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NOVA 12p!0! LOGIC TEST 

AaSTRACT 
NOVA 120tl1 LOGIC TE5T IS A MA!NTENANCE PROGRAM 
DESIGNED. TO TEST T~E NOVA 1200 CENTRAL PROCESS
ING 1It-'IT. IT IS' GATE BV GATE TEST OF T~E 
LOGIC USED Tn IMPLE~ENT THE NOVA 12~tlI INSTRUCT
ION SET. THE TEST no~s NOT INCLunE ANY INPUT 
nR OIJTPUT EI;IUIPMENT. 

MACHINE FH.l'wtREMENTS 
NOVA 12tl1~ PROCESSOR 
4k R~AO/wRtTE M~MORY 

SI/oIYTr:H SF:TTINGS 
STARTING AODRESS-4AO! 

npF.RATING PkOCEEOURE 
LOAn THE PROGRAM VtA THE B!NARY LOADER 
SET THE SwITCHES TO tlI~"'4tl1~ 
PRES~ START 
PRnC~5S0R SHOULD HALT 
PRESS CONTHIUE 

ERRnR nESCRIPTION 
TH~ HALT INSTRUCTION IS USED Tn INDICATE ERRORS. 
WHEN A ERROR IS nfTECTED RECORD THE STATE OF THE 
MACHINE. CONSULT THE LISTING FOR pnS5IABLE 
CAUSES OF FAILURE. CONSTRUCT A PROGRAM LOOP 
WHICH WILL REPRODUCE THE ERROR. SCOPF THE LOGIC, 

PROGRAM nESCRIPTION 

~I5C 

THIS PRClr.RAM IS A COl.LECTII"lN OF SMALL ROUTINES 
EACH DESIGNED TO TF.ST A PORTION nF THE PROCERSOR 
LOGIC. fACH ROUTINE IS DESIGNED TO TEST AS 
~~A~l A PART OF THE LnGIC AS POS5IABLE. EACH TEST 
IN THE SEQUFNCE IS BASED ON PRFVIOUS TEST WORKING. 

THE TIME FOR ONE COMPLETE PASS IS MEASURED IN 
~ILLJSECONOS. 
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tilt 
.. 

"'2 (}\QlI'lI~OIOI .LOC ~ 

"'3 'C'I~l"'f?I ~';3"'77 HALT 
014 "'0I~!)1 1 '" (]I OIOI~' '0\ 
"15 vHH1 01 2 "'6317'77 HALT 'START AT 401'J1, NnT IoIERE. 
Ole 
flJ7 ~"'0()14J .LOC 4:3 
"'8 01Q1~..s~ 11'1112"'44 ~TA~T: J~P -.+1 
",g (~tlI V\ Ii 4 Ii" ~ fl'.4 tii (iI Af2IQI 
1 ~ <)ItlI0I4~ "'~l~C'l4B EGGS 
t1 (.1tl1(1i.4(. V'!1i'I1?I010C11 EGGS: ~ ,HEN FLAG 
12 \~, 01 r~ 4 7 P"'V'lC'llllpi '" 'NnT USEn 
13 ,.~(tIrA!5r!1 t7,C'I[)IC'tilCII Ii! ,(lATA RLnCK AonR 
t 4 !~ I'}I "'!Ii 1 P!?I C" VI til C'I '" 'it nF PA5SE~ 

t5 r)lp~~2 ~ iH~ 01 VI Vl '" HIETLJRN AODR 
'6 
17 ~?I~121 .Lnc 1~1 
lli :A'" 1 ::> 1 Ci\ t:' ~ r~ rH~ PA~St £'I ,ITf,RATIrH·j COUNTFR 
1Q 
'-~ v~"'1'2 1?''''1iI0I~0I K~ ?I 

'1 (·~Qlt?~ 177777 ~t -1 
'2 :1 P 1 '11 17777(; H~ -2 
,~ ;;'1011'0 17777~ M;, -3 
'4 iii!)t'''' 1'7773 M5 -~ 
'!S ;;) 01 1'7 1777F.7 1-19 t777~7 ,,, 

"{7\13~~ 1 (:II til (.~~. ~ K101~1(: 1 ()IOIIiIOIQI 
,7 (~0I1~1 (A.1(l101OlV'l 1<41111<: .1 VI ~(iH~ 

'R c~p 1'~ ~~ ~ r (." (lI 01 K2011<: PtHHAO\ 
,Q (~0I1~~ \111C~"'[A0I Kt~l(: 'CII(I1~OI 

~~ '~t113 4 0'I01~1~77 1(~77: ~77 

:'1 !l0\13~ ~ (')! (II PI k~ t Iq: 1 
,~ ,;11011'''' CHANH1J 1(31 :3 
~3 01011'7 r;l!'.l! O! ('H~ 7 1<7: 7 
34 H~1.4~ (i!~V'I(}I17 1<17: 17 
~!5 '~!.'Il ~ 1 VOr'll{;Ar;lII'I.4 I( 4 : d 

'6 .1 ~ 14 ~ Vi[l!P.0!10' I( UH 1 PI 
37 ", p 1 o4:~ ",(.'lIO'~C'I2 1<2: , 
38 '~~144 ~0I~P2~ 1(2P: ,~ ,Q ("1'I1.4~ VI"'(;'!2~~ I< :? (lilA: 21il~ 

A \.:1 

41 C1 "11 4 ~ 1~7356 1<1673: t673~6 

42 "'''' t·47 t""'73~ 1<1567: tS';7~!i'i 

43 ~"'1~1'I 135~73 I< 135tH t35673 
4.4 ~"'1"1 !'1173~"7 1(~735: OI7~5~7 

45 ~~1!';2 ~'1V\.121 KtlllV14: 11'1"'4'1 .,,, M!l!"\J 1112U"4:? 1<0I2tOlt 012\11142 
47 ~"'1!'54 "4~'v!" 1(V\412t: 0I421~41 
48 ~CI!l~!'5 1014~1'" 1(10\.1~: ,,,,42'(11 
49 ~OIt'5~ "'CA1'-34 K1234: t'-34 
lI)iA ~0I157 ""'(i!.42t'! 1<4?C?l1 4'-~ 
~t ~0I1';rA "t~"'2'" I< Hlli'!' : 1 (.lI tII 2l'1 
~2 V'lc;,l flli 1 ('11'0'123 I<t'3: tr?~ 
iii 3 ~"'l!1i2 ~~:?7!i'!7 Ern ERF<l 
54 PPl6162 EiolAL T •• TSR _EF<l 
155 
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A "'~t'l4 .MAIN 
(}It 
"'2 IlIOIIi'I4(i'10 .Lnc 4C'11/1 'THE PROGRAM STARTS I1ERE 
"'~ 
014 ~P'41i10 IlIB37~~ Av.tli'll SKP!)? L'! ,TtoIE COMPUTER SHOULD STOP. 
"'5 rJlL'!4;~ 1 "'''I'I4(l1t JMP .... 1 'THIS TEST FnR PROPER npEIHTION 
016 0I"'4A2 "'~4P146 LOA 1,EGr;S ,OF THE MALT INSTRLlCTION. "', vll'l 401 3 1?5L'!0!5 ~('!V 1,t,5NR 'PRESS CONTINUE TO FH! SI.l ME TEST. 
"18 ~"'4\?!4 1'\f53V177 HALT 
019 
11'1 V'lCl!4A5 "'~370101 A 11'1 11 SkP01 Cl! rINSTRLJCTlr:l'" SI10UL.O SKIP TI-IE 
11 i~P4"'15 ,~'" f'j '.I'i ~ FHALT ,EI-IALT. PERHAPS ~l<tP FLOP FAIL 
12 'TO ~ET. ALSO CHECK Aon nNE 
1~ 'LOGIC AT pTr;.oI. rS3 OF THE 
14 'SKIP. 
us 
16 ''''''4 P 7 M!3777 A02: SKpn.Z CPU 'THIS SKIP I~STR"CTION " tL.L fl1ALT 
17 (""'41P PlI'I~4011 J~P .+1 'THE PROCESSOR IF tR7 FAILS TO 
t H 'SET. CHECK ANO GATf FORMING , ~ ,FHALT, THE IR7 INPUT. 
~" 
'-1 '\~4'1 rJ.Ft37'7 ArA3: 5i(PDZ CPt! 'CHEel( TO INSURE (PwP LOW) 
'2 (}\(II4t~ 1'11;1616111 EHALT 'FROM THF POWER SUPPLY IS 0.1<. 

"J 'CI-IECI< n.c. taTE OF (CPU INST, 
24 ,pWR LOlli' TO THE SKIP FLOP I.OGIC. 
~5 

'" ~"(U,~ VlFt~677 AIi'I3A: SKpOt-J r. P II 'T!'fE. "St<PDN" INSTRUCTION SMr)ULO 

" i~'" 41 A I'AFt37Vl~ SKp{'I7 Ii'I • NOT SKIP ~UT IT 010 • CHfCI< 
28 fi!~4t5 (,II"1f5ttS2 EHALT ,TME EXCLUSIVE OR GATE. (MBC 9, 
,Q ,wITH THE SKIP cnNOITION,. 
3101 
31 (AI~ 41 t; IJlIli35~Ci1 4(114: ~I(PAl '" 'THE SELA LI!\IE Slo4 nllLn RE 
32 ,""'41 , f1iOlfi,62 ~~AI.'T ,POSITIVE ANn THE E~ALT SKIPP!!". 
:q rCMECI< THE ("I~/ANn GATE FEEOING 
'4 'THE XOR WITH (M8C g, TO SKIP FLOP. 
3!f) 

~6 ~!.lI42'" ~601'~PI 41'1151 DIAl' 1lI,fi'! 'THE nIl INSTRIICTION S~OIJLO 

~7 r" PI 4 ~ , r~~3!'!~'" ~i(P87 III rNOT SKIP 8ECAlJSE 1/0 SKIP 
3S "'''''22 ~t't!516' f='HALT '5H('IlILn "JOT BE A~SERTED. CHe.CK 
39 rANU/OR GA Tt: WITM (In SKIP' FEEOING 
40) • THE" SKIP FL.Op • 
41 
42 "''''4?~ tllfI;11~0I A"'~: nlRp 1'11,0 'TI-IE OIB JNSTRUCTIMN SKIpPFD. 
43 ~"'d24 t'tt;35"'''' ~lC.pB7 01 rCIoIECI< FOR FALSE DECODE nF' 
44 (11"'4:::»5 QlPlfitfi2 FIo4ALT H)ATr~. 10 51<11' ~HnlllD N("IT ASSERT, 
45 
M; 1'A0I4'-6 ~';210'" A~7: DICP QI,Q! 'THE:. Ole INSTRUCTION SI<IP~EO. 

47 (1117142' PlR3501l'1I 51(1'87 ~ rCMECK FOR FALSE DEcnOE' OF 
48 Vlf!'4~fi'I "'Ii'I6t~2 EHALT ,DATtC" 10 51<11' SI-lOUl.O NOT ASSERT, 
49 



A V,vI~~ .MAIN 
"'1 
"'2 ~"A4~1 1~2~('AVI Ac,;aR: Sl.)f~ VI,'" 'THESE "noc" INSTRUCTION~ SHOULD 
"13 !IlP4J~2 Pl153~1fi DOC "',76 'NOT ASSERT THE CPI! INST I.EVEL.. 
(114 ~"'43~ fJlf5~~P75 !"lOr. (II,?5 JIF TIo44Y DO THE C:OMPUTER wIL.L 
"'~ ''''11434 \~jli3~13 poc (11,73 ,ASSlJME A EHAL.T INSTRUCTION A~D 

"'6 Vl0I4~!II 06J~67 DOC Q1,R? 'STOP. CIoIECI( TIooIE AND GATFS FnRM1~G 

"'., IIP43f' ~fli3P51 DOC PI,57 'CPU INST ANn THE M8C1", .. MBC15 
"'e V.CIl4~7 (JI153V!37 DOC (}I,37 'FLOPS. 
019 
t(}l (.11"'44'" tl!fli2671 41.'19: IO"'ST 'THE ION FLOP SHnULD BE OFF 
tt ;'HlI4 41 ("f;3~17 51( PIH CPII ,(SEE CONSnLF. LIGIoIT, '. THE' EHAL.T 
\2 (}j~44? 0I:1!"'162 EHALT ,SHOUL" BE. SI(IPPF::O. CHF.CI< n.c. 
13 'GATE CCPU I~ST,tON' TO TI'4E 
14 ,SKIP LOGIC. 
15 
15 ~~44~ r,H;v~ 1 ~'" Al"': Nln~ ~ , A STRT PULSF. TO DEVICE (II 

,7 VlrA444 rrfi~~77 SI(P~Z CPU 'SHOUll') NOT SET THE" tON FLOP. 
18 "'P44~ r",}1"162 F.HAl..T 'CHECK n~CnDF.R Fn~ PUL.SES, 
t Q ,cpu INST SHnULD PREVENT 
,~ 'TI'4E (SET IONl LEVFL.. 
~1 

'2 ;I1CA44t'i rt6C11377 A11: NtOP CPlj , A "P" PIlLSE:. TO THF PROCESSOR 
'3 1"I'~44' Vl~~!li77 SKPR7. CPII rSHnuLn NflT qET THE JON FLOP. 
~c1 (HA 4 JS r~ ~1II"'62 fHALT ,r:Hfr.1< THE DEcnQp';w FOR PUL.SES. 
25 
,~ ~"'411j1 "''''(,,,,, A 1 ? : NInc CPU , A "e" PIlLSf SHOIILO NOT SET 
'] (~"'.4!1i 2 ~~1'i3'577 ~I(P81 r: P' I 'THE InN FLOP. CHECK PUL.SE 
'-8 VI '" c1 ~:~ V!V\n p;;, FHALT 'DECODER. 
'-9 
~Ol t1I!'!I4!54 1"'2(,'1401 Al~: ADCO 1i!,0 ,TH!: "ADC" INSTRIlCTION SI(IPPFO. 
:31 ?I~411j5 V!fi35~~ Sf(PR7 '" .eHECK E.VCL.LJ5IVE OR GATE 
32 "''''4~~ (}\i~~ 1 Fi~ EMAlT 'AND TIofE AND lOR GATE' fEEOING 
'3 'T~E SKIP FLnp. MBC1'5 SHOULD 
J4 'NOT SE TRUE. 
~~ 
~6 ~r,~4~7 1~:?P41 At 4 : AOrO ",,~.SI(P ,THE"AOC" INSTRII~TION SHOUL.D SI<I p. 
:u (i\ '" 415 ~'1 [lllIIb1f'i2 EHALT J CIoH: r. K E)(CLU!iIVI:. OR GATE. ANI) 
3S 'THE AND/OR r;ATE F~EnING TIolE 
39 'SKIP FLnp , I"TC. 
4111 
41 {M"4~t 1(.11~~?1 A15: ADCZ ~,OI,SI<P 'THE "ADC" INST~UCTlt'lN SHOLJLO SI<IP. 
42 ~V'l411;2 ~0I1'i1~'- EHALT 'CHECK AND/Oq GATE ("1BC14, 
4~ 'CRY SET SAVF.) TfoiE /"tBCt4 INPUT 
44 'SHOUln NOT ~E TRtlf. SFE SKIP 
• !'II rFLOP LOr.IC • 
'6 
47 !JI~463 1 C!I;?401 1 A16: ~LJR 17I,1iI,5KP 'THe "SUB" I M5TRUCTION SIoIOULO SKIP. 
48 ~t"I464 0P616' F.~ALT 'CHECK AND lOR GATE (MBC13, 
AQ rzERI1S, THE "18C13 INPUT ~HOULD 
"50 ,N,.,T BE TRIlE. SF.F. SKIP Fl,.OP Lor;IC. 



""'(<\~6 .MAI~ 

~1 

~ ;) ~, '" .4 .; til ,,, '" I?I .4 f)! t 
01 II ,~ '" .4 II! , VI ~ :5 ~ 7 7 
0I!5 ""'47p (il0I61~2 
"'6 :H~c171 l""~.dV";4 
~1 

"'8 ~~47~ 1~~4~~ A1A: 
". 9 '1'" d ., 3 1 ~13 c1 ~ 2 
tt~ iA()I47c1 ~1i1~16' 

! 1 
12 
t 3 
1 c1 
l~ ~~4"~ 1~J~23 A1Q: 
t f\ Ctl ~ 4 ., f' 1 (,II 1 ~ lH 
11 ~(}!I1'" 0I1'lI61~" 
te 
1 !,; 
?~ ~(,II~~~ 1~~44~ A2P: 
~1 V\1?I~r'1 l!i'~42" 
, ? >~ f'lI !Ii l" 2 Vi (,II b 1 fi 2 
'J 
'4 
'-~ 
,~ ~~~A~ '~~c12~ A2': 
, 1 .~ ri .-, '" d 1 ~ ~~ 4 4 3 
,,~ ill f,1 ~ r~ ~ 1M" n ! 6' ,9 
:3(;. 

31 
'2 
'3 
~4 

3~ ~~~~~ 1~3d4~ A~2: 

'6 IHII5 1i1 7 11>q.4.s3 
31 I,~ VI ~ 1 r" (,w ~ 1 f'I 2 
~8 

'\J '1"'51 1 1,f'1' ~~.4 ,~" A 2 ~ : 
dttl !MJlI51' 1~~4\;1? 

4 1 ~1 (,II b t:3 (., 171 t'i 1 F. 2 
42 
43 
44 
4es 
4~ ~1'lI5t4 1~~d4~ A24: 
41 1i1"'~'5 1~34(A3 
4 8 VI ~ !'Ii 1 ti 'II til " , ~, 
,4g 

ADCCUt 0.0,SfoJN 
JfoIP .+1 
Sl<PR7 CPt, 
EIoiALT 
~UA OI,!?! 

H'I"Z CII,O! 
HJOl QI, ()I. SZC 
f.IoIALT 

'f\iOZ ""~'S~C 
M(lV OI.OI,SKP 
~M'LT 

,,,,no Ui,fIl 

H: (') Z ~. Ii! • S l C 
FMALT 

HH'lZ ~,(II 

A~I"O (1I,~,SNC 

FMALI 

A ~ nn L', 0 
H!nO ,~, V>, SNC 
FIoiALT 

AND1 P',c~ 

ANn 0I,1?I,~2r:: 

EH AI .. T 

A ~i [J n ,~, V1 

U-.in 1",1?I,5NC 
fMALT 

'T~t "ADC" INSTRUCTInN SFT 
'THE ION FLOP. C~fCK AND 
'GATE frO.E,ANn EhA8,PULSt ENAR,. 
'T~E IO.E LEVEL 5~rHJLO NOT 
,AE TR~E OU~IN~ ADC tNST~UCTTON. 

'TEST FOR 7E~O CA~~V. IF 
JC.~RV LJGHT IS nUT, CHECK AND 
,GATr: rc~v SET SAllf,~aC14' INPUT 
,TO SKIP LnGIC. JF TIoiE CARRY 
'LI~~T IS n~ , C~tC~ T~E 
rtNPIJTS To TI-IE CAR~Y FL.OP. 

'tARRY IS ZE.RO. TMtS INSTRlICTI('lN 
'S~OIlLO ~OT ~i(IP. CHFCI< THI: 
'EXCLUSIVE OR GATE wITH ~6C15 
'IN THE SKIP LOGtC. 

'tARRY CIoiOULM RE: CLEARED FROM 
'A ONE TO A ZERO. CM~CK CA~~V 
'LIGI-IT. CMECK OR/AND GATE rCA~RV, 
'M~C11,CARRV,M~Cl~' TO EXCLUSIVE 
,nR GATE PROOUCI~G C~V ENAS, 

,cu~~v SI-IOIILD BE SET. SEE 
'C~NSnLt LIG~T. TF LIGIoiT IS 
'ON, CHEC~ ANO/OR GATE 
,(CRY ~FT S.VE,M8C14, IN TIoiE 
'SKIP LOGIC. IF CAR~Y LIGHT IS 
,OUT CI-IECI< ANn/OR GATE 
,rCAPRY,MBC11,CARRY,MbC1P) TO 
,xnR GATE PRnOUCING CRY ENAS. 

, r: APR Y 5 1-1 (llH. n A E S FT. 5 E F 
, PRE V'1 0 U S T EST F n R P n 5 5 I A a L ~ 
'r:AU~E OF r:AtLtlRF.. 

JTl-lf FACT TI-IAT CARRY ~AS 

'CLEAFoiEn SI-IOIILn BE RF.ME"'BE~En 
JRV TME CARRY FLnp. CI-IECK THE 
,r.ARRV FLOP INPUTS, ALSO T"'E 
JOR/AND GATE (CAQRv,~eC11,CA~RY 

,~aCtlf" • 

'Tl-le FACT TMAT CARRY wAS 
15fT SIoiDULD ~E RF:MFMRE~En 

JRY T~F. eARRv FLOP. SEE THE 
'PREVInus TE~T. 



A ",r~~7 .MAIN 
"'1 
"'2 'r4~!H' 1171344111 A25: ANDO Iil,~ 'CARRY SHOULD BE SET TO (0. 
"'3 "j}l521i'1 It'!3462 At-JOC CI!,(/1,SlC 'CARRY SHOULO COMPLIMENT 
"'4 ~CI!!i~1 f;H'Ifli1b2 EI"IALT 'TO lERO. CHECK ORlAND GATE 
~5 '(CARRV,MBC11,CARPV,MeCt~). 
~6 
7!7 ~0I~22 1"'342'" A26: ANDl iii,'" 'CARRV SHaUL£, BE SET TO t0l • 
~A "'PI!l.i2~ 1 01 3463 ANoe IjII,CI!.5NC .CARRY SHOULD COMPLIMENT 
"'9 ;~OI~~4 ~1r~"t62 EHALT 'Tn ONE. ~EE PREVIOUS TEST. 
t~ 

11 OH~5?~ 1t71?62~ A271 S1J87~ 01,'" ,SET ACQ! Tn letPJ1i'I 0I 0. 
t2 ~~5'6 lCl'3422 ANDl 0,QI,5lC ,CLE.AR AND TEST CARRV. CHECK 
13 r~(l!5'7 (1OI?I6162 FHALT 'AND GATE INPUTS CSHL,AonER "" 14 'TO AND/OR GATE PROOUCION 
10 'CRy 8FT. 
16 
17 1il!'JI!,;3\A 11'1~!"i2'" A,A: 511~ZL QI,P. 'SET AC'" TO ~r1ICllQI"'l. 
18 1Il"'5~1 1"'3422 ANnZ L'l,0.SZC 'CLEAR AND TEST CARRV. CHECK 
H~ r~~~" r.rJI~1n2 EI-4ALT JANO GATE INPUTS CS,",~,ACB1t) 
,~ 'Tn U:O/nR GATE PRnOUCING 
21 • CRV SET • 
'-~ 
'3 lH1~3~ \111342'" A2Q: AND? Ol,~ 'CARRV 15 Sf:.T TO lFRO VIA AND. ,4 i,II"'!5~.d llJ1tP~2 MOV ~,OI,~ZC 'CARRY SHOUL 11 STtL.L TEST ZERI"I 
'5 (-10!"~!'S ~~"'!'I1"; 2 FHALT 'ON THF ~(W IN!UPUCTrnN. C,",~CI( 
2Pj rAND GATF. (CRV OlIT, AND' FE'EOlt.lr, 
21 ,EXCLUSIVE OR GATE IN CAPRV LOGIC. 

