYES KEEP LOOKING 

,C(2)e'IN~L VALUE 

CMAI'" 

Bn 

,Cel)el.LOOP ON ERR SWITCH 
,SYNC AT 7_A7. 
IREP'ERANCE THE BU"ER 
IC(3)eWORD 0liTA1NEo 
'C(2)eCoRRECT 
ICCl).PLACE IU"!R WA. ENTERED 
,WRITE DOWN THE CORRECT 
IINDIRECT CHAIN. SINGLE IT!p 
'lOOP ON THE ERROR 

44 
45 

027112 125411111 OEFII21 
02753 11134131 

INC 1.1 
LOA :t.FtN 
IU811 l,3.SZR 
JMP DEFShl 

,GO TO TME NEXT BU"ER ~OC 
ITIST 'OR Ft N Al 4. 027114 136'14 

47 02755 1111107511 
411 
4D 12755 01a4.1 OEFII31 
51 

JMP •• 1 

'NOT YET IU,'ER END 

,CHAN;E TO lOOP TIlT 

~ 

11 

• 
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• 0~45 .MAI~ " P.~46 .,... A I r~ 
~I ?'I 
~2 ,A TEST OF l'Ul.~CT A0nHESSING ~2 .3-17 10252" nEF6~: SIJ"ZL. ~,~ 'C(~)'I,L.OOP ON ERROR S~ITCW 

~3 'THI~ TEST IS -IMUL.AR TO THE PREVIOUS TEST I~ T~AT THE ~3 ~3~2~ M~377 NIOP CPU ,SV'C H 7-.,4 
04 'HUFFtR IS FILLEn WITH PSEUDO RAN~OM NUM8ERS. EACH U ~3021 ~121J7 ISZ _CF~O 

~~ 'LOCATION I~ T~E 8UFFE~ "AV CONTAIN A INDIRECT 81T. 05 "J~~2 ~3~1~' L.OA 3,HEM 
e6 ,EACH LOCATION AL.SD CONTAINS A N BIT ADDRESS OF A 06 ~3~23 ~16122 05Z nE~ 
07 ,BUFFfR LOCATION, A ROUTINE CALCULATES EFFECTIVE 07 ~J~'. \5f."\5 Aor" 2,J,SNR 'INCREMENT CORRECT' 
me 'AODRfSS UP TU I~ LEVELS. TWE EFFECT OF A INDIRECT 08 ~30?S ~~ •• 13 JMP OEF67 'C(2)'CORRECT,C(TEM)oADDRES5 
e9 ,Isz/nsz INSTRUCTION PAIR IS CHECKEO, eg .J026 063.71 WALT 'C(3).WORD FROM SUFFER 
II U 03027 10240. SU~ 0,P ,CLEAR TO LOOP O~ ERROR 
II 02767 ~3.IJ. FXCM: LOA 2,~UFF 'CAN'T USE AUTO INC/OoC VET II 0J03~ 0~2122 SfA 2,"E" 'HOPfFU~LV RESTORE ME"ORV 
12 ~277~ ~341JI LOA J,FI~ 'EXCHANGE BUFFER ENDS SO 12 m3~31 1~1~~5 OEF66: MOV m,~,SNR ,TEST THE ERR SWITCH 
13 02771 ~2 \00~ LOA 0,~,2 'IT WONT BE THE SAME AS IJ mJ~J2 ~~~766 JMP OEF6~.1 'LOOP ON ERROR 
14 02772 U5777 LOA I.-I,J 'LAST TEST 14 03~J3 125UP INC 1.1 ,ADVANCE BUFFER POINTER 
IS 02773 \!I4S0Am STA l,e,2 15 ~J\!I34 ~3'IJI LnA J.FIN ,TEST FOR FINAL ADDRESS 
Ie 0277. ~41777 STA ~,-I,J 16 03035 136414 sue" 1,3,5ZI1 
17 02775 ISI.m~ INC 2,2 17 03036 IImp,.~ J"P OEF~"I 
I~ 02776 17U~~ NEr. 3,3 'INC TO~ARDS TOP,D!C TO~AROS 18 03837 ~01!4~6 JMP •• e ,GO TO NEXT TEST 
U 02777 174~00 COM 3,3 ,BOTTEM 19 
20 03000 1724J3 SUBZ" 3,2,SNC /TEST FOR MIDDLE n 030." "'35122 DEF67. LOA 3,nE" ,ISZ WOIIKEO TEST OSZ 
21 03001 000770 J"P EXCH+2 IOF THE BUFFER 21 03041 172.15 sue" 3,2,8"R 'C(2)oCORRECT,C(TE~)oAOORESS 

