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F e BAI ( PURPOSE OF MANUAL )

EAXFMIBELT APPLEN HERTTHM 6502 HAET
BIES c TEEBAAERRTE  FEE EERA X it

FMMEH&E (SCOPE OF MANUAL )

%4’@%7%*%%@#%@%%@@°.&@ﬁ§fﬁﬁ
BmEHNE BEHAEAEEMFRE APPLEN FHM®
6502@;1:::!;::*’“39 e ’ .

i@ W (GENERAL)

BHEERABE—AEH6502 HAESHER?ER
E#—, BV EBHBRE-X - F— » KW E KR
HFIstH APPLE Il HEBTMHAN - BRIRTHEELEH
BIHLSESHER  TRYHEE APPLE! MEHREMS



2 APPLE A=

il

» BhEOIN— A hEE o

EAEBRRMB 6502 MAESIHHUMBARRYRK
cBHHNBHNBEMELTY - AT ERBES LS
AN MERE  BTUREGRF—E TURBA RS
%Eeﬁ% 6502 MIAEEMERA “"HE” BB NEE
EBREORR T ERG.

BRanfR & A8 6502 » AISHSETAT EA IR T HEE IR 4
T o BREMWBEMN—R ! XEEEGMGEREH T
AEYEIEABRHMTIGTREE - REES BB 5
HOEN AR TE N ERCERE TR THEGT 5 o
BAIREREE  Al—FETHE— 2% T EERE T £

FREMPGERBERNMTERGE > RERER
BEEMHAREND - BIRE 6502 MAESRARET
FIBRHEBIRESEERE |

HOW TO PROGRAM MICROCOMPUTERS
by William Barden Jr.

PROGRAMMING THE 6502
by Rodney Zaks

PROGRAMMING A MICROCOMPUTER
by Caxton C. Foster

6502 ASSEMBLY LANGUAGE PROGRAMMING
by Lance Leventhal

6502 SOFTWARE GOURMET GUIDE & COOKBOOK
by Robert Findley

BANESASBRE > TRETLR APPLEN HE
HIBIY o BN IR BB P 4 38 AR B8 BT 3R S %
& REAFM o



B—-% 8 %3

ENAMAEEZN » ERFREB—ELERFEEER
Bl GaE

RAM ( REBSRTRECIRES ) : 6F 0 BT LA R Ay adtl ik
BRER HHEERAM S o '

ROM ( f#:tEME) : AR APPLE B EER (
monitor ) FIBASICE 17 o /i HF AIMBAR
BRFAEIL R o

MONITOR ( EEBER : BBy —EEER
ALUERRARERAGER > ERELEREF
T o ‘

BASIC : REEHBASIC o

K: %F3KE, HIEEREK" x 1024 ” (%L
1024 ) » EEARFRICERE KD (48K
) °

F2iEE8 ( memory ) : BAiH RAMAIROMMBE & o

BAREE: AR TERRARK ( £HWEE
TaEHETE) o

THORET  EAABEHEER TAFEHABR

frT#l: B — BN o —Ef THTAE 2561
T BB ( 10 0-255 ZRIMGEN ) o ;

 F(WORD) : h—fEff THABRE - A—E" T >
n[fi% 65,536 A FABME ( N0 ~ 65535 2 [H]
FEB K- 32768 ~ 32767 ZRIGMARMF )o

Xk ( syntax ) : BREFS A KHE OF S

fz ot ( address ) : £3 —MBAr TASERE » BRxIEE
64 KB W] SatBAL Behpy 3 — 18 o — B bt th R —



EFE (BE—@FI—E &— B ik o
H ( PAGE ) : APPLE [ i E e+ 65536@( AR
S 256 A B » A B h 256 AL THMAK o
FEAEBE—H» MR 0 F 255 0
0 H: R REAImEA 256 B THBRE 0 Ho
ERLESE—H- - F_H - "REEBRPRERAD
 RE—EABE RHEBBSHE IR o
WEFEE ( solt) : APPLE [ BB+ AF 8 HHEE
1/0: &A [/ &itio
LISA : £ Lazer System Interactive Symbolic
Assembler ( B& RbifkMBX A A HER ) 1M
BB E ( peripheral ) : BRFHEHHE EHN BRI
ABE o

BBRIRE 2K Apple @5 BASIC FEE o ABhREE—L
FlFHEHE BASIC » (EUI{RE P& BASIC HERIFER
FEAMBRBHETT « REETR—-LERLETHIZHE
KBMAES c MAESEPUE  WRIF—BBRESD
BRAET— 4884835 RS SEFREACERERY
KRBT o

BEAAERXES  LHRMAES  BELHREHENE
B - %*%%%ﬁm LISA (& APPLE Il #56502 #
AEER) o USA HUBXRES  RATREHRY
hEt R EE—TEKAEABBE » RHEE LRI 0% Ly
3 o 5ZH APPLE Il g% B BASIC R o 3 82 APPLE Il
I TAGAARESREERMIHE.



- RAERBESES
( WHY USE ASSEMBLY LANGUAGE? )

EFERBAFHEMERE  AIRENRFELEHERE
B EBRREFHESEES EEERIRGERRER » 3t
BEAMESE np§ °

TEEMAE SR ER LI EARE  ABEEHE
@ Lfeeh » Pascal. FORTRAN & Applesoft & E #f o &
M EEMATRRAE » H[REXEH » TRWBEHPK
BRXEAEWHEEN -

HEESHRUEM S —EIF R FTHEBR AR BASIC
Applesoft & Pascal myRsX HAHIEE o IRFTLUBMAES
BRHERBEEBROE S » MHEMIESALL BASIC K5 o

—BiRY MHARESHREB TR REBBEHERN
Bx$% 5 BASIC B/ Rm K E— il |






BoE B % 7

¥t iR (GENERAL)

BEREFBE" 47 B (RESIHE? BE 47 RE
MR ET 4 EHEAEEESHHR o APEBEE - FIFF
5 HEKKERE o A AMEBEEDBEESR  BOR
RURIEBM ™ — KRE4 > fr—F TLA S DB
o BRI 52 MM » Al—5E AT o

HERARRESEA  CEEIMTMARETH—8
BAREMAMZBERETREES  AEEFLM4 S
ﬁ%%%%g ° EAJCE&%%W: B EA{F‘]FE K{f E{&F‘g‘ﬂ?m 5]
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BHESHITA . HERTL TREES RAHBRTHSE
B R m R E TR o BEA > ESBH S IME » A
FATLL T RS A E R B2 TREBL R HE- BER
P4 R A 1 PR Bttt AR K (LT~ BB~ 0, 1) o33
ST 2E 29 35 5 oh th 7 AR 500 » ANIE B 3 oy deux @l
RIS WO ” o HUREHESIBE (17T~ Mi— BEAL T
HIREE 57 RRFEMEY o FURIE S EeE T R AR
B A—ERE S TROFERREME |
HABBODFR AT SERAGS B CR

R > =T > FI
BE = ® > #®A
S (+5V50V). D (0,1) D Z%o

HESEMETEh I BRI S AR 0t 3t
B R R |
 EBRMTRAEEARAREERETRYE . GH—B
PR : RFINGI R RSB RRTEY ? RSB BEEA K
F (T ) B RRAEE o RPIITH FEREE (5VRI0V
) R IR ( 0F11 ) A& IRATLIEE 1 SR 5V
MOSEROV » EREREEY - BRLALUS 1SR OV
O HH 1V o {8—Raf B BRI H— I HR o

— {86 T » BT R R AT AR E o iR
MAKE (ERE) - FR( +R— ) BRE - HRWS
CHEHTF o :



BOMREHE— S THEE . EAETHERKF
ABRMBFELBR_(EEEFNEEX " 0”7 "1 7 &
R0 Ko MHME M ERRRRERELKFF o
"R EZHBEA RESEGES 17 (R 5V) Ml
ER"0” (R 0V) o RERAE » BRIt ATLUA B4 HR
HRE o

RESVROVHERBXHERNTE » SV ERRRE
» FRARERT 1 P AEBXARE B 5% £REHN
pho RELL" 1 ” KAREXS5VMO0EKAKOV o

fSIJT= & ( BIT STRINGS )

FEMS ERMAFRT-— B THEIE - BRERE
—( TR ERRMFTEGENT » IRERBRAFTEEXR
AREU EARIGE o fan+EL B 0E 9 - F 10 EHE
Fo AR TRERR_MEE BITERHLEELSHT
FHAREIE ? BN 10 B THREROF 9EI0EHB - ©



5 ” L1 0000010000 ” K Kxe “ 0 ” A4S — BT
Bl HEBOKRER “ 9”7 AIoR#BE—ILR1 » KAk
B0 KER MTFRAR:

DECIMAL BIT NUMBER

DIGIT
01 2 3 45 6 7 8 9

0 1 0 000 0 O0O0GOCO
1 01 00 0 0 OO0 0 O
2 00 1 00 0O OO0 O
3 00 01 00 0 OG G C
4 00 001 0 O0O0CO0O
5 000 00 0 10 00O
6 000 00 O010 00
7 0000 00O 1 0 0
8 00 00 0 0 0.0 10
9 00 000 0O 0 0 1

ERPIEE T —BE T 8 R — S TR RE
£1 » M 100100100 MEYUEER » & HENTEARE
T | RIS BME B — N e T TRAEH
Wi T EERARE % o HBEELTHER T REE

—
AND THIS APPLE, FOR ONLY
$10.000 COMES COMPLETE

WITH 3,000 MEMORY CH'7S




F_E & | 11

 ERFEEEBM TF B ERFELFIAECER . S8
3 7T LA K 5 BB B A& o

RELTRER, BEE_fIT - M EHJE BT
7%?:@$ﬁﬁ FF; NERB— BT T ER M
FRME » hARRAMEVRE T—FmctER o ﬁﬁ&
e FBE 0 FI 1 R TT40 FIE 2

fi& fr TF &
0 00
1 : 01

BEE T TFH

fiE fir T &
? 10
? 11

EEMEER ERTEFHORE] -FAROOHE1IER
ESREFI B CFEBT e
BHERSHER2MIB2MT:

& fi7 JLF B
0 00
1 01
2 10
3 11
m&ﬁﬁﬁTﬁ—&IK§T4ETﬁﬁ ewi—E
HME T BT o
B A =M TR FERE o MAIRTR » RESH 0 I H
BMTE ( EABN TEXBRRAT) » WTF:
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BRERMEE 4 BEREME - MATHEH—BK » BEMTEBK
T ETEBI4EE(437) - GEAHETHESHIEE.
#o0Z7, E3MERFEFA IBETHTUREZEMT
 FHBEEEBORIE A EH=02— BRMEXRTO
B9 AEBLEBEME—MT  BMk—fTHERNTF X
B

i JTF &
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
fo11
-1100
1101
1110
1111

-o-o-q-e-o-e-owqmwbuMHolﬁ'ﬂ

%

BEM—f T 5T 8 WHME » RARMAEE R
B2 8> (BREERA 16 [BE + BFTLLFRE 0 B 15 o AR
IR E SR A 05 9 » FLLPS @A THAHE 1010 211115
RBE % o B MR EYR T — HiEE ) BRAERMAER

T 0 %) 9 B - RILERBRERAEEN o HANE 10



—E & % 13

fafroc » S 4 B TERKEHE TR HtERE 8% &
% n— @I T » BMEMEAHBEBIM—E - FInA 8 BT
"] R 256 {EfE - M 10 EAZ T AT KR 1024 fEfE » M 16 A
fi7 ¢ Il ] %% 65536 fEAS[E A 1E !

RPBHETHERDERHBTRE - L TFRFHE
—(r CERE2HRE - F—MBTERR 2 ( EHBH 0K
FES1 ) FoEETRE2' =2 FZMEATH 22 H
1100101 /F 1 X 2°+ 1 X2 + 0 X 2+ 0 X 2° + 1x2°
+0x2"+1x%x2°=101o0

AR TRPIR LA ER (128) + (64) + (32) +
(16) +(8) + (4) + (2) + (1)EM1 ( BWE AT FR
0)ER256 EARAMME - BHEELRT 2"~ | BTRMGEE
EnfEfrTe MEXSOF 9 2R 10EKAE  3EAT
BRI BB 2 — 1= 7 PRE_BEEERR  Fit
EHMN—{ T B ESRE— RSB TES  BR B
fn R A5 n AL TC A REERR 2° EARRAME ( e 0 5 2" —1
SRImBE ) o

AT FERTURRTRE A MER o A
AL & BRGHERNT :

H i {143
RED — 00
BLUE 01
YELLOW 10
GREEN 11

Or possibly the alphabetic characters:
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TH A OHENE
B 00001
C 00010
D 00011
E 00100
*F 00101
X 10111
Y 11000
z 11001
(UNUSED) 11010
(UNUSED) 11011
(UNUSED) 11100
(UNUSED) 11101
(UNUSED) 11110
(UNUSED) 11111

BRE 26 HFR > AFRSMBAT( 2°=32 ) » 4
BERERHH (2'=16 ) o

Z—JTH % ( BINARY ARITHMETIC )

AMEBMEERERRRNT » RESE O KRS
BEEH o

¥ )13 ]
(BASIC ADDITION RULES )

BAEEB - THETEMEMEGBEY - BUOEM 95
67 —EKE » MBS RWMT :
BHkmsf7



B_E & #® 15

95
+ 67 M5M7

2 HRB2,#1
EEmofmedmml ( Ehr)
95

+ 67 MOFM6F1 ( BEMTRE)
62 fEEB6 » 1

R#%BEI162 o
kSRR - (EEME . ERENCERA

1) 0+0 = 0;carry = 0 -
2) 1+0 = 1;carry =0
3) 0+1 =1;carry =0
4 141 = 0;carry = 1
5) 0+O0+carry = 1;carry = 0
6) 1+0+carry = 0;carry = 1
7) 1+1+carry = 1;carry = 1