'" ,I) ~(}I!=i~~ lc;,:5421 A3"': ANOZ ~,~',SI(P 'CARRV I~ CLEARED VIA TrtF.. A~O 
30 "'0I~37 lP.1['l14C1I MOVC'I OI,O! , t~5TFWCTION AND ~H('1I1Ln NOT ~E 
.31 ~"" ~ 4 '" tOl~412 Hm" III,CII.5ZC: ,SET vIA THE SI(IPPFO "~nv". 
~~ (}IOI~41 V'~~152 EHALT 'CHECK 4 INPIIT HID GATF. 
'3 'PRODUCING I,.I"IAD eRV, THE 
~. , CALC.~I(T.P' INPUT. 
3~ 
3~ VlI'!!542 1 t}l~4 4111 A31: ANDO '-1,1'1 'CARRY IS SET VIA TME ANn 
31 tHlI543 rll7l~~q lilt JMP .... 1 'INSTIofIICTION'. fo1bCP' Ot.1 TI-4E 
~8 ~"'544 1t'11.~~3 MClV ~.!?I,SNC. '"fo10VZ" INSTRUCTION 5i-10ULO 
3 !II AP!,;411i ~r."6162 FIoIALT ,PRE:.VF,Nl CARRY F~Ofo1 Cl..fARING. 
4~ ,CHEr.I< 4 INPIJT AND GATE TO "e" 
41 'INPUT OF CARRV Flnp. LOAf.) CRY 
42 J SHClIILD NOT RF. TPUF' DURING IIMOV1". 
43 
44 VlOI!'54~ 101::!"lilOl A3': ADr: 1'1,01 ,SI::T At TO (-1 ~ • CLEAR CARRY 
4e ~~~~7 1~3122 A",n,~ "',"',SZC: ,ANll SirUP RESULT~. THE CARRy 
46 Iiltll~-;1i'I !?I0I51b~ FHALT '\liAS SET HOIMEVER. CHECK FOR 
4' , A FAL~E DECODE OF SHL, nR 
48 JSHR LEVFL. 
40 
!5 ~ .. ("P~!5 t ?3.d.i~2 1\324: LOA " .... , fA LOA INSTRIJCTInN CHANGED THE 
51 ~t}I!5!52 101 1P t'll MOV CII,!'I,5I<P ,PC. CHECK Ft'1R FALSE DECODE 
52 :-1Cl1~'53 0IliHlj162 EMALT ,OF .JSR. AND GAT~ (EF.,J~P+JSR,IR4) • 
~~ 

'A rl!(/I5~4 rA~4"2 A~!!'tH LOA ~,K0 

!Ii!5 ~~-;!'i!"i 1A~r:1t '-2 LDA 2,K()I 
'56 "''''~S~ ~12.dt22 LOA 1,1<01 



----"'~-.,;,.....,.=--~--"--~ ............ ~ .... --~- .. -.~-.-.-~-,--.~~--~ 

" ~(l!0I8 .MAIN 
011. 
"12 ~0I~57 r.2Cl122 A3~: 
~J (H"5~'" 1"'342'" 
lilA !A0I5~1 1[l!21t!~2 

015 fH" 5ti 2 (}I~Rtb2 

016 

I'll" 
I'll a 
OIQ 
, til Plp~jII\3 ~"'t123 A34: 
it :~ ~ ~f5 4 iA2412~ 

1 2 VI(}I5foi~ ~~~123 
1 ,~ v101~M; (A~4123 

\4 ~"~5R 7 1rJ1 2P12? 
t 5 ;H~57'" [11(/'1631'52 
t~ 

17 
18 
1 Q i~(}I5' 1 lilfi2Ft77 A35: 
21~ l1~'57') ("';fJ.3.,,, 
')1 t~0I573 r" Fl3 ~ 7 7 
22 1~fi'514 (-''''(I;t~2 

'3 .,4 r" 01 ~., ~ v,filrJ,'277 A;3f'i: 
~!5 iiH"~1" v)/5 '3 S 77 
2~ ,,~'" 577 r~~~ 1~' 

':17 
.,R :/HHi(?l~ V' fhW' 7 7 A~7: 

':I~ r/H'Hi01 C'63!';77 
~(It Vlt'l6t'12 ~1~6162 

~1 

~2 {lICl\e(ll~ r"'''~177 A38: 
3~ i..HH;riIl 4 1,JF!1/o')77 

'4 ,101~015 PlR3!577 
~!) f)I"'~~" (lHHi 1 tI' 
'6 
~7 
~B 

~9 f"IrJ!I';r'l!7 CH5v1171 A3Q: 
4~ [tlfiH51 1"'1 Vl1ll3.477 
4t tl;r~ 6 1 1 r~~~ 1 fii' 
42 rJ,~612 "''''rJ') 77 
43 
d4 

~5 

40 
47 
dR 

l.OA 1", I< V'! 
ANOZ \II,eI 
ADC (1I,Cl\,~ZC 

~HALT 

LDA (It,M1 
LDA , , M 1 
LDA 2,M1 
U1A ;3,Ml 
ADeZ V'I,V'I,SZC 
EHALT 

TOP5T 
~t I np CPl.l 
~t(Pf3Z CPtl 
EHALT 

NIOe CPU 
5f(PR7 CPt] 
F.HALT 

NIO CPII 
~j(PB7 CPII 
EloofAL T 

NIOS CPU 
"JI n c: CPU 
~kJ:lR7 CPli 
EHALT 

"'IO~ CPU 
51( PfHJ CPt I 
FHALT 
NIne CPU 

'CLEAR AC~ A~O CARPy. 
,THE Anc INSTRUCTION SET 
'THE CARRV. PERHAPS ADD ONE 
,ASSERTED FALSELY AT (PTG.~.TS3) 
'TIME OF THE ADe INSTRUCTION. 
,CHECK nR/ANO GATE (ALC,IR7, 
'IP7,Kfv' IN THE ADO DNE LOGIC. 

I"AD~" SHOULD NOT PRODUCE A 
'CARRY FROM THE ADDER. IF THE 
,RESUL.T IN AC(II IS 177776 THE 
, AOC INSTRLJCTHHJ DID NOT ADD THE 
'COHJ:lLIMENT eUT DID A STRAIGHT 
'ADD. CHECK AND GATf (ALc,IR~) 

'Tn PROOIICF (5:'.' LEVF.L TO THE 
'AOOER. 

J A "P" PIILSE SioinllLn NOT SET 
'THE ION fLOP. CHEC~ 
'fHE DFcnnING OF SET ION 
nEVEL. 

rA "r:" PIIL~t SHOIILO NOT 
,5fT THF ION FLOP. CHECK 
,THE DEcnnE nF SFT InN LEVEL. 

IA NID tNSTRIICTlnN IIIITHOLJT 
IA STPT PULSE SHnULD NOT 
'SET THE ION FLOP. 

JA CLEAR PULSE Tn THE 
.CPU FAILfO TO CLEAR THE 
'ION FLOP. CHECK THE 
,OEconE OF THE (r"LR TON) LEVEL 
, AND THE CLR ION I~'PIJT TCl 
,THI: InN FLOP. 

'SET ANa TEST THE tnN FLOP. 
'IF T~~ CONSOLE ION LIGHT IS 
'OUT CHECK Fn~ PRnpER DECODE 
,OF rS~T ION' LEVEL, THE. SET HID 
IRESFT I~PUTS Tn THE OR GATES 
'w~ICH cnMPRIS~ THE TON FLOP. 
'IF THF, LIGHT IS ON CHECK THE 
lO.C. GATE (CPU IN5T,ION) TO THE 
'SKIP LOGIC. AL.SO E)C~LUSJVE n~ GATE 
,wITH MSC9 l~ THE SKIP LnGIC. 



" r~ til (;119 • ~ A 1. "'I 
~1 

~2 't-1~6t3 ~~r~ 177 A4(.11: NIOS CPU ITIoIE "5iCp81" INSTRUCTION 
~3 (:IItH",: ""~3577 ~I<PRZ CPIJ .SKIPPED WHE~ ION WA5 ~ET. 
1714 l'll"lb 1 S 1r134~1 ANn l'I,(.II,SKp 'CHECK THE EXCI.USIVE OR GATE 
"'., !iHiIfI\ 1 F- ~r~jlqM2 EHALT "OIITH HBCQ IN THF: SKIP LOGIC. 
(I!~ rJir"tl17 rHit~277 t-I I ot:: CPU 
(J.7 

"'R I~I'II~'I'" (M; (~ , 7 7 A4 t: NJnS Cpu .THE 51<11' IN~TRUrTIO~J IS TF.STEO 
"'9 ~(.II62t 1'163~~QI Sl<PA7 C1I 'THE SELR LINE NOT THE ION FI~OP. 
tli1 il!0I"'~~ OII?\"'1"'2 EHALT HHt: O.C. GATE (CPU tNST,ION' 
\ 1 \~~t':?3 c~";l~?77 t..Ilnc rpu , GROIINOS TIoIF. SELR LINE WHEN 
\2 'Cpu INST IS NOT PRE~ENT. 

13 
14 ~~ C'\" 2 4 (lI61t1 1 77 A4': NJns CPU 'THE FACT THAT Ir'lN IS SE.T 
\!'5 ~~!':!~!fi 1!l~3777 ~l(pf.\'Z CPU , SHOIJLO NOT F.FFECT THE 
it; (~"'~~6 "iII~\6:? EHALT 'TF:STl~r. of Ti-1E ClJELO LINF. 
17 (~OIf'1:?7 f~'" r'< ') 7 7 "Jl oe CPlI 'CHECK THF. OR/ANn GATE 
18 '(SELH,~~CA,~RC8,S~LD'. 
19 

,'" [A1'II":'t~ 1iI'4,2' A43: LDA 1 , K ~ ,ACS SHOIIL n LONT A pi r- t) , , '~I'" '" ~ , 1 1"1 2 f);.? 2 Ar'\C7 OI,O!.SlC 'F'l(CEFT ACt WHIr:'" CONTAINS 
";? '·:H~" ~2 C!tPI'i 16'- fHALT 'ZEROS. IF THF. "AOC" INSTRUCT InN 
'3 JSFLECTF:n SOIIRCF ACl NOT ZERn 
'-d , A CARRV WOULD I«EstlLn. CHECK 
'5 'ACS~ StLECT LEVE'L, SOUI<CE 
'-1'1 rAe ~ELE.CT rO~j ETC. 
'7 
,8 ~C'lF;~~ [I':'It [i' 1 ;2' A4,i: LI')A ?,I<~ lACS SHOULD CONTAIN ,.1) 
,-y Vlo!"~4 '0:?~22 ADCZ VI,Vl.S1C 'EXCEPT AC 1 AND 2. If THE 
~~ ~CJI~~~ Vlt'Hilh2 FHALT .ALC INSTRUCTION SELECTEn ~OI.IRCE 
"q JAC2 NnT ZERO A CARRV wOUl." 
~2 'RESIJLT. CHf::CI< ACSt ~E"L t.EVEL, 
33 'SOURCE AC SFLECTION ETC. 
'4 
35 r-1~IIIi:'!~ tA2r~'2' A4!'5: LOA 1i',I<(.lI ,ACV'8V1 ALL DTHF.R5 r - t , • 
'6 "'C'l1S31 ['1'4123 LDA , , "11 rtF THE ADC INSTRUrT!ON S~:LErTS 

31 VlC'l6417i VI'1II124 LOA ?,M? 'SOURCE ACOI INSTEA!) Of ACt 
,~ 'UA",,i 1 Dl'4125 LOA ~,M3 t A CARRV WIL..L RE.~LJLT. 
39 'A~"'4' 1?f5C12~ ADCZ 1.1,Slt :CHI:.CK ACS 1 5EL LFVEL DURING 
4Jl \J\(.!I~43 Vl(il~l~? FI-tALT 'THE. ALe, ALSO CHtCI< SOU~CE 
41 rAC MEMORV. 
42 
A!3 "'!'II~,i4 1 !'l 'iii:? 2 A4~: ADeZ 2,2,52[; rACS ? SFL. LEVEL FAILED, 
4,i 1lI0I~45 r~~61t-:? EHALT • SEE. PRE-VIOU' TE~T • 
4~ 



A ~h~ 1 fA .MAIN 
~1 

"'2 0I0IF;4f'i 17M"~!5 A47: AOC 3,3,SNP 'ADI,) COMPLIMENT UIV NUMBER .. ' 
"'3 (~!')I~41 0I1"1I5,F;2 fHALT 'TO IT~flF S1-40ULD PIH'IOIJCE 
"14 'MINUS ONE. CHECK INPUT 
"'5 ITIJ SKIP LC'lGtc UfO/nR GATE 
"'6 'IliITH M8C13. 
"17 
IlIR "'0I6~~ t7Fi4C1~ A48: SU8 3,3 '7ERO RESlILT SHOliLD NOT 
~!If I:HII ~!lS1 t 75 r,143 MOVO 3,3,SNC JAFFf.CT STATE OF CARRV SKIP. 
1. iii fl'QI';!;, P\CHi 1 1li2 EHALT ICMECt-, A I\Jn l(lR GATE Tn SI<IP LnGtc. 
11 
, 2 I~ IA" iii ~ 17';OHW A4Q: ADC ~,3 fA nc: INSTFHJCTJrlN PRonUCES 177777 
, 3 A"'~1Iii4 175rW5 MC'lV 3,3,~~JR lIN Ar::~. IF IRS nF THT "~OV" 
, 4 I,~ ,,. II; IIli iii vH~~'F;' Ff-IALT HAILS TI-4E Fo'I=.:SIlLT IN AC3 WILL 
1 ~ J~f 7E.Rn AND NO ~l<tP. 
t IS 

t 7 f'l~~IIli" \i'I"i~ 12::» A~C'I: LDA 0I,1<1i\ rAe"" SHaUL[" RF L.~AOE" WITH 
1 8 ,1\~6~7 01'4\23 LOA , , M 1 'Zt.RU ANn INCREMfNTEn TO 
, 9 'IIrJ1'i"'~ ltllt4", Tt-Ir.z ClI,IiI,5lC , + 1 • IF THE LOAO AC1 INSTQUCTIO~I 
.,~ (1 ~ ~ Fi 1 (H"~'''2 EHALT nMAnEf1 IF R(l ALS0 THF 
'1 JINe ~I'JULIJ 5~T THI: CARRV. 
'<' 'CHECK ACS 2 SF.:L LEVFL. 
~.3 '~YNC scnPE n/lj LnA AND PACK. 
24 ,., ;i1l'1fill!~ (lI~r}l1. 2' A ~ 1 : LOA ~,I(Ci1 JlF LOA!) AC2 I~STRUCTIaN L,C"AOcD 
,~ i'I~6f1i:~ [I\;.W, 2~ LOA ?,M1 lAC lERO INSTEAn, TI-IFN Hie 

" \~~f\~d P"14?2 INC1 C'I,OI,SlC , INSTF.'IICTrnN ~nUl..n Sf;T THE CAR~RV. 

"S ,qH;~~ VI()I~ 1 h2 FIo1'LT 'CI-4EI';K ACS 1 SELECT L F. V E 1_ 

'9 ,nufoflt-.G THE SECO~ID "LOA" INSTRUCTION. 
:31'1 'SYNC SCOPE nN LnA A "'11 PACI<. 
:, 1 
~2 ,iHi'! ~ 6fi V1:?41:.?:? A5:?: LDA 1,1<111 IJF LOAD AC~ REALLV LOADED AC1 
'3 -'HHi'; 1 Vl'(l:t23 l('l4 "',"11 'THl:. HIe INSTRIlCTln", i<;OULO 
'4 IA!'I61rt 12~.d22 yr-.,CZ l,t,SlC 'SET THE r:AJoi~V. CHECK AC 
~!5 'H'I ti' 1. (.iI(lI6162 rlo1ALT 'SOUQCF. SFLEcTtnN FOR LOA. 
3b 

" 7,~61? ~3(~t22 A53: l.OA ',I(~ rtF LOAI) Al':fd JoiEAILV LOAOFD Ar.2 

'" fIl"lf'i1' ~2r)J' ~3 LDA "', "011 ,TI-4E. INC INSTRUCT In,,! ItIOULD 
'9 1~~1 ~ 1!"i1422 INr:Z 2,2,SZC 'SET THE r:Ak~V. rHEC!( AC 
4f-1 ,10! ~'5 ,11'11 fIi 115::? FHALT 'SnLJ~CE SELf:.CTIn~J FOR LDA. 
41 
~2 \"i)! ~ 7 ti fA 2 lii t 3t" A~4: LDA "',1(1 01 (701( JA CPt SH(1IILn r.ONTAl'" 1&l"''''p1'''~ 
4J ""',.,77 I01H'I('5 t-Iov !i/I,QI,~NR 'AND THE. ~OVE IN~TRUCTIO~I 5HnUI () 
44 ~~!'I7r~1A ~ I~ ~, t\ 2 f:HALT 'SI<IP. C"'ECK THE:. S~IFT ~ II\JPIJT 
45 rTM THE 4 t~IPllT OR GATE IN 
46 'THE ZF.RO SKIP LMGIC. 



AI l'I!H1 .MAIN 
"'1 

'. "2 ~l'I7"'1 "'2013t A551 L.OA (II, IU"'K , CHU:I< THE 8HII"T 1 INPUT TO 
.,3 IlIPl7012 1"'101~5 MOV OI,,,,,SN~ 'TME • INPUT nR GATE IN TME 

"'. Pl0I7013 ","'f\'62 EHAL.T .SICIP ZE~O L.nG!C~ 
1lJ' (lie 001''''. "''-'''132 A581 L.OA 01,1<2011< 'CMECI< TME SM1'T 2 INPUT TO 

"" 
"''''7015 1011"''''~ MOV 0I,PI,8N~ 'TME • INPUT ('IR GATE IN 

1198 ~017"'fj 0P18tft2 EH'L.T 'TME SKIP 7.ERO L.OG!C~ 
(liD 
1 foil 0I0I7~' 02A'~3 A!57. LOA "',1(1"'1( 'CHECK THE SHIFT 3 INPUT TO 
11 1:'(11171 CIt 1P11('11.115 MOV ",,0,~"'R 'TME 4 INPUT OR AATE IN 
t2 ~l'I7 '.1 0I0I8t82 E'MALT 'THE SKIP ZERO L.OGIt~ 
13 
l' ~"'712 PI''''!3' '581 LOA (lI,1(371 'TME ZERO SAVE I"LOP SHOULD 
15 "'01113 !l'I101~~ MOV I'I,I'I,SNR ,HEHEfo18ER THAT THE At WAS 
ttl ",0171' (lIOI6162 F:HALT 'NnT ALL ZER"S AND THUS 
17 'TME ,.,OVE SHnULD SKIP, CMECK 
18 'IF.:Rn SAVE Sf!TTING, AND I'UTE 
U) ,nN THE "NE IP LOGIC, ETC. 
~0 

'1 '~"'7' 11\ V1'PI'22 459: LOA PI, 1(01 tACOI SMOIILO 8E LrlAOEO WITH 
?2 iiI"'71'" 1011.",5 I~C ""OI,~~IR 'ZEROS AND INCRE"'!NTF.O TO +1. 
~3 l'It!l711 OI"'esB2 EHAlT ,CMECI< Tn INSllqE ADD ONE 
~ .. 'ASSERTS AT I'TG.0I.'S3 OF 
~~ 'TME INC I NSTRUCT ION', 
2e 
'7 VIOl"", fi'l'iAt3!'i A6011 LOA "',1<1 'tNCR~MENT F~OM +1 TO +2 
~8 tlI0I121. lP11.OIf; I"'C: I'I,OI,~NR ,g C,10172' r.1"'~162 EMALT 

~'" 31 ~"'7:?3 "''-'''36 A61 I LOA 1'1,1(3 'INCREMENT FRnM +3 T~ •• 
32 i~0I7" , 101t'!lI~ tNC PI,OI,SNR 
~3 ~0I"5 PI"'~te2 FHALT 
~41 

~!5 ~PI'2P\ "'2('11137 A6'.: LOA "',1(1 'INCR~MENT FROM +7 Tel +101 
38 A!'I721 1l'lt''''5 r~r. ~,()t,~NR 

:\7 PlPl7~'" M1616~ e:~lLT 

'8 
~g o1t!1731 ""f)llAVI 4631 LOA 01,1(17 'INC~EMENT FROM +17 TO +2~, 
.~ f)lf)l132 1"'1''''!5 tNC PI,PI,SNR 'TME INCREME~T qESIlLTED IN 
'1 mlJl7:\3 """f5162 ~~ALT '+'" NOT +201. CHECK AND GATE 
'2 'rpTG.~.TSf)I,PTG."'.TS~,SERIA~ CRY, 
.3 fTO TME ADO nNE L"r;rc. ALSO 
•• 'CMECIC. SERIAL CRY FLOP. 



A 010\ 1 2 • M A HI 
~1 
9t2 
.-3 
,,~ 

11)5 
"'8 
"17 
138 

0t1!734 
"''''73! 
~0I736 

0P1737 
"'(II7'~ 
CII~741 

Pl2"'t2~ 
024123 
013(1\123 
0134123 
10130\33 
"'PlfI51152 

,e., 

,,~ ~~7~2 1~3~~2 A6~1 

t 0 QlP7'3 PlPtH 82 
11 
12 
13 ~"'74' 1~3'32 4661 
14 AQI,.e "''''15t152 
\~ ,6 
11 
t8 
to 
~~ 

'1 
'2 
23 

I!!OI74e 
IIIA741 
CIt""!,),,, 
~1iI7!1 

li'''''~2 
!'I~7~3 

A"'7!U 

~2A122 
01301122 
~34122 
0I201t23 
1t'11!SOI"'~ 
12!,)01!5 
CltOlf§'6' 

24 
'-!II 
~t; 

" '8 

(I\"'7~~ l1t~"'1iI '681 
~"'7!5fi 1!1(;'11! 
U.OI7!iS7 "'t'lf§162 

,9 
3111 
31 
32 
33 
3~ 

35 
3 (Ii 
31 
~8 

1Jl1iI71'i11'1 

"'''''''' fAPl782 
PI "'7';3 

0(11'1114 
OHA 7 f.lJe 
(1\017';111 
(010171157 

Clt201t22 
0124123 
ltl!7(110!5 
CH'I~H 62 

PI'~12' 
"'24135 
1"'7P1"'! 
t'I",(lil';2 

A'OII 

~g ~(II77p 1iI,,,,,22 A7,: 
40 OIPl171 ",24'43 
41 (1101"2 lA7'H1I5 
42 1I!0I77~ "'~ri1ts2 

'3 
'4 001'74 0~P.122 A"I 
45 "'(II,7! ""4141 
.15 (ll1iI77S lP'CII"'~ 
41 rA(II711 ",1711111152 
.8 
.9 ~1"'CllIiI ~2~122 A7~: 
SlJI "',Qll'Jll t'I,-i142 
51 ~'0"'2 tOl70101! 
52 ~1~0I3 ~"'6162 

LOA 01,"'1 
LOA ',Ml 
LOA 2,M1 
LOA 3,M1 
AOOZ" A,OI,SPlII: 
EIHLT 

,ono., "',£'I,SZC 
FIo4ALT 

ANDZ- "',tA,SZC 
EIo4ALT 

L"A 1,l<fII 
LOA 2,1<0 
I.DA 3,KQI 
LOA OI,M1 
MOV 1iI,1 
MOV., 1,1,SNA 
EIo4ALT 

MOV 1'1,2 
MOV., 2,,-,~NR 

EIo4AL.T 

LDA (I\,I(~ 

LOA 1,M1 
ADD "',1,~NR 
EIo4ALT 

LOA "',IeP! 
LOA 1,1<1 
ADO 0,1,SNR 
FMALT 

LOA "',I(~ 

LOA 1,1<2 
ADD OI,1.~NR 
EHALT 

LDA PI,I(Q! 
LOA '"K.i 
ADO 17t,1,SNR 
flo4ALT 

LOA 17t,1<(t. 
LOA 1 ,K1P! 
ADn "',1,SN~ 

EIo4ALT 

'ADDITION OF (-1) TO (-1) 
rSMoLlLo P~ODIJCe: t-2) AND. 
.CARRV. C~ECK AND GAT! 
rCANo,CRV OUT) TO THE 
'EXCLUSIVE OF GATE PRODUCING 
'CRy ENAS. 