22 22 0JU2 1II~1I7e7 JMP OEI'5e 'C(3)oOATA ,ROM M!MO~Y 

23 11311112 02413A 00F5.: LOA I,PUFF ,FIRST BUFFER LOCATION 23 0JU3 115311177 HALT ,PRESS CONTINUE TO 
24 0301!J 12112~ PlOVZL I,ll 24 03U4 1118753 JMP OE!'S6-2 ,RESTORE AND LOOP ON !RR 
25 1131!lU 101240 MnVOR 11,0 2~ 03U~ UIJ401 J14P ,+1 ,CHANGE TO ~OOP TEIT 
25 031111115 1U1II137 STA "',CFeo 
27 "'3011e \02~2111 SUBZL 0,~ ,C(0)oLEVEL COUNTER 
U 11311187 \Jl~0~ MOV 1,2 
29 OJ301P 10112~ MOVZL ,,~,SNR '1' MORE THA" I~ LEVELS 
38 n01 I 1IIIl0422 JMP DHS5+2 'OF INDIRECT, GIVE UP 
3\ 03012 nun LOA 2,11,2 'CALCULATE EFFECTIVE 
32 11311U 1~1I32 MOVZL" 2,2,SIC IAODREas, LOOK !'OR INDIRECT 
n 11311114 1III'~774 JMP ,-_ ,UT • A ON! 
U 1J311\~ ~e"22 STA 2,nM ,C(TEM)oEFFECTIVE ADDRESS 
U IJ3I11U nl~ell LOA 2,e,2 'C(2)oOATA T~AT .ODRESS 
38 
37 
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r ,-. 

• 1'I~49 • MApJ 
01 
02 
03 ,. TERT OF AUTO INCRF~E'T 

04 ,EACH LOCATION IN THE BUFFER IS SET TO A ArORESS 
05 'PHTEH~-I 
~e 'VIa TME AIITO I~DEX R~GISTERS, T~E REGISTERS COu'lING 
I' ,ASILITY AS -ELL .S THE DaTA IS C~F.CKED,T~E PROGRAM 
08 '-ILL LOOP nN ERROR IF CONTINUED aFTER A HALT, 
8fI 
\0 03\14 1~2~~0 AOC 0,' 
II .3175 176'~~ IOP0: SUA 3,3 
\2 03\15 0U13~ LOA 2,BUFF ,FIRST BUFFER LOCATIO~ 
\3 A3177 0S142~ STA 2,20,3 ,SETUP AUTO INC REGISTER 
14 03200 0e~377 ~I~P CPU /SVNC AT 7-A7 4 
IS 0320 I 05342~ STA 2,'20,3 ,STORE C(2) VIA ~UTO INC 
U 032112 112542~ Loa 1,211,3 ,C(AUTOl TO CO) 
I' 03203 146~le 10211 aoc. 2,!,SN~ 'CHECK INCREMENT FEATURE 
\8 03204 nUI5 JMP 1023 ,ns OK 
\8 1113215 06311177 HAL T ,C(ll'YALUE OF AUTO INC REG 
U 1113215 1112400 sua II,' 'C(2l'CORRECT VALUE-I 
21 032~7 0411111!~ 10221 STA 1,',2 'C(3)+20'AUTO REGISTER INVOLVED 
22 132te 112400 SUB 11,2 ,C(BUFFER) OESTROVEO AFTER TEST 
U 13211 024131 LOA I,FIN ,C(ll.FINAL ADDRESS 
24 03212 \3241' sue_ 1,2,UR 'TEST FOR END OF BUFFER 
25 13213 0110754 JMP 10211+2 
ze 11132\' 175'~1I INC 3,3 ,GO TO NEXT AUTO REGISTER 
27 032\ 5 024111 LOA I,CU ,TEST 'OR LAST ONE 
28 nU5 13541' SUB_ 1,3, SZR 
2D 03217 '''0757 JMP 102".1 
3IJ 13220 1111405 JMP TOU ,GO TO ".EXT TEST 
3\ 
32 e3221 0250111 1023: LOA 1,1,2 ,AUTa INC YALUE OK BUT 
33 111222 132415 sua. 1,2,INR 'DATA STDREa 18 WRONG 
54 113223 .11784 J"P ID22 ,CCI)'OATA 'ROM ~EMORV 
35 113224 11538" HALT ,C(2l'CORRECT VALUE 
38 13225 1101751 JMP 1012.1 ,C(3).21'AUTO REGISTER 
37 113228 fe8'11 10241 JMP ,.1 ,CHANGE TO LOOP TEST 
u 