RAEEERI nfz THB BB MESSBRNOT
g1%4) mE—Fmofl > B1 ., #TBO
0110
0111
1 #Efr=0

#o4% ) ME_Fi1A1 > B0 ENS1

0110
0111

01 #fr=1




16 APPLE #i43%ES

3 )m1IFIBEML () > 810 EMVRI

0110
0111

101 SEfL=1

SAL)MOFMOFEMI (ERL) > 81 » FRER

0110
0111

1101 #fZ=0

BRI 45 BB o] (F (- {r] 2 T A s » 1N

01101100 1101101
11101011 1111011
101010111 11101000

AEFTRAIERL (UNSIGNED INTEGERS )

5 BT LB R AR E S R TR S AT o
EEEEETRMM . BERMAGEE REHMLT ( 8@
® 16 ) REBTHANE—FHRE o A 16 FET
BeFR 0 3 65535 TR B ( 2°— 1 =65535 ) o F 8
fBNL 7T AIBE K75 0 B 255 ZRf9fE - A 6502 & 8 LM
MoEEH ( RRARA 8 MR T ) FEKRRMAMEERE O~
255 ZHIMBUE - BIF > AMESHREGEBEEETH - 52
BT AER o TSR BBET % 0 5165535 209 »
H—EEEEE 16 T o '



FE T % 17

B3 - T sEFns -
( NIBBLES (NYBBLES?), BYTES, and WORDS )
EEFRMEFTHIRER4, 8 MI6 B TFE &
FHRREYIFEERE MEBITERHERRRER o 6502
ZEASHBENS4, sH 16 TtHASL o
“REHEREB4Mm—MEMLTFEH  NERER B
BETECBTFEVEFER 4 BT R ERET S &
FU—ERERER » BB T+ BRI BCDe £
6502 LRTLAME ZIuiB+ G B ER » LIERB R o
‘R REER 8 m— BT o 4 6502
YEGERBERMITHE » HE 6502 HENEER ST
o (B 6502 2 8f7 AR ) o
“FRRER 16 H—HELLTFE o EE AKXt
REH - i—FA &R 65536 AFMME ( 64K ) o Rt
6502 Bt AT LA EEEIEF) 64K FAtBEB ALt T o
—BEfTHEE THE" B » M—EFEERAEL
TCA o 5L T & &R E A7 TR AL T - KL Tk
ERM TEMEBALTBAIT e — 1 o flin, —EHER 4
B REEHEBBATRAMIT 3 ( RERMEBRAT O
- BARGES ) c ML THABBBA TR T » FHEBAT
BRLIT 15 o

#H -
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BIT# B WKW MWN WY APCssg2haT

NIB
1 0 1 0

BYTE
1o 1 1 0 0 1 1

I o 1 0 .1 1 1 ‘SRDI 11 0 0 0 1 1
BRE—MTEFESHF_RY  REHP—ERLBE
EREEMA—HEHAUREBEY - EBEFKHMT O F 3 »
e BRI BT 4 3 7 FrK - RE—FHmE BT
Mz 7C 0 B 7 MK E B TR Bz 7T 8 B 15 @K o
EEEEALUEBRMARIBAMCTERGBREEER -

I SEA9 L8, ( SIGNED INTEGERS )

BB 0T ( 2°—1 ) WEERWEREL S
EH M TREREXGE » TREFEOLEERRIRO
BHEE - FIENBSLEANNRAGBTEREREERRAR
BRI, R 17 06 5 B B AR T — B 9 I R o

BREI S TER 0 24T » (ARES 6502 e

HAI:
WHRAEE_TRK
Q_THEMERLTRAR  BUR1 IXRAKE
RBIFSIE B o
G402 IE BA R EE T AR MR -

B A IR 2 R BGE R TE R o ERHE TG

./



B_®E O W19

W IR A BAILL 2 5 A BUR K FT o
2 RBEARRENRE  BEFEOBITIHO
BT ME AT | GUNIT 2 6916 (TR

0000000000000010

A 2 15 2 T IREHEL I -
&S R A T

1111111111111101
CHmkl
1111111111111110

B 1111111111111110 582~ 2 69 2 A BER o RIMAT
oA EREEREN -1 cHE L RAKD2HHEEK
EREHIIHEBER n- 2

11111111111111190

EH2HHEEE

0000000000000001
BB

0000000000000010
BIZER2 o

REEMEE—Ewtm HERE ? AR B TR
ANEMENS ? i T EEAATLLT SRR EE T o 2
-2 RPBROT



20 APPLE H64# 3

0000000000000010
1111111111111110.
0000000000000000 - AL =1

BRI ERER > BISR0 » St ERMOEME
B o ATLIRES 5 B AR B S ks R A R E R
g o .

MR ERER XA RSB ( overflow
) B 2 RS B T B B AR o BRI TT 14 T2
BIE R & RSB » (SR TSR B BT B4
B ER T )

+RERIR B ( HEXADECIMAL NUMBERS )

FoTHTEAFEERERTET | REESSEN
A B S AE T 5T BT A AR AR B — R 16
fir T R RS EL 6 T /GER BT o SEM/GER BT RS
B (e — B Sk i BB P SRR 5 T2 B T B AR B L B
16 AL B it 16 (7 TAIBR RE 4 B 16 #6 BF B
ATLLFR T o G M8 J A AR SRR RE B A S KB E o 16
MR B 16 BRI - 059 5 10 AL BUER & i &
%6 EBTAEF RSB E10 15 4518 » 50T H— &



5 %fi ‘l“aﬁf_/_ '1‘/\;&3{%
0 00

* ?f -{} g001 1
:1*"e 20010 2
*,.v*"f 0011 3

0100 4

0101 5

0110 6

0l11 7

8

9

MEMOO@WBOWOIO DD KR -

BHBER 16 #HE 2 HBTREHEBRK - LH
v RZ IR o MTHEM HATR» 011111100 ¥ RE BE
B 252 » FIEREK 16 EM M FCARBE S o iR
THERTR 16 EA B HEE4 BT R—E MBELS
4T —MHAIFERT A O » REFT 4 B THHBRBUHEE
B9 16 SER B o MNRIFIH 11111100 B EFHE S K 2 H 4 B
(1111 f11100 ) » #1111 SR F? {1100 S
“C” . R 11111100 ERFC |

REERbBEHE . 056 16 # BRERHEAHES "
SELT BED T o MEFCA #5K 1110111111010100 o ¥ Hey @
KBTS R ARAE > TTRER L 16 E KRR 5@ o

EYMAER
( RADIX AND OTHER NASTY DISEASES )

BERMEKRIZBTEN - —EM T+ GE B RN
FF" 100”7 SEETF  MEAISGECRUSVRERE ? 2
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100 L) 2 REEWEZ 100 L 10 BE( 100 ) 100, 16
BIE (256 ) B ?

RERER ) BEENES IN— B o RN M
AIAN% » 16 SERZAIR ¢ » T 10 SERT B ! B 10 67 Rl
HEES RS 7 LR TUORAGEEEES S
REOBTFRR 10 M8 IHATERBRHET o

ASCHZ TS (ASCH CHARACTER SET)

MERB - TELATUREFBES R - FHBREER
BENT s BFNEEERARERGIFRAS - BHis
ARARRERRE—FIT o

BERR20 BFEREALES AT ( F 32 BARMGMHE)
o BN L 0E I MEFMINEFERIUL—LEENFW . A
F 96 EFERR o N L—LIEHIESHT » MR
» return , tab EiF 128 EFER REEEFEH7ME
f77C o MR AFHMEHTHMA > IEBFBLI— T 5

C REFESLETLL FOR 256 ANRIAGME T o

EEXREREESATRINROET - SERAMTEH
f3 S T 4R SR SR A8 S OB REE ( ASCHL ) o ASCIl F5 3
KEBEHIRA o ASCH FEH1T 32 EE A E R IEHE
» A34% return » line feed ,  backspace , tab FIH
e HIiG o HETRA 32 BERER—LEFRHOHEERFR (
maE s B £A%) NBF > BETK 32 BEENER
EBRBRIFEMBVHG—LBREAR - KK 32 #HE
BREBNBRXTRNE RH—LEBRR o
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ASCH IER TRy 128 HEM KB E R » EFEEME
mEATEHM Appell & B THEHRFHNENHT
R o RMERA o

RFITRERTIES
( USING BIT STRINGS
TO REPRESENT INSTRUCTIONS )

FRENMETARERER  WATLARERIES ©

BREREEEPE—LIES AR HER" HE
& UREER W EEIES R ?K%”’% EER
%E%Lﬂ”'%l@%“lﬁ”'ﬁﬁﬁf A" B
77 REAES LEKER” o SLESTLBEREMT

F L fip 4
000 Getl out of bed.
001 Get ready for work
010 Drive to work
0ll Perform required duties.
100 Drive home from work.
101 Go to bed.

S S st TS —EAR B % £ (B LHMER
FUVREREMER  RERFEBRAEFE—EEF . MA
SHEETTURU LFERFER » flln—@EARTRE" Bi# k
B GEBBRSTHEAMBE " MEEXEX” £ HBFIR
FIT:
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000
001
010
100
010
011
100
101

Get out of bed.

Get ready for work.

Drive to work.

Drive home and pick up forgotten 1items
Drive back to work.

Perform required duties

Drive home from work.

Go to bed.

(AL TR FRIE S 2 T HMER R T EEm A

Bo
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F= 8
=T INEEUS T Lot

¥f =/ (GENERAL)

FAMBLE  RANAGERAESLERE - ERE
EEE ARBERGAIREEELERY c BRAXAT
% APPLEI MBEIRFEMGM AT HEBFER o

APPLE Il +EH=HH:

WP REFHEI ( 6502 MEEE )

OBH [ RA (RK- BH - BES) ET

- (3) FCtEEe

APPLE Il #5018 81 65536 (BRI T o A T
AAAR A tBt ZR > WPIATLURE LB K A 6553618
i 5E 48 e B9 4E AT TCAELPE B o

%”(gﬁrﬁswoﬁ)&ﬁﬁﬁm/ﬁkﬁﬁﬁm
o 1024 BN BHEERBRXBFGERFEA o (
ft SR BT B $400 | $7FF ) o B4 4Kfr BR B ASF
Ko #F 59K fir ST k7 M ER » BASIC f Pascal
Lo BEFHAERF SKBBATH o '

hREEET ( CPU ) BRGTHAMBH S - CPU
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BEMHAK  HEREERREABRBEHRRARS » R
e #E CPU A 1E B o L By TfF o

6502 WIERBEAE-HEGESET ( AWV) » FTF
Rk S ERT  I—EEHE T AR CIEESD
EHRHEARK  MIESE ABEESEENIBTES
Heh 5 EEFRGMH 8 Bx ( REEBER) » BH—E
{557 16 A T ( F1 65020 biLEE—4 ) - BETER
BEEGIE ARSI ABENBEBOT :

(1) A2 ( Accumulator , ABACC )

QX—FHHFH(X)

OYFHER(Y)

WHBIRE ( SP)

GV BRRF ( PEHPSW )

6 BEXER( PC)
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"MEMORY AND REAL WORLD PEOPLE HAVE TO
GO THROUGH APPLE TO TALK TO ONE ANOTHER “

FRIE2E (ACCUMULATOR (A or ACC) )

AEFBEREEBERBS LRE - MBFHMK > B
FHE SR A L R Bre S ERE thEk
BT REBURERMIBREERGEFS

X% 15 28 ( X-REGISTER (X) »

6502 M X B B RABIMRN » T LI MBKE
RBFEEES ( amay ) BTEFE HES o FIA X
EFBXMEMAITEBBAL - REXEFBRXBBXE
BIEHS o
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Y® 5 2% ( Y-REGISTER (Y) )

EXSHEH—BURAXRMERS M - FRERI BFR
» RPIBLATLAMF kT & » BRI MRS R B EIE T o

HER IS 4ZE (SP) ( STACK ‘POINTER (SP) )‘
EEFERFAGEFSEFURBANMUBEINE =

BEARRERGFEHROBRHNBASEAE  ARERGH 8 @&
fr7C » BTLL R BESE S 256 fEfr 4k o ( 6 $100 % $1FF o )

= S

fr & $100 2| $1FF RPEHEBIRERA » L FHER
BREMN BERFEMNER o

EXRRF (PXPSW)
(PROGRAM STATUS WORD (P or PSW) )

PSWHR LTREFH - CRAKSE T @RRLT -
BB 5 RITRERTE o

#2 X 4E°R (PC) ( PROGRAM COUNTER (PC) )
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PC R RMAXEAREEERTHRINTHE £
ME—E 16 (7 T B ( AR 16 ST BEFEH APPLE Il
L 65536 EARFEMLLE) o

FEHEX(6502)
(INSTRUCTION FORMAT (6502) )

EARMAEEF6502 EHREAEDEY - 155 R1ME
?VEREBA—AFERERY S B RAH ST
BTl A 256 M nl AERIIE S 6502 > HELERAEI 1208
B4 HEZE 1005120 BIESBEREEAE - HBROHB
5 48 10 E o

Q% 8t (a-g)(A*B)

/I/ 5\

MEMORY LOCATIONS

EEE (GHERES ) RREN—BFELER S -
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TORESH ELEE AN B RE R RIS S IR 7 3 RetE b A8
BERR M LT IORRER o BMEL TARER ERHE
) A TSRS ERES - RPERER RIEFF)
IRt WA ERE _EESRES—HEISS 2K 2
=EiE S 2R

#Ef -

i
H—RAEES ~BRER
m_oEES
=[RS
HNEES
HHEMEIES
_ EDASBAETRRE— BRSO BB ERES
B8T BEEEXERML > 53 T—EES ) BEEER
HREIT NHLEE FXo
REAEHREESBHERIRNEN - BXERATESD

FIBLBE B EIE D ©

A=A AES
(TWO AND 3-BYTE INSTRUCTIONS.)