'CHECK EXCLUSIVE OR GATE 
,PRODUCING CRV-ENABLE. SEE 
'PREVH'IIJ~ TE"T. 

, CHECK HID GATE t .NO, CRY oun. 
'CARRV SHOULD BE ZERO. 

'AC~.-l, OTIo4ER AtS.",. 
'CHECK TO INSURE DESTINATION 
rACl IS SELECTED ON T~E ~OV. 

'CHECK TO IN~URE DESTINATION 
,AC2 I~ SELECTED ON TMF FIRST 
,MOVE. 

'TEST TO INSURE "'°0 1' USES 
,TIo4E DESTINATION AC. 
.CHECk ANOIOR GATE (ALC,tR5) 
.IN TME nISARLE 0 MULT LOGIC. 

'~.1·1 
.CHECK OESTINATlnN At 
JBUFFER.MULTIPLEVQR. 

,SEE A"ClVE 
,IiI.4.4 

,gFE ABOVE 
J'U1~·1t)1 



,. A ,;1 1 ~ • M A J t-J 
1'111 
~~'~1~~4 e~~123 A74: 
'13 0I1C1l~!5 P~4122 

~4 i.JIUH'I'; 1017M22 
()I~ "'t~~7 t1'016162 
OIfIi 
011 
01., 
~Q ~l~tOl 1~2~~1 A7~: 

tvl fH~11 1t'1~dill~ 

11 "'I ~1 1 2 1 C' 1 C' ~ ~ 

12 ('I1V113 ~t'l6162 
1 ~ 
14 
15 ~!~,~ 02~!2' A76: 
16 \:11!'At~ lQ!2pr~0I 

17 'Jllli1.1f; 1011"'05 
18 "'ttl'!7 liHH'i162 
lQ 
2 (}I 

'1 
,2 

,",O!?"-'" 

V',"'" 
"1D1'-2 

'- 3 ,~, tl! '- ~ 
24 

If'A24~0I 
~,,~ 12~ 

If''1 1 r;I&t5 
iH~f'162 

A71: 

.,~ ~1~'4 P'-~'22 A78: 
,~ 

27 
'-8 
29 
30 
31 
~2 

Jl1 ~'5 1 "'?,4V14 
'" 1 ?l2~ rA 0I6162 

33 ~1~~7 ~'~123 A79: 
~4 "'1~3f"1 10124V14 
3!'i "'!tl!31 P1!Jl6162 
~6 

37 (lIh132 
38 1A'~33 
39 ,1H~34 

4111 
41 

~l(l!~!11 

0121'1123 
lC1124,,5 
lP!24rA4 
~"'t;162 

42 ~'~36 1012f"1~01 ARtl 
43 "'1P37 li)1l11~P!4 

414 (JIl~4(l1 "'~~t62 

45 
AI!) "1014, If'A24(11(l1 AA2: 
• , ~l(l1A' 11'l15"'~r;I 

48 ~H'43 \251i"14 
4Q fl4HU4 f'Af'Aflit62 

LDA !'A,Ml 
LOA 1,1<!'A 
AOf'Z ~.1.SZC 
EHALT 

ADC I?I,QI,SKP 
~IIR l'I,OI 
MOV PI,A,SNR 
FHALT 

LOA G'I,I<~ 
ADC A,A 
Mnv A,QI,SNR 
E'HALT 

~UR (lI,1'! 
LOA t'I,M1 
MOV I'!.O!,~NR 

EHALT 

UH PI,KO! 
SUH (I\,Ql,S2R 
FHALT 

LOA !'A,M1 
SUR OI,OI,SIR 
F:HALT 

LI'lA "',H1 
5UR A,G'I,SNR 
SIJ~ OI,OI.SZR 
EI"IALT 

ADC "',VI 
COM "',"'.SZR 
EHALT 

SUR 01,01 
MOV PI" 
MOV*, t.1. S7R 
EHAI.T 

'AOOITION OF r-o Tn t.~, 
'SHOUll') NOT PROOIICE A CARRV OUT, 
'PERHAPS ADC OUT FAIlfO TO 
'ASSERT AT TS3 TTME ANI') 
'MAC ~OT OESTINATI~N AC WAS 
HOOFI'l. 

'ADC SETS lCA TO (-1'. THE 
,uSUR" BECAU~E IT IS SI<IPP!D SHClUI.D 
,NOT CHANGE CrAC"'), LOAD CRY 
'SHOUll') PREVENT PACI< AND LOAn AC. 
'C~ECK INPUT~ TO PACK F~OP, 

'CHECK FnR LOADING OF ACVI 
'VIA THE AOC INSTRUCTION. 

'CHECK THAT ACOI lS LnAntO 
'VIA THE LOA INSTRUCTION. CHECK 
'OR GATES INPUTS Tn PACK FLOP, 

, A III V ". II M HER S I J 8 T RAe TED FRO M 
'ITSELF ~HOUI." P"OOUCE "'. 
'IF C(AC~).0 C~EeK AND/O~ 
'GAT~ rMRC13,ZERns, TO 
'SKIP LOGIC. IF C(ACP) IS NOT 
.ZERn, SCOPE ACB REGYSTER, 
,Ar)()Ek ETC. 

.~EE PREVIOUS TEST 

,FIR5T U~UB" SHOUll') NOT 
'SKIP, SECO~O S~OULD~ 

,ADC SET~ ALL RITS. 
, COM SHOIJLn CI'lMPL l"'ENT 
.THEM TO ALL ZERns. 

'CM~CK THAT MOV ~ILL 
,PICK lIP ANV IHTS • 



----,.~~.~,-

II (II?!14 .MAIN 
?It 
"'2 01ol~~ 1&112~vHll A83: SUf\ 1'1 ,iii JCHE.CI< MOVE OF ACI'I TO AC2 
013 r"!vl46 1i'1241~3 LOA 1 , ~ t 'WITH ALL ZE.ROS. 
('14 ", 1 II! &1 7 ~3Cl1123 LDA ~,Ml 
~~ 'II 1 ~5171 ~34t~~ LOA ~,Ml 
1:116 V'1~t!j1 111 ~~0 MOV "'.2 
"17 d 1i)l!')~ 1531'11114 Aon ?'-,SZR 
~d 111 0~~ 171~6162 FI-IALT 
~o 

1 I" ,~ 1 'A -; It 11:'1'-40101 A84: SUB 01,1'1 'CHECIC ~nVE OF ~C~ Tn AC3 
1 1 r~ 1 VI!') ~ 11~HIIOIt'I MOV ~,~ 'WITH ALL ZEqO!;. CAN THE. 
t ~ i~ 1 'l ~t'i 17701(114 ADD 3,3,~ZR 'DESTINATION AC 1040LD ZEROS? 
, j '~1~r;7 1~P.f'itti2 EI-IALT 
1 4 

'-~ ~ 1 'l II; ~ lV124V101 AR5: SIJB ",0 'CHECK Mnve: nF ACOI Tn ACCJI , '" ~ 1 'il II; 1 l~tOlliH' MOV rt,OI ,wITM ALL ZE-ROS. CAN THE 
17 "A1t~l;~ lC1!301V14 ADD I",QI,~z~ .DESTINATION AC HOLD lER(1S. 
18 '" '''~3 PI ""5 1 (oj 2 FHALT 
11,; 
"Q! ·)'1,·Hi4 1~2401rJ1 A~FI: SUB 01,01 
?, .~ 1 ~~ FI ~ t ~~0I1i1~ MOV !'! , t 

'2 ;~ 1 'i1~6 127f!1~4 A 01"1 1,t,~lR 

'3 ,11 fJ Ii; 7 C"~(;1(;? FHALT 
24 
?~ :11 m '1 t'I ~2~~ 122 A87: LDA PI,I<~ 'TEST MOVING (MOV1 OF nNfS 
?A l' ~'t .124 t 2~ LOA 1,I(CII ". ROM AC3 TO ACr.1 
'7 '11 !,~, ~ III ~ I~ 1 2:? LDA '-,1<0 ,rHECf( IF OF~TtN4TTON 
?~ ,qrJl7;3 17~Ii'ICllIi\ AOr: 3,3 ,AC C:4~ M(1Ln ONE~. 
~9 I~ 1 (lI, 4 1F;1"'!I1~ MfW 3,~ 

'l1 '~1 !" 1~ 11 ~dl"4 SIJf; C'I,3,!HR 
'1 ""tVl7n (i'\1i'I"'1~' FI-tALT 

'2 
33 t" 1 ""'7 17-,0111101 ASA: ADC ~,3 'SEF PREVlnll~ TEST. 
'4 :q 1111~ , R5~lIr"'" Mev ~, 1 
~~ "'" 1 ~ 1 1~fI;4V'4 !;U~ ,,3,~lR 
;'H\ vq 1 ~2 P!fM;t6? E'HALT 
~7 
~8 ''11~ :3 l'~Ii'I~'" AAQ: ADC ~,~ 'SE~ PRE v I Oll~ TE~T. 
~9 ,~, 1 ~ 4iS 17t Ol Ol"" ~OV 3,~ 
4~ ~. , t "" ~ 1 !'ifi4iSCI!4iS ClUB ~,~,-;Z~ 

41 v~111i'1(; ~1i'I6162 F.:MALT 
42 
.oil ,~ ,'11C'1' 1(112"'1'101 AgOl: Ant: OI,C'! '~EE PREVIOUS Te:~T. 

44 '~1 1 1 !lI lt5t'Jtlllnl ~OV iii, 3 
4!\ ::-, 1 1 , 1~'4rA4 C; II R ~,""~ZF~ 
AI'! ',\ 11 12 i71(lIfltfi2 F.:HALT 



'" 111,1115 .MAIN 
011 
OI2''i.11Q3 lC112~&-'~ AQU 
013 ,~l11d 101"'01014 
014 ~1t1~ VlCJl61t52 
t'l5 
~~ Al1'~ !~~t'!CJI~ Ag2: 
('}I, tlI111' 12~~~4 

1'I!8 (A112~ (11016162 

"'9 
1~ ~11'1 1~2~~~ A93: 
it r,~11~? ll1jf~[IIot4 

1~ '"tt=?3 1110161",2 , ~ 
'd ~'t:?4 17~~~'" Ag4: 
1!'1 :11 1 1 ? ~ 1 7 4 ~ ~ 4 
1~ ('IIt12~ (ll1i'fI\\f'i2 
17 
18 ~11'7 1760101~ A95: 
tQ iIIt1M~ 115141?14 
2V1 ~Hl~t "'",tH62 
2' 
?~ ~\13~ 176~A~ AgB: 
,,, '1U33 16\423 
'4 ~'1~4 I'JI0If'162 
'-~ '6 ~'1~~ 17~1i'~~ A97: 
" In 1 Jt!i 1 "'24iC~ 
2A ~1137 1Q1!1i4IM~ 

~~ "11.1r" 1310'14 
3~1 ;~1141 [ACII61f\i2 
~1 

'2 ~1t42 1~2~2P A9~: 
33 ~11l43 liAt462 
34 !All44 r.('}I~'62 
35 
36 Atl4~ 10121401 A99: 
31 --'1146 l&'111i'Iil4 
38 t'I'147 (7."'~162 
39 
4A 
41 
42 
43 
44 
45 ~tl~('}I 1"'234~ A1t'1011 
4(; OIU!5t tI"4PiA4 
47 Pltl!5:? QlA~lb2 
4~ 

49 
!50 
'51 
e2 
~3 ~'153 1O!2PO!1 AIAt: 
1Ij4 PI\U54 10124~1 

!55 IIll1!!!!'! lPlli1kQ 
56 ~l1~ti 0Q1~162 

ADC P,"" 
Cl'lt-4 t'!,OI,SZ~ 

E'HALT 

Anc t.1 
COM ,,1,~ZR 
EMALT 

ADC 2,' 
CO~ 2,?,SZ~ 
FHALT 

AOC ~,~ 

COM 3,3,SZ~ 

E.I'4ALT 

ADC 3,' 
INC 3,&'I,SZ~ 
EMALT 

ADC 3,~ 

tNCZ 3,0.SNC 
EHALT 

AOC 3,3 
SUB VI,t'! 
INC 01,1 
Aon-. 1,3,5lR 
EHALT 

AOCZ t1!,fI.! 
TNCC rII,tlI,SlC 
FMALT 

SURO~ 171,01 
MOV I7I,QI,5ZR 
EI-1ALT 

Aocns 01,'" 
rOM OI,t,~Zp 

EMALT 

AOC OI,OI,SI\P 
sua t'I,A,~IC.P 
Ml'lV OI,t'I,SKP 
EHALT 

.AOD COMPLIMF-NT ANY NUMBER 
'TO ITSELF CHOIJLn P~OOUCE (-0. 
'(""t' COMPLIMENTEO • (+0'. 

.SEE P~EVIOUS TE~T. 

,SEE PREvIOU~ TEST. 

,SEE P~EVIOU5 TEST. 

'sET AC3 TO ( .. 1' , TH~N 
'INCRE~ENT IT TO C+~'. 
'CHECK AnDER ETC. 

1(-1' INC~F~~NTfn SHOULD 
I PROOUCE r+~' ANn A CARRV" 

.~ET C(AC3'-177777 
'SET C(ACOI'."''''~~~17I 
100+1·1i'\0I~CllQll 

rr-l'+r+".Ii'\~~OIQ1~ 

,MIse TEST OF CARRY. 

'SUBTRACT SM~ULO p~nnUCf 
.ALL ZER~S. THE SWAP MAVES 
,WILL CALISE TI-1E LOADING 
,OF AC BUFFE~ REGI~TER INTO 
'ITSELF. FOR ANV BIT SET 
'IN ACrII, CHECK TME At RUFFER 
.lNPIIT AT LOAD Ar.S Ttl'llE 
.OF T~E SU8T~UCT INSTFHlCTIO~J. 

I Anc SHOIJLn PRODtlCE ALL 
'ONf.S. THE SWAP HAVES wILL 
'CAUSE T~E L"ADING OF At SUFFER 
'REGISTER FROM tTSFLF, CHE~K 
'TME AC RUFfER INPUT AT LOAD 
IACB TIM~ FOR ANY BIT NOT 
,SET I~ ACPI. 

,Tl-1f "ADC" AND "HOV" SHOULD 8E 
'EXECUTED. THE "SUA" INSTRtlCTH'JN 
'SHOULD NOT ~E PE~MITTEO TO SKIP. 
.CHECK INPUTS Tn TEST SKIP FLOP. 



--~-~,,'-.,,~--~.~ .. -~,~. 

" C4~t6 • '·1 A IN 
"'1 
(,42 "111~7 ''''232~ aOHH AOCZ~ t'!,tII,SZr. 'THE SWAP COMMAN'" WAS 
1"3 i~ 1 1 tci I'll (}I11I~'foj2 EHALT ,oECnPEn FAI..~EL'I INTn A 
~4 'SHIFT L.EFT OR ~tGIoIT 

"'5 'THUS SETTING TI-1E CA~RV. 
~o 

~7 ,~ 1 , ~ 1 ''''2~4''' R(II1: AoCOS t'!,~ 'MIse TEST OF CA~~V. 
OIH f~1 1152 lr)127ti3 SliRes "',m,SNC 
t'!9 '11~3 "'t'!'5162 FHALT 
1111 
11 ,1~ 1~4 11'l124ft'\1?! a~2: ~UA ""P, rAOlitTION Of 

'" 
TCl PI SHOULl) 

t 2 1I111Fi5 1"'34~4 ANO "',"',SIR 
13 vl1 HHi li\~~'~~ F.HALT 
! 4 
1~ l~tlh7 t~2~"'t11 AC"3: AOr. ~,'" 'ANI) c-u TO C -1 , SHouLD 
1 ~ 1-"1171i'1 1Ci1~4t~riI H,n !?I,t'! 'PRonliCE (-1] • 
~ 7 rq 171 11114 01 "'04 COM ",,1,~lR 
, 8 ~'t7'; ~~Fi1f'i2 FHALT 
19 
~G! ,I) 1 t 7~ 1 lJI2 fl1 f1 (lI H (JlJI : ADC 01,'" ,ANI) (- 1) TO ("" 510101lLO 
"1 011174 ,2f;41J11'! SUP. i , 1 'PRQOUCE 0. 
'2 fA,q 75 1rA7M~.cI ANn (II., 1 , 5 Z R 

'3 .n 17,.. (Alii,.. 1 /Ii, FHALT ,4 ,5 1",77 lI"A2~lA"" Hp~: AOr: PI,'" ,ANO C"" TO r-u SHOtlLn 
'6 ,~ 1 ., \:11 (1' 1:?~A~l'I ~UH , , 1 ,PROnUCf:. PI. 

" "'2~1 12341014 ANO 1,~,SZR 

'fl :, 1 ,,,., (JI~~162 EI-IALT ,-q 
Jill .~, 2"'~ 1 t'! 24 f}!01 FI(lI~: SUA rJl , CJI ,~ ANU ill SHOULO 
31 :A12~4 1"'37(('14 ANDS "',(/I,SZR , FlR('lOUCE A ZfRn. 
3~ ~112"'!'i [IIc;,,,162 FHALT 
:B 
:u :" 12016 t"':?4~(A B0I7: SUA I'll, 01 , ~ NEGATFn 1S STILI.. 
'5 J),?C'!7 1~VlIlIV14 NEG (lI,,,,,~1R , t'J. CHECK ~FG It-JSTFWCTION ,,, 

~112tOl pI"'t;'6~ ~HALT 
,7 
3A ""21, 1 1"112 C'!~" ell RCII8: ADC P,t:'! r (-1 , NF.GATEn SH"ULD RESULT 
3g 'JI t 2 t '- lCJA41i1()l NEG '" , 1 lIN +, , IN ACt. 
11101 r.q '-,:" 1~7'}l14 Ar.n~ OI,1,SZR 
1111 ·}I'21015 ()I"'61f\2 F~ALT 

~~ 

43 01215 r~31111:35 BC/lQ: LnA 2,1<1 'TEST ';!04tFT2 I NP[IT FRn"1 
44 A1~'1Ii 1!5112!5 MOVlL 2,2,5NR ,AC815 ON LEFT SHIFT. 
4!5 ,"1217 t'lL'l6162 E"HAlT 'CO~REr.T RESULT.2 
4e 
/,7 ~122ti' e:~l7I143 Rt"': LDA 2,1(2 nEST SHIFT! INPIIT FROM 
AB 01 1221 1!'i112 !5 MOVIL 2",SN~ 'AC~~41 ON FE.FT S~IFT. 

49 Vll~2~ 0I(l!f5162 FHALT rCOI(RECT RF.SIJL T.4 
'5 (}I 
iii 1 'il122~ Iii:H'141 ~11: LDA ',1(4 'TEST ~!o1nT~ INPUT FROM 
52 I~ 12'- 4 1~t125 MOVZL 2,2,S"'R , ACIH 3 ON LEFT SHIFT. 
~3 ~1'-2S (i\11I1;1~2 E!'iALT 



A ~"17 .~1AIN 
~1 

L'I 2' . rl) 1 :? ~ 6 r"~t'" 43 A121 LO~ 2,1(2 'TEST ! ~IPUT TO SHIF'T~ 
03 1.112'-7 1~1"25 MOVZ~ ?,?,SNR IF'ROM ~Ca14 nN SHIFT RIGHT. 
Ql4 i~ l':"r.- 01"''''162 F!oiALT 'CORRECT RE~tlLT·1 
"'5 
f.lI6 iA1231 t~3~141 Rt3: LOA 2,1(.4 'TEST INPUT TO SHYFT2 
f'1t7 (.1'2~? l51'2~ MOVlR :;!,2,SNR 'FROM ACR13 nN RIGHT SHIFT. 
1'lI~ 1111233 A~"t62 FfoIALT 'CORRECT Ri:SIJL. T., 
otg , ~ ,~ t ~;, 4 ~3~'4' A14: LOA ~,l(lP 'TEST INPUT TO SHIFTl 
, 1 v11235 1~1'25 MOV7.R ?",SNR If'FH'IM lC A1' nN RIGH,. SHIFT. 
\2 ;~ 1 2~f5 (jt~t'i152 FHALT 'CORRECT ~ES"LT.2 
1 , 
1 4 ~"2'7 1 1l1 24CH'I A15: ~UA "',r.lI 'SHIFT L.EFT ~MnULD PLACE 
l~ IH240 1~t'2:? MOVlL ~,~,~ZC , A ZERO IN THE CARRV FLOP. 
H; r~"41 vHl\~lti2 FMALT 'CHEel< ANn/n~ GATE PRODUCING 
17 'CRY SF.:T LEVEL.. CHECK THE 
18 JCSML,AODER ~, INP"T~. 
, 9 
,~ iII'24, '0I24~~ R1';: ~UR CII,O! .SHIFT RIGHT SHOUL.D PLACE 
'-1 Itl 1 243 1t'11222 ""OV1R ~,p,SZC ,A ZERn IN THE. CARRy FLOP. 
'2 ,q 2.4 4 ~Ql6 H52 EHAL.T 'CHECK ANDIO~ GATE PRODUCING 
'3 'CRY SET LEVFL. CHFCK THF 
24 ,rSH~,AcR1" INPUTS. 
'5 
?-.; "'245 It'1:?4Q\~ ~17: ~UR OI,t'I '5HIFT l,~FT ~"'OLlLJ) PLACE A 

" 11\'.4 fi P~1142 ~OVOL "',OJ,SIC: '7E"RO IN THE CARUY. CHECI< 
213 ['11 2.4,. ~"'Io.'fi? ~.fotAL.T ,AND/OR GATE pRnOUCING CRY SET 
'9 'LEVEL.. THE TOP AND eCRY EN~B, 
3VJ , SHw, SHU WAS NOT H:HIRITED VIA SfotL. 
~1 
~2 rA 1 cS" l'Il,.4\i1V! Ata: 5U~ ~,P! 'SioIIFT IOlIGHT SHOI.IUI PLACE A 
33 ~ll'-~H 11'11'4' ~ovn~ OI,"',SlC '7ERn IN r.Ar<~V FLOP. CHECI( 
34 'H2~2 . ~V\~162 EHALT , AN(J/(1R GATE PROl'luCING C~y SET 
3!) rLEVEL. THF TOP taTE (CRY ENAH, 
~6 '~HL.,5H~' IS NOT INP-II!HTFO VIA 
:'1 rTHF SHR LEVEL. 
~8 

30 10112"'3 1"'2010'" R1Q: ADC 0I,t'! ISI'41F'T LFFT SH'''LJL I') PLACE A 
4111 ~'2!54 11'A'12J MOVIL ~,P,SNC 'ONE IN THE r.AR~V FLOP. 
41 (~12 55 Vl0I6162 EHALT ,CHE:CI< AND lOR GATE P~O/)UC I t-,tG 
42 'CRy SET. CHECK THE rSfolL.,ADOEROI) 
43 ,yt..lPUTS. 
44 
c4!5 C·'12!5e'1 1 "'?t')I('A!'I R21'l1: AOC 01,01 r~HIFT RIGHT SHOUL." PLACE A 
415 IH 2'57 lV1t~23 MI'lVZR CII,P,SNC ,nNE IN THE CAR~V FLf"IP. 
47 ClI126f'J' C/lC/lb'62 FIolA l. T rct-lECI< AND lOR GATE P~O"UCING 
AA .CRY SET. CHECI( THE CSHR,AC81n 
4~ ,TNPIJTS. 
~'" 
51 1.112"'1 1"':?525 R2t: SU8ZL 0,I?!,SNR 'TI-IIS !t-J~TRUCTtON s~nULD LEAVE 
~2 !,JI 12~2 ~ClI~1f'2 FHALT 'THE. NIIM8~ R r+ 1l IN AC0. CI-IECI< 
1Ij3 'THE LF.FT INPUT TO SfolIFT~, 
54 ,THF- ANOIOR GATE, r.,." ENAS 
'5~ 'SAVE, ETC. 