"-

.. "'",,5;1 ."'.lIN 
~I 
02 ,. TEST nF AUTe O~CREMENT 

~3 'EAC~ LOC'TIO~ IN THE BUFFER IS SET TO A AODRESS 
04 ,PATTERN+I VIA THE AUTO OECRE~ENT REGISTERS, T~E 

~s ,REGISTERS COU~TING ABILITY AS WELL AS THE DATa IS 
~6 'CHEC~ED,THE PROGRAM ~rLL LOOP ON ERROR IF CONTINUED 
~7 ,aFTER A HaLT 
~8 

~9 ~3227 1~20A~ 10311 AOC ~,f ,C(I)'.I,LOOP ON ERR SWITC~ 
U ~3231'1 176400 SUB 3,3 ,C(3)'I,FIRIT INOEX USED 
II 03231 "'3A131 Loa 2,FIN 'FINaL BUFFER AODRESI 
12 03232 051430 SU 2,3m,3 ,TO lUTO DECREMENT REGISTER 
13 03233 050377 NIOP CPU I5V~C AT 7-474 
\4 03234 ~S3'3~ STA 2,'3~,3 ,STORE C(2l IN BUFFER VIA 
15 03235 025'30 LOA 1,31,3 ,C(ll'VALUE OF AUTO DEC REG 
15 03236 132~15 10311 aoc. 1,2,SNR 'C(2)'CORRECT YALUE.I 
\1 03237 000415 JMP 1033 'C(3)+311'AUTO REGISTER 
\8 "3UI!! ~63077 HALT ,AUTO DECREMENT FAILED 
U 03241 U2'0~ sue 0,' ,CLEAR TO LOOP ON ERROR 
21 113242 e41~011 1032: STA 0,0,2 'CLEAR OUT THE paTTERN 
2\ 03243 113~01! ADO 0,2 ,C(2),CCU·1 
U 11132" 124130 LOA l,eUFF ,TEST FOR BEGIN aF BUF'ER 
23 032.5 \3241' sue_ 1,2,UR 
U 03246 0U7S4 JICP I03111U 
IS 13247 \7s.n INC 3,3 ,AOYANCE TO NEXT AUTO REG 
211 032511 U4111 LOA I,CU 
27 032S1 135414 SU811 1,3,SIR ,TEST FOR END 
28 113252 1111757 JMP 1038+2 'AGAIN ~ITH THIS REGISTER 
U 13253 0110405 JMP 1034 ,GO TO NEXT TEIT 
38 
31 11325. 025377 10331 LOA 1,-1,2 ,AUTO DEC VALUE II aM 
32 113255 132'15 Iua_ I,I,INR ,BUT TM! DATA I'DRID II NaT 
33 13255 11111784 JM~ IOU ,CCll.DATA 'RDM aUF'ER 
54 13257 118311177 HAL.T ,CC2l.caRRECT VALUE 
35 nUll 1111781 JMP IDU.I ,C(3).31.AUTa REIIITER 
U 
37 13281 lIIe0411 10341 JMP ,+1 ,C~ANGE Ta Laa~ TEIT 
31 