HHLIESEBFATR BT - GImER—E8
e B A R B - B3R BE R MR 7 B EnE
A WERALT 5 %16 A FESA #ITH » 6502 BLIE
T—(0 T AL BURA BB o — @S m—E 7% BT
BROMTE  BREREZK BREREM2 MALML
EHHBEREFESERT o
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“PROGRAM COUNTER .GETS TO SKIP DATA
AFTER A TWO BYTE INSTRUCTION"

BT =R TMAES S BESE TAMIES o FINE "
REBFHEFHCERYEC B L - EEES h $8DT
—f8 16 7 TG AR - 20 ( $8D, 800,810 ) SERK
2% chfE AR B $1000 L7 ( $8D,$C3,848 ) &I
7 $48C3 B | o

REERE ST TAKSE  BAETE AHEMHA
NI E ¥} o

#@apl -

A9 INSTRUCTION #1 LOAD ACC WiTH $FF
FF

8D INSTRUCTION #2 STORE ACC AT LOCATION $1234
34

12

-- ETC.



32 APPLE @14 %S

¥ &

HEREESBHBERRMANIES o £ LEGSF » BN
Eiﬁ&ﬁﬂmu%%vME%M$ﬂ‘&l%ﬁ%*’ﬁ
ZOWEE—EHES (NEFE—EIES BREME$1234 k)0

THHE S EBRFE

Loc DATA/CODE
1234 FF
1235 FF
1236 8D
1237 34
1238 12
1239 —
ETC. ETC.

ENOIRE B BN BT ESRERGER o

6502#5 {1 1it &Y % ( 6502 ADDRESSING MODES )



=% EONE-ESBKAM6at 33

6502 BT A 56 45 4 T R AIMIBHA 120
AT » B RRR 7 R L0 5 A i 88
B o BIIN 6502 A —MEES " {8 8 LI KA R
B o EEFoufr MARKBAR” - MHK LDA o
LDA 5 F % 6 FTLAIE 7% B 2R o . (LA R 7
E—ERRFHERARKBS o EREETH LAY 5
6502 RRBHHA— BHIE « MABIFHE (FARKS
o) o BTRFFHRRE - E 6502 ptATRAEREAA A
6 LDA BE  ERTABE" (AR o 5%
B (£ B O AL 05K B A 09 U B0 R B o

EiER R
( IMMEDIATE ADDRESSING MODE )

ERAERABRITAGERR L THE » B0
G2t o ERIEGFHY $A” £R“HF— L THEm
BARBESBF” c @t BEEMARK - SEAKXME -4
ERBREEA_NMTH: —BES —REEBER -

fRHAuRR :
(ABSOLUTE ADDRESSING MODE )

AR RBELAE DN BOEKRARERS > TE-
THERFRHAHES ( DA ) » HKEHRBE 6502 6553
Bz EHeH— 6 FEMCTAMI - SEEXBE" &
R AR » HEIRBEEMTMAEKERT : —BHSH
PERZ THIF RO o EEAKXA LDA RELHIKSER
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$AD> BEBMEN TEFRC L EBERCL #88
BEGL HE o GV » BT B $1234 MEAEA R R A1ES
WS ( $AD, $34, $12 B AD3412 ) o

FRAUR X
( ZERO PAGE ADDRESSING MODE. )

6502 hA—EEEH A RELS " FRM IR
A7 o FEEE BB BHERARESRF » H—TH
BREEESREAZMTHE : —RiES > —RfLdto —H
fr A% 8 BT » Rk RHEH 256 EARAL 4k » 7 6502
hEfEBEERE LM 256 Bfrh - B EEREERBHE
2HBRARB I FRE= —BEREMTE » FIATTER
BB FoERRRE RN BB A RA M EER -
HEEREEAXBEEY > MHEAL BEAHARRER » B

foxa o

F 5t s
({INDEXED ADDRESSING MODE. )

NERBXEFEBNYEEREAKERIIGER - &
JEEBEAKEEESIMHTERT S o 257 BB BASIC
R IR 2 B I EE S BRGR S IR ERBBETE (
MM : TBES) o X, YEFERRARRE o gt
S ESBD 436502 » BT THBMMEXHHFRG
oMl EEfr ik » AT BRI A REBF o AIMIESTE
BD34 12 MXEHFRFHERS c X RL1234+ 5=



F=E EURE- SR AfMbra 35
12397 BEARMERARBEES
s 3 ) 3

YEFRHRAE—# AEESBTRE BARMHER-

Fsl 43 {sr 1k ( INDIRECT ADDRESSING.)
EENREEE BESH T M TEFEGN EPG

fEF RAEFEAL ok » TR 6L BLRIBIIE S E9% 16 (L Tfr ot/
m1pEIMNELRE GERBLH T AFEBH T Ko

B Y35 8| ( INDIRECT INDEXED BY Y.)

BREERTIHL FAFTAE RTINS -

MiiERI M XFE 5| C INDEXED BY X, INDIRECT. )
THEHBEHN® -

BERAI Gt B X
( IMPLIED ADDRESSING MODE. )

e RS BERHAORNEHERE . 2HISS 8
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=—M TR

LY CI0ETE I
( ACCUMULATOR ADDRESSING MODE. )

AEERHRRRTAAPEDERIES th 2—h o
Eo

x X

ALLEH 6502 HER B EBN RABL RN o H
Ee BB X RHM AL TRZ REX A RSB
AER BT RERT

FR I i b B =X
( RELATIVE ADDRESSING MODE.)

EENXFEREREES T TEEREMAR-

# =B (ADDRESSING MODE WRAP-UP.)

BnRE R T RS LA R - BBk ERRMEA
THEHEFMNRE BT - '
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|
L3
o

;
[
me
b

EQU EPZ DFS
LDA LDX LDY S1A STX STY INC DEC
TAX TAY TXA TYA INX INY DEX DEY

¥f %% ( GENERAL)

ZIERIRILE  RPFABEERERES » ERHF 1208
TRMBESE > BRELERY - A BRKAEES BT
%7To LISA gtRER—EFBFRERLEMBRESBHE
A EEEABRAEARSSE - RATHERMA G K2
HEFRERK FRBE=EFE it LDA RE" R
AREBF” > STA RE" HFEREB” - BRLARE
SELAY BAES ERABRXRK  RETAZAFT M
TENTABREGT T !
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ﬁ*ﬂ l:l nn = a’]?.i —ty—t
(ASSEMBLY LANGUAGE SOURCE FORMAT )

6502 FT T B RESHEAFBR" BEB” (
object code. ) o MAFIF THRHARABBE XFHEERE
REE ( source code. Yoo

i1 BASIC E@TKB%UW%EB%%#FZ:@  HERBEREE
B - B—HHAEEHAK I K48 2RRERH &
W CEE TR AR c ST ERREE HPRE -
ZERRBIEITE

LABEL MNNEMONIC OPERAND ;COMMENTS

BEEMGERFARBATE-THESE - HER BASIC
FEITTH - FrABkBERIES ( BASIC & GOTO ) i Z|EE
W BHEMERZMETE » TR BASIC PREF » T8
HRERS AMAS—EF—ERBEARER - EETHX
REGNBEFERER -

HEHOEHEGIF . ( EXAMPLES OF VALID LABELS )

LABEL
LGO1
A

MONKEY
" A.B.C
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BRHEERAT :
1HOLD (BEGINS WITH "1")
HELLOTHERE (LONGER THAN 6 CHARS)
LBL, X (CONTAINS ", ")

EHTEBASIC v THERTHE » REEKRER
FE—BAMTEEER ALARE—RERE B2
BET—RERER

EBVETE BOE—TEFERUS—K—FER
2 o

FI9%18  ( MNEMONIC FIELD.

EEMERARM KPR LISAFREN=EFE
#5755 > tnLDA, LDX,LDY, STA %o

SEHEITIE  (OPERAND FIELD.)

BLRTE R % ISR ARG HERR o BB AL
HEER > BIFRA BHEA AR o AT AL RE R TF
» » MIBASIC sy EAA FEL » REEEREEA
o fifn . $1000 + $1 L 81001 » BMIESHH" LDA
$w@+$1”’ﬂ§%%ﬁ$&E$NMh%ﬁﬁA%§
srho HEBAMMARBIHRT o

BB E R BIE 16 & THM HERTEMME " # 7
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R )7 ERHT AR FHERS TS ER
ERS [ 7 RIS 8 6 TIF B ERHEME A o

£ RRDIC O RK AL bR FHEME X7 R Y
>, g RUXBHRIIRUY BRI o

¥ RBE TR PR R R B R B R A MR 5 R T R EE
BaA GUReRESER. |

RE - mYﬁﬁmmmamX¢amm&u&§ﬁ
o

#3488 ( COMMENT FIELD.)

fEEETMZ &AL E—- SRR TIESHRE, B8
E—-wBU" ; AMELRNMEZHELE-—BZR -

# A% ( LOAD GROUP.)

EHIEAE=1: LDA (BRARKER) » DX (KA
XEHER)M DY (BRAYEHER) - SLESIERET
WA AN B LR HE > RAERAFEEBEFRS -
fitn LDA § 1FA0 #fir & $1FAO shIRfE A RERF o
HEEFMEEMBELHELIBELS ARV T—HRARE
2chifi o @% LDA $nnnn ( Hehnnnn 551 3 4 62 BF
(9 16 A7 B ) &3tz & $nnnn BHEBARESRS

wHl
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LDA $11F0 —iEfI{E $11F0 AHfERARE RS
LDA $127F ——fEfL{E $127F WERARKRF
LDA $0 — B E SO B@ffétk?&ﬁ%&*

EHEBRARESS REEEBZAMELR" ¥
B/ XKRABRAGEETMPE 16 (L TR FhaEE
B9 8 fr T A PSR 8 L JTTAN AT o

#p -

LDA #$1000 —ifE $00 MA RER+
( $00 ££$1000 mIEpESr THE
» ML TE $10 B2 B AE
) o

LDA #$FF —— i SFFRARE2 ( $SFFEXK
£ 8 $00FF, (BN THEZ
BE ) o

LDA /$ 1000 — B $10 RMARER+H» $108
6 $1000EpERI T RBH
“/ 7 BESR  PTLAIR BSREAL TR
BE (KPS AL T ©

LDA /¢FF  —— B $00 RARK B+ > $005
fE $00FF (5 B FEAT T4 o

LDA /$0 = — Bl SO0 MA RBEB+ o $0
BB A T - RS T
£ $00 o .

LEAFHRCEBRARERS > LATLIBERAXY
FREYGHFR+ 1548 LDX A LDY - BT EHMEE
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frat LR GEN » BREAMBEAETRERAGHE RS o

HAES ( STORE INSTRUCTIONS. )

BB ATLERHBNEFROEFARERS - 56
EaHE=f: STA (HREBFEKX) » STX (RXTHFH
TAIH STY (RYEHFBFA) o EIHRABEEM LB
B W@ 4t o

#fl -
STA $1000 — 2 RBE 2 H5fE 7 AL B $1000 L »
REBOHETR
STA $2563 — IERBEBAME #£ ALL B $2563 L »
- REBOETSE
STA $FF — B REEBREEA AL B $FF Lk o

MR ATLER STX I STY 84 %X, YHFRIE
fEFAGCEES -

STX $1500 — B X G FBAEF AL E $1500 F
 XEERHETS o

STY $220 —BYEHEBRHEFALE $220 Lo

EE > FARSEYTGUBRAEBINYGFROME -
RERMAREH —LEFEIXR—BEHEAESE
SER - EBAREBL B $10005 $1001 LA BB I
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B $2000 71$2001 | - BX BITEZ# » fi7 B $2000 F1$
$1000H MR AE » 7 & $2001 F1 $1001 th HHF MHE o &
B py i REEIA E $2000 % 7 & $1000 » Tl &
$2001 F AL E $1001 » AR B HEEIEES A » RiFE
HEALE $1000 HE BB RHERF > BHEAHBBIMES
$2000 & » FER thiBfr & $1001. M1 BE R 513 » BRRK
BBENE $2001 £ BT :

LDA $1000
STA 82000
LDA 81001
STA $2001

ﬁﬁ%ﬂ%@ﬂ%ﬂmswzﬁgﬁg,ﬁﬁﬁm%g
g‘go

AHEBES
( DATA TRANSFER INSTRUCTIONS )

6502 B THUEGHEBMABBZMTRERBESH
 METHERETRENGIES  NRARRSBE X ®
YHER R2HX, YEFERBEREES A BER
XGEBBIEBENEEBISERS X THEEHIES o
BFERIOTF ¢

TXA —#X GHEBEBERHS
TYA — @ YHHERBESI RS
TAX — HRERSEBR X HER
TAY — {EREBRBEBT Y HHR

TXS — RXFHBHEBE SP ( HBIEE)
TSX — £ SPHERI X HER
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RAGEEBRIRAEER X EHEEBE Y EFERR
FHEEE4 o \TE THIES RKEREBEEE o

®XEY ®’eY 3 X

TXA ' TYA
TAY TAX
- ® - - -

STX $nnnn STY ¢nnnn
LDY ¢$nnnn LDX ¢$nnnn

BHREBBESTEEEET S5t RIS R N I R
— . ARG ENEEENBEE L EE o

W75 384G 18 N0
( REGISTER INCREMENTS AND DECREMENTS )

BEEENG-LETFRLFEEMES JHEBRX,
YEFSHEMOBALE4EES (BMExM1 > B
RrE1 )

INX — BEXEHFEBMEM > ENBEXTFER+
INT — BYBHFRGEM] > EHEEYBFERF
DEX —EXEHF&EmMOER1 - ENEEXTHFES
DEY — Y EHFBHEMR] » ENEEY BHFEF

HRESELGFRHENI RE1 » REEEELSR

T o
FEMEANESHFROERSFF » IXEM1 > RER
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$00 M EWM 1 B G EREEMHYE ? EER SFFXEM 1
By > SHEBEBEREME ARKEAME $00 » AEEER
$00 » WER 165 » GFIEN > thIRE EHHIE $FF

INX. INY, DEX 1 DEY @R R ke » RtA
FEEHETT o

@i ALIES INCREMENT
AND DECREMENT INSTRUCTIONS )

INC f1IDEC —#E4AERMTHFBRAKSE > MAILL
B BFEHE -

&K -

INC $2255 — 7 & $2255mfEM 1 » BRI FE
7 & $2255 ko

DEC $15 — i ESISHEMR] » ERMFENM
& $15 ko

INC f1DEC ¥ AR REM ALY AHFERERT
 EMEBARNFAES— EREH RS 0 A ik o Gt
RA 8zt » BRANEE hn $FF M4 $00 Al & HAR 4 i A9 o

E;T:#D*ﬁ& ( LABELS AND VARIABLES )

FERNISIL ERSEE . SEEBEEGML  ET
K HF o FlanF XCOOPDR £ X fh | F— B EER
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$800 KMREFERAEE - ERALHFAM WA LDA XCOORD
RAEH LDASB00 | EABRAEME L » EEXERENIME
» P HEERBEAEKE EE o 7 L Ol I E ] XCOORDE
# $800 » A LDAXCOORD ##% LDA $800 - Ml &R
Z R EEH K XCOORDE K $800 o KtLgt 7 A EREKNR
B ok o IRFTLAH BER MR B BREERBAT -

B 45 EREREHER ?BEE, 7H EQU BiES
o fHHE R $54 ( pseudo instruction ) 7 BRERK K
# LISA MR o M LISA HBEEMHBERMERELER ! &
EATEEAE B 6502 (i FEEER ARSI

EQU BiEHmMBENT @

LABEL EQU <value>

BERMERE . EQU BIEHESF LISA BERAHEY
BEFARR RS UREBAFRAEEERE, LISA g
EFREPREERER  BARERSREER o IRt
THGESEGH L REGETROBEEAH ( ETR)
BT !