'_='~ __ "~'"""""""'''''''''''''''''' ___ '~_"'''' ___ ~'''.~"~"'_'''''_Wo_.'_~'''"'~.,~ ... ~""'".~. __ <>, 

" Ci'VI 1 ~ .MAIN 
011 
112 '~'2f;~ 1?15!'i4Q1 A~2: SUAOL 1 , 1 'SU80L SHOUL!') PRClDUCF A 
f'lI,3 ,",';?~.1 1.:31202 MOVR ',2,S2'C '7ERn RESULT IN AC!. IF RIT 
",4 11 211;5 ~'0\f516:? FHALT n!5 IS SET CHECK AND/OR GATE. 
I'lt~ , (CRV ENAB SAvE,PTG."'.TSPl) TO 
r~o nEFT INPUT nF SHIFT 3. 
~7 

"'R 'Il 1 ~f56 l~ 2 ~~ 124 R23: LOA !'I,M2 , (~HTFT?) I.EFT P'PUT FROM 
c,Q '11 1 ';"" 10111401 MOvnL !i'I,t'I lACH1b PICK!:.!) II P A BTT DtiRING 
p~ (~1 2" II' 1e'4&'1~"!Ii COM OI,l,SNR JTHE Mnv INSTRUCTION. 
1 1 Vl1271 (".l\i'At'j t 62 FHALT 
12 
j :~ 11 :'.., ';> ii'I?41:?~ R:;>4: LDA 1,M3 , (SHIFT1 ~ LE:.FT JNPUT FROM 
, 4 v11?73 1.25t4~ M ('IV n l. 1 , t ,ACfi14 PICI<I::.r'l UP A BIT DliRINr; 
, 5 ~ 1 ?" 4 1 ;V~~V1~ rOM \,2,SNR nHE. Mnv INSTJoIUCTJr'N. 
it' ,.~ 1?"!'; ("'~h1f5:? ~HALT 

17 
j F. '~1')"'" 1?,31!11:(~ A~!II: LDII ?,M5 , (SHIFT~' LEFT I ~IPIIT FROM 
11,1 '.~ , '2"" 1~114(!\ MOVOL ?,? JACR1J PlrKEO UP A BIT 
" :~ " 1 3 ~ ~~ 1~4M,.j!, cn"1 ',3,SNR n')UR I Nr; THE NOV TNSTRUCTIO/\J. 
~ 1 I.., 1 ;3 ')11 (7!01"1ti:? F~ALT 

"2 
~ ,~ I , ~~ 912 m,~414' A~I'\: Lr)A 3,1<1 01 J \1''1 SHIFTEr) LEFT 5HOIILn at 
:;>4 L~ 1 ,H"3 17~125 MI1 IJ7L 3,;""S~~~ ,;?OI /\JOT 7ERO. CHFCK INPUT 
~~ 'il1 "r~ 4 01{M"16~ FHALT :Tn !;~TFT:S LFI"T TIIIPUT GATE. 
~t:'> 

" ,.11 ,~r:\ ~ t(~~5~4 R27: SUHOL 1iI,~,SZR IAeV'! SH(1IILD RE ZF.:Rf"I. CHI::'.CK 
?~ ~13~~ [7111~'fl~ FHALT gT'HE LEFT INPUTS TO THE ~IotIFT 

'9 JLEV FL5. 
~:'I 

:'1 "1 ,,!'II., t7l'if}l(W A28: AI"lC ,', ~ rTHF. SIJt17L INSTQUCTrnN SHOll!.!') 
32 ''11 31 (,> 1"'2t;2~ ~HlRZI. OI,/?! , PRQDUCE. THE NUM~ER +1 IN 
,~ ,. 1 ~ 1 \ 117t'14 ADDtI ~,3,SZR JAC~. PLIIS Q\JE AonEo TO 
~4 ,J!L'H? Q10'",€;2 EHALT IMtNllS ONr ~HOUU) F"~IIAL ZERO, 
,~ ., 
:'t6 \'l 1 ,3 1 " ("'2C",35 A29: L I) II CJI, 'q 'AnD ~FFFCTIVELV PERFORM1; A 
37 (~L314 ('124135 LeA 1 , K1 'SHIFT LFFT. 
V' L.q:311;i 1?71~~'~ Aon t , 1 ,CHfCK WITH c;HTFT LFFT ON MOV 
~9 ;~ , :3 1 ,.. t !'Ii 1 , 2(;1 MOVZI t'I,/?! 'INSTRllCTION. 
" 1,1 cO LH 7 P~~414 SUR*t tJld.S7R 
41 lA 1 3' t~ C'lr"1~2 FHALT 
4? 
43 ,A 1 3' 1 [""~14~ ~30q LDA tJI,K2 ,~FE PREVlnU~ TEST 
.44 (1l1 3~::- 11i!512(Ji Hnv'lL !?I , 1 
4"i i\1~'3 1~,H1V1~ AQn ~,~ 

4t'i (,11:"4 HlItjd14 ~IJA:t tJ.1.S1R 
47 :1 1 ~~?~ (~VI ~ 1 6;t FHA!.T 
48 
40 ,.~ 1 ~ 'I'. ""r141 p ~~ 1 : LOA ~,1(4 ,SFE PREVIOUS TE~T 

Ii C~ ,11 3::> 7 1(~5t2t'1 MOVZL ~ , t 
~1 Vl13JC1I 1 Ii'! ~ t"V'H71 ADD n,!iI 
'i2 l' , :3 ~ 1 1~fi414 ~WAtt ~,1.S'ZR 

iii ,~ Vl1:L~2 r"'6162 FHALT 
"'14 
'35 il !~;n (112v1 14::? J.\3~: LDA !?I,1(1C'1 '~EE PREVIOIJ~ TE~T 
"15 ,,,, :n4 1 171 5121J1 M(")VZI C'I , ! 
~7 ('11:n~ 1~3fIlV'~ AOD ~,17I 

"iA ~ 1 :3 ~~ 1/?!f;414 ~UH" ?I.1.S1R 
Ii 9 i.Il1337 Ii'lCil61 fie FHALT 





..... " .. --,.~.-~~- -' 

It. (1111'l-\ • M A I t-J 
0'1 
'~2 (~13 40'! 1 ~'4r-1'" fl:3:3 : SUA OI,t'! '~ISC: ~WAP TEST TO 
~J ~\34\ 1"'f~7[f1od ~'EG5 liI,(iI,SlR J SEE. IF CA~~v IS FAST 
1'J!4 ." ~ 4 2 ~[iI~16' FHALT • EfI.IOllGH. 
~5 

"'6 f·H 343 152!'S2~ A34: SIJRZL 2,' .TEST TO INSIJRE ~OVt:. SWAP 
I'll 7 1111344 1!553~~ Mov5 2,3 'REALLV CAUSE'S A SWAP. 
c"d ,.11;'4~ 1!5641~ ~UB~ :? , 3,5 t-J P 'CCAC21 1;HOULO EI':lUAL. +1. 
"'9 r~ 13 4 ~ r..,rn~ 162 F.HALT 'CCAr.3~ SHOULD E 1':11) A L. 4!l1P1 
PI 
11 V,1347 1V12"25 R3!51 SUBZR ClI,QI,SN~ 'Cor.~~eCT C(ACI'iI'·l(}1P011'(,lJ 
\2 ·.:1135l'1 CAOitIlt62 FHALT 'CIolECIo! SHIFTOI RIGMT T~PUT 
,~ ,AND THE ANn/OR r.ATE 
14 'F~E.DING IT. 
t!; 
1 t5 ~-11 3 !oj 1 l£l12~4(}J A;3f5: «;UROQ ~,(,lI ,rORRI=.CT CrAcc",.I)I, IF ACQI 
1 7 1111 ,~~, 1 (iI~H"'32 Aonztf t'I,I",SZC 'CONTAINS 11iHlIt7II'II!1 CHeCK AN()/OR 
1 F4 \~, ~!'j 3 (},flIP') 162 FHALT HaTE rc~v ft-IAB,ENO CYCL.E) 4NI) 
19 'THE: (~HIFT(A' RIGHT INPUT GATE. 
"{II 

't V'35A It''I2f:t4.4 837: ~URnR t'I,OI,SIR JenRRf:CT C(ACfI'I,.OI • CMECI< hm/OR 
~2 'I! 1 3~~ r-'!0I,.,t62 F.HALT 'GATF=' rAc.Bl1,E~O CYCLE:' FEEDING ,,, 'SHIFT ~ IdGHT It-IPUT~ 
~.d 
,.r; . .", ;~ 1116 ~34144 ~~8: l.DA 3,1<2t'1 '2~ SHIFTED ~IGHT SIoIOliLO EQUAL. ,,.., (~l ~~7 t7~'~5 ~OV1P ~,3,S~I~ • 1 VI • CHt;r.K ANO/t"l~ GATf. 
,7 0t3~~ ~t'!~'.b2 EI-tALT ,(ACR1 t, END CYCLE) FF.l-:!HNr.; 
~H 'SMIFTIlI RXt;HT tNPUT. 
'9 
,~ '~' 31'51 1~?~2(;11 !-i39: ~UF;Z~ ',::> '~FT c (AC2) .UiI"'~~01 
~1 ,., J 315 ~ 1~3[1!14 AOr)~ ~,:2,Sl~ 'ADDTTH'lN ~HnlJL.() RF.SIJL T 
J, "q J lfi 3 C!lQl6'~::? EHALT lIN 1~~O AND A CAFH~V. 
~3 

~4 i·' 1 :S 1'5 A rA'H 13(;11 A4~: UH ~,K1"'~1( rTEST AD!) RIGHT. THE ACTION 
~e) ill 1 ;S6~ 1 rl!5~\()I1iI MOV P, 1 .OF AonITION I~ fFFECTIVELV 
:H; r~, 3"'''' 1",'01 AOOZR 1 , 1 JA 5HIFT LEFT, T~E: ~rGHT 

~7 VI' .~1Ii7 1()1,;414 !l\UAtt "'.t,SZ~ ,CO,.,MANO RE5TnRE~ THE 
:38 ,", 1;3 7 et OICAt'.Hi2 r:HALT ,nRIGln~AL NIJMRER. 
39 

'Ill 'Q:P1 (11'41,'1 B 41 : LOA 1,1(401« 'SEE PREVlnu~ TE~T. 
41 .113' , 131('1f)1(]1 ~OV , , ::> 
42 1~1~7~ 15322~ ADOZP ',' 43 t,q:~'4 1~2414 ~UR. 1,2,SlR 
44 ;~ t 3'~ III iii iii 1 02 FHALT 
45 
4t'i iIl'37~ ti'~~132 A4~: I [) A ::>,J<21?l« '~EE PREvIC'lUS TEST. 
41 r.1371 tllli~~1iI1'JI ~nv 2,~ 

48 J1"~A 117'l2'" ADOZR ',3 
4Q "'14~' l!1iti414 5U!-i~ 2,3,SlR 
~~ "14!'2 '''!'I~\62 E~ALT 

51 
'2 rH 4"'~ Vl34133 R43: LOA 3,1(1"'1( ,SEE PREVIOUS TE~T. 

I§J Clt14014 l~lC11~'" ~ClV 3, iii 
~4 '''14rA~ 1"'3~2'" AOOZ~ r71,'" 
~5 r~1401f1 11~414 ~Ufl. ~,3,5ZR 
~,; ~14~' ~rlljllj 162 E:HALT 



A ~~21 .MAO' 
;~ t 
012 .~ 1 411 ~ ~344~3 A44: LOA ~,.+3 'MISe SHIFTING TEST. 
'13 Itl t 4' 1 1711201 MOVZL 3,~ 
"14 (414 t 2 ,4It;2V'''' "1nVR 2.1 "C3-COR~ECT 
~~ CH 4 1 ~ 1~';4'4 ~Uf.4*i 1,3,SZR 'AC1-fRROR 
"'15 Vl141" Ii'!l'Ab,ti2 FHALT 
"'7 
"',. oq .. ,!'j 1"'?~2tl1 R45: ~UF3ZL 01,01 '5ET 'Cl1I TO +1, AC3 Tn "'1. 
",Q ",4,e t7"'01~0 AnI': 3,3 , THe: 1/0 SI<IP INS TRllCT I O~I SHOULD 
tli'! "'1417 ~fi3f50tl1 ~KPr.HJ ~ , ~JnT CHANf,E AC BECAUSE 
U :A'4~V' 1t7 r)l14 A Dr)*, ",,~i,~7R "MD EN'~ Sl"InULn PREVENT PACK 
12 (lJt4~1 ['1r1l6162 FHALT 'FLOP FROM SETTI'lG~ ~EE .. INPUT 

" J rAND GATF. IN PACk FLt'lP L.OG!!:. 
14 
15 
16 ;~, 4"2 1CA2~"'tlI R46: A{'\e CII,OI rTHE InRST cnICC OI,CPUl INSTRUCTION 
11 ~1.423 "'~2f577 IO~ST '51-1C1IJl.n NOT r.I-1ANGE THE STATE OF 
, e k' 14' 4 1~V!CH4 r.OM*, tlI,0I,5IP ,AC(I!. Cl-tECK ANO t;ATE CIR~,CPlJ 111151), 
19 G~'4:?5 "'l"IFi1~2 FHALT illS nUlPUT TO HID GATE WITH 
?Il! J(JO.~,ANO t::NAR,IR7, IN THE PArI<. 
21 "'LOP LOGIC, 
'-2 
'3 '11 4? f, , """11"'" R47: A(lC "',01 'THE. "DIB" INSTRlICTION SHOULI) 
?4 ""1427 ~ ,., 1 IS C" PI nI~ P,0 'AL.TEF-' THE cnNTENTS nF AC0. 
2~ CA 14~~ 1"'t'1'A15 COMit 0,VI,SNR 'PACK FAIl.ED TO ~ET VIA ANO r;.TE 
215 1111 4 ~ 1 "'C.\~162 F.HALT '(lO,E,.ND ENA8,tR', rIR5,CPUn. 
27 
?R 111141':2 '''''''(III'' A4~: A rl C 01,1.'1 'INT4 rOtB-,r.PU~ FAlLEn TO 
~q ~141~~ t'lfit1117 O1R (II,C:PII JAL T~R ccu:W!n. CHECI< A"'U GATE. 
3(1, C'I 14~4 UWP15 r.OMit ~,(II,SNR • (lR~,CPIJ INsn tN THe: PACK 
., 1 1t!14~~ ~~ti1t.i2 EIoIALT .FLOP L.OGIC, IF TI-tE AND ASSERT EO 

" JIT WOULf) PFH:VENT PACt< f"ROM SETTING. 
33 
,4 Qlt4'~ l!'l12rJ1V1P1 B49: AOC 01,01 'T~E DIC INSTRUCTynN SHOULD SET 
35 l~14~1 "A~'-4~'PI OIC !'I,t'! 'THE PACK FLOP AND STrlRE IN 
36 fII,41401 tOl(lll'Al~ COMit ~,(II,SNR 'ACP, ANI) GATE (IR~,r.PU tNsn 
:H 011441 ~H"I'5'62 EI-tAL, T ,ASSERTEn WITHOUT TI-tE (CPU IN5T) 
3~ nEVF:L THUS tNHIBITING PACK, 
39 
4111 ["1442 1 ~2Q1r"'" B5CJ1: AOr. 01,01 ,THE' NIO INSTRUCTl"'" SHOIJLO 
41 ~14·3 i;;ti ~ 01 VI 01 NI0 01 , t-JOT ALTFR CrACPI, 8ECAUSE 
42 A1444 1'" rI1(", 14 CO"'it ""V',SIR JIR7 15 NOT TRIJE, CHECK • INPUT 
43 ~tI14~ ~0I~162 EHALT ,AND GATF (In,E,AND ~N'Ei,IR7,ETC' 
.4 ,FEEnING THE PACK FL"P. 
45 
46 ~144'; 1"'2PCJI~ R5U AOC "','" rTl-tE "NEG" l'lSTIWCTInN SHOUL.D 
41 f111t1l41 C""'(U~l ,J~p .+1 .NOT ALTER ttACQI,. CHECI< INPUT! 
48 llI14'5f'1 1"'~(A14 COM*i ",,~,S1R ,Tn PACK FLOP, 4 INPUT ANO 
4Q ",,451 ~"'~tfi2 fHAL.T ,GATF. nO,e:,ANO ENAF.\,IR7,ETC', 
50 JTHE In.F. BEING AASENT SHOULn 
~1 'PRF,VE.NT ASSERTln~ OF THE ANf), 



It. (il..,~? .MAIN 
"'1 
~2 r., 1 4~? 1 [JI252Ql B5~: SU8ZL 01,1'1 ,MIse TEST 
"13 (A 1 411\~ tOIl ChH)I MQV (')I, iii 'ACQl-+l 
014 f.' 1 4~4 '~~V'1t'I1'I MOV PI , 1 'ACt SHOUU'l EQUAL +1 
"'5 ~14~" 122414 ~U8~ 1,I7I,5ZR 'RESULT nF SIIe SIoiOULO BE ZERn, 
"'15 ("'14~1" r.t0l1'i1~2 F:"HALT 
~., 

"18 "'14157 1/!2~()IV11i1 R53: LOA ~,'" ,THE LDA INSTRUCTIONS 
(lIQ k114~0'1 1 l?I!5liHIIQI MOV (?I , 1 ,nID Nnr LnAD T"'E !UME OATA1 
Ull ~'4,r;1 ~2~(~fi'I"" LOA 01,1(1 
, 1 ,·q4R2 1 01 b414 SUB. 0,1,SZR 
t 2 (.q4R3 (H~'" t 52 F.1-4ALT 
1 ~ 
, 4 ~'0/154 f~2V1(.~V1(/l A54: LI"iA 0',171 'ROTH LOA INSTRUCTInNS SHOLILn LOAD 
, !5 rAto4~5 ~:24r~V"~ LnA t , ~ rTHE SAME OATA. TF THE E.F. FLOP 
16 :, 1 4'" 6 li'!~o414 SU~H (~,t ,SZP HAllEn Tn SET 01< OHSABLE D MULT) 
17 ~14"''' HIlfl162 E'I-4ALT JIS GIHHJND IJURING F:FA TIME THE. 
1~ 'flATA LOA()ED wILL BE THE LDA 
1 \I 'TNSTRIICTION ITSELF, CHECt< '''10 GATE 
2~ I (EP;A, IR~, TR7) Tn CDISA~Lt:: I.) MULT), 
'1 
22 0'41~ 11MM~fI' 855: SliF:; ~,3 nEST EFFI:.CTIVf. ADDRESS nF U1A 

" " \",,471 t524(H~ SU!j 2,2 'INSTPlJCTlnN. IF CnISABLE 0 MUL. n 
'4 {q 47:2 (-\ i? 4 V' V' \ LOA 1 , 1 ,1oJE:RE + nllRI'~G TIotE EFA TIME 
'5 ""473 \121"A~1 LOA t'I, • + 1 '("IF TI-IF. Sl:COND LnA HISTRIICT ION, IT 
26 lq 474 1V1foi415 ~lIH~ ~,l,SNR , w n lJl./J LnAn FRI'H1 LOCATIO'" 1 , NOT 
"7 nt47~ (':"FI,152 r:I-IALT 'FROM r:lIR~F.:NT ADrH~ES~ + 1 • 
'8 JeHEr.K ANO/OR r..TE (EFA, IRfIi, IR7), 
"9 JT~I:. IR7 I NFIIT oro NnT IN~ItHT 

'Cil 'T~E AND. 
'1 
~~ ~J)141E> 1 7 ~r,HH'l A5fi: ADC :3,3 , SEcn~,n LOA INSTRUCTION LnALJED 
:n (~ 1 477 11i 2 CA i·H1I AI)C ',' ,FROM Lor:ATlnN 1,I\I('1T FRCl~ C(AC:'.) 
~4 'I\! 5~~ '~:2 4 r., ~ 1 LOA , , 1 InISPLACEO ,",v "'1. SEF PR~vIOUS TEST. 
35 i~15f}ll ('!:? tr'1\·,q L()A ~,1, 2 
~fI\ 01 !'I r~ 2 1~~41~ 5u8~ (7!.1.S NR 
~7 I,' 1 ~~ 3 (M~h 16~ FHALT 
3S 
3Q fA 1 !'.i~ 4 , ('A 2 .:1 ,I r~ R57: ~UR (i1,~ 'TIotE FIRST LrlA PIS TRlle T ION INDE)( 
4~ i"'~v'5 12-S4V11i1 ,",U R , , 1 rIS nN ~A (PROGRAM COLlNTf"O THF 
;11 C11~111~ 1 ~204~~(I! SUB ',' • SECOND T~ 0"1 A(;2 • ALL ACS ARE. 
42 ~, 1 5 017 I1t14V!r.?I ~IJB ~,~ JZERO, IF 80TH USE T~E ACS OR 
43 [~1 5 t 0 (lI2r~ ~(t12 I. [) A '-", • +~ 'HnTH L1SF T~E: "I A THI~ TEST wILL 
44 ~1!511 fjo'~[A~1' LOA , ,t , ~ IE,HALT. CHECK THf GENERATION OF 
45 ;,q ~ 1 ~ 1"'f5415 Sld:~tt 0', 1 ,SN~ : (Acn nUT' VIA AND lOP GATE 
4b 0' !') 13 ~~6 1/'l2 EtoUL T l(nA,IR~), ~VNC SCOPE 01\1 EFA, 