.~ 
.-;~' .' • 

• 



• 0~51 ,~AIN 

~I 

~2 IA TEST OF AuTn roc USI~G lSI 
03 IT~E PR~GRAM STORrs A Col , I~ T~~ BUFFER, 
A4 ,I lSI tNSTqUCT!n~ VIA IUTO INCREMENT REGISTFR 27 
05 'T~EN INCREMENTS TME BUFFER, IF A ERROR S~OULO OCCURE 
06 ,PRESSING CONTINUE WILL PLACE TME PROGRA~ IN A fAlLING 
07 'LOOP U.TILL RESTARTEO, 
n 
09 03282 102520 10401 SUBIL 0,. IC(al.I,LoOP ON ERROR SWITCM 
10 03263 126000 AOC 1,1 ,CCI)hl 
II 0~254 03B130 LOA 2,eUfF '~IRST ~OCATION IN THE BUFFER 
12 03255 034131 LOA 3,FI" ,fINAL LOCATION IN THE BUFFER 
13 03258 050027 10411 STA 2,27 ,SETUP AUTO INCREMENT REG 
14 03257 045001 STA 1.1,2 ,STORE (~Il IN MEMORY 
15 0327~ 060377 NIOP CPU ,SYNC AT 7.74 
U 03271 012027 ISZ '27 'INCREMENT AND SKIP 
!1 1113272 102401 SUB 0,0,SKP 'ISZ FAIL TO SKIP 
18 03273 113001 ADD 0,2,SKP IINC TO NEXT LOC 
U 03274 0e3~77 HAL T '!XAMINE LOC 27 
20 03275 158414 SUBII 2,3,SZR ,TEST FOR END OF BUFFER 
21 03276 01110770 JMP 1041 
22 03277 0A040\ 1042: JMP •• 1 ,CMANGE TO LOOP T!ST 
23 
U ,A TEST Of AUTO INC/OEC 
25 'VIA REGISTER 34 T~E BUFFER IS FILLED WITH JSR INST. 
26 ,A JSR VIA REGISTER 25 IS EXECUTED,TME RETURN FROM 
27 ,THE BUFFER IS CMECKEO. PRESS CONTINUE TO ~DOP ERROR, 
28 
29 .3300 024425 10441 LOA I,CIOJ I A CONSTANT CJSR 0,3' 
30 033111 1134130 LOA 3,BUFF ,fIRST BUFfER LOCATION 
31 03302 030131 LOA 2,FIN ,FINAL BUFFER LOCATIO~ 
32 03303 1150034 STA 2,34 ,C(34) ~OINTS TO THE BUFFER 
33 0331114 155400 SUB 2,3 ,ce3l. wWOROS IN BUf~ER 

34 03305 046034 STA 1,'34 'FILL BUFFER wIT~ eJSRl 
35 03306 17U04 INC 3,3,SZR 
35 03307 000776 JHP .-2 
37 
38 03310 102520 1045: SUBlL O,0 ,Cel).t,LOOP ON ERROR SWITCH 
39 03311 11124130 LOA I,BUFF 
40 03312 U402~ STA 1,25 ,SETUP AUTO INDEX REG 
41 03313 U502~ JSR '25 ,GO TO TH! BUFFER 
42 03314 174400 NEG 3,3 'EFFECTIV!LV SUITRICT 
43 03315 1741100 COH 3,3 ,FROM C(3) 
4. 03316 136014 ADC. 1,3,SIR ,C(3).POINT BUFFER ENTERED 
45 03317 10240\ SUB III,B,SKP ,C(2).eORRECT"1 
48 03320 107001 ADD 0,!,SKP ,C(2!)'AUTO INC VALUE 
47 113321 883077 HALT ,25.4UTO INC REGISTER 
.. 03322 132014 AOCII 1,2,SZR ,TEST FOR END OF BUFfER 
49 03323 0007.7 JMP 104502 
50 0332. 101011 10481 MOV. 1I,0,SKP ,CHANGE TO ~OOP TfST 
51 01~25 m054~~ CIOJ: JSR 0,3 ,A CONSTANT 
52 

C: 

1\ ~PI!'\2 ,~AI~ 

~I 

~2 ~3326 ~2413P, I05~: lOA I,BUFF 
03 ~3327 V,3~131 lOA 2,FIN 
U 0333~ IA252P suell .,_ 
05 ~333! 050.33 STA 2,33 
0e 03332 p.8~33 JSR '33 
07 .3333 156414 SUBII 2,3,SZR 
08 03334 1.24~1 SUB 0,0,SKP 
0; 03335 112401 SUB e,2,SKP 
10 03336 063~77 MALT 
II 03337 132014 ADC_ 1,2,UR 
12 03340 ~00771 J14P 1050.3 
13 
14 03341 034402 OGCAI LOA 3 .. +2 
15 03342 152P01 ADC 2,2,SKP 
16 03343 004000 40~0 