265 -
XCOORD EQU $800 —— 4 XCOORD % 1 $800
LABEL EQU $1000 — 4 LABELZ/ $1000

LDA XCOORD—— F1LDA $800 — &
STA LEBEL —— F1STA $1000 — &8

CONST EQU $FF22 —— 4 CONST % $FF22
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LDA #CONST— #u{i $22 ﬁ)\;‘%é%%qn ($
22 15 CONST{L B k HEpE
T )

LDA /CONST — {Effi $FF A ZHE&EF ( §
FF £5 CONST{Z & L Hy & bE
fzcAl )

INX XCOORD— {7 {& $800 L{E N 1

DEC LABEL — {7 & $1000 LA5fE M 1

i EQU 3@ BIERE > — @ A RN b o BB
B 0 EL b2 AU B— f54 EPZ o EPZ i3 B A1 EQU H
[ o

&5fol :

LABEL EPZ <value>

{BELEDRFR $FF

B HBPH EROENBEERERE . R HEo
BINFTLLE R &5 LUISA BRMEE—( Tame . Be
BT IR B E T o 459 DFS stAlLlfE® . X
T :

LABEL DFS <vaiue>
EETHENERENLTRBERASL DO TABK

AR o EFR—EH MM ITH -
DFS 4 RIEMBL EF RSBt 4t REERX S
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BN F DFS fRI54 » RBERIE S EKEAIT ©
B H TR BIF

| (EXPRESSIONS IN THE OPERAND FIELD)-

. Bz L EFhXCOORDEFERL B $800 F1 $8U1 516
(7 TfE LISA A EETHP I ABEmEMERN" +”
ﬂ]u — » °

#7) :
XCOORD EQU $800
LDA #$0 — R
STA XCOORD — HEBRAL & $800

STA XCOORD + 1—{HEf & $801

B LISA BIRABRTARYE  REN—EBEER



7]
SEF

RELE MAHE

=
=]

B
=
o

o)
op
o
il

BRK JMP BCC BCS BEQ BNE BMI CLD
BPL BVC BVS BLT BGE BFL BTR SED
CMP CPX CPY CLC CLV SEC CLI SEI
END

R R
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#F 3 ( GENERAL)

BARNFAESHBRIEFRTHES  EFTRHESZ
R EEFETHEHES - EFRREFEUABEABHEI N
WAHEBRT c MABESPEVE GOTO, FORNEXT, = IF
/THEN S84 TIH » 6502 h RE— BB @B (

jumpandbranch ) {84 AIH o

Tk L AREN TR B L R A R BRK 845
ERF BRK AR GEBENR  RELIBTEHI ML APPLE
EERA . BRK {55 HHEFE  ERFEEEAZMER
6502 HHBHEMNE  ER—ERMEGKIE KX o

TEIEX ( EXAMPLE PROGRAM )

BERBAT BRK HHHRE—HEER o B EMHLISA
» BERIETIIHER:

MEHBE" ! ” #F5E 7TA INS » R CRE -

(2) LISA ETfThERE—FE" 17 o

OITA—HEZEA» LDA #$0 'Wﬁiﬁ CR#gt o

(4) LISA G F1TehREI—@E"

GITA—EZIH » LDX. #81 »ﬁtf&& Cﬂﬁo__

(6) LISA g TF47hiRE—E" 3 7

MITA—BZE» LDY #$2 . R CREo

(8) LISA G FfThREI—M@E" 4 7 o

OFTA—EZSE » BRK » RIEL CREE

10 LISA G T/ AE—M@E"5 » o



IDaERY

FhE MAEs 51

i)

WITA—MEZEH» END » R CRE o

H11 HREFLUSA BERLAT «- BERHR/ERIES -
@ LS #ETITFRE—ME" 67
BRERHTERR o

1957 * contro-E  » R CRE o
WEBBEMHT—-TEHE" 1~ o
BERAEMT :

1 LDA #80
2 LDX #81
3 LDY #82
4 BRK
5 END
6

LISA BESZRITAT—ME&G S ( command ) o 7
BWITBRAZHEELCEAMIR £ | » ZHITA"ASM

IR o EBEZBRS USA B REREREL %
U HHBRTAY BRK 7 > EFE| Apple EEBEA S
o fET x P HEBM STA" 800G " HHKCR @Bt LUHIT
O BART I HRETAGRHBSME AL E—SARMNT :

0808- A=00 X=01 Y=02 P=30 S=F0

0808 ZBRK {54 fESCtE I BIN2 o hBt ZRE

‘BRK 54 B AR B $0806 Lk o FE{R{FBA (SR 2 & 8

ARfTEEM2 -

| EES MERUENT BRK K REB X, YE
FRNERIEEGE o XKL » BRK #5470 BASIC i
END 71 STOP B & o



52 APPLE 1A EE

BkBA35 < JMP INSTRUCTION )

6502 #; UMP {545 2 EMEAA BB ( branch) » A
BASIC 5 GOTO fEM #R » RE7E BASIC 2 45885k
BB — T ML A BN B — ER HAr 8 o THIFEEER (
infinite  loop ) —EMEME" J > HEHICE" 1> L
BB T BEZRS 0 o

: you can JMP 10
Locanion  $10F€E

PROGRAM COUNTER JMP $I10FE

@l

PROGRAM LOC. STATEMENT

$800 J EQU $1

$800 LDA J
$803 STA I
$806 LDA #$0
$808 STA J
$80B JMP $800
$80B END

R-

S



FBHE MAEF 53

ah
D)

( EEEQU R END 58I~ &{hsCtB & )
JMP 54 BAINTHE:: JIMP 54 EEZRLHEM
S 15 65 B RS BEAASE B o
BN EERME. Bk ERERN . HIEERG
H IMP 1540 HEmR it » TR ERKES IMP 15485
By it » ERMERA » AL PH ERAE B —
B o B BURE » B RTEMEM EQU, EPZ, & DFS %
FEHRERE? AL BOEREAER—7 R -5
Bats » AUSES SN HEBtIE B ERME o MmmE A iy
BT :
I EQU $0
J EQU 81
LABEL LDA J
STA 1
LDA #80
STA J

JMP LABEL
FND

fRATLAB BLE H 7 BASIC A GOTO & 4 » AN
A R AELFR B T > R SC R T URKES © BB B BE— 1m0
—BREEET - BHNES—BHE—KBTR» QLD
FROEITAR" ;7 20) SHRBERG— B o £E
RRBREMELSEF—BTE o BIE—TREER Al
F-R—TERTH AUGREReEABEFER Mo
EET (BINE ) Y% R REERARR | K
MBEBHET M- FEEE— BEBEE o



54 APPLE #1&ES

REEAARY 28
( PROCESSOR STATUS REGISTER (P or PSW))

6502 ¥ ¥ F IFTHEN B FOR/NEXT 154 o BERIR
155 0 U FT R R B MR W W A58 ( PSW ) i 5T o

PSWH 6502 S th B A7 22 TN » b B2 H2 8 fI 7T
W16 L TEFR » bR BHER 8 7 TR 16 £ T

A (B PSW IR 8 HEBLTHES - ($§J:RFH7 -

BT » HPp—(L AR ) ©

Herrfr T B —EES S RRFEME o Slin P HFF
RPF—EREESE > ROLBEESHERER 0 > AIHEES
RE1 BAR0 o AT EHEEH 6502 HFRRE » &
#—EARTEIHTE Z2A BRK 546 EL£MH -

BREAK®#E( BREAK FLAG (B) )

FTHWHEE ( PSWopsfit 4 ) REEL&RFEZH
BRK fR 4 FTEER Y 35E o IRATLL BB E 81T BRK 1848
 PEFRGERER 30 (AREGRAMME) £ 30 #Kr
B 16 SEM BAIRTRBAL T 4 X8R 1 » B LERTHE
42 BRK f54 o |

+E T EEC D )



o

FHE M#HAES 55

+sEfr B ERE  SED (set decimal) AKX ED
E i CLD (clear decimal flag) #5433 Bk o 3& fBIH2 A0
R HRTE 6502 G&ﬁﬁt&%ﬁﬁﬁ%—ﬁgﬁﬁfﬁﬁﬁ o T—&®
BAEME® o

ﬁlﬁﬁz i 1% 42 INTERRUPT DISABLE FLAG (1))

P A B REES o (A7 PSW sl — Ui 2
B LB B ( PSWeppfIt 2 ) o EEKEH A
SEl s asE sy CLI 545K EK o WE BB B
6502 9 IRQMBEREBHE o

B IEE
( CONDITION CODE FLAGS (N,V,Z,C) )
HOEHERHIEYR 6502 AERMBRRRE - BELK
HEMERER IHEERERTE AL SO0BRARHS
e EES 1 HEFRE 1 SHEARNEGRTETLHEE XBEH
BHARBERERZEEBES BUBERE ZHEE,
REBOBATFS MEEZRULTIZOHERATES
BNel o RINA RSB B2 » IR BREES SFFA B
HinlBiaT» &£ Apple EERA S CESFFOERLE
$FFo [FH 54" INCSFFC3  » Bt@fh Z MEma g o
- RAEBEEREZHEE AIEERZESFFHEML » M &
$F800 » AWl o Z HEEEAE PSWESRLTE 1 o
Bansim—EEEE RS AR AINBEERERE B



56 APPLE HiAES

6502 BHHERPEREAME MU 2 HHBEXERARK
» AU SRR TTIE BE AR mBEEEL TS 1 fIFRE
B FHBTEB - RENBEESXSH EAE RGBT TH
i o NBCEEFE PSWeRts i 7 8L 7T o '
APt 8 A RE 9 46 SR AT bR R N EEE o MR ER
& NgEEE » ATLUERME7E $7TF 3 SFEZ s En 1 BIFT o 55
HEOERER AR hREMLTTE®LE1 o APPLEER.
BRSP4 EHEERN - ABRERENEER
BERHEAE S0 FSTEZE > REBSFFMEM] » KES
RIEB - hat RAIIT 750 BNA] o BB 7 & $F80083
fEED & SFF » 5 R—AIFEyBE o
EREEOSME » ik KENREEEFHYE. [
B th AT 4 B B 454 SEC M1 CLC KB ERBEME o CRI#E
PSWHHLIL 0 o
. R#—ERELBM ( overow ) HEE(V) o SEHEEA
EEARGEES BomE  REMGCTHAEEHRp %
o MBSt AT IS CV RB%  BRAEKLIGIES THXK
HE B HEAE o £ PSWHRKI T 6 o
| EPSWHRAMBGMTRHTS » ARER1 A
TEERBE. BHE 6502 55 B HEE o
MAZERTFIER S EHPHHERHE S
PGM1 :
LDA #$0
. BRK
END
PGM2 : )
LDA «%1
BRK
END
PGM3:
CLC

BRK
END



PGM4 :
SEC
BRK
END
PGMS5 :
LDA #$80
BRK
END
PGM6 :
LDA #87F
BRK
END

#4715 154 ( BRANCH INSTRUCTIONS (6502) )

TRTFEEEY PSW hpy M P EZ % » 57T
SHifk BASIC shiy IFTHEN B o B 6502 70 3F K 265
I 540 AT LA B0 3R 58 S 1A o ‘

BRIEATBBES R ETRIBERHTE » TEM
BG4 R BhET » MBS A R A ik » 7E Bk
2R ErERE . WA PSW ch—HlE - BANAF A KRR
BEBA - SRR F—MEHS

ERIESTTRAKNAME— G RERE FCMRRR
FRBE o FHBLFHBBIES

BCC = {52 Q036 A7 B B B 5 I B BA ©
BCS — fRanER B e A BB o
BEQ — &N Z BWESZE BIBB o
BNE — 40 Z S EE % i < BRI BKEH o
BMI — {0 N B 2% BIBkBE o
BPL —— a0 N BB B = RIBKBH o
BVS — &4V B 3 E B BB o
BVC —fR24nV BEEE 8 6 & QI BkBA o



58 APPLE WAES

EEIEAT IMP S —BFIEE —f ik ( ER) o

LDA #$0

) BEQ LBL1
LBL2 LDA #$FF
LBL1 BEQ LBL2

B 0 BARKBR T BTS2 BERREMET
FR 154 BBEE LBL1 > MZELBLY XA B—H#HK . &
Mo BIBBIMERIES  REYRARBEF BRIEE
Ml > HiZ EEA G st RSBE LBL2 E#4T
imfE $FF A R4 » FEES ( 7 LBL1 kMg
&) BEZEERRTE P RERIRLE SFFRA R

srh > ZBEERERR - BTLAR @ BkBE B Z(F LBL1 T HEm
B4 o ,

B AR AEELEC B LOEEES0 » REBFM

1 BETH FIIHES

LDA 81F ;GET THE VALUE CONTAINED IN LOCATION $1F

BNE LBL ;IF IT IS NOT ZERO BRANCH TO "LBL".