'" C'\~" .'-1 A I N 

"1Il 
""'··Q5\4 1 C1124(·Hi1 !=IS8: SUB ~,0 rTME FIRST "LOA" INSTRtJCTIr:lN 
1"13 .. q ~15 12f1;41iH-1 'UB '.t JU!ES AC3 AS A HIDE)t • SECONQ 
'-'14 ~1516 ll11j'!i52~ SUFlZL 2,2 'l.nA IS NOT tNnEvED. IF THE 
015 (.115t7 116~2t'1 SUfo\ZL 3,3 'INDEX USED \IIERE ACI N!H ACol 
~f5 {.115'(il n254~CII LOA 1,0,3 ITMI!; TEST \IIOULD EHALT. CIoIECI( 
017 Ill! 521 ~'(7.~1i'I0I LOA A,V' .eAcO 3 SELl LEVF.L AT EFA TIME 
"'e ~'~22 1t'1f'415 SU~" (lI d • gNP 'OF TME FIRST LnA INSTRUCTIO~ 
~~ {"1"'3 91tl1f1;1f';2 F:'MALT 
1111 
11. rA \ !Ii~" '''I~''\A~' A59: ~UFl f"I,(II ,TMF FIR~T "LOAn INSTRUCTION 1.J5t::~ 
, 2 r·q5?5 1215 4 0111 ~U~ 1 • , ,AC3 AS A INnF't. Sf:C('INO I. () A 15 
, 3 ',i1 15'6 1524~!0I SlIA 2,2 , t-IOT HlnEltEO. If THE INDEX USE.O 
1 4 il.15'7 17~52(l1 ~IIFlZL 3,3 '~ERE AC2 NOT AC~ THTS TEST WOIILI'I 
t~ ;11 53~ ii1214CA'" LelA A,0I,3 rEHALT. CHECK THF A~!n/OR GATE 
, I; (111532 9124",·)10' U~A t , (II 'PROl'\lJCING (ACO 4 SEL), AT EFA 
17 ill 1 5~' 1(711)415 SIlPlti (lI,l,SN~ 'TIME OF' T~E FIR!I\T LnA HISTfWCTION. 
1 " II" 5:33 l~"'~ t ~2 F:HALT 
tQ 
,~ :A15~4 li'i12401~ At\CII: ~UB 1')1,01 ,THE fIRST "lOA" INSTRUCT InN USf.~ 

"1 I~ 1 ~., ~ l~f;~lI'l'I ~LJB 1 , t JAC2 AS A INOFX. SECONO LOA IS 
'2 ~15;31'i 1~~~2~ ~1t~ZL 2,' 'I'<OT INOFltEO. IF THE. INDf:X USEO 
~3 :~ 1. 517 17/"14P!~ ~IJQ ~,3 ,IIIERE AC3 NOT AC' TI-IIS TEST 
'4 ~1~'!f'\ t1' 1 PI ~ P- UiA "',01,2 , wnilLD f:.HALT. CHEel( TME ANO/OR 
2ei 111541 n '- ~H'; rJ\" LDA 1 , l'I HiATF:' p~nouc HJr, tACO 4 5~L" 
,b (11542 trl!ti~l~ ~LI"1:f C'I.1,SNIot rAT EFA TIME OF TME FIRST 

" V11~43 Vlf{l()1152 EHALT flrlA !!lJSTRUCTIl"ItIl. 
28 
?9 1111544 1524(:1i? Rfod: ~U8 ~" 'AC2 A"lD AC3 ARE BOTH SET TO 
~Vl !,lI1~4~ 17",4V\C'I SUR ~,1 'ZE~ns. A LOA INSTRUC:TION tNOEXEl'I 
'1 ~1~4f, ~121(J1Ii'!PI I. D A "',01,' 'ON AC2 SHOULD P~ODUCE TMF: 
32 [JJ,"47 (:l!~~4"1~ LOA 1 , 1')1 , :3 'SAME RESULT A5 A HJnEX t"IN 
~3 . ., 15 "i VI tt'l!6414 Sll~" C'I,t,SZR , Ar.,J. CHECK FOR A FALSE 
~4 I'll! !5~ 1 0Irl!f'i1~2 FMALT 'AOD ONE AT T53 TIME' VIA 
~~ ,OR/ANn GATt: \IIITH IP7. 
'b 
31 ~'~!li2 r!2V't2? A62: lOA l"I,l(~ 'TEST Tn IN~IJRF. THE LOA 
38 """~3 ll'A5(;'1l'A4 MOV 17I,',SZR , TNSTRIICTION C~N ADD~E5S 
39 l~ t 5!1i4 M'fi16t1 EMALT J A LnCATtON TN PAGP: ZERO. 
40 
41 ,., 1 5~5 "?V"123 fH53 : LOA CiI,H1 '~EE. PRFVTnll!; TE~T 
4ii' ~'5~f\ 101~1'lI(il4 C[]M ~,1,~ZR 

43 ,·11~57 "("6162 FMALT 
44 
45 1115~'" '" ~ I~ 1;3 5 H64: tOA c;,,1<1 .SEE pRfvInu~ TEST. 
46 tH 5j1;1 fJ"4123 LOA t , M 1 
41 ~15f52 11"7r.'114 AOn-. 1i'!,t,SZ~ 

48 ~'~"3 rt1MH 62 EHAL T 
49 
!'50! (111!'if54 "'2Ci14~2 A~t;: LOA "', • +::> 'LOAI'\IN(; ACP ANO Ar.t 
'51 0I15fi~ Vl~44ri1' LDA 1 , • + 1 '~F.LATtvE TO PC ~"'OULtJ 
52 ~15156 1:,l!t:i414 ~U"., PI,t,SlR 'UlAn TI;F. SAME DATA 
~J 111 ~~ 7 "'M5162 EHALT lIN TMts TEST. 



· __ .. ~ ... ~~" ._._~.w_. ~_.L_. _._. _ 

" CIt r,? 4 .MAIN 
[.'lI1 
012 I'" 157~ r-'2pt4~2 86Fi: LOA Ii'I, • +~ 'TRV Tn LO.O THE. 
~3 (~1"7' ''''1~!111 MOV 1i'I,Ii'I,51<P JlERnS VIA INDEx ON 
1:'4 :"1572 til i7I t'lt" ." 01 ~ ,p~Or;I<AM COUNTER. 
1'.lI5 1'11573 to! teA ~41 MIW ()I,A,~ZR rEFFECTIVF AnORE~S 
~O .Q!'\745 (!I{;Ant62 EI-4ALT ,CALCULATION FAILED. 
"'7 
1111:\ (A t 5 7 ~ 1.I!2f!l4~2 Rti7: LOA A,.+::? 'SEE: AAOVE. 
IJIQ ,q 57fi 1At"' 01 1 MOV Cr'I,VI,5I(P 
tVl (i\'~77 177777 -1 
1 1 t,A 1 f, ,., t" l1iWD!14 COM;, ",",OI,SZR 
12 ,~ 1 ~ ~ 1 ~~fJI~ 1 M? EHALT 

1 " 
14 .~'f"ic~2 Ii'I'Cil4,1j2 866: I_OA C'I, •• 2 'LOAn AC~ ANO ACt 
1 ~ ~, n~ ~ 10\101~t ~('1V ~,OI,S~FI ,RELATTVF. TO PROGrU~ COU~JTER • 

, " 11 1 "(~ 45 ,'345fi '2~41~6 'T~E 5ECONn UH TN~TRLJCT!nN 
17 .'11 F, 11!" 11124777 LOA 1 , .-1 , HIIST Aon r-o FOR 1'; 
p~ dll'i!'l'15 lr;,,.,414 ~IHHt ri\.t,Sl~ 'f:IT~. CHECK TO IN$URt S~ 
, y 111 I'i:H t;; \II fl1 ,.,::> EI-4A\.T rrs ACTIVATEf') VIA AND GATE 

'VI , (EF-·A,~ACR,ETr.'. 
'1 
'2 !1 1 M 1 ~ '~'~~?f?!(}1 ~f;9: LnA r?I,20101 'LOA!) LOCATION 2!'!Vo DIRECT. 
'3 "',f,'1 0~('Jil~!5 LDA ?,1(21'.J1~ fLOAn VIA INnEX LOCATION 2A0. 
'4 f~ 1 f:i 1 ? '.~" ~~ ()I ~ LOA 1 , (.II , , 'Cio!E:Ck. s~ LEVEL AT EFA T P1E: 
~~ !."'",~ 1~~414 SURti !",1,57!:' '('IF FIRST LOA It-;~T~UCTION. 
~~ Iq~, 4 ~",.,t~2 FHALT 

" ?R l' iii 1 ~ t1I2C"177 R7()1: LnA 91,177 ,SEE PRF::Vlnl.lC; TE~T. 
~Q r1 1 10) 1 ,., Vi3414!5 LnA 3,1<2 01 1" 

,'~ l-11 (; 1 7 ~'5377 I.DA 1,-1,2 
~1 dlf;2(·~ 1;~"4'4 SU8ti 1/\,1 ,SZR 
3:2 i1,. t'i" "'iA6tM' Ft-IALT 
~~ 

~4 .,,6'2 '~2~~0l "71 : ADes Vo,e! 'MIse TEST nF ALe. 
,!> '~1 ~,~ 1 ('11 4(it(.l 4 CQM 1I!,1,~ZR 

~6 '~1624 rMHi t 62 EHAlT 
'U 
;'38 -11 ~2 ~ '''2Q1C1\()I A7': A['IC ~" 'TEST l~nEx n~1 AC2. 
'9 '~t f'l2~ V12~~~0(i1 LDA OI,/')! n .. DAD LOCATlnN v.. 
"1,-1 ." 1;'7 rA'~V'~ 1 LnA , ,1 , , 'LnAn L(1CATln~ ()f , (-1+1· rA ) • 

41 "'fI;~", 1.(V.414 ~U!1ti (i1,1,S71( 
42 '.11 Ii ;, t CHIn 1 b2 EHALT 
43 
44 
4:') ,n ~32 17f5G1I11Ci1 R73: ArlC ~,~ , !in PRFvlnus TEST. 
46 v11Fi33 V', I~ (1t!i1 (" LDA V1,~ 

47 ~, 1 f'\;' 4 (~2'M" 1 U~A , , 1 , ~ 
48 11 , "3 ~ 101f1d14 ~U8tt "'.1 ,SZR 
49 fJl1!5~1'i r,~filfll 152 FHALT 
~Ci'I 

"it J'f'i~7 17';4F1 R74: SllB ~,3,Sl<P 'THE ·J5R I ~l 5 T RUe T ION SHOU\.D 
52 !q (;4~~ (lIf}l4 4i·\ 1 JS'" • + 1 'NOT BE F.XECIITEO 8ECAUSE 
~3 ,1' "41 17~iI!~4 MCIV ~,3,SZ~ : (IR"'+SKTP' SHOULD PPeVENT 
~4 ;A11'i-i~ V1()!f;'~2 FHAL.T ,THE l')F.cnnE OF-' r,JMP+.JSR) rF+f)~ • 



" ~\A?o • MAP,I 
011 
Q"~ :~ ~ /I; 43 "'2("~'~tlI ~75: LOA 01,01 ,THE 13Z I~STRUCTrON SHOUL.D 
"':5 Vl1f1;44 t A U~\I'! 1 MOV (:II,tlI,SI<P 'NOT bE F)/ECUTED. CH~CI< 
t'l4 v,. 64!11 ~1V''''~~ lS7 PI fIR nEe a 1')1 N G. 

"'5 CI! 115 11/1; P2401V'0I LOA , , (:II 
(JI6 tH 1547 lP.6414 ~uB*, 0,1,SZR 
1'17 (lIlt1~". C'lCII61"2 EHALT 
~~ 

("9 :11651 "~"H~VlCI! R7f1i: LOA CII,O! 'THE 5TA IN5TIHICTlnN SHOUL.D 
\:.1 ~'6!"i2 12~;r~VI' ADC 1",SICP 'NOT bE ASSERTED. CHe:CK JR 
11 r~ 1 "!Ii:3 1Jl44l'AVlOl STA 1 , O! , DEc('H) I t-IG. 
, < n'''~i1 1A24t'1CAOI LOA , , (JI 

13 I'll fIi~~ 1(11,.,4141 SUA*, ~,1,S7.R 

141 ~1~"f'I CH~t-'62 FIoIALT 
15 
1~ l~'15~7 1012f}1l~1 R77: ADC rA,IiI,SI<P ,THE OIA INSTRUCTIt'lN SHOULD 
'7 ~~ 1 FI~1't c;Hi",,477 nIA Ii! , CPtl 'NOT HF F.XECIITEO. CHfCK TR 
1 8 "'1f!~1 1"'r~"14 r.n"'*, OI,fiI,S7.R ,OEcnDE. ,9 ,11M~~ ~!'I"'1fi2 r:HALT 
~1i1 

'1 1~1f15153 lr?!~"'~l ~78: ADC f'I,"',~I<P 'THE. LOA INSTRUCTION SHOtiLD 
?2 liJ 1 Alii 4 '" '- (1If,1 C'. CA LOA 01,01 'NOT BE F)(F.CIJTED. 
~3 Vlllii~1j 1 0I(:l('! 14 cn~*, 0I,(?I,S7R 
,4 [~l"RA '~tlI6 Hi2 FHALT 
'5 
'6 ~16Fl7 1~2"'\A~ H7~H ADC fiI,'" JTF.ST !l;TORE r N··;r~IJCT I ON, 
'-7 1:4~f\7~ f'I!,r;,~~fiI ~TA (11,01 

'-t3 ("1671 Ii,' 4 II'r,., "" I.DA 1 , VI 
~Q t.' , ,,7, 125~15 MOVH 1,1,SN~ 
~~ 1111673 iHH,' f;~ E:~ALT 
~1 

~? 'iq "74 1iI'~1:?4 A8~: LOA PI,~, rSTA fAIl En • CHECK INPuT 
33 t1J1~75 f?\4~0I17101 ~TA A,'" ,TO MUlT3 F~nM ACD3. 
~4 ~1676 (II, 4 r"", P. LOA \ , "" HUT PICJ<ED liP. 
35 \ii'~7" P?4 fi1 t5 COM., 1,t,SN~ 
Jt§ ,,, 1 7 01 Pi 0!~"'6' EHALT 
J7 
J(i ~'''''1 (lI2r~125 RRt: LOA "',M3 'STA fAILED. C 104 F.. CK INPUT 
~9 ~'t7r1!2 ~l4i~f'lI(;tC'l STA C'!,ri! 'Tn MULT' FRnM AC{'I2. 
4)) 1111703 ti1'-4l"!1J'(:II tOA 1 , OJ HilT PICKeD liP. 
41 111171114 1'4"'15 COM .. 1.1.5NR 
4~ [il 17~5 1fi~f"t;2 fo:HALT 
43 
64 I" , ., rJ,,. 1712V'126 R82: LOA OI,M5 '5TA FAlLEn, CHECK HIPlIT 
45 ~'7(1,7 li'I4~"'~"" ~TA 01,'" 'TO MULTi FRnM ACDt. 
46 CH 71 ~ ~::?4P1Cii'" L['\A 1 , "" 
47 c;, 1 71 1 1~4""~ r.OMH 1,1.SNR 
48 fH 71 ~ '''0I~'62 EHALT 
49 
!5t:J1 l'JI\713 ~~~127 883: LOA 01,"19 'STA FAII.f:O. CHE!':K INPIIT 
'st 111714 04PtHH'" STA t'I,Ci! 'TO MLJLT~ FRnM Ar:D"". 
~2 f?\ t 71. ~ :""4"'0'" LOA 1 , O! HIIT Plrl(E,1'l 111='. 
'53 1'11716 1'-4t'1!5 CO~., 1,\,SNR 
54 'At717 17Il'If'i16' EIotALT 



"""",,-=-.-.--.. -~,,-~ ...... ,~ ... -.-. • ""' ~~~~.c_~." .. ", 

" ~o1'~ • t·l A I ~I 

"'1 
!~12 r~'7::>VI 0I~1iI!3~ AA4: LOA (i'I,lq 'STA FAIL-ED. CHECK I f\IPUT 
IJ! .~ ,~1"21 V14r1tHi\1i'! 5TA (i'I,(,l! 'TO ~UtT~ FRr"IM ACD3. 
~4 'Ji ' 7 ') '; I~ 2'" ('JIr.~'" LOA , , t" 

"'~ l~17?3 1'!I\(i'lIi!!\ MOV 1,1,SNP nHT DRIjPEO. 
t')I~ V'17'-4 p.r1061fl2 EHALT 
;A7 
,~~ ~'7'!'i r~~(i111l~ R85: LOA ~,1(2 'STA FAIlf.D • CHFCI< INPUT 
",Q '1,7,,)F 04C·1(i'1IJjQ\ 5TA !!I,!?! ITQ MlJLT' Fl(n"" ACD'. 
t~ :~'7"7 f124r;-r>\CJI LOA 1 , Ii'! J!"IT OR(1PPEO. 
t 1 111 ., 31Ji 1'SfAVl5 MOV 1,1,5f\IP 
1 2 f~ 1 7 ~ t (.1 r;,,., t b2 fHALT 
13 
, 4 ~~17;'2 r~ ") III 1 4 1 ABo: LDA 111,1<4 'STA FAIlE.n. CHf.CK INPUT 
10 ,~"33 rn 4 ~~ I'll ~1 ~ ~TA ",Ii'! 'Tn MULTI FRnM A~nl. 
1 6 (~":3 4 [!l ~ t1(~ ~~ 01 t ['l A t , '" :HIT DROPFD. 
17 ~, , ., 3 ~ 1 '- S~ (,15 ~OV ,,1,SN~ 

t 8 "173f- (1'1'11 fi t l'i ~ ~HALT 

t~ 

2"" ~,~ , ".37 ,~ :;> (,\ 1 42 HB7: LOA LA,K1" ,STA f-AIU.D. CHErK INPUT 
~ 1 ,~174r~ c>4 III n VI ~ ~TA ~,('I! 'TD MUL.TO! FPI1M ACDOI. 
?~ rq 741 1'i1'4fJ!vH/! lD A 1 , 1/1 
:;, ,~ ,~1Jt1' , 2!'i t· r~ 5 "1r'lV t,1,~NR 

"04 ~ 1 7 I.\;~ ':~(.I1h1Fi:? f':~AL T 
,~ 

?I'i q 7404 r2('14/1; A8A: ua (/\,1<167:351'i nEST 5TA. 
'7 117.1' r~ dii1WMA "TA VI,OI 
?~ vl 1 7 <1 ,., l/I?d~M" I IiA l , '" 
'? ;~ ,~ , 7·" 7 ,,'" ~ 41.:3 SUH~ ~,t,SZR , ..... ,~ 17 ... r:< ""(~t:'t6~ H~AL T 
:;1 
,'2 II' 1 7'" 1 ""'Lil47 R8el: LnA t',K15F.i7;35 'TEST ~TA. 
~.j C"i 7~~ I" A f~ '" ill '" !;TA ~,I/I 

~tl '.11 7 "'i 3 L?24C'1I~fA Lr, A , , Ii1 

'Iii "17"04 1 C~,., d 1 4 5UfHt "'",,51R 
~,., ,., 17""!Ii r.~~~1f;' FMALT 
:U 
~8 •• 1 ., "i F, I~;:I " , ~ (:II 89r.Q LDA CII,!(1~5n7~' 'TF'ST 5TA. 
'Q i." 7 ~ 7 v'd~~C'I~ STA "',III 
4vl 'I' 1 7 ~(t\ (II' 1.\ ~ Ii' rll L()A t , 01 

41 " , 7 F- 1 t c",., 4 1 tlI "URti 0,1,57R 

42 '11 7"'',) ~'V'I '" 1 "':2 FHALT 

4' 
~4 ,~ 1 7 I"i:.'l vl~(J,151 f:Hl1 : LI"A ~,ItVl73567 r n:ST C;TA. 
At! ·\t7~<1 e'J 4 (.~ I~ 01 ~ ~TA ~.OI 

1~ ~, 7 ~~ !"II, 40'-7.(':1 I I) A t , '" 
41 ~ 1 7 If,;, F t'l\~414 ~ Ii R;; ~".SZR 
4"1 ,.' 1 7':;' 7 ~C"'i'~2 FHALT 



A ~'"I!?7 .,., A I~! 
1'1 t 
012 ·1'1 ~ 77V'! ~'0I'5' 892: LOA ~,1(0I1p'421 'TEST STA FfELATIVE Tn PC. 
~J t-11771 1!l!l£.'1c,,1 HOV ('!,~,~f(P 

~4 (1'77'2 Vl"'Vl"'~P, '" "'~ ~'77~ (J.4~i777 STA "', .-1 
"16 (q774 ~'4776 LOA 1,.-' 
~., "1\ 77~ 1N,414 SUR~ Old .SZ~ 
~e 

"" ., 7" (II~6'6~ EHALT 
019 
101 v",777 0~415~ Rg:3: LOA ',1(~~1r;,42 
t 1 "I'~(~f7I lfAll"1~l MOV OI,OI,lH(P 
12 r~'~'" 1 01"'01"'&101 01 
13 :1" ~ ''I? rJ.44777 STA , , • - 1 
14 vl2~(}13 (1~"'77~ LDA 2,.-' 
15 ,;:1,'" Iii 4 14b414 SUB;, 2.1,5ZR 
1~ ~~,,'" III!" [Ilrllfl\'b~ F.I-IALT 
17 
18 ~,,,,I'III; 1'il31i1t54 H94: LOA 2,1("'421014 nEST STA RELATIVE Tn PC. 
lY '1~r"'1'17 , c~ 1 I'll ~1 t MOV OI,rII,SIotP 
2~ !~2r, 1 r~ f'I,~(I'r.Wt'l 01 

" i'I'1i'1t rit-;(1.7'., STA " .-1 
,~ \~'(i'\ " (II~471~ LDA ~, .. , 
,~ ~~'i)l\3 ,5~4'o4 ~U~. <',3.SIR 
"4 '~211)14 rH)l1'!1~2 FHALT 
,~ 

,~ ~'1"lI1f, 1(J.:?4~Pt RQ"A: SU~ "',01 'STA SHL'IIL 0 N('lT CHHlGf. 
~7 (·~'O!tfl 04 r·H'\ (A 01 STA PI,'" ,r.n~ITfNT5 OF Ar.",. 
~" ~"""1' 1(113"'14 Aon. "',!i'I,S7R 
~Q ()I ,,,. 2 iii OI(J.fI',r;:? F~ALT 

'CJI 
31 :"'~" 1I13041~5 Rq!5: I DA 3,1<101421'" 'TEST STA TNST~lIr.TTON. 
~2 ~~'OI'~ 11!')"'~1 '"'OV ~,3,~IoCP 

:'3 ~'rA'3 1i'I(7I~"'~l" '" '4 1,12""4 ~!54777 ST' ~, .-1 
'5 OI~VI'!5 !"I~(i\776 LDA ',.-' 3@i ;112~28 15~.414 SUA. 2,3,SZ~ 
~7 ~'f"'2' r~(.'Il5t62 E"IotALT 
~8 

~9 ~'1i'I3rA ""[7I15~ 89R: Ll'A V',I< 1 t'l421'" JTt::ST ~TA I~~TR\lCTJON 
4~ 1A'':'I3t t7~"""'1' AOC 3,3 , 1~I[.lE)(ED ON AC3. 
41 r.1'~~2 014104011 STA ". , 1 , 3 

'2 ~'~33 r~'4"'~~ LOA 1 , PI 
43 !i\'~~4 ''''6414 SUBN Old ,$7~ 
.44 "2~3~ (?I!~filf;2 FHALT 
4~ 

46 :'lI'fi1~f'i 1"'2411:.\ ~Q7: SUA P,V1I,~IoCP ,MISe ~TA TE"T OF 
47 ~'~3' 1'777' -1 ,ALL ZEROS. 
4R ~'~41'l'1 1'104t-177' ~TA PI, .-1 
4g "'2A41 Pl2477~ LOA 1, .-2 
15~ ~''''4? l'5P~4 MOV 1,1,~ZR 
'51 ~,P43 ~"'fI;lf12 F.IotALT 
~2 
'53 ':"'CII44 1"'~31111 89A: Aoes ~,,,,,SI<P ,MISe: ~TA TE~T OF 
'54 1112f.1145 0I1II(A"'~01 01 rALL. ONES. 
55 ~2"'4t; Pl4077., ~TA "', .-1 
56 "",47 111'477'; LOA ".-2 
157 ","'''i0l '24('114 COM. lr1,SlR 
~8 "'2051 0I",fljlb2 e ... ALT 