17 03344 020125 LOA Il,MSIZE 
\I 03345 116432 SUBZII 0,3,SZC 
U 0~346 ~00421 J~P LAST 
U 03347 102620 sueZR 0,e 
21 03350 143005 OGCXI ADO a,I,aNR 
22 03351 000413 JMP OGCB 
U 03352 11414111111 STA 0,0.3 
~4 03353 060377 NIOP CPU 
25 03354 0\5480 on 0,3 
~6 03355 111004U J"P •• 1 
27 03356 025400 ~OA 1,8,3 
II 03357 122015 AOC_ 1,0,aNR 
2D 03350 000770 J~P OGCX 
3m 03351 152400 sua 2,2 
31 03352 053077 IULT 
U 03353 0U755 J~p OBCX 
33 03354 020757 OGCBI LOA .,OGCAU 
34 03388 117000 ADO _,3 
3S 03356 1118754 JM~ DGCUI 
38 03357 024048 LASTI LOA l,fGGS 
37 03370 1251105 MOV 1,I,SNtI 
31 03371 0U4U JMP ' •••• 
U 03372 014051 DU !GGh3 
40 03373 UU07 JM~ •• 7 
41 03374 11182577 10RST 
42 03375 034052 LOA 3,EGGS .. 
AS 03378 02011151 LOA .,fGGh! 
.4 03377 041775 ITA _,-a,3 
45 1113400 001400 JMP 0,3 
4. 034'1 000403 8EGI 
47 IIIHU IIU05~ lSI EGGh2 
4. 03403 U2I41 JHP 'HAIN 
49 03404 1111118172 JIR IlCAl 
58 03415 002141 JMP .MAIN 

o 

,FIRST LOCATION OF TME BUFF 
/fINAL LOCATION Of TM! BUff 
,C(A).I,LOOP ON ERROR S~IT 
,SETUP AUTO OECR!MENT 
,GO TO TME BUFFER 
,C(3).PC FROM 8UFFER 
/C(2l.INITAL VALUE OF AUTO 
,DEC REGISTER 33 
,PROG ~ILL LOOP ON ERROR 
,TfST FOR BEGIN OF aU'F 

,TEST OSZ COUNT IN 
,EACM MEMORv MOOULE. 
'C(Z).ERROR SWITCH. 

'SYNC 7 .. 74 

,C(ll.RESULT OF Ol! 
,C(ll.VALUE lEFOR! Ol! 

,GO TO NEXT LOCATION 
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,LSRC 8'~1e. "/~8 15/5~ 17/f'2 
,"R.~ II11U54 1113~ 1~1f3 15/r9 
,I'TP "111153 8/51 IIll19 15/16 15/31 15132 15/3. 15/35 15/3e ,PTR 1111052 8/52 11'1/26 lIJ/28 15111 15/18 1512' 15/46 15/.7 

15157 181e2 lel211 
,I'\J~ .81115 5/U 15lt2 
,PUNI "'"1145 15/1117 15/28 
,PUNC IIJ~U55 8/31 11122 15/r5 15/28 15/30 15139 111123 
,"UIIIX ""44 1511' 15/215 
,READ '''8155 11/32 111/311 15IAe 111/116 16/18 IlI/2A 115124 
,RRAN lIun e/l!9 lflill 18132 
~ITP "1151 15128 111/23 15/11 
,STT '''117111 11/'2 18/15 17/21 
,TlIII I! 1181 112 8/36 talle """ 18/45 111/.7 
,TlIIIE 'III! III! 8/35 l111U 1~/"7 115/35 
,TrSD '.115117 7/51! 111/12 
,nsu 111118111 7n6 I III If' 
,TDS!) 1111.5'1 7152 111113 
,TDIU 1111111111\5 71U I"/I~ 
,TPSD .. III II!!! , "45 1111121 
,TPSU IIU75 7/22 IIII/lS 
,TRAN 111111187 8141 17112 17119 
,TRSD .IUe. 7/48 18/28 
,TRSU IIIlUIIl8 7/24 11128 
, TTl .... 58 8/53 111/11. 16/38 181'0 111141 111142 ,no .... SI 11/54 !l/1i 17125 17/32 17/33 17135 17136 17/37 ,no .'1275 11/27 17/11 
,TVOI '''13111 17/17 17129 
,TYP! II.UtIII 814. lIIlI' 17115 1"211 17131 
,XflAN 11\141 14111 1'"2 
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