INC 81F ;ADD ONE TO THE VALUE AT LOCATION $1F
LBL --- ;NEXT INSTRUCTION

ETC.

{EE&( LOOPS )

HESBEAROBELZ — S RTURE TE i #7 3e
HABREER L o EEETIHBER o 7 EBASIC &7
FOR/NEXTi4% » (AEMRESHRESEIES



ACE TRACK }
v /NEXT RACE TRA
Efo :/—v a0 wrRER e M
L AR we Mo

REmEERE ZIEABERA RS R -
EE| K 0 Bik o A BNE 84 AT E KR ( body ) M
BRITERRAHBEK ORI -

FIINBELET 10 o ZBRIRIEMKRER L - H
AT IARIE - R INCHEKRRAML » RHLAMIO0 Ko
ERTLE 10 8 INC 154 » (HRATKTHE o RIIFTLIEL0
FAKME (S0l ) » ReggEr—EEERM 10 @1 2]
B BAWMT:

I EQO
J EQU1
LDA #!10 ;INITIALIZE I TO 10
STA I
LDA #80 ;INITIALIZE J TO O
STA J
LP INC J ;NOW, INCREMENT J 10 TIMES
DEC I
BNE LP
LDA J ;LOAD J SO WE CAN DISPLAY IT

BRK ;BREAK AND DISPLAY J (IN THE ACC)
END .



| 60 APPLE #AEE
Lk®  ( COMPARISONS )

FEEEERR  BRTHEBEEZARFTFEUNARLMD
HY - GIMBERENR I ZBEENRS5H(X=6) AND (
i<=(Ix5+2))0OR(L=M)%EHHK- Hit 6502
REETHEIES o

CMP IS HEERBNER T ELHE - AT
o ImARBHEREERETHE  BBERERKEE PSW
B TiAFREZH RRBRCIERG BOEHTE o &
MBBEBHESRIEEELGE - WEBBERES » 7
A BEQ {EAXMAMEET - (B, ME_EEARE AIZHK
B2 0 » ATH BNE KRR KAF LR o

NFCHEBERAEHMSEE - BNCHEHERS1 IXREK
BOEXR  FRIEELEMHE SR RHEBOGME®/DRE
TE 7 B A51E ©

MEMORY LOCATION $1000,
YOU ARE GREATER THAN
MEMORY LOCATION §2000

DIFFERENCE BETWEEN
RIGHT AND WRONG 7

Mg

Mo, ( (3
Ry

"000

VEETRUKIETHEE  REELBIESZHA



BVCH; BVS{ 54 ¥ B ERHE o

HAhAT LA CPX f1 CPY iS5 A& X, YHHFRMA
HEECIEHEME o HOISM M IU#E CMP f5 5 fI[F - thaf
AEBESKMUASEHTIL -

6502 MR EEBEh A BGT ( (branch if greater than) an
) #1 BLE (branch if less than or equal) 54 o {B &7 /| BEQ
» BNE, BLT, , BGE 159 KM R EDHMBIES ? RO EL
wlflmE: 51 <J A3 BL » BT :

LDA I
CMP J
BLT LBL
BEQ LBL

 BRI<T > AE-EEBHESEHEE LBL - RN
=T aIreshes - B _EEBBES ( BEQ ) @BMAE
LBL o

BAAREEBURE L - LB TR T BT > T AlBk
FILBL » T

LDA I
CMP J
BEQ EQL
BGE LBL
EQL ——
ETC.

MBEL=J . ABEEQL » MAFLB] » £1£] .
BIR /NS R AR » £RAR » 8 BGE LBLER A fF/
, FAIBR @Efr EQL B 19154 o



62 APPLE i8S

IF/THEN Bt i 452 #e
(IFITHEN STATEMENT SIMULATION. )

BASIC & IF/THEN BRESXEINT :
IF < &##tX F> THEN < Bk >
REEEHX THEB Y HRIT B> o #i0 BASIC

B IF X>=7 THEN Y=0, ZEX ARRER TS
SYER0 FaESHKMEE IFBRRERSEEBIE
SUEBBIFTESRITOME o FINER LFIBASITC Btk
B E&ES BIRIBEMOT

LDA X

CMP #87

BLT LBL

LDA #80

STA Y

LBL —-
ETC.

B3 EX=>7 AIff BLT {55 THHES » EY
EHR0 o FXT7 Al BLT i55BBS YER 0MES -
E#fF LBL TEHAREX -

ALUEBBIESHNEMERZHKEFSERTHES

FOR /NEXT #E & ( FOR/NEXT LOOP REVISITED.

RIE 238 » RANATUEERE 0 Br iSRRI E 68
—% o B CMP fEHLEME o RERWERSIBMBMER 1 65
FAtAERMIT—EFEMER 10 Bk » EXWT :



B
H
ot
B
op
ot
il
(=)
(%]

LDA #81

STA 1
LOOP LDA I

CMP #!'10

BEQ LBL1

BGE LOPX
LBL1:

;NOTE: The normal code within your loop body goes here

INC I

JMP LOOP
LOPX BRK

ETC

BRIRE 2 » B4 k& BEF| LOOP Z #i4E 1 fn 2 BN AT
c BEHALBAKXENASE - EE I ZEKAR 10 » 5t/4
BEQ 1 BGE {54 X &K BGTHE » B—@FEEMAL £
BRREZEN 11 o B A BGE RERMIES o LM Hik
ARBREE HRENT o

LDA #81
STA I

LOOP LDA I
CMP #$B $B - 11 DECIMAL

BGE LOOPX
:NORMAL LOOP BODY GOES HERE

INC I

JMP LOOP
LOOPX BRK

ETC

=3 =

FHANSERMEBRAFRTHARBT  UEEENSR
WHERRTH LR



64 APPLE 8%ES

HAEBBESEARZTUBE GCER PTG -
BiIES A MBI oY BBARA K TSR 16 f1Tw
M BEMEBESARE—THEM S ( displacement )
o KN B IR S T — i8S ML k3L 2 R IE B fy i
Jt > RIHEEAESBIES i 126 62 THEME 129 E T EZ M
BHEB o

A -HEBEBHELBES RN ROUBBLEE AR
SREL  EBEAEE HERAE  c MRHFHLELEA
HREEBIES (Flnfkn BEQ HMBEEAINA BNE 5
AS)REET cMFER" s +8 57 MEBBIESZEKA
JMP B 3) B @ HmIE4 o '

“x+ 857 BRABEERR ?E 6502RFAMT " »
REBE B B SRERA A “ *+85” BHRBERAER
SHM M mEE . ABEBEAR L TARMT JMP
BABR=MTAE -~ *+8$5 7 33 IMP HESHT—
#5451 ‘

#fl -
BEQLBL #HA®E AT :
\ Simply substitute:

BNE *+85
JNP LBL

B ExCEE SR Z MERRS 1 - MG EEF IMP
HEAE LBL - FAIEBE IMP {548 T—EIES R8T
» MRS BRAEFRIRBEE LBL 7 ! ‘

TERBEBMHLRBEX



FHBBHEE

BEQ

BNE

BCC

BCS

BVC

BVS

BMI

BPL

BGE

BLT

BTR

BFL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

LBL

BCS
JMP

BCC
JMP

BVS
JMP

BVC
JMP

BPL
JMP

BMI
JMP

BLT
JMP

BGE
JMP

BFL
JMP

BTR
JMP

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

*+85
LBL

KT el



66 APPLE @A%S

M ER PG . TESTING BOOLEAN VALUES )

ERR P EER L LMBRRFHE . LFEER DTS
BH> REBERMAKE o EHEA $00 kA EE M $01 kR
# 8 o AT BEQ 1 BNE #54 5k BIE 2 (B2 ; F BNE
RBAMBEYH R > MH BEQ KAAEMHER o BEEEKARK
$5h. ik LISA Rt FA4—ffS : BTR M BFL (

branch iftrue f1  branchiffalse ) » E=EIESFE
H£MEMBEQ 2 BNEMIEMRE » ARFHERFEME!

MEMORY $1000. YOU
ARE TRUE
MEMORY §2000. YOU

ERABEESA T B

FALSE EQU $0
TRUE EQU $1

True 1 False EHEFERFREFBMARLE - Rk



B
B
o
BS
op
ot
)
N
N

BA B

LDA #FALSE
STA I

LDA #TRUE
STA FLAG

®AE FHIRR

LDA #80
STA 1

LDA #81
STA FLAG

FAME -BEREBLEE MAREFERIETRRBRAA
7E true F1 false - B EEREBEEHEAEEM 16 i By
» BT SR EMREE ( symbolic constant ) » 275
HErBREtEXESEEALESBR -






BAE AFEAN 69

BRE

BEH

‘ADC SBC

¥ 3 (GENERAL)

6502 H3IMEAMERERKS : OFRYHR—-THK
QFTFR_TROTHAR+ R BEBLEET MY
BRI BTUUARTTRE A6 -

THfTRER (=T ) W |
(UNSIGNED INTEGER (BINARY) ARITHMETIC )
6502 PTEEREM TRTREMAEER 0 5255 « &
RERBETREX  EBHHA - BRIOMBELEEBBLE
B AEREENERS > RERE S AT FEE/ R
K BB 7 5 A (R A o
. BRTLEL BRESERBEEEETRREEE ALY
BT o |



T

70 APPLE #4483

6502 %% SIN,COS, 1 /X, LOGH TANEL &t
BB EMERE - H#H I 6502 HEREMBRLAEE » 6502
REEMENBEMEMERGERFTAMERNEER S
e ,

6502 B INEEIE S B ADC ( BRI AMNE ) o BIEAK
HEN BHEREMIIRHR L R EOKE(0R1

)t bkx o F—EAWHRBEBMHRAAE : £ ADC 2
R R BRER S BAIEE S50 %5 ZBRESMT 1 o

L]
#0pl :
S CLC L ALWAYS!
LDA #85
ADC #83
BRK :PRINTS RESULT OF ADDITION
END

CLC
LDA #7
ADC #83
BRK
END

cLc ,
LDA #$FC
ADC ; #820
BRK

LIS



EAE AWER 71

WR G BB BT & BASOA THRERM RE
# 18 8 B 7T o

BB R G ? T4 BASIC @K™ *+ > 255
» (ekaR . T 6502 BEFUE—HBMEETE BRERE
R TR o BAEME R R ARE BHERY » AELI K
EEw%RE - KA BCCN BCS SR B BHEHT o

%3 :

CcLC

LDA I

ADC J

BCS ERROR ;GO TO ERROR IF OVERFLOW

ETC. .. :OTHERWISE CONTINUE PROCESSING.

FEN EERBARMBAERMBEYRREANG o BM
HREABAYE » RIHFRETERERN - ERRERLE
BB RERAL B R B RBAL T o S

EBREBME TRE—M4E: SR—24€8$100 3
$1FF 2Rl o BB 8 (U TATRER R KB $FF, $FF +
$FF 18 $1FE» HAbfE HIn—F N RILME o

= .

=RETAAEF -
cLc cLC
LDA #8$FF LDA #$FO0
ADC #81 ADC #820
BRK BRK
END END
cLe . ce .
LDA #8$80 LDA #$80°
ADC #880 ADC #$FF
BRK BRK

END END



72 APPLE &4 &S

A EFR MM ERHFEA
(RULES FOR UNSIGNED ADDITION.>

: WABRTEHREREARERR T ECERERE
7 o .