A CIIiH'8 .MAP.I 
~l 

~2 "~~~:i? 1"'2'~tI' CillO!: SUB 91,'" JSTCIRE ZF.ROS IN LOCATION 
"';' J!2~~~ 0I4',,(}IPrA STA (fI,1i'! 'lERn. AFTER A lSZ INSTRIICTInN 
"'4 !'! :;H" '5.4 III 1 ",liIiAl?' lSZ '" ,ecCII' SHOllLD EQUAL (+U NOT (+(/1) • 
1II!'5 (J!~"'~!i Ii'IVlI~4'" 1 JMP • + t 'CHEr.I< AI)O Ot<JE L.(,GYC AT 
~6 r.,2~~t:i "'2~"'Vlt;I LDA "',I'll JISZ EXECUTE TII"'E. 
~1 .,,'v\!57 1~1~(II~ MOV "',~,5r..;R 
~A 1'I!'f/lfj~ r,;,1i'I6t62 E"IoIAL T 
1'19 
t:}\ i"'~" 1 'fJI'.ct(}l~ COlt: SUR PI,'" 'LoeATION ZERO I~ SET TO 
t 1 (I1't~'" (}I4r·w~!'I STA 01,01 '.1'.11, TJooIEN INI';REMENTfn. ACt 
12 (A'\A6j til 1 '.1 Q\ VI 01 lSI 01 lIS MAnE (+U ANn COMPAREO 
,;3 ~,r,~~4 ~('lIP1401' JMP .+1 ,WITH lOC A AFTE~ TIoIE 
t 4 ~'GJ."~ 1?~~20 SURZl 1 , , rl'lCQEMENT. CIoIECI( T51 
,1:) L, 2 (H~ ti 1112 (A 01 ~A!'I lnA 01,£'1 'INSTRUCTION. 
1 ('; ~~'QI"'7 'V'fil414 ~UR. liI.l.SZ~ 
11 ~';)J7p [JIt'.Hq ~2 FIoIALT 
t t.t 
1 9 1,,''''71 1 i":? Ii'! ~ '" COl~: ADC 01,01 JlnCATtnl',j ZEQo l~ SE"T TO C -1' , " ,., ",'("72 ~4('l1Q\[JIQI ~TA OI,rA fTIoIEN INCHE'MF,NTEn TO ZERO. 
'1 !.iI'0I7~ (}I1t7!Ii'I~r ISZ PI rCIoIECK THF 152 INSTRtJCTION ,? (lI'~74 r"rAfA41I.A\ J~P .+1 ,AlHI..ITY Tn INCREMENT. 
~3 '~2:'!75 !il2L~fl\I?VI 1.0 A ~.OI 
'-4 ;"'!i!7" l('l1'~'~4 MOV ~,(II,5ZR 

~~ ~"~1iI7 7 (JiI7lFi 162 EIoIALT 
?fIt ,7 '-1 ~ t 011' t "?C'2!i'1 C1i'!3: ADC? 2.~ JISZ SHOllLD NOT C H At-J r. e. 
'8 '-1' 1 t· 1 li'I!"r'HW~ ~TA 2,01 'THe:: ACS' OR STAET OF 
'9 v~'ll~~ ()l~C'I~'" ISZ VI ,THE CARRY FLOP, 
~i,1 iA21tA3 V'lPI~4("1 J~p .+1 
31 vI?1PA 1~["!~1~ C. r)t·~_ 2,2,~NR 
'2 ,..,~ 1 (,II!'! 1"'HW2 ~('lV ~,O!,SZC 

33 1~21 IJlFi "'C'lt'il(;~ HIAL T 
~A 

3~ fi1'1~7 i"I':ij' 56 C1iII4: LOA V'I,J(1'~4 rINCREMEIII'f OF THE NUM~ER 

36 "~21101 0I401011?tO! ~TA PI,O! '0234' CAIISEO 157. TO SKIP. 
37 1A21tt QJ1~"~0I I~Z (}! ,r.:HEr:K FnR P~()PER Sl-itFT ClF 
3~ '''2112 101 1171 Vll M(1V P,O!,~kP ,"'BC HEGt5TER VIA EFA,ETC. 
~9 ,-I't 1 ~ 0!"Ifi16? FIoI6LT 
4 iii 
.41 ~21t4 VI:?(~'56 C11,5: LOA 0I,l(t~34 :SEF PREVInus TE~T, 
42 VI?lt!ll !i'I 4 ~ ("'""" ~TA (lI,O! 
43 ""1''; 1~'!520! SUAZL 2,2 
44 11,'117 ~11377 IS7 -1 .2 
45 (121' 01 101 1",,911 MOV OI,(}I,~KP 

4(15 l~' l' 1 ~OIf'it62 EHALT 
47 
48 Vl~n'2 '"2''' t 56 CrII6: LOA P,i<1'34 , SEf- PREVIOUS TEST. 
4Q r~, 1,3 V'4V11'11~0I ~TA ~,t'! 

!llQI ("~1 '4 t~?Pl4V1 AnCo 2,2 
51 ""1'5 ~11 1 ~ [II t ISZ 1 , ? 
52 f~'1'15 1011~01 MOV CI!,VI,~I(P 

!S3 r~, 1 '27 IJIf~"t6' F~ALT 



" (~'\~Q • ~ A t ~J 

r.'Il 

"2 r~" 1 ~p Ii! ~ l~ 1 ~" C~7: LnA ~,lq'3ci 'SEE PREVIOUS TEST. " ., ,~, t ,~ 1 ~A4I'lj!?lr;.", ~TA 1'1,01 
~4 I~' 1,~? 1""52(1, Sl!AlL 2,1' 
"'Ii) " 133 ta;1~4(l1 MOVO 2,2 
(it 6 ~"1~4 ri111377 ISZ ., ,2 
~7 ~l" 3 ~ l(l1tO!11 M(iVH t"I,Ii',SI<P 
~., r~, 1 :3 t'I ~~f'ilt5' fHALT 
~9 

t~ ''''t J7 , ""?21}1 CCilB: ADCZR iii,'" r I NCIH ME-NT OF THE t.JUMBER 
, 1 1.1' 1 A'" (" 4 ~~ PI II P ~TA (lI,t" '77777 SIo4QULO PRl"IDHCF.: THE 
t 2 "1' 14 1 (~, ~H)\ ~ I'JI TSl 01 , NuMfH:~ 10101(11"11',11 A~JO TIolE 
, 3 r·\" 4::> 1 fl\ 1 '" ~1 1 ~("lV C'I,!?I,SKP rr 52 I~5TRIICTrt")N SI-IOIII..D NOT 
, 4 (" 1 4:5 "'(}~,~:? FHALT 'SKIP, 

l' "5 ",44 t~~"'lH;I rlil Q : A('le VI,r! IJNCQt:MENT OF THE NUMt:lER (.1) 
t7 112 t ~!"\ rA4i"r~0\()I ~TA l'JI,f'II 'SI-10ULD PROOI)CE (+t'I) AND A SKIP. 
t k 11'146 ill 1 rw~V' IS7 ", 'TEST TIo4F nR GATF TO THE. SET 
, 'I r1~147 (IIV'616' FHALT ,SIDE nF (TE~T SItJP) FLOP. 
,~ 

~1 ,'" 1 Sp. 1i'l1?r~l~ 1 r 1[1'= ADC o\,(i\,~I<P .rlofE::CK AAILITY TO TNI':RF.MENT 
'2 ~1' 151 '" rA (A PI (lI ClI '" ,(IS1) f.,lF.LATlvE TO PC. 
,.~ ,~, 1~:" :~tJv.777 ~TA ~1I, .-1 
"4 l~' , ~ 3 t"tt·~77~ TSZ .-2 
,~ ~1'1C;4 (11 i~ b 1" 2 EHAl.T Jl!; Z SI-10llLD SKtP ••• 
2n 
"7 ", 1 ,,~ t"':;l~2" r 11 : .StIA 7 R "',~ JIF TI-4F.: LnA TNSTRUCTION 
.,~ ~'1"F rlIl1[~VlII'~ ~TA VI,t'iI PolANG5. THE SKIP FLOP FAtLFD 
"9 1l,,'!'l7 1'" 1 £;\(,"1 MOV ?!,Ii'I,SkP ,TO INI-1IAIT nEFE~, (.Io!ECK 
~,II :1' 1 ~ ~ :J'::>~~~OI LOA i'll,'''' 'AND GATF rE:FA,IR5.Sl<lP) 
~1 rTO THF. r:lEFE.R LOr-IC. 
"2 
:q vl'1.n1 ~2v1r.a2111 Cl?: LnA "','fA ,OF.FER SHOIIL.O NOT ~ET 
~4 -1'1~~ , t:' " VI vi 1 Mnv 1?I,~,5KP lIN TH!S TE~T, BFCAUSE:. 
~"i '1'11'\3 rq f; VI 2(71 LDA 3,'2'" , ~"q P IS SET. ~~F P~F.VIOUS 
~6 ~"tI'\4 ""'4~201 LOA ,,2~ nEST. 
'H ' . ." 1 ~~ 1",f'l414 SUR .. P,1,SZR 
3M ,1' 1 fi n OI~,,'n? FHALT 
'9 
4'A '1" t III, 7 1fi'1?4"'''' Cl~: SIIH ~,,,, 'DECRt:MfNT C v r A nsz, LClCATtON 
4t ''-PC" i.~ 4 fll "'V'lfl\ 1;TA C" , ill 'ZF::Rr'I FROM +01 TO -1. NO 
4:e? ~~? 1 7 1 V', 1 o/Hh~ Pl 1)51 (it ,nFCRE."'E.NT ()r.CIJ~Fn. CHECK 
43 r-'2112 'ilP [14 [~1 .TMP • + t ,OR t;ATE GENFRATINr: sq, • THE 
44 r~? 1 ,. ~ v1 2 v' c~ vlr11 LDA f:I!,~ r (OSZ, f. TSt'll INPIIT. 
4') ,,'~ 174 1~1t'[~5 MOV rJI,~,SNP 

46 L"~ 17~ fiH;'61f'i2 EHALT 
47 
48 n~176 1 ~?4£iHlI C14: SlIR ~,~ JSE.E PREVlnLJ~ TE~T. 
49 (~~ 177 r,~J1~!?II;i~ 5TA Cil,O! 
!5~ ~~'201~ c~ 1 4C'0Ci1 nS? '" ~1 (J)22"'t W""'41~ ! JMP • + 1 

1Ii'- ~':?IiI~ f7'[Jlr~lA~ LOA ~,'" 
53 tl22i'l13 1 (lI .1[')1 14 COM;; ~,~,S1R 

54 ~22r~4 f?lV1f'\\52 EHALT 



... V1 ~;,; A • (."11 n·j 
:q 
'112 '??fA~ 1 I'l! 2~1"1 r t ~: Anc ('l\,OI,Sf(P 'TF.:~T "US7" "EC~F.MENT 

'" ,S \?~GI~ ~'''r1p,IiJ£iI !II n 77177 Tn 11771". 
." 4 fA,;? !,'1 r.~ Ii. \~ 771 !oiTA 01, ._, 

'.,~ d:?'?tV' ~'4716 OS? .-2 
I'll!; I?? 1 1 (1? 4 77 !!I LOA , , •• J 
~7 .JI'212 '2'1~14 AOC • 1,~,SlR 
~R vl?21~~ r,'~lil"2 FI-1ALT 
~~ 

" ',~ '~?7141 11i'!?!'21 C H;: !,U~ZL IiI,CJI,SI<P rnF.CRf"'1ENT +, T('1 +1:11. 
1 1 ~?:>1'" i' ~ i,\ ~1 l·1 ~ V' ;CHlCK Tn I~SI.lI>(I:: SKIP , , ~,:>,,.. 04~~771 ~TA '" , • • 1 ,ncr:II,",F~ ('1N nsz. 
t .~ ·,"211 r~ld17'" i'I~'7 .... ? 
, .4 \1'2~f"! 'HHi 162 ~~ALT 

t ~ 
Pi "2' 1 1 ') f, d (1~" rp: ~! j-l i , 1 , ~, A ~ J~j.( FU'P FAJu:r 
1 ., ;,1?:>~' /I(II44Vl1 JSQ •• t JTO ~t.T VrA .,J SQ. , ~ "1'2':~ 1 ~~t"'Yl4 ~'1r1 V 1,1,!HR 
t ~ ",'?111 C~r'II'" 1 tl2 F~ALT ., ,~ 

? 1 ~";t,~ i~ r" 4 ,h~' r'~,,: JSFt .+2 r .J 5 F< r A It. T(1 CHHl(,E PC. 
.,~ 'l'?'~ r.1 QI /'i 1 (0, 2 EHALT ,rH!:.I':K HJn/n~ GAT£: CTMP+JSQ' , ,~ JA1 TS~ TO p~Onllr.1:: (PC tNAS) 
"4 II J.:,vfL. 
:?~ 
.,~ ,~') '), 7 \7"4[11'" r. ~ 1: c; II ~ ~,~ rJ~R f-AILED Tn STORE TN AC~. 
;>1 \,~~" V1i".'44v\1 .rSf.' · . , 'PAr.I( FLOP F4ILEI) To SfT V! A 

'ii ,\';,.1 ~ 1 17;~r7,!i "'OV :'1, ~, S~· p r (JSR.FFA) LFVf:L. ,0 ,~!) 2 ~, ',1~Fi16' FHALi 
3l~ 

~1 ~'2:'~ (,\(J\ ~.4,~, C2': JS~ .. , r THE:: J~~ INSTPiLJr.Tl('1~ STORt['l 

" 'H)~~.t1 (.HII?',~ 5 . .. \ 'THE t-FFFCTIVF: AnnRf'SS N"'T 
'3 0"'235 ~1 ')r.: 7 71 L r' A P, • -, rrHE: l1L('I PRnr.RAM C"U~TER. 
,'4 ,~':nh 11h.t11~ ~! I~~ (?I,~~,~NR JeHt'Cit JSR.F.FA INPUT 
,~ li2(.l,H r"r,;.; 1 "') f H A I. T 'Tn SHIFT ACA LE.VfL. PH:. 
V, 'SHTF'T wAS NnT 1NloIltiITED. 
u 
~~ d i"2~~' r'! (~ 11 .t1 rll 1 r:?~: ., c; .., 

• +! '~IT v OF TMF pl-'nGRAM 

'''' ,~'?41. 17:>112 M (1 V L ti -',:.'I,SZe rr()IINTF~ S~""'Ln ~JE v E R FH.:. 
di'" ';'2 4 ,) CII'~h' M? EI-!ALT ,SFT ••• 
4\ 

4' ,~'),4~ (iI(Att401') C24: .TS~ , +2 ,CHt:CK TO !NSURf: PC IS 
-SJ ~??44 ~'1iI2'44 • 'STOREI) P~OPFRLY (V I A JSR) 
44 '''~24~ W) ~j 171 I. QA '" , . -, JT'" AC3. 
45 .A' 2 4~ "fi.t114 C;UHtt r?,3,SZ~ 

4~ Q,?47 V'1~"1f,:? FHALT 
41 
-11'; :~ ~ ~ ~r ~flI44~1 C2!'5: JS~ • + I 'UlAn AC:"t wITH PP(1r.~AM 

4Q }"-;1 177'4~ ADl')ljw ~,~ ,cnUNTFR, THH! Sr:T T IoIt SIGN AIT, 
iii r, ""t;~ (lI'''~4ti\2 JSw ',~ 'lnAn PC F~nM AC:"t RUT 
'5t '~,)'''.3 P"'l~ ~C'VUI ~,3,Slr: JCIolEr:~ Tn INSURE SIG'J BIT IS 
'52 ·1 '2~4 (lI(~ ~ t f'i' r;:HALT J ~. n T LnAI')E:D. 



A :~ ;~ ~ , • M A I N 

~1 ~?2~~ '~24~~ C26: 
~ '- . \4' , !Ii fi 1 7 r-i 4 ~ ~ 
Ii1 3 I~ , '- ~ 7 VI PI (ll 4 (.11 
1114 ii ~,~ f.'! t!'i 7 ~ 1 .i 
'" 5 ,12 ~"1 '" '" 6 1 6 2 
~6 
~7 

~8 ~'~~2 0~~.i~~ C27: 
"19 ~'211i3 V1l'J1fOilFi2 
t~ 

l' '~i' 2'" 4 
, ? 
1 ,~ 

It,,~,,~ 

,., '-2 "'t'J 
14 \~'2~7 

t 5 11' 2 7 0' 
';\~27 1 

, (.It 21'!1 ." t'I 
114 ~(III,A{l\ 

't'!2,d~'" 
Vi4 l" 3 71 
-'~23"7 
0~'~377 16 

17 r·,,72 tr.:ll'J1:,1,d 
, ~ l1"7~ rH-r;,~' 

19 
'I}) 
'1 
'2 
?3 

111'214 
''''27-; 
Q,?7F1 
'1'217 

~ 4 l~';' r~ [;I 

'5 i12,3v;1 

'6 
27 
~8 

'-9 

nA!"I~(~C'; 

(~'-2r~~V1 

~2~~n(ll 

''''1~?!4 

1~ ~'~~2 ~3~'57 C3~: 
31 (A23~'3 ~~2~(I1t1i~ 

'2 ·",31;'14 ~'3"'~~ 
~3 ·1I'3'''~ Vl21"~(A 
34 v"~liIe 1(:'''414 
~ 5 \~ , ~ flI 7 rHJI ~ 1 6 ~ 

36 
.'31 
, ~ ~ , 3 , t" 1 "':; 4 I~ VI C 3 1 : 
:3 9 t~ , 3 ~ 1 f)\ 4 {)I , 2 ('I 
4 ~ ,~, 3 t, til 2:;>,,01 
41 023t3 ~'~22(.?1 
4~ )12314 ,?lIPI:'!4 

43 ~2~15 Iill'll"t"" 
44 
45 ~'310 2~24~'" L31A: 
46 "'2317 1i'14C412!'1 
47 ~,3't" (~22 12('11 

4~ ,,~'J" ~''''''Q1 
49 n'32' F11 ('A (I: 4 
~I~ ~23'3 ",01 Ii; 1 "2 
51 
'52 
~3 A2~',d 1~24~' C3,: 
~4 1A'32!5 V'41'.l11716C'1 
II§~ '~~3'f, v1'-2~nr:A 

~6 ~~~3'7 ~2(Jt(A§~ 

~7 lll'33()1 1 ~ 1 "'!?I 41 
~~ OI?:n 1 [.,"'" 1"2 

SUB ?,' 
~UB 3,3 
Jt04P .... t 
AOO~ 2,3,5l~ 

EMALT 

JMP .+2 
EHALT 

ADC 01,01 
~TA OI,t'I 

SUR "','" 
~TA £iI,377 
L.OA CII,'377 
I_OA r:A,~77 

HOV "',~,~Z~ 

EHALT 

~llR f'lt, L7I 
~TA CA,C'
LOA ~,_0 

I. D A ~, C'I 
HOV 1'A,1'A,~2R 

FIo4AL T 

LDA '-,1(4~~ 

LDA 1,ri'I" 
LOA 0I,~1fl,2 

LOA 01,01,2 
~IIR., v.,1,5lR 
E:I-1ALT 

SU~ OI,P 
STA P,22~ 

L I.l A 0\, ~ 2 , t~ 

LOA 1i'I,?2C'! 
Mnv ('lI,OI,~Z~ 

F.Io4ALT 

SuR "',Ii'! 
~TA P,121'1 
I.DA 0I,1I1'CA 
LDA !.'I,12('J1 
Mnv l'I,?!,~Z~ 

FMAL.T 

~UB PI,O! 
~TA I'I,I;I?I 

LOA 0I,~6'" 
LDA C'I,fIlV1 
Mnv OI,OI,~ZR 

"'-1'4 AI. T 

'T"iE, JMP IIIJSTRIICTynN STOREn 
,TM£- PROGFHM cout-JTER IN T"iE 
'ACS. PERHAP~ TMF. (JSR.EFA) LEVEL 
'WAS A~SERTEn. CMECK AND 
'GATE CF.:FA, (.JMP+.fSR), IR4, 
.THE IR4 INPUT. 

rJMp FAILED? 

'5~T LOC 317 TO lERO~ 
'INnI~ECT SHnUI.D NnT DECREMENT 
'THIS REGIST~R. ~y~C SCOPE ON 
JOEFFR, Lonp FLOP SMOltLO NOT 
rSET. CHECK ANO GATE (DEFER, 
IAnUER TEST,PTG2.Lorp). 
HAU!~ AIITn nfCREME~T OCCUREO, 

'LOCATIO~ 01 TS NOT A AUTn 
'INDFX REGISTER ANn THUS 
'SIotOIILO NOT INCI(EMEf\IT OURlt-1G 
'TME 0EFFR CVCLF. EXCLUSIVE OR 
,GATE (PTG-l.TS0.MACt5, IN T~~ 
'AnDER TEST LOGIC FArLEO~ 
'SVNr. ~cnpF. O~ OEFfR, THE 
'ZERO !iiAVE FLOP ~HOlllD SET 
'ON CLnCK PULSE AFTeR rpTG.1.T~~'. 

'LOCATIn N 4~!'II ts Nnr A MITrI 
'INCQEMfNT RF.GI5TE~, yET A 
'JNUTRECT REFFERANCE CHANGFO IT. 
'EXCLUSIVE OR GATE CPTG.'.T5~,MA(15) 
'IN THF ADnER TEST LOGIC FAILED. 
'SYNC scnp~ nN DfFE~, T~E ZERO 
'SAVE FLnp ~Hn!JL"'\ !-lET. 

'LOCATION ~2~ IS NOT A 
'AIITn INI')EX ~Er;I~TER. 

'CH~CK OR GAT~ (~AC1~,PTr,2', 
, It-IPIIT Tn ZERO SAVE FLnp 
'IN AUdE~ TtST LOGIC. 

'LOCATTON 12~ IS NOT A 
'AUTn tNOEX ~Er;ISTER. CHECK 
,nR GATE (MAC13. MAr14,ETr.,ETC) 
'IN T~E ADDER TEST LnGIC. 
'THE:, "'.C13 INPUT SIoIOIJLD SET 
, THE ZERO SAvE FLnp. SYNC 
'ON nf:FER. 

'LOCATInN 6~ l~ NOT. 
,AUTO INCREMENT ~EGI~TER. C"ECK 
'OR GATE (MACt3. MAC14,ETC,ETC) 
'IN THE ADI')ER TEST LnGIC. 
'THe, MACt4 INPUT 5HDI1LO ~f::.T 

'THE ZERO SAVE FLOP. 



.. ~.~ ~? • '" t, T ~i 
~ 1 

t,:11 ~ f",~ ~, ~~?' 4 ii' 2 C33: LDA QI,fJ.+2 , A UH INS T R IJ C T I MJ \IIITI-! 
1-1., ~ :;>3:~~ t lI! 1 f~ 1 t ~OV. Ii'!,r,-"SKP , A INDIRECT BIT LOADED 
.;, 11 .\ ~ ~ 3.d 1/!V!:?~34 • JTHE ~IPONG DATA. CI-!ECK THE 
"") .~?J 3~ [II'')lJ777 UH 1 , .-1 'It-JPIIT Tn THF. MA REG1STER 
I~ ei .4~;33" 101fii4141 ~UR. ~.1,SZR .OIIRINr.. nEFI:.R CYCLE 
,~ '1 ~?~~7 GHl fi 162 FHALT 
,'" 
". Q 

,~?;'4~~ tr:?2dl.1? r.34: LDA 01,01.+2 IT HE. lI'.IDIRECT CYCLE nF THIS 
1 .~ ":'; <11 1~1~11 M ["lV.Ii P,DI,SKP 'I~STRllCTION wAS NOT EXEClJTtO. 
t I "'~A' (~(l!?~4J •• 1 'CHfC~ ANO GATE (EFA,IR5,SKIP) 
, ? 
.. - \;:')::3 4" f.~'24777 LOA 1 , • -1 'TO THE n SET L('IGIC. 
1 ,~ ;\;.>344 1VHi41 !Ii ~1I~f:t 0.1 ,SNR 
, 4 "1':34,, f'\1.~~1f'2 fHALT 
1 ~ 
1 I'~ .,1' .~i1'" rX?'i·l?·4 r::j5: LOA fi\,KJ77 'LOCATION 0.1 .Nf) AC~ ARE 
t 1 '\'~47 r~4rJ1rn~('I ~TA ('iI,fiI 1L0AOt:.D WITH (3771. AC3 
1 :":'i '!":~~r '1')~r'lP M(lVS CII,3 lIS LOAOEr> ~ITH r1'740"'). 
1 \~ ,t~j"'1 t? 1 40h,jV' I"SZ (/I 'THE [I~Z INSTRIICTION C~ANGE{) 

~I,~ ;,'!'3~' 17 VII?! (JI (ill r.OM 3,2 'T~E CO"JTEt-JTS nF AC;!I. 
"1 ~'3~3 1,,414 SllAi; ~,2,SZR 

";? "3!'1~ (,I ~~ "", ,., 2 F",ALT 
,.3 
?4 ,'~ ~~. , ,'1,.11 r~ PI r.31': ~IIA ~,~ , A REFFE~ANCF.: TO AUTO ,., 

'A'~"6 !r14("r~3V'! STA ~,311' 'DF.r.R~f04~"'IT Lt''JCATIOt-' 3111 
"0 I;?:'''' " ,(:1 I" ~~(7\ L.PA ~,311\ ,I<IITIoIOIIT THE INDIRECT 81T 
')1 ;"~~-;~' 1 1'1 1 C11A 4 H!'W ~ •• 01 , S Z R , DECRf:.Mf: NTE'O THl'. REGISTER. 
,~ 1? :",.q H~1'l162 FHALT 
':hJ 

~ll '?V';:i- 1 !"'?~I,A(iI r~7: AOC: 01,01 , A REFFERANCE TO AlJTn INC 

" 1 I"' .Vi 3 (II 4 rH" I' STA ~,2Q1 'REGISTE~ 2P wITH nUT OEFER 
;q "'Jt'4 Ii'?"[}!;'>'" LOA CfI,?()I '~IT SHOIJLD "JnT r.AIISE IT 
33 . ~? 3~ ~ 1 GV'l(il1 4 COM. pt,~,SZR rrn H'CRE~Er»T • 
14 '~':3 ~I'i {r.r..,~ 1 6~ EHALT 
:~ " 
., fl ',1'~"7 1 i";;> ~ ~(7\ r3~: SUM ~,PI , A JNLJIRFCT ~EFFfRU:Cf Tn 
:u :'!?:\' O! (114 (1\012 ('}t ~TA ~ , :? [J! JLnCAT tON 2(-\ SHOlILD CAUSF IT 
,~ ,:~?,H , (l'?2~2r?1 LDA A,~2~ fTO t ~CRr:YENT FRnM ... '" TO + 1 • 
~w :/"37;-> ~~.,rA~'(iI L [1 A CII,2t'1 '~VNC ON on F:R. CHfCI< LO('lP SET 
dt~ ~':S73 t ~, (i'I (~~ MOV CJI, "', ~"IR 'LEVEL VI. AND GATF (DEfER, 
-i 1 ,',"~ (7910162 EHALT J AOL)ER TE~T,PTG2.LnoP). Al..SO 
42 'CHECK Ano O~IE LOGIC VIA 

, 
':L3 '(OEFeR,MAC1',SAVE~. 
014 
-1,:,) '~'37tl 10\,4[1111\ r.39: ~lIH (:'1,(:'1 fLoCATlnN :iHl PERFORMFD A 
.if'! ,~'~7f1=i (~4C',~2~ ~TA 0I,2~ ,AUrO DE.CREMFIIIT NOT A HITO 
,17 ~'''J7' ,1"ril2(~ LOA 01,'201 , PICQf.MEt-IT. (';HECI( THE 

"" .? /.1',11 r~ ;' ~ f> r,~ ? ~~ LOA "',2~ 'MAC1~ SAvE FLOP. 
d 'f i'4v't\ 1171 j"; (1115 CC\"'1tt (I',0.5NR 
1Ij~ '1?4~~ v-~f;1(\' FHALT 



• !'I~33 • MA HI 
?l1 
~2'~'4~3 '~24~~ C4~: 
1'113 ;11241'14 f,i4t'1Cl';il7t 
"'4 !-1'4£11~ ~'~0!3~ 
~5 1-124171'; ~~'-41'}!3~ 

Ole IA,4017 t (HHA 15 
rIf 1 \1 , 4 \ Ii' ~ I7t (, 1 6 2 
1'118 
~y ~24t1 1~R4~~ C4"'AI 
1~ ~'4t' Vl4V1P2Cl1 
'1 '1 2 4 1 3 P , fIS PI 2171 
1 2 VI , 4 t 4 I~ , 4 '" 2 ()I 
13 :JI;?4t!'l l rA 6"'1 4 
14 i~,41'" VI"'tH6~ 
15 
1~ 
11 
\8 
tQ 
2~ 

2t 
22 

'J 

r.ll'4 t 7 
(')24,(;1 

liH) 4' 1 
VI,4'2 

01"'3 
r~242" 

\'.1~~'0 
~ 4 rn, 3 17.1 

~2fliOl~17' 

V'24f'~3~ 

l'~PlVl4 
~''''flil~2 

, 4 ~ '- 4 , '" r.' 4 r~ r.~ ~ til 

'5 l1'427 1(J!215'P 
'- 6 iii 2 4 3 (A (' 4 ~ n 2 CI 
21 ·,,4;5 t lil' 6 ~ 2 PI 
2 8 l" , 4 3 2 r '- 4 ~ , !{I 

,g (II'4~j t(ll6~14 

~ VI t., , 4 :5 4 (IIiJ. !'i 1 b ~ 

~1 
~2 ~'435 1~'4"'~ ~43: 
~3 f"'43~ ;114fJ1I112' 
34 ~'437 ~1,jI\0!22 

~5 ...,,440' ~'4()12'-

~6 V'I'441 1"FiOl1 4 
~, 1.1'4', 1?'t,"H51foi~ 
38 
~Q 

41')! ~'443 m341('0 C44: 
41 C'I'44.t (~~t4"'''' 

<S2 ~'44~ 1C'124111C'1 
43 1~'44b ~414~p, 

44 t'I,447 fJ\,,4ii1P1 
4~ "'4t;~ 1~10'~4 

46 rl!245t "l~li1e'1V!' 
41 \i1'4!5, C11234li11'! 
48 ''''4~3 ,"'14Ci'J0 
49 ·~2.i54 r.514111'" 
~~ !~'4!5~ '21i!,;'.!'! 
~l VI'4'S(II l()1f, 4 15 
1152 11'451 {~"'jIi;t6' 

SUR ClI,~ 
STA 1.71,301 
LOA 1,'3!?! 
LOA 1,3~ 
AOC*, 0,1,SNR 
E'HALT 

SUR 1i'I,'" 
~TA "',20 
LDA 1,'2'" 
LOA 1,2~ 
AOC*, ~,1,SZR 

EHALT 

SLJ~ZL 01,1.71 
5TA 0I,3~ 
LOA 1,~3P1 

LOA ,,31i! 
Hnv ~,l,SZR 
fHAI_ T 

SUA 0I,t'! 
~TA ~,'" 
~UBZR (lI,'" 
~TA 1fI,21i! 
LOA 1,-2CA 
LOA 1,20 
AoC*, ~.1,5ZR 

EHALT 

SUB ~,~ 
~TA ~,22 

LOA 1,-22 
LDA t,?2 
AOC~ P1,!,SlR 
EHALT 

LOA ~,Kl"'Vl2(J1 
L.OA 2,01,3 
SU~ 1i'I,0 
STA 1i'I,""~ 
LOA "',1'1,3 
MOV CA,t?!,SZR 
JMP CA5 
L['IA G",'tII,3 
LOA "',"',3 
~TA 2,O,3 
~lJRZL t,' 
SUR*, "',1,5NR 
r€HALT 

'AUTO DECREMENT LOCATION 
,~'" PERFnRMEO A AUTO INCREMENT. 
'THE MAC12 SAV~ FLOP 
,FAlLEr> TO SET. 

fLOCATION ,~ SHOUL" INCREMfNT 
'IN THE DEFER CYCLE FRnM (+~~ 
'TO (+1). CHF.CK ANO/OR GATf 
'(OEFF.R,MAC1? ~AVE' IN THE 
'ADO ONE LOGYC. 

'LOCATION 3~ SHOI1LO Of:.CRFMENT 
'FROM +1 Tn +~. CHEC~ FOR 
'A FAILURE Tn ASSERT 5'" VIA 
,(Of.~ER,MAC1'- SAvf1 nR ADD ONE 
'WA~ A~SERTEn FALSELY. 

,AUTn INOEV LOCATION 201 
'WAS NOT INDEXED wHEN SIGN 
nnT It/AS SET. 
'CHECK nR GATE (PTG2,MAC12' 
'IN THE ADDER TE~T LOGrC, 
'SYNC ON FIRST DEFER CYCLE, 

,AlITO INOEX LOCATION 22 
'WAS NOT INDEXED VIA INDIRECT 
'REFF~RANCE. CHECK AND GATE 
r(OEFER,PTG."'.TSP) IN THE 
,ZERn ~AVE,AnDER TEST LOGIC, 
'SYNC ON DEFEQ,7~~n SAVF. 
,FLOP SHnULO NOT 5El~ 

'PERFO~~ A INOtRfCT ~~FFERANCE 
'TO LOCATInN 1~V.~0. C.HEC~ 

.TO INSURE THAT IT DOE~ NOT 
'ACT AS A AUTO rNC~EMENT ~EGISTER. 

'IF NO MEMORY nONT 
'PERFORM THE TEST. 
'CHECK THE AND GATE PROOUCING 
,AODF.R TEST LEVEL. 
'THE ~nTTEM YNPUT ~HOULD NOT 
'8E TRUE. 



'" iiI ~ ~.4 • H A HI 
~1 

~2 .. 1? 4 iii ['I \ "'2 4!~(i! C45: SU~ "','" 'MISe ISZ TEST. 
"13 '1'461 I/. 4 fA Pl3 '" STA QI,3~ 

~4 'A?4f'52 ('!'V\~3'" T52 3~ 
OI~ i'\'4~3 '" ill ~14 Vl1 JMP .+1 
"II; ,1' AIIi.4 V"?4rA3'" LOA 1,3~ 
(,17 1!124~5 1Q16~14 AOC. ~,1,SZF< 
~M ·A' 411i~ (~0I1;1fi2 EHALT 
'HiJ 
t ',j ,~? 4 Fi 7 lQ124vtO! C4n: ~uH (:11,(:11 'MIse I')!:FER/AUTO DECREMENT 
1 1 fJl?47v. 1i'141t'lJI1Q1 5T4 01 , , '" JTEST. 
U' C1?471 (~'6fi'11 '" LDA 1,111'" 
1 "\ i,1'47:2 ~~4(;'1tt" LnA 1 , t VI 
\4 ;~'473 1~f;"'Q!4 MOV 1,t,5Z~ 
1 ~ ,';)474 r,,;"fii t 62 E.I'4ALT 
t" 
17 lA' 4 7 ~ t r;,~4li'0I 1':47: ~llk 01,1'1 '~Isr: JMP TE~T. 
\1'4 ." 4 7 fO, 

Ii1Ci1""4~'12 J~~ .+2 
1 9 ,"477 1 C;'21/1 ~l (II ADr: I'I,ft'! ,c" '.1 :? e; 01 01 !r"'~~l M('IV O1,OI,SI<P 
:;'1 ~'?5~1 (.'\v\61t:i'- E~ALT 

'2 
?,~ "2 ~(;\, 1 PI? 4IA['I! C591: SUH 1'1,1.'1 '~ISC. ISZ TE~T 

'4 l' ~"':-' 11411'P101 STA 01 , 1 ~ 
~~ (1-'5""4 1.11 ';. ~ 1 til ISZ !l1t:'! 
?o 025,'~" tA 2r''''\Vl ua (.01,1(11 

'-7 1~~,1j~ t(ll1'",,'15 MOV .... ,CII,'H~ ,,, ,~, ~ ~ 7 (~~61."i2 EHALT 
'9 
"'Ii'! l~'';1ti1 l''''~4~(II r:5,,: SUR "',1'1 flOCATION tCli SIoiOULO POINT 
31 ,~, 51 1 (~ 4 Ci Ii" 1 '" STA t'! , 10 no LOCATION lERn wHICioI 
~2 ·':?~12 1""~V'V1 Aoe ti'\ , (7! 'CO~JTAINS AL.L O~ES. IS7 
~ ~; l' ~ 1 ~ (i1 d {~(!I (iI VI ~TA 11\,01 HIF ALL I')NES SHOULO CAUSF. 
'4 "'51 d ~1'~1(/1 T51 .,'" , A SKIP. 
3 !:I 'l2 51 ~ 1i1~':;;1f)2 E'I-IALT 
35 
:-.7 r~,"",. , r"'2"~01 r:!'I2: ~LI~ZL C'I,tII JLr')CATIO"" tC!l POI'-'TS TO 
~" '1? '''H 7 r,> 411 iiI~" III ~TA 1?I,t'! 'LOCATION (II WHICI-4 CONTAINS 
39 .~,o;;'f/I , CI, -1 v, ~ 511~ 01,01 , (+0. OSZ S~OUL..D OECREMF.NT 
4", ;125' , (7I4r~C/l101 ~TA 01 , \ (i1 'LOCATION Zl:RO Tn +0 ANn 
.1\ ,~'5':? (.q 5 ri'1 01 nS7 '1t'! ,SKIP. 
4::' (~:?~, :3 r,; rA r; 1 '" E~ALT 

4j 
44 ~1' 5? 4 1 PI? 4 v\('11 r.53: ~UR CII,O! 'Nn T ~ITf.RRlJPT S~nLJLD 

4'; ,11'5'5 rH~C'lOIC'! ~TA !/I, Ii'! , nCCllRE WHEN ION I~ 5ET, 
46 ,1, 5 2 Fi iA!5V1177 HITE~I 'r~ECI( OR GATE (tNTR,PWR LOw~ 

47 ;·~'~?7 1i1.}lV",4~' JMP • + t rtN THE PI SET LI'IGrC~ 
48 l~' !l3r-- I?I ~(iI~CllIi! LDA "',(,1 ,fS THF.RE ANY TELF.TYPE. 
4Q '1' ~ 31 Ii, 6!)'~ 7 7 HJTDS ,jo./llNNING OPEt.1 OR I<EY STRUCI(? 
'5:}\ vl?53? 1 (,II 1 0'l~14 M(jV I?I,OI,~ZR 

51. III'~~~ i"~~ 1 ti2 EHALT 



A ~1I3~ .f"IAIN 
~1 

"'2 ",.4, ~'4 1 ""~.HI'" e~4: SUH 1.'1, PI 'MIse MllLTI r)EFF.~ Tf~T 
;'3 'J1'53~ 01 ~~~(H'I STA OI,PI 'loe 1·11.400"'1.'1 
'14 ~;>~~~ \}I"(JIl~ t LOA 1.'1,'1 
iii'S i~' 5~ 7 If"}11(}~A ~ov pI,OI,SZR 
016 i12!'i 401 (A".fIIi t ~2 EHALT 
~7 

/lie! 112 ~ 45 1 1 (iI?!A ~1 VI r.~~1 ADC 01,01 ,cnk~eeT PRM~EEr"I~E IS Tn 
"'9 r~~~4~ "lId('rA""~ STA PI, 1.'1 'MULTI OFFER A~D U'lAn 
t rJl ,)1''54;"'1 r,I~24~~ LOA f'JI,(I.+2 flOCATlQ"! 01. T'"'E nfFF.f.( 
t 1 1~P.~4,d ~HAr~ 4 ~ 3 JMP .+3 .AGAIN FLOP FAIlFr> Tn 
12 rlI'~45 1'~2~4t\ (1.+1 'SET. C,",ECI< "C",""", AND ~FSFT 
t 3 r" -; 4 F ,~ f'! f' III !II C' til 'INPIITS. CHEeIC 3 INf>UT OR 
1 4 vl,!;47 1 ("}I, ~(.t S ~Ov P,OI,SN~ I r; ATE" TO CD ~eT) LF"VF.L. 
to, 'A'''i~(it (1 Plf" 1 ,., fHAI T 
, t\ 

17 f~' ~Irj, tC'l'''''I'IP r,,~: ADC c:1,tl! ICrlFHHCT PROCEE~URt. IS Tn 
t8 ,...,~~~ 01 .d I~ [1 Vi C1I STA l?I,&4 fMUL T 1 OFFER ANU LOAf'I 
, q 

"'~~~ I.~'::>.d 1112 LOA 1Ii,(I.+2 'LOCATION 01. ,,.,, ,~,,, 5., ~ j"~ 4 ,1 ~ J~P .+~ 
:n \~, ~ ~ ~ 1~'5~ti '.+1 
'2 '~'S'!lfi; rA'''I"lIPlliH'I 01 
2~i ~25~7 1 (7Il'fi41.d C()MH ~,t~,s1.f.i 

'4 -""!)"''' lJlf'JIfi'fi~ EMALT 
'5 
2~ C·'!'IFi , t "'?[lIiJi~ r.57: Anr. ~,f:II • AC3111 ,"lI~OIOI~ 
'7 ,-,,1"";2 iiI4,~r~"'1i1 ~TA tl,OI 'LOAn ACOI IN"EXEf'I O~ 
28 ~,~~:., ,7I1iFlt'0I 5L.1P lP ~,~ ,AC3 SHOIILD LOAD LOCATION 
~9 ,,~'~1fi4 V"14~0I LOA (}!,OI,~ '7ERn. 
~l" iA'~~!Ii 10101~lA ro~., V1,"",SZIoi 
,H '1I?~'1" ""'~1F1' EHAlT 
':2 
:q ~'~fi7 rA??4~1~ CS8: LnA t'!,~.+2 rTF.ST ~"LTI nfF~Q. 
341 jI'57/?1 V1V1~Av15 J~p .+5 
~~ (-"~11 1",,'572 !II.+1 
36 :"'~7? !rII257~ (1.+1 
:H vl?~'~ vCII'~7.d .+1 
38 l~'-;' 4 f71!2~4!5 t234~ 
'Q (A'~7~ r?t'4177 LOA \ , • • 1 
4~ .~,~,~ 10\15414 ~;UHif ffI,1,S7.R 
41 ~'!,;77 vtllf\1f1;' F.Io1ALT 
«12 
43 JI'flt" Vi t~!7I~4rA1 C~q: J~~ '-.+1 ,MULTI LEVEL INDI~FeT 
044 f~'~1'I! 1 1?12~"'~ -.+1 'ON "SQ SMOUU'l 5T('I~~ 

4~ ~,,,rA2 1~2'5~3 ... ·1 'AO{)g~C;S C~9+1 l~ AC~. 
4f:i ~~21'i :"3 f}1.A2f1'r14 .+1 • tHE,tlC. ANO GATI! PROOUl:INr. 
047 :1?~~4 ~201"5 LnA 0I,C59+1 
48 11I'!5 01 !II lIfi2'~4 AOCOUt 3,rll,S7R 
4Y tl2tH"fi; rll (l\fi,62 EHALT 



Ito pjLl1315 .MAIN 
"'1 
"'2 o '-15 C117 1P124C11P C6181 SUB PI,0 ,MISC At SEL!CT TEST~ 
"13 ~2(1§lC11 17e40Pl SUf' 3,3 
til .. ~26t' 12ePl0P1 AOC 1,1 
OI~ 02612 15200111 AOC 2,2 
06 ~2e13 1170 l' ADD., 1,3,SZR 
I'll 11121514 P1Plf5162 EHALT 
P1~ 

PIg ~26US tPl24'" C611 SUB Pl,rII ,.USC AC SEL.ECT TESf. 
1~ 0I2e1~ 126400 SUB 1,1 
11 ~~H; 17 152PlPlPl ADC 2,2 
t2 ~'62Pl 17151'1021 ADC 3,3 
1 3 ~'tHH 1152015 ADC., 3,0,S~R ,4 Ql26?2 l·e",,,,' ADC 2,t,SlR 
1~ ((12623 0061152 EHALT 
16 
\7 ~'~24 PI~37P1P1 C621 SI(POZ III 'SUB INSTRUCTION SHOUL.D 
18 tlI:;»"'~~ 1l'124011 SUA Pl,18,SKP 'SHOIJLD NOT BE E)(ECl.ITEO. 
t!~ :11:HH'6 10110101 MOV A,PI,SKID 
20 "'~827 1iI0I6UI2 EHALT 
21 
'2 1i'I'63", 1"'2000 C631 ADC 0,PI 'SUB INSTRUCTION SHOIILO 
~J ~'2(1§31 0400100 STA PI, PI 
'-4 Vl2632 1'110101"'0 ISZ 0 
2~ PI'''33 11'124"'1 SUB PI,PI,SKP 
215 'Hle34 lP1"'0I~4 COM 0,Pl,S7R 

" 111,1535 "'A61t.12 EMALT 
28 
29 QJ2fi§;'ti 1"'24'4 C64: suee, PI,PI,SZH 'TEST SAN 
30 "'26;'7 "'QJ"'401 JMP •• 1 
~1 ~264'" 10~0I67 COMe 0,0,SBN 
3::1 ('1'6'1 1'1"'6162 EHALT 
~3 
:34 02642 101 2625 C651 SUBZ" 0,PI,SNR ,MISC ALC TEST. 
'!5 (A,643 0) I'!tH6 2 EHAL,T 
36 
~7 "'~IU4 101 2626 C66. SUBZ" 13,I'I,5E% 
JB ""/545 01016162 EHALT 
39 
dlil Vl~flj4t; 101242t.1 r.671 suez PI,PI.SEl 
41 '1\,~., ""t'I~tt.l2 EMALT 
42 
.43 ~,~~p 1"'201~5 C6Ra AOCO 0,0.SEZ 
44 ~'-~H5t 1011~~1 MOV 0,I'I,SKP 
45 "'2652 "'016152 EIolll T 
41'1 
47 ,",e~3 11134144 C~HU LOA 3,1(201 'THE INDIRECT LOAD SHOULD 
048 ~2e·;'4 "'54"'2'" 8TA 3,2P1 'LOAO TH! CONT!NTS OF 
49 VI,e~!Ii 0!2~1~1 LOA ~,1(123 fLOCATION 21. 
IIjIi.! ~2~5f\ Pl4"''''21 STA "',21 
51 C112651 "'26"'20 LOA 1,'20 
'52 1il:;:t5~~ 1"'6414 SUB., 1lI,1,SZR 
1Ij~ ~26~1 L'l06162 E.,.ALT 