@ FEfEINEZ BT > S8 RO I o

() F BCS BAXRMABMHE » mMBRE B AEN
EEERRE

#’E (SUBTRACTION )

MRS ABHRA > RTSERAZA: 0ESE
SBC ( AR ESME: ) @ FEfFMEZ N » BRE S ke
OFEESE 2t B R 0 > AIEREL TR o

#2, 3 BRMEREFER - GHEE—5% FE5UBE
o T AR 2 R BT A I LI R R

Bo

MO : T 1emRRRECRL

SEC ;ALWAYS BEFORE A SUBTRACTION!
LDA J
SBC I
STA L
BCC ERROR
LDX #$0
BRK .
ERROR LDX #$FF
BRK
END



BEARE HNER 73

HIt  E— SRR R X B BOEES S0 - ERR
AR R » B X BIERES SFF o fRATLlEBR 2 5 E
— s LDAFISTA B84 %&E 1, J Bl R o
ERBREES EQU B EPZ XEH 1A ] BEE o

SBCis 4 B % PSWeayfl » IR CMPIES —# o Hik
AL CMP $54—# » £ SBC 154 2 I MBIES » &
ERRTAER  TREHAERRYEBAREH o

NAIV e AR B sk M ch o B2 o

FTHEFRBEMOHRA
(RULES FOR UNSIGNED SUBTRACTION )

WO BRI » HRRAEL B RRESE o
D QBEFREZ N ERE R .
R BEBETEL - AEMKES 0 » FTAB1

25 79 B 45 ( SIGNED ARITHMETIC )

HES8 W10 BEMM ? ERERSS » TRHEN
BEFRTR A ( underfiow ) ( Bl KES 0 ) » BA
ERBERBT RS FLFARGHLE S TRAKEE
ERAN FULARBR—EERERNTR Hiko

6502 EHRA2HABRMEREZERAR  EERKETR
HOWER-128 B +127 ZM (F8T) - HREM
TS EME AR - F154 ADC RISBC » REMEZ HE
BOE R - TR M B BT L A o



74 APPLE HiAEE

7 B SR OB A B o RSSER R
7HRAE (BN T T RAFYE o JRIE B B - R
65 6 SEAL 3K » 7R 6 85367 3 75 @ B W i »
BAITA 6502 6V BEAMRBH RTR B HR o 5%
7 5C 6 JE 4 HERT Y » 8 HORESLBE A0E: o

AR R R B 0 DR e 9 AR B89 B 4 1 AR
R » (BEEMEPURIE Mich A R — B » AT RS 24T B BVS
HBEA o

e

OVERFLOW QOCCURS OVERFLOW DOES NOT OCCUR

LDA #87F ;127 DECIMAL LDA #81
ADC #81 :1 DECIMAL ADC #82
BRK ;RESULT = -128 BRK .RESULT = 3
END END
ce ' cLC
LDA #880 ; -128 DECIMAL LDA #8FF. -1 DECIMAL
ADC #$80 ; -128 DECIMAL ADC #82 : 2 DECIMAL

. BRK ;RESULT = 0 BRK :RESULT = 1
END END
SEC ‘SEC :
LDA #880 ;-128 DECIMAL LDA #8$FF. -1 DECIMAL
SBC #81 .1 DECIMAL SBC #81 . 1 DECIMAL
BRK ;RESULT = +127 BRK ‘RESULT = -2 (8FE)
END END

TESTING FOR UNDERFLOW/OVERFLOW:

CLC SEC
LDA #$FF LDA #$23
ADC #825 SBC #843
BVS ERROR <- GO IF OVERFLOW -> BVS ERROR
BRK <- STOP OTHERWISE - BRK

END END



BAE HEWREHR 75

TSR B elsrg #R Bl (SIGNED ARITHMETIC RULES

OTNERTH R B RR T E H R SRFE -

(2) 2 Bk 2 ) 32 5 1 SRS U ﬂﬁazﬁsﬁ%zﬂu%%
RRTE SERL BB o

(3 BVSBVC fEHKAMABRMRTELMER (EV=
1 By RN B A B AL BN R AL )

2T E A He 8 ( SIGNED COMPARISONS )

FIAV, NNZEEAMERREE - E_ZBHESR Z
BEESS1 » FILARH BEQBNE 9K ABSHHFL o
EVEESHRNEER  IRFSEABRBOHHFREANRFR
FtRfr EmfE - ARIRI R R BBGL BRfE o

BRIAFMERE sEBEAAVEENNEEDTE
4 HKR 6502 9 CMP IR T E 8 V B EMIE - 4

FoEMER Sk WA SBC {54 o SBC {54 Hix
EHEEN CMP B4 —8H BRT— 8 C&#, VEE
i o REBAR L EOGFENT @ £RTEMEE ( X
2 i—FEFm ) o REM SBC EAKNRE CMP 4o

% — EREE BRE - TR BN A 27 5% BGE
EARMMBESE BLT #54 ©

SEC
LDA A



76 APPLE AES

SBC B

BMI LBL

BVC GE
LT: <— BRANCH TO HERE IF A < B
LBL BVC LT ,
GE: <- BRANCH TO HERE IF A >= B

i E U E
( BINARY CODED DECIMAL ARITHMETIC )
REENBA— EMF R UHE T+ R

R BCD © BN A ffE BCD 22— &L
HBmERAEE B S HEKXMT

DECIMAL DIGIT BINARY REP. BCD REP
0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001°
DECIMAL DIGIT. BINARY REP. BCD REP
10 T010 0001 0000
11 1011 0001 0001
12 1100 0001 0010
13 1101 0001 0011
14 - 1110 0001 0100
15 111 0001 0101
16 0001 0000 0001 0110

£ 139 BCDRITER FmH—4 » (B4 10 B



BAE BEAEE 77

BARAT o % BCD &> {EREREEREFRTEN hoEM
B RSB JE B B R AL B o 75 BCD AR AL 1010 F

1111 2 FE B o A 8 (1T AT %% 0 B 99 2 ey Bufie » 744
SEShRPEBCOH HRAFFRHE 10 ELBHHA—F > A
EBCOEBZRIZME" ¢ 7 o

% 7794 BCD B4
(UNSIGNED BCD ARITHMETIC )

B RN T E B — 4 B Ee MR
Wi £5 2 ADC M SBC 1545 81TH » RBS7E ML 2 Bl th B
A TE s 2 Rt BB ST o FEMF S 2 R E R
 ARMAEMHKEGS 1 MEEREBERETRL
M EEER0 . |

EAREE BCD EEAMEMRM S BEMIES—
) BT B 1B AR S ALE R BRI R R
FEE - EREB—BETRABRLHMBE (D R+Ehr
BERE ) SGERE o D = 1 QIfE+ 6 BA > B RIE A
Bifi o AT $54 SED F1 CLD A ¥ sk 0 i o

— B#EDEE  MFAEGSRHEN - HEBHER
DHERSI - AEthFERY  BRAFTZRETHER A
B4 ABME B TR B AR A T o PR BN OB DI
o MILKRIEE EREF Ry B FAERK— KR
P56 CLD 54 » LR L EMER o

BABERE -G S 4EEEETHT—-EER
EETE 1010 B 1111 28> RIHEE &8 £ 2 6502 &
HH#R . MUAEMEZ KA SBC ZIE5KRERKE
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ERBO o

~ 3 {3 B 5 #5345 ( DECIMAL ARITHMETIC EXAMPLES: )

SED ;SET DECIMAL MODE

CLC ;ALWAYS BEFORE AN ADDITION

LDA #825 INITIALIZE ACC TO 25 ')ECIMAL/BCD;
ADC #8810 :ADD 10 (DECIMAL/BCD)

BRK ;RESULT IS 35

END -

SED

SEC ;ALWAYS BEFORE A SUBTRACTION

LDA #$52 INIT TO DECIMAL 52
SBC #822 ;SUBTRACT 22 (DECIMAL/BCD)

BRK ;RESULT IS 30

END

SED

CLC ; ALWAYS BEFORE AN ADDITION

LDA #899 LOAD WITH 99 (DECIMAL/BCD)
ADC #81 ;ADD 1 (DECIMAL/BCD)

BRK ;RESULT IS 0, CARRY = 1
END :

SED

SEC

LDA #$00

SBC #$1

BRK ;RESULT IS 99, CARRY = 0;

END

5 755k B R 3R Al
(UNSIGNED ARITHMETIC RULES)
(1) SED # 4 3K & -+ AL 148 o
() FEFF Nk 2 Bl 56 16 BRMERY - TIFEMRE 22 Bl 5 B2 Lo
o BT EFTRAMNY BCO MT > HAGE LM
#o i
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WBRMEMEZR » BRRZ HE > AIEMEES"
~ CMP #800 > o |
) kR ZBEMEER 1 kKERE » EEEFHY
- TEEEXR9MHE |
OFC=0 RBEREHTEL - ERFTELBEDN
700 o

T RA9 BCD B 5 (SIGNED BCD ARITHMETIC)

6502 It & H R BEHEFEREG T FH W o

2= ( ARITHMETIC REVIEW )

EEFRAMET SEBERM: TRARE A
B PFSR R — L R BCD o

BCD 7EF VO BhfF RuSCee s b B8 i A BNfE 3t RS 45
BIHE . HEEBE GREH > BRAEBRNEGREBL
BCD EX o RINEMN APPLE I FISEERBEIEK AIE
#RA BCD Rif . |

R T E BRI RAE B RS YRR
¥ 95 % REBHN - RANERBEANN TR BARGE
o RETHARGEHER > BBE - FULL GBS
FAM o
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8 I EmRIR A
(RULES FOR 8-BIT ARITHMETIC)
VK&

(@) FFak= 127
()~ £¥5% = 255
)+ #Ehr= 99

(2) B /)ME
(@ &5k =— 128
DARHEFHE=0
C)t+gEfr= 10

BRMEFE > BEXRLAHCREIABL A REHF
HEEIEK o

WEEDNEL Z A SE 1 BRSERL - M1 Bk 2 B 2 JE s AL
B

G AFHERFZERRREBRIED

B THMA RS  REEG—RRLEEY RS - Ll
hEHNRSEREEDER -
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#EtE
BRI HBEE

L]
i
Clg

PHA PLA JSR
PHP PLP RTS

¥ = (GENERAL)

B BASIC —# MAESERALEHEENI—M
A RUT » REBHERSE T—EHES o |
ERETBRBEIER - £ BASIC i GOSUB Bitst
AT BKEIBIR A R A fF o M{F5EZ KB ARETURN EE £ X
)K °
HAESHEERL > A JSR #E4 (Jump to Subroutine)
~ BhEIEIEX » B RTS (Return. from Subroutine)
BABEERR o JSRIESHE IMP B> HR—L
TEWGIESEB N LM TARBHEM I I RTS AI2—
T EEIES o '
f BASIC HEIBRBHBGEAXFEVERBRER
- BEEABATHEEESFRBERNEL—FAH
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BREEHE TFESRSER/ N MEEGKIE - §1ERE
6502 FEEfF MY BRNEFREREBRRE ? ARIER
SK{E o E BASIC R BEIBRKIERY  RBREE
O RAHEESPRA AEMAFESFRHYEE  RELARE
BRAKME BN I /OLEERBRR BB 6502 X ®E
RECPRINT' B INPUT B5BRE » AR BIBA KBS -
 BIBAREEMAER TR TS BRRE SSRGS
Iffo BEBRHEBA WLET” (“TOP-DOWN' ) &
ko IRTTHER BT RBAER” SEAF - HBLER
LA EI M0 FOR ERR »  REPEAT/UNTIL BB » WHILE
» IF/THEN/ELSE BHiif1 BEGINEND SEHERZE
Bo EAMTEMAESFR/BLBARTHE  REBTHREN
FEHT R o BAIRFILLA JMP MiE4FEEEM B
ERAERERALHA GOTO (& JMP ) By Rtk #L
BADNEMAES LTS o RTMAEEE LHER (
IF/THEN/ ELSE, REPEAT/UNTIL %) ARBAKED
B, UBBERR!

RUN TO LOCATION §2000
£OR ME, DO THIS ERROND
AND COME RIGHT BACK

B ;o—v
—
o

we Delivee

PROGRAM
COUNTER
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tEE TRAZIMESMT : EEMEXM INBE
WA RABEEERES KA ZEEMEANES o
R NRES  BE AL ASESRE BT
Bk e

e BRI — 5 B B R — R B o £
A — S E O B B ISR M54 0 JSR gt BEE
HHEBBHOEIER o MESHHER AR L LE Y
il » B> HEEEKERM ISR M HEL o

Bk LIFa S T RIER » Hrh sl B4 R 12 TSR
B $54 BTALER o F 28 S B2SK A T4 B O BB E R T o

7 e £ a6 SRR R B TS K R R
BB B8 tBETA M LT Y AR TR . A
SR ETER LB

R RIER (VARIABLE PROBLEMS )

Dupmﬁgm“@ﬁt*ﬂ BASIC _‘ﬁ}%ﬁn/‘f%ﬂﬁ%O Hian T
EA BASIC B :

10 FOR I=1 TO 10
20 GOSUB 50

30 NEXT I

40 END

50 I=1

60 RETURN

1 F FORNEXT i BHE ¥ T 10 U o ATRH 50 {1
g nP BRI T G B 1 o NGB B R T R
o LML A A Ot 5 M o SR @ AU IR
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RERIEEES R BT T | EEEES S ATLLA
BASIC —EATHAmBBARK TREFRAST  WT
&y :

LDA #8F
LBL JSR SETX

DEX

BNE LBL

BRK

SETX LDX #810
RTS

EfIsh s XGFRAKEBRESRS B BIEX SETX
S10 (Bl 16 ) MEFAXEHFEFR  REEHME - K&
X B RmEHER 1 (I SFR15 ) » KBREFMIE -
Wit EEHma—aRE! '

EREEE X B R c BALFREAREN X HHF
®( RARBRYTHSR) TG MHEERIRAHER
X %77 B R AN TEE A SIS BEHE 6502 #HBRAY BN AF a3 091E
Ak BIBhmE R RFEKERE o LAIRKA]
HEMT

XSAVE EPZ $0 .SAVE LOCATION FOR THE X REGISTER
LDX #8F
LBL JSR SETX
DEX
BNE LBL
BRK

SETX STX XSAVE
LDX #81C
LDX XSAVE
RTS
END

EBEFYUARAABANEFRRHEGNAERE - &
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ETHEHHE:
XSAVE EPZ $0
LDX #8F
LBL JSR SETX
DEX
BNE LBL

BRK

SETX STX XSAVE
LDX #810
JSR SETX2
LDX XSAVE
RTS

SETX2 STX XSAVE
' INX
LDX XSAVE
RTS
END

HERE—MEER > £ERPrEUEIEL SETX, BT
MEBETEORBER §EEX HHESMHEFE XSAVE
(B E o HEXTGHFRPBAMBSO » REFFU SETX2
o MEMBEHEXUFEMMBEFER RIF SETX2 HET
FRME - FIE RN - R X EFBORHEGLI—BX T
FroRmME (f77E XSAVE (T b ) i BB KEHEE
XSAVE & ko Bt #ft SETX2 Bhial SETX B » X #ff
FRBA 810 » B SETX2 ZRi— 4 » (BB SETX Bk
I ERKRF - BBAESRT » B XSAVE mfiif3 $10 -
HBAXEHFES AX GHFRGMEBREY SETX 2R
$F »EA M » R EEBANEREHELE !

R HEREBEAER R TR #E ( B ) KEF
T BHE o
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e~ T T
[ waNNA USE THE
X

N
)
REGISTER /!

P N

SUBROUTINE ONE

ekl

XSAVEL
XSAVE?2

‘LBL.