... II1WH .MAIN 
!?I \ 

(lI~' -;1'""'::- 1~:'>!I\2Q1 C7P1: ~UBll 01,'" .AFTER DECR~MENT C:(37) 
!'II 3 ~'n~;r, r?I.4Q1~37 STA C'I,37 ,POINTS TO Lot '" W'" I CI"t 
~4 ("2f;"4 (~ 4 VJ ~ 1I1~' ~TA (}I, 01 .SHOIILO DECREMENT TO 0 AND 
"'5 v126tS~ '~1f:i~137 I')SZ '37 '~I<IP nN THE. OSZ~ 
~t'I \~26"'" f~ \II ~ 16:2 FHALT 
"'7 ,,,, f'itli 7 ill' V, 171 011 en: LDA '" • 1 noe 1 IS LOADED Tn 
~8 ,1,f'i'1C1 t~2f1i2Q1 SUAZR 2,' U CII(IIOIPOI WHEN THE P~('lGRAM 
",q '~2 6 '11 11:?414 ~UAtt ~.2.S7R .wAS REid' IN. NOTHING SHnULO , ~~ !.1267? (JIVlh1(11,~ EHALT ,CHANGE IT •• ~ 
t1 v\'~7~ r" 1 (~ 1 2 t C'12: IS7 PASS 'HH" OF THE Tfc;Tl 
t~ ·"'6741 f~ rlI (-1 t:! (II t J"'P ' .... , 'INCRf::MENT THE PASS COUNTE~ 

13 tl' ~ 7 5 (":24tJ1t:!f; L{H 1,EGGS 'AND ITERATE THE PRClGRAM. 
1 .4 [', 6 71"1 1'~'~V1!5 Mnv '."SNR 
t~ .~ 2 fP 7 III ill? <I V17 JMP fi .... ., 
p; .127~~ ''''14C'1 01 nS7 EGr.S+3 
1 7 '127" 1 ()''''24(~5 Jill!' -.+5 
t 8 tA:nc"l:;> (.134~~2 1_ 0 A 3,EGr;S"'<I 
19 !" 7 r;: 3 [~, rA r~ S 1 LDA IiI,EGr.S+3 
2 ill '1~ 7,,' i!I C14t77'" «;TA (11,-2,3 
, 1 UI,7,"!"! ~1 p 1 i!I 01 ~ JMP 01,3 
22 f1:>'(~~ ('H~,' i!I (115 APl1 
:».3 
'4 r)\~71~7 1/154i!133 FIO'R: ~TA 3,~ETI!RN 
~~ r'l271r t~44.d12 STA 1, • A A til 1 

'f>i :-1'711 I~' 4 (.14 ~ LL,)A 1,FGGS 
~7 ." 7 t 2 12t1[?1~4 "IClV l,t,SZ~ 
~8 (':>7t3 t~~r~d(A4 JMF .+4 
~Q ,,::> 1 t ./I {~:> 4 4 (1 fI LOA 1, • A A~ t 
:3~ \"127 t ~ r~"',""'77 ~ALT 

31 i~ 2 '1 \ " ~~l/It4V1~ Jt-iP ~,3 

~< '''2'' t 7 ~~ (1144!!l 4 JSR EP~INT 
:q Iii' 7 2 L' v13i!1"'~2 LOA ~,Er;r;S.4 

:54 v1~1'1 r~ ~ 14~ '" J~p 1')1,3 
3~ """722 0~~1)\V1'" • A At'll 1: I?I 
,~ 

:H j·'::>7:>~~ f;'~4 d~i7, E'PRINT: STA 3,FSWIT 
'8 Q:>"41 V\~b4113 JSR fiICRLF 
3Y ''''''!'I .., ~~ 4;,7 JSR ·IME~S 
.HI I~ 2"6 !II~2744 HtAnER 
41 ""7" 0"Vl413 LDA ~, RET LJ~ ~I 
42 ~~7~C' 1::>1Ii~e!1?I Anc 1 , 1 
43 V\"~1. 1~7~r?I~ AD/") '" , 1 
44 c~"~' l~r?I"'4~6 JSR 'IPOCT 
HI ~'733 Vi!i'241'" JMP ~ESWIT 

46 
47 ''''7 ;~4 lAI?I2741(\ r~ESSI MESS 
4R V!27~~ ~H-13tJ142 ICHAR: CHAR 
49 ",'736 ~01.3115 TTVPE: TYPE 
~~ ""'~7 ~013",'t rCRLF: CRLF 
51 ~27 4r" ('1"'2'''5 TPnCT: poeT 
!52 ::~, 741 ;;'0I2'''~ IPnEr.1 PDf:C 
'53 ~:>'42 ~"'QI(IIi?lCII RETII~N: 01 
54 ~1::>'.43 ",liI()!~V"'" ESWIT: !')I 

t;!-; ~EAI')F~: .TltT 
~b (11,,44 f?!4t~2P1 PC 1 

~".4~ r"0It?lf'II11 



" PH~~ 8 
CJI' 
f.112 ,TTO NON INTERRUPT PACKAGE 
"3 
"4 
015 
GlIb 

,"MESS" P~t~TS ASCII MESSAGES AS SPtCIFJEn av ASSEM~LR 
,"CHAR" PRINTS ASCII CHA~'CTnR, C(0)R,C(0,L MUST ~E @ 
'~ILL RETURN +2 IF CCCJI~R.tlI,CORRECT5 TH~ PARITY,33 SIMULAT~ 
'''TVPE'' P~INT5 Cr~H~. MUST HAVE PROPE~ PARTTV. RETURN IS 

CJl1 
~8 

'TO CALL+l.REPLAeE THIS ROIJTINE WITH INTERRUPT TVPE IF DESIRED. 
f"C~LF" PRINTS A CAkRJAGE RETURN 

"19 '"PO~T" PRINTS crl' IN OCTAL FOLLEOQwEO BY A TA~ 
1 ", 
11 

,"POEt" PRINTS Crl) IN DEClMAl,LEAOONG ZFROS 5UPPREssen, 
,FnLLowtD Ry A TAB. 

t 2 
13 
\4 
15 
1'5 
1 7 
18 
UI 
'(1) 
~1 

'2 
~3 

'4 
~~ 

2e 

it1~7d~ 

,!:~, 41 
~'7~c;, 
~?7~1 
i:1~752 

~"7~3 
1Jl'7!54 
~275~ 

'''?7~~ 
\~~75' 
C1' 7 6 t~ 
1'A'7~1 
{)I'7fii2 

(':111)415415 
OItQ!~4~ 

~;'14IAOI 

""4!'1i42 
A2101tl1f?1 
12!5112 
1231"'1 
1234i2'1 
151400 
l~'!lI"'QI 
&lI~44b' 
!'liMP"! 
~"'2~32 

~ESS: 

" ,.8 ~27fii3 CJI'0I~25 ZOCl: 
('\,764 1"'1~lJll 

,~ 

3~ ~27fii~ ~'~!525 POCT: 
~1 j}121~lii Ql3P433 
32 ""71157 OH"~4"'3 
'3 01"7", "'3~441 PDEC: 
~4 ()!"71 I'I?0I!517 
,!f; VI,,72 ~!54447 

:,6 'i1~77J fr'I4V1445 
;u 1/1""4 0\!5~4Vil 
3~ ~277~ ~A~P~tlI ~FCOCT: 

,g rtr"7fo (,lIltA7." 
4Li1 ""777 !1134442 
.i1 ~3~CI'p (II'~~~~ 
42 ~31'1~1 l!!itl1l(,'l~ 
43 01301~~ CllIiII.U4P1 
44 A30~3 Vl342435 
4~ Cil3P.",4 101240101 
46 OI~OIP5 146~12 nECOT: 
47 fJlJ~"'6 C"!'A04V"5 
48 Vl3(,'1017 1464~'" 

4Q ~~CI!lt'1 Vl345012 
~~ ;.~~~11 11"14(1101 
51 (:.13~12 001~773 

'2 ~3~1~ 1~1~35 nE~p: 
~ 3 :" :HH oi PI:S 42 4 7 6 
154 «430i15 r"!;44'3 
55 ;~~~16 163P1V1C'1 
56 "I'Ll't7 tlIl'I4423 
57 !'A3~~P [lI"'~75!5 

58 

!IITA 3,ME~SR 

T5Z MESSR 
LOA 2,"",3 
LOA, ,C377 
LOA ~,0!,2 
MOVL~ 1,i,SZr. 
ANns 1.0,SI<P 
AND 1. tJI ,SI(P 
INC ~,~ 
COM 1,1 
JS~ CHAR 
J~p MESS+4 
JMP 'MES~R 

LDA P,CH'4P1 
MOV PI,ClI,S!(P 

LnA 01,1(61'1 
LDA ;?,OCT.A 
JMP .+3 
LOA ?,DECTR 
LnA IiI,CH',PI 
~TA 3,RAORET 
~TA OI,lSIIPP 
5TA 2 ..... , 

" IS1 .-1 
LOA 3,~AnRFT 
LOA A,CHTAR 
MOV ~",~N~ 
JMP CIo4A~ 

LnA 3,lSIIPP 
SUR "',01 
SURL- 2,1,SZr. 
J~P nECP 
SUR 2,1 
UH ~,J(fII!' 

INC OI,t'lI 

JMP DE COT 
MOVZloHt 2.2,SN~ 
LDA 3,1(6" 
~TA 3,lSIlPP 
ll}O ~,'" 
JSR CHAR 
J~p nECOCT 

,PRINT A TF~T MES5AG~ 

,C(2) pnINTS TO MESSAGE 
fA 8 bIT Io1A51( 
'CC21-DATA I'IORD 

'CC~'.OATA CHARACTOR 
'INC TO ~EXT wORn 
rFlIP MA~I< 
,PRINT 
'ANOTHER 
'LAST 

'PRINT crt) TN OCTAL 

RIr.Io4T 

,PRINT C~l' TN DECIMAL 
'SUPPRESS LEAnING ZEROS 
'~OTH FNTRVS PRI~T NII~RER 
.TIo4EN TAA T~ NE~T pn~ITION 

, A" L I) A 2, T A ~ L E" H! S T ~ U C T t 0 ~J 

'SETlJP "TA8" AT FNO 

'IF TARL~ ENT~y.P 
H"ltlT WITH TAR 
'ZEROS ~LJPPRESS ~TIJF 

H"OR~ THE OIGIT 

'CC0'·OIGIT 
,MAI(F. ASCII 
'P~lNT 
'GET NEXT OI~IT 



" rAv1~Q .MAIN 
?l1 
"'2 
013 ~~0!'-1 (II:3!'142~ OGTA~I LDA 2, .... t .... ·nECOCT 
t'l4 "'3~:>:> ll'Al'AClI(IIClI lU1CJ1010101 
~~ "~~23 (II' (,HIIClIOI 1 li'CJI PI ('I 
('liB .,IJ 3l" '- 4 fiiClll"'~OI 10"'(11 
t'!7 :,'~!'A?'!5 ~'I/I~~ t ~W to!Ol 
!iI~ IA3V'1?t5 t~~~v-l!l1 1111 
I'A~ 1.131"1'7 CHAN'111 t 
l(.ol ~~3C1~(lI Ir' r" ~ l'.'llil 01 ('I 

t 1 
12 (:\3~nl ~,,~(II43~ DECTB: lOA ?,.+1+.·nECOCT 
1.3 M1~0! \ 2 .RDX fO! 
\4 ~3[)1~:2 1:~:>:~421/1 tCIIO!!'IIOI 
15 ~~r""3 lilV117~1/I 1.01(1101 
\6 1A3V'134 I7'f'I~' 144 tt'AO! 
t ., ;~3r·q~ Ctl!?ll?! r~ 1 2 1~ 
1 a l>.l 3'''' , fi r,!i'I:'~(~ 1 1 
19 -1~0!~" 171"'(/!V1~~~ ClI 

')'1 r"rIIrA r,A1V! .Rnx R 

?1 
'2 ~qI'A4fj1 1"1 t" nt (ill ~'1lI 7SLJPP: '" ,~ "Q1i14t VlOI!?I~V'CII RAOgF:T: '" '4 
'25 li\~"4~ ~~~4442 CI-1A~: "ITA 3,C"'~ET 'PRINT Cr01 RIGHT 
26 ,";:-0143 lr.41:'!'-~ tooIOVZS PI,OI,SNQ , RETUFHJ "'2 IF NULL. 
''1 ',IJ:3C11411 ClOl14L1!1 JMP 1 , :3 
2,; VI~l"4!, ~"4r,lld~'" STA 1"I,r.,",~AV 

29 '1301 4 II; t"6"'~'" ADC 3,~ 'COt'!PUTE T"'~ PAR tTY 
3 III ~~0!4" 1170101'" ADO 01,3 
31 1l!~1!15[)\ 1634CA4 ANn 3,,,,,~ZR 

~2 n~1"I51 (.1(l1\.177!S JMP .. ~ 
33 fA 3 !II '52 '7(ifi~'" SURCR 3,~ ,rOMRINO PARTlY WIT.,. CioUR 
~4 ~~V153 t'l2v,432 lOA ~,CHSAV 

35 r,nOl~4 1633!iH'I ADOS 3,~ 

.'6 
37 ~3(A5~ Vi3442f\ CMA~1: U"lA 3,CHTAf3 lIS THIS A TAa 
~~ ~3~~1'\ 11~.s[J\5 ~LJb 0I,3,!I4NR 
~O .-"3r;1~7 [:lIOI"'4,.11~ JMP .+3 'YES 
4!0I ,~~t"~it'! (l!~4435 ·'SF:' TyPE. 'NO PRINT IT 
4\ ,1I3r161 ~Hi'l4?423 JMP (IIr:~~FT 'EXIT 
42 
43 ~13V1~' VI!'it'!424 LDA I"I,CHnFO-Z 'SIMUlATF. A TA8 
44 Vl3'~f5~ ~~4424 LOA 3, Cioura 'VIA 1 Tn e ~PACES 
45 ~~17!~4 11' 4ir' 5 ANn !'I,3,SNR 
46 '1;\170 1'\ !; tH'I2417 JMP 'CHRET 
47 ~31f\~~ ~"flI42~ L.DA CII,CH?4SOI 
4S ~-13C111;" (}I~442"; JS~ TyPE 
40 '1~1"JI7'" (>,CII (i'I '172 JMP .-6 
!5~ 



AI 01 III 401 .MAIN 
01 
1112 
Ot~ 
~4 ~3Ot'1 ",544201 CRLF: STA ~,~RLFR 'SAVE RETURN 
\II!!\ Vi~0!72 C1121l1410 LOA 0I,C:215 
016 ft'I3~73 01014747 JSR CHAR 'PIHNT CAR"IAGE AND LF 
"" 

!lI31i1174 r2~40!5 LOA Ot,C212 
!?IS ~~~,~ l'!"'474~ JSR CHAR 
"'9 C113?17fS t Cll 24C11P' SUB 1'I,l'! 
til! ii'l3Cl17' "'4~41i" STA OI,CHnR7. 'CLEAk HrHH POSISTION 
, 1 ~~101Cl1 (11(112411 JMP 'CRLFR 'E)(IT 
12 
,. '3 I}I ~ t CJI, ~L?I~?12 C2t2: ~1' 
14 r,.~1 {i12 t"PI(A215 C215: 21~ 
t 5 '131""3 (J\1iI"''''lt r;HTAR: 11 
t" ~~lCH [lI ("')IrA 01;/1 CHRET: 01 
t7 r~~1"5 ~pq~fIII?lClI CH!SAV: 01 
113 r~31016 C'!~""lIIf}I(!t CHnRZ: '" 19 ~3t!'ll7 ~v'\i1'''~7 CHAi(7: 7 
~iII ~~;'H 1 Ii' ~'~~?401 CH?4111: 2401 
21 i~3111 ~~~~c:,(i1 CRLFR: Cl 

22 i,A~11 ~ (..1~!i""'6'" KfiCllI 6(!t 

'.3 
'4 {J ~ 1 t 3 ~; Vlr,~ ~ 7 7 C377. 377 
'.5 "'3114 ?~"''''(i\''' M~S~R: QI 

~H; ('I ~ 1 t ~ C~54412 TVPE: ~TA 3,TVPRET ,TVPF THE celli'''' TF ", !lI~l1 !Ii Vlt"'77{11 ISZ CHnR7 
28 i43 11 , (!t?4d77 READS :3 '~~ITCH 1(01). 
"9 ~31?CJ! 1751C111i' MClVL ~,3 
301 C113121 175t(,IJ2 MOVL 3,3,SZC 
31 "'312~ ~(')I~4Cl\5 JMP ~TYPRET 'I~HT~tT TYPE' EXIT. 
'2 ~~\?:" ",1Ii;'HHl ~I(PRZ TTn 
J3 ~I ~ 1 ~ d tlI~V'771 JI"1P . -, 
:54 1>13 P'!'i 0~q q 1 n("lA~ OI,TT("l 
~5 ~:51?F ti'I~:24t?,1 JMP "TYP~E.T 
~o !A31" ~tlIf'}I(lI(IIPI TYPRFTI 01 

37 
JS CllClI31"'" .LOC 313C1! 
39 .TXT ICClPVRIGIoIT cr:, Or.C,lQ1Cl1,'14 

~:51~'" l'I47~Vl3 
r:nl~l CllII\4~2(11 

0', ~ 13,. ('l!~d~22 

~31~~ Vi4l.41V17 
CJl3134 Ql21i1'24 
',1~135 "414~~ 

~~1~t:: iii 2i"P 5' 
.;1131 ~7 (~4 J ~'" ~ 
£.'I3t4P l"2~H 1113 
~~141 0l344~t 

f)l~ 1452 ()I3[.I\[l\~7 

~~143 r~~3454 

41'1 ~3144 1i'4r~4154 ALL RIGHTS IHSE~Vf;nl 
r~~145 "~415114 
,,. 31 iii jt; P~q r441i' 
1t1~1411 Cl'43!'itl 
t1~15~ 1i'I~?110! 
,;, 31 !'5 ! n2V1'2~ 
,~~ 1~' (1142~'~ 

'.131~3 0I42~23 



(')ICII A 1 .MATN 
C131!54 ii'5:\1 22 
'r,~31~~ ~421~5 
~315~. (.l!!'IV'~~Vt 

?l1 
"'2 fA031"fl) .Lnc 317111 
QI~ .TVTE II OG r C TST11 

~317~ 1.7714 
t~3171 144!5~7 

~317' 12J:"~t:JI~ 
,~~ 173 "I!51.724 
iil~17 4 1~0124 
',~ ~ 1 7!5 (1'" '" t'I Ii' '" 

"'AI ~317Ft "''''~Pl''' PlP"'Ii!1t" 
"!5 '~:\117 (lIllIMlI4~ ~TAHT 
1)!f5 VI'2C"o; r~1?I0144 11I1i!~144 
~7 l'132~t ""~li''''ri'I£II (lI~"'I1I(lI", 

OIA (1132111:2 '" i" 01 v"i~ '" P.0"'''''''CJ! 
",9 Iq2f~~ VI~~"'~'" 1"1 QI "'()I IJI 111 

1'" r~32~4 f.lI '" VI !?I1I1 '" "'0010t'1~ 
t1 :~321?1~ (I! VIOl ('\I ~w f?lt'lPlI?I"'t'! 
1~ 
13 .ENn 



~VI'2 .MAIN 

.l01'1 !lI(I!tII40''' ~/l'Ig '/"'4 
''''1 ~c;'l~4"'5 4/10 31/~2 
.l~2 I'lIP!ll41'l17 4/Ul 
'013 ~'''''l4! 1 4/21 
'03A 0'~"'413 4/26 
.l0' CilPlCII416 4/31 
AOI!Ii P.IP"'42!l1 4/36 
406 e'!~014~3 4/42 
UJ7 ClIO'!lI42b AI46 
A~8 A(,1!l1~31 ~/CII2 
AI7Ig "'PltII'4Q1 5/10 
A1'" !lIC'I!?I443 !5/16 
A10101 "'C'l115~ 15/4e 
ll~1 !lItll1153 15/53 
All fi'I~0I446 !5/22 
A12 !lI('!t?l451 !5/26 
A13 ('II!lI!lI4!54 5/3'" 
A14 0I~/'lI4!'i7 5/36 
A15 !'>1C1101461 5/'1 
AtB CllOI0I463 ~/47 
A17 01''''''465 ~/1iI2 

AtA 1.'llIoI\!lI472 ~/"'A 
41 0 r;;H~!'I4'5 ~/15 
l2A III !JI 01 5PCII t5/'0 
A21 PlOI(I!!5Q13 FJ/2Ft 
422 0IC11050'6 ~/35 
A23 ",,,,QI!')11 15/3~ 
A24 OIOI!lI514 61·b 
A2!5 f')IVl0l517 7/Q12 
'2ti !lIl'I@522 71,",7 
A27 QI"'!'1!525 'Ill 
A28 r?lPl1II53CJ1 7/17 
A2Q !lIIi1C'1~=-3 7/23 
A3P! CJlfM" 536 7/~Q 

A31 !lI"'0I542 7/3,., 
632 li'!fil0l546 7/414 
6.;2A "'OI!l1551 7/!5C11 
63'~ (JIIII/'lI~!'\4 7/~4 

A33 !lIrIlOl~~7 "1012 
A34 iill7I!"I!'i~3 8/1~ 

635 ~!'JIQlt;71 q/19 
A~~ rtOll'll575 A/24 
A37 !lI!lIi1I601!l\ 8/28 
AJe ('I~0I6P13 1'132 
A3Q tJ!CllC'I~""7 A/;\~ 

A4'" "'01"'613 9/!l12 
A41 QI~!lI6~~ Q/!lI~ 

442 CJI!lI~fI524 Q/14 
A43 1')I~0I"3Q1 912ft' 
A44 "'QI!lIf;33 0/28 
A45 01 0IC11 153f) Q/~5 

A4ft PI~0I6'4 0/'3 
A47 I'll,., 01646 101/"'2 
AAIl r" ~ ~ ti!5" l!l1/!l1P 
.lAg 0IP1P16!'i3 1~/12 
A5P1 "'Ii'IPlf)~6 lCl1/17 
451 0I"''''f5~2 It'1l~5 
A~2 ()I'-"CA6fi6 1"'/32 
453 rJI~"'~'2 101/37 



~0!43 .MAIN 

ASd rJ1I!HHi7 (; 1 PI /42 
A5~ (,J, i'1 [II 7 VI 1 11/~2 
A5t1i V1r1017CA4 11/0If:j 
A51 rH"'C'l7~7 It/HI 
4~f! 1'JiV1tl!712 11" 4 
459 'H'H'I715 11121 
Ui~ C'l vH'17 ~)r" 11/';7 
46' 0I(A~7~,3 l' 131 
462 [II'~ () 7 ~" 11/35 

'''3 V1\1V731 l' /39 
A64 rJI~H'!734 12/012 
665 rH~'" 7 4;2 P'/rIl9 
666 1'}I~(I1744 1~11~~ 

4."7 ~CHli746 12/17 
AM~ (}\"i.lIl~!; 1'/~5 
Hi r) ~(~i?l7~1t1 12/'9 
A7CA 01~1?I7i154 12/34 
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