SETX

"SETX2

EPZ
EPZ

LDX
JSR
DEX
BNE
BRK

STX
LDX
JSR
LDX
RTS

STX
INX
LCX
RTS
END

JBUT U'M ALREADY
{ ustnC 11 You canTt!!
~ i

SUBROUTINE TWO

80
81

#§F
SETX

LBL

XSAVE1
#810
SETX2
XSAVEL

XSAVE2

XSAVE2
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It

ESEEARTGEETEGER o BEEHEXHAM
(5 B4, FRB5 » ATH DFS ( define storage ) 1 B B —
BaRs Ry st IR B — B TA o

(VEERNEE] i vse vt }

' X REGISTER AND PUT iT BAC
(( BEFORE HE NOTICES/

N

SUBROUTINE ONE SUBROUTINE TWO

6 -

LBL JSR SETX

BNE LBL
BRK

XSAVEl DFS 1 ;RESERVE ONE BYTE FOR THE X REGISTER

SETX STX XSAVEl
LDX #810
JSR SETX2’
LDX XSAVEl
RTS
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XSAVE2 DFS 1

SETX2 STX XSAVE2
INX
LDX XSAVE2
RTS
END

R‘—mmﬁﬁﬁm%ﬁﬁﬁﬁﬁﬂ@ﬁ%%%ﬁﬁ(
Local variables ) » BEZHEIEXHEIC 2t EE HEIF
HERIEHE o mﬁ%ﬁmmﬁ b A g B BRI S A B
GLOBAL variables ) o ¥ APPLE || MMl A ESERARE AKX
o AT R BRI GE -
HoBRARA TR RTEN —B" 3%A” ("REE
NTRANT") BI&ER » — B ROM LmEIER - REFHE
AGIERTUFMEC  tNREHAR B E > B Y FR0E
— i E T o
A fFFE ROM i EI X & DFS 4 KRB E - B
BREMBECHIELERE ROME - BERATLUA EQU RE
# RAM k@36 B » AT RARFE o
flRaneT LA FEE X — HROHLE - FEF T — EERBR
BT —HEBEF S —ELE MERTESZREXRGE &
PEHRVEMEBRATFREFUEREBEEKTFASN BN
fiei » T AERT— A A B fE ol 5E & R & o it R PIst
AL FHIEX :

LDX #8F
LBL JSR SETX
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SETX STX "MAGIC"
LDX #$10
JSR SETX2
LDX "MAGIC"
RTS

ETX2 STX "MAGIC"
INX
LDX '"MAGIC"
RTS
END

7E Lo BRYIEIE SF A X BHHFBRAK TN SETX »
L SETX il X EHFEMEFATREGMNE - BESI0HA
XEFaE B SETX2 o R NE X HHFRMEFAH
R E EeEBI—BEEHEEI LM S ( BE B
) c EELXGHRMIB S, T—HIESILTRBOUE
BHESICRAXEFET REREFENRMGVEHE
$F R E R AL B o 55 SETX BkEIEU B/ SETX B
BERGBMELBE (RERLSF ) BAXEFES thih
ErEl R SR X BHROERFUL SETX ZRiBfETE
—t% |

EARMER LFO (#EEH (Last  In, First Out)
) BESERBBO T BEBRER -

6502 MR EEBEIREL T LIFO & o #JLLA PHA {E 40
RRBBEBAKB S - MH PLA ESIEHEBMIE ALK
ARKBRP W PHA BREERABRBRHEFATROLE
g5 T PHA RIZHEH R B FofE 8A RRaRe ik

BRARIERESHERANE S » AR AIHE
HEEREHBRERNE » AT RINEIMREBELEEHBARBH®
B HAHE MERARME ! 6502 MBS EEENFAS
R —E 8 (L TEF 23K e o 515 EERA Koaft $100
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FIS1FF 20 o SRR BEA HARRS » BRI BIS TS
—HTELE EEEEER] > BET-ERBEABRRE
FER— FREAGRRZT o #8158 AR IEE F— M7
BOGr B o B BRI BRI LA R0 1 0 PR SR BT IR AL B
EWRARHERD o BIFTIEEAES 256 7 70 409 % K2 e
B0 TABKER PHA BRBGINAHFEEFBHAK—1
R > FBSRER ST THSHEA 256 i THME
FLEIHER b > 0 BB - 256 fH A HE D &8 mlg— FH &
At — st B S ELL T R o KB EKHE - 2565 T
B EATHS AT 64 AL THOBHESXHT o

BHEIHX , YHEROEANINES o Bk
BAEREAKESS > TLERESARKRHER PHA H#
AR B o ‘

5 -
YEHHFBRERA EXHFEREA
TYA TXA
PHA PHA

TG G R FKHE -
RERFIA PHATI PLA ERIR X P RIF G MTF:

LDX #8F ;INIT INDEX COUNT
. LBL JSR SETX

DEX ;DECREMENT COUNT
BNE LBL ;LOOP IF NOT THROUGH
BRK ; STOP

SETX PHA ;SAVE THE ACCUMULATOR
TXA ;SAVE THE X REGISTER
PHA .
TYA ;SAVE THE Y REGISTER

PHA
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LDX #810
JSR SETX2

TXA ;NOW RESTORE THE Y REGISTER
TAY

PLA ;RESTORE THE X REGISTER

TAX

PLA ;RESTORE THE ACCUMULATOR
RTS

SETX2 PHA ;SAVE ACC
TXA ;SAVE X REG
PHA
TYA ;SAVE Y REG
PHA

INX
;RESTORE THE Y REG

:RESTORE X REG
;RESTORE ACC

o, 2R 2 8 B B AF 25 B0 5 4 9 NE 14 fF R 3 BE A 199 M
MR NEBHBE LFO ( HEH ) MBRAH o

Tl 6502 {5k fF SE Bl AR 5K o BERE BO ML A0 2 5
BITI54 JSR B+ BEEIS BB EA #BF  M#FT RTS
B HEBKEIAL B A HE B BT o BANERIT RTS ZRIEHIE
BE A B BORHERRE M 3K » I BERH B B (F KL B R o PR
SitE— EHA: ERIT RTS ZRIELFTHEASRYRH
it o {8 R ER HB SRR > 7 AIG IEBhEIAL HE5F 4 0

EEREYLE TRRABHFFEEY— 5 SRR
FEFZRE—ADRN—HD - BOAHLE D AIRTES
SR AR TR K o MBe HERME . TRAS
B PTS » A JMP » BEE|ME—f9 RTS EXo
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%ﬁu : ?UBRT PHA

LDA LOCl
CMP #3850
BLT SUB1

LDA #80
STA LOC1
JHMP SUBX

SUB1 INC LOC1
SUBX PLA
RTS

ERBRXPBRERIX , YEER AETLFRHS
o

EESEEN, BIERARARER  RERBIEEFRE
AR » M HEREBRHBABIEFRR—SBR » W
SAVE 1 RESTR » BB AWHEX B EEENT :

' SUBRT JSR SAVE

-SUBROUTINE-
-CODE GOES—-
- HERE -

JSR RESTOR
RTS

SAVE PHA
TYA
PHA
TXA
PHA
RTS

RESTR PLA
TAX
PLA
TAY
PLA
RTS
END
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B R A EBEEK fEé?é%%‘%X , YE IR RBRARSAS
wEEDM RTS » Al 6502 @ KK AHEB M (7 UM FK
BhEz sk B X, YEEFSMOERARSZEBRER i o

{H3%x 228 ( PASSING PARAMETERS)

B R K MRFNFI BB AN o M sin (X) o X
SRS SIN R Bo SINX) 26 X # IF 35 B o
POKE th £—EHF 2 BFEF ( procedure ) o H H I POKE
CECEY RS iU Y Yy Py € i T

TE 6502 AR % S5k T AR B BUSEI B o 4t 1
B A RAEERAMR CHME B RIER =
TRl BN AR MEWT o GIMAPPLE BEER
ROM 7 M EEIRR » T RFEBMIEL ASCI FITHIfE
BRERMBH LFAATTHERR ASCI EERKBE S o [
B EIRA 5 B WIEA 1 SFDED #1 SFDOC ko fRETLUF T
FIBKAIE APPLE | BR— BEBHITTH

COUT EQU $FDED ;USE A SYMBOLIC LABEL FOR
; CHARACTER OUTPUT

RDKEY EQU $FDOC ;SAME FOR KEYIN ROUTINE

LOOP JSR RDKEY
JSR COUT
JNP LOOP
END

BELEXHET > T reset EHEATLL o
ENRFRERSNR=( THEHOB B stBH 54 A
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e —EHEBABERESFEEaMME  RAREINRK
o BEELECHN BERM - AEBERTEARRZ#
AT B $— B 40t B E HRE A E K o GUIN FFIRR ( SUM
) k4 G AR KRR

LDA I

STA PARM1

LDA J

STA PARM2

LDA K

STA PARN3

LDA L

STA PARM4

JSR SUNM

LDA RESULT

BRK
PARN1 DFS
PARN2 DFS
PARM3 DFS
PARM4 DFS
RESULT DFS
SUM CLC

LDA PARN1

ADC PARN2

CLC

ADC PARM3

CLC

ADC PARM4

STA RESULT

RTS

END

——

EMEEGTUNRALE AR | HAEER—H 8
B ERRBRE - KEAEKTTE |

o
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HN\E

fE5) 5% E a8 ARl

e
HEX ORG OBJ DFS ASC

¥t % ( GENERAL)

£ B AT L R BAEY ( 16 fLoThiat) o FE
8 £ 7 FEEL ) RIS (8 i CERBAL BERE o ia st R B
(B3R RME— o

mEgux ( ZERO PAGE ADDRESSING)

6502 5 64 K (i hit 23 B 8 5 B 256 1 L 4 256 7 MLA
Bf7 o §— 256 AL TR — K (pages) » it 0 HF|
$FF o %1 EUE(F 6502 MR » TI4H O ELE % 417 s K
HIfEE o £ Apple ESEEX » DOS M KAFH B BASIC 1

Pascal |t EFAFWEAT - RIMREAELES
(R MEAESHEAS AT DOS ) » AIRLERED MO
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0 HIfLfE o IRAMRERE 0 Ah X—HEHF EESHH
ML E ERE"F0HER” » MrHEAREELH
FoBTHAMIMEZELZEEND Avpe FHFE 74
) 75 HMF 0 BV EEX TRFEVECHEEEKES
FrfER T o
BERGRAER, RAEERAFE O AMLER? BFH
@48496@{?:%7}%“& [ 1 A 6502 $REE T &0 EALhEEE
Yo B0 HiLA#miR S hi— L T M s S ISR — (2 T
fir HET LB o PS8 37 7 FUAESR B9 256 IS MIA9AL 18 » B
HEZEFNGEEFPH—H: BFERH c eMIES REZ
ﬂm&*%MﬂM%éﬁﬁ“ﬁo%*@ﬁE%i% o BB
B B IR D RITH EE R (FEERTK) o
BRI S HERE AT B Ak

WPTIEMAL BE B IR R M ( thast RSB &R ) MAfE
A $100 o
Giln :

LDA 81
STA $FF
LDX $1
ADC 825

@OFZ it B FFEMR » BRY EPZ” 40
Fan

LBL EPZ 80
LBLA EQU 80

LDA LBL ;ZERO PAGE ADDRESSING' USED
I.DA LBLA ;ABSOLUTE ADDRESSING USED
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CEHHE R H EPZ AE BT T AR AL ks
o 4 B BB AL sk vk o

& S FrIbES
(ARRAYS IN ASSEMBLY LANGUAGE )

HEF 4 B RIS T o Y S B AW
TCHFEPTME B adtB e e B P AT B —
B 7 F A7 FE Y 7 K AR AT o] — (W oT 3 o

HAEFEBAMAEES e e HEN 2 HAFL & ik

v K BB SR R BB AR o (N AT LA EQU
Bfn o T &7 o AR ERE 40 M HKE
o E B BARTHEE T ® A AR R
in DOS EEAILLIE b o 5F 3 H & M/ BRI fy bf #h 5 o (Rt
R T oIiE 5 E HEFI 867 7 $300 BHsAfF 1 -

ARRAY EQU $300 ;ARRAY IS $28 (40) BYTES
LONG

32 15 4 o% B ARRAY&ELLE$300§%!I" BXBYLA
HOHEM #E$300 3 $327 Z#55 ARRAY ity o RN
REEEE S —MEZ - (5 10 @ cH . BlanT .

ARRAY EQU $300 ;ARRAY IS $28 (40) BYTES

LONG
ARRAY2 EQU $328 ;ARRAY IS $A (10) BYTES .
LONG
BETREE ARRAY2 B9 ARRAY B9 RIAN & 5
HERT o g

HABECHEM BEERFEYN  REEFHES AR
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i

ARRAY EQU $300.
ARRAY2 EQU ARRAY +828

;ARRAY2'S LENGTH IS $A

54 R ARKAY2 21t ARRAY BISAM % 40 L B
B%h o £ ARRAY2 RS R RHA B ARRAY2 EE K »
BMEHE XS AT RE ZWFIE S '

A EQU ESEMEEE - E—EEEMREERTFD
EEEFI R SERRAREMTHEE » LH KT
ARKEF - Sk AER K TR RS (R TR S R R K
Bk FRE—BRE) - F_EBRERELARMERRK
— A EE T EEMN X eyl o

BiE4 ORG g BifERMEL T B ER TMPA
fREMMIE  c LEAEREHRREREHBINERED
BE. AEREEAN GO E$800 MthF Kk F
BRI T AE. iFEC B ERTEMMNER R
B BHEREN] o SAREIBERERIEERNAERD
fTEERHEFATREXS - HETIIEL:

ORG $800 ;DEFAULT VALUE
JMP LABEL ;THREE BYTE INSTRUCTION
ARRAY  ORG 8903

LABEL  —— :THE REST OF YOUS PGM GOES HERE

WA FRERE LB E $800 ( IENRNEME ) B
WMAFRRX  EORGZHE IMP 154 » B IMPIEAB=R
THKE AET—EIE4S 0 $803 BtAF - B T—HIES
BE&—@EER (“ ARRAY » ), BiLUEE RS RBEN B
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HERMEBRFASRER EE BT EQUREPZ 24
C BRBEE—TEABEE 2B AR E o Bit™
ARRAY ” 3 B(H $803 BEADHEST o £% ORGIS
MR B ERES$903 - BIRET 256 EL THEME
K RS A o EME M — B R L E A B i B
HEEeE BEE NS RLEEE ORG XEH
fr o ' |

EEETEETETMPRE " « 7 . g1 7 &K
BRir Bt EBeE > Lt R RS B E R
FALL * 7 RABB AL T o BIFELR D 256 A1 TAEM 75 10
F:

ORG $800

JMP START
ARRAY ORG *+$100 ;RESERVE 256 LOCATIONS
START —- ;CODE GOES HERE

A—EMEL" BXRERGLM” o RIMREET] K
EREXS LARBFAGHEMFERAT  SASBASR
o E LB IMP IERHEEXBITHCEEIIES - BEF
ERR PHEFIRME B R EREXBERREBE ST
JMP , RTS 1 BRK Z# o

BB RIES ORGMABIES OBJ o fHER
B4 OBJ B ? LISA EHMFRARGHIIKRT $800F|
$1800&E Z ML A BEFTEL B o RAIRHEZIRBE R 6L
B $4000 BRI EATHE ERESE ? L ARTTHELL B $800 BARAHR:E
BR» ETZ2EBEEBIE $4000K 1T | XD 6502
ﬁﬁ%?%zﬁﬁﬁﬁ}ﬁzﬁﬁg ( relocatable , relocatable #
RERAVMUERBEBEMLBERITM AR ERE ) - TEMH
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M0 UMP » JSR FHESHEZIEHBHAE - MEEZ T
BR

ORG 8800

JNP LBL
ARRAY ORG *+$100
LBL LDA ARRAY

STA ARRAY +81

BRK

END

AREBBINES1000 KT WEBAHER RS
ORGHEKX(LEER $800 > FrEmBYEM AR HENE
fBfL & o a0 ARRAY B3 HEFE 2 $803 1 LBL AIE $903 o
ERFEARE—EIMP 5 EBREK IMP 3903 o BIIE
BABILE $4000 AIE— @IS 3 e o R A& bt
( $903 ) KBITT !

ERARBRBTRABEOHMAAES HLAF KAELE $800
F) $20002 108 ? ERAT £ REEHMIEAR . BHEY
FRAEESHETBERAN - ERIIEIES ORG K » BBiHE 2 (15
PIEEF RO EDRE) tXBOERE TH » FrisT M -

BB R F%E ORG $4000 I XFRBAEH F7E $400047 &
b LA B LB BIT o |
R ANIR A AR R A A2 $800 i [ E#RIF MAE $400047
B E#fT» RIRTLIGE A FOIERE:
ORG $4000
OB.J $800
STA 1oL
BRK

LBL EQU $0
END
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54 OBJ BILEAHEBMERERLER TMA S
ENL bk o EHEMFIEE XA EMER? FTEARK

ORG $4000

OBJ $800

JNP LBL
ARRAY ORG *+8100
LBL LDA ARRAY

STA ARRAY+81

BRK

END

ORG $4000 i RBEGELEHMEEM OBJ $800
AR B B RAECIEEE $800 | $1800 ;& ER o JMP
BEPARBENTEHEEFEAXREAT - H ORG*+$100
» AR S RO BRIARMIE o 50t ORG {54 & L
Bt ERMBHERMGE  EX-ERF " "ORG *+$100"
P, (EERMER 4103 (MRMFE) » MBHE
HOELE SIS LRMTES) - ERFBLMIES

"OBJ *+$100" WA FEEM » REEHIT OBJ - +8100
By (L B ERMECKER$41037 | SRHIBERTLIRRR » 7]
& LISA REtT 5—MfEtke

LISA 8t T 5—E{54 DFS ( define storage ) -
FEEEEEEE . ERF OFS 185K » LISA gmaEl:t
BRMEERMGMEMLE DFS 545 EETMATisE ;i
TABE - £ LOIFERS 256 B TATUERK :

ORG $4000

0BJ $800

JMP LBL
ARRAY  DFS $100
LBL LDA ARRAY

STA ARRAY+$1
BRK
END
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DFS 154 & B R &AL B IR o F OFS B tb 45 5
FERERAIT O BA o DFS a1 LLUE 3 % ¥ 3 IR il
7 » in DFS$1 o

TEARER 1A X (51 7)) 1
C INITIALIZING ARRAYS AT ASSEMBLY TIME )

HES R BRI AT R » B BN R A
SRR LT RS BENRL > AREHEAT
o BHAEMIIRHRNE M RERTFHE o THEES
THEX A48 16 67 1877 A SRR » BH ER 7 RIS
£ o HEX TEBAFMTEM :

JNP LBL
ARRAY  HEX 00010203
LBL LDA ARRAY

STA $0

BRK

END

ATFHRMBERALE" ARRAY ” FifmfE o T—
B MARBHEFALE S0 o HEXIEAFEMN R
(B 16 PR EE - HRIEEERE o LA KH
72 0B P E A S0 B o |

R ERS ASC R RE XFHME - mT :
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JMP LBL
ARRAY  ASC "HI THERE"
LBL LDA ARRAY
JSR $FDED
LDA ARRAY+1'
JSR $FDED
LDA ARRAY+2
JSR $FDED
LDA ARRAY+3
JSR $FDED
LDA ARRAY +4
JSR $FDED
LDA ARRAY +5
JSR $FDED
LDA ARRAY+6
JSR $FDED
LDA ARRAY+7
JSR $FDED
BRK
END

EEBRAGERELITTH "H THERE” o fE ASC #
Tt ASCH 5 R EELL B 5 SRR 5 ISRI5 dE 3K o SERAEBIMA
MEEES % O EHREIE SOBNREIRKBA
B o

BINZE T B e 5 SR » ERESE ? RER —Ee 5
3 F o — E 5 SR AT o

&

ASC "HOW'S NOTHIS

E—EESIRBHAAY . ER BSHRHE, LM
ISkt AT BRI T Ak o FEF A P B0 IE 5 5k AR =
RIS RME  SEFER LISA » SEEIIET LSRR
MRFHG—HT o EMNFOEREEPELETFHER:

HOW'S "THIS"
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BAE YR AT LA R BB AR R FY » BRFE 240 fo] g FE R 5 5T &
Voo EERE U RREE s RELE— BT RO E BN
B Eigt AT o fl AN E Rk F1 ARRAY A9 55 10 {5 3 Al LA
ARRAY +$9 BA7 HEEI 7] o ( FdfE » &8 ST #E5|
B OB ) o ERETE HE gt BFERITIREEE
» AEEBMERELA o B FTES

LDA ARRAY+1I

AIZEER g I pf sk in B ARRAY M EiF BEH
AREBOEREGLY AR EREISIHUACRTER
ABBBLL P EYE T o IR0 1 8 FF7ER B $1000 1 ARRAY
fFFEAL B $2000 » Bl LDA ARRAY +1 347 & $3000. 1
BERARERS > EH$3000 REMEHHAETF TH -
PR ik o ] S 45 15 B 5 S O 8 A SR SR 5 [y A DR
7 HERBIBE TR

PR i 4t 32 5 BREEfEZI TR
' ( USING INDEX REGISTERS TO ACCESS ARRAY

ELEMENTS)

6502 M9X , YEFRTHAKBHMEEEIITE &8
BHEBRES - ERERAXEKIIRY R5IK . §E4£ TS
B{F:

W BRI EFERHEMNRIES PO X o
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GET ME THE
1OTH ELEMENT
N ARRAY 1

¥ picK UP 10TH ELEMENT TO GIVE TO APPLE o
m%@&ﬁﬁ%ﬁﬁﬁm%ﬁﬂ°§ﬁﬁxﬁﬂmiﬁ
=3
<EHHE>fragXF> X

#gn

LDA LBL,X

 STA ARRAY,X
ADC $1,X
SBC $FFFF,X

A Y %31 RIEmT
<HR><BARTF> Y

LR LDA LBL,Y
STA ARRAY,Y
ADC $1,Y
SBC $FFFF,Y
FEETHBF
LOX #81 ,
LDA ARRAY.X  :LOADS ACC FROM LOCATION ARRAY+8l
LDY #$FF

STA STRING.Y ;STCRES ACC AT LOCATION STRING+8$FF
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EREXMEAE ARRAY+$1 MEHARKESRS » #ILE
FEAE STRING+SFF Fo SY¥UEREIRGITHER

FolLibEREEMB SR EREXEH T#X , Y
FRmE ol 0 REBWNLE ARRAY Bith » KR 256
@ oA > BIFTAD T ¢

LDX #80 ;INIT FOR 256 BYTES
TXA ;SET ACC = 0

LOOP STA ARRAY . X ;STORE ZERO INTO MEMORY LOC
INX ;MOVE TO NEXT LOCATION
BNE LDOP ;DONE YET?
BRK ;IF SO, QUIT

ARRAY DFS $100 ;ARRAY STORAGE BEGINS HERE
END

MO X EBMBRBEEERA S0 £ ZI0 2K 2
EHFARLE ARRAY+X. k> HEFXEHFBERO » BIFA
ARRAY fi & o HEXHFRML (B1I4Z0 ) » AT
BNE 54 #tBkE LOOP fi B L > HIERHBMHEFALE
ARRAY+X. » BEEXE1 » Al ARRAY+$1. {fj_ﬁij:ﬂg
o0, —EEBHENREDX HHERMGES SFF. KX F
1 TR0+ B I o | :

X , Y HAFE AL 8 BELTC » FTLUE $ 5100 5Bk R HETE
256 fEfL TATEZ A - HADSEATE » CIREHE
T o BIMEEE KM A FEA

3 tt: ¢ INDIRECT ADDRESSING MODE )

RE IMP R4l b SEERMEFERX
MERIEMER Y BEZER5EHFL o
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e B 1 R BT B 6 BB AT EEOAL ik o P REE > BF

THEAFEEREL:
JNP $800 ;JUNPS TO LOCATION $800
JNP ($800) 'JUNPS TO THE ADDRESS CONTAINED

:IN BYTES $800 AND $801 .
;LOCATION $800 CONTAINS THE
;LOW ORDER BYTE OF THE ADDRESS
;AND 8801 CONTAINS THE HIGH
;ORDER BYTE OF THE ADDRESS

B e 8 $800 LayfEES $4 L& $801 LHSELR $09
» B JMP ( $800 ) & BkFIAL B $9040 A E AL hEEL ATLAZK
HEBLESHE LM CASE Bt ( ON..GOTO H
CASE ZHi%m ) o TEAFh» BNXEHFRHERSSO
» Bl TMP & Bk ZI67 & $800 » RN X fE B $2 » AIBKBIRL
8 $900 » WX ER $4 » AIBLBIALE $1000 o

LDA LOCADR,X
STA JMPADR
INX

LDA LOCADR,X
STA JMPADR +$1
JNP (JMPADR)

JMPADR DFS 2 ;RESERVE TWO BYTES FOR JMPADR
LOCADR HEX 0008 ;ADDRESS TABLE IN BYTE

HEX 0009 ;REVERSEE ORDER

HEX 0010

END

BHEELEEBEMMEFREEEER ? TR
th " T LA M R B9 TAE A !

CPX #0
BNE LBLO
JNP $800
LBLO CPX #2
BNE LBL1
JMP $900
LBL1 JMP $1000
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" INDIRECT ADORESSING”
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BREHHEXMENE  ERUBEGH TRRE &
HILTIREL - Bt ER—EMGEY . RS M7
fEifz T4 ( — {8 CPX » —{f BNE f1—{@ JMP ) » M — &
HEARBES nREM TEAN T ( —Efrat ) » REHEH
BT B— B TR TR o

Br T HfE CASE B2 4t » il BBk BA IR o7 A AR I I A2 K
B - RNEF— EHARXE APPLE I HRESFH
FRTERRE L ERFEX 2% A EREX BT AT
EHNREFES L MARBEARF-—HBEBADHHT - R
PIPTLAR— BB A T - BERR oK fTa®RE L &
BESRAS 1 RR TR AR B FEH - BR T :

PUTCHR PHA ; SAVE CHARACTER TO BE OUTPUT

LDA FLAG ;SEE WHERE THE OUTPUT GOES
BEQ SCROUT ;OUTPUT TO THE SCREEN IF 0
CNP #1

BEQ PRTOUT ;OUTPUT TO PRINTER IF 1
CMP #2

BEQ MODEM ;OUTPUT TO MODEM IF 2

ETC. ..

BuRAMERE TAREME HERH - HEERERME
 HAEBAERARNEEFAMMEIESEIGERMTA
HARBAEZEEIBSLEMRHBRE - HELASKEM
5 H— RERRLALBIEARMY SEAREBRIFEFMHA
B4z ik o

RN BbE st T AR R T B RE T - ZNFERBME
18505 5% T £ B AW (L TR R ARG FE R R R X ( device
handler ) 67 fik o fF BR{BE 0 APy 33670937 L
KR BEAEXHEBREEA AL o MM T ERE
b SRR R R PR RK AT ik M fE (T i 337 A1 838 1o 1) FE
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IRAFEMER L - MEAEHFTREBRRA— @5
“JMP ($36)" 7 » SE @1 B BAE H 77 8 69 s 55 B 18
fF o |

#— ERER AT ZME o EMMENE 1/OgBER
BFEEFEMEESERELT - BUREBLERITE
FRILEE o RERE S B RBEX N o R B
$36 [1 $37 BN AT o

HoERE GBS HITEEEY . CoRmBERy
fir b BEBE B ALY B $36 MI$37 oh o EMBEARTREWES
EERENOEREAL I RA $36 ST HIF o

fel#5R 51 firuk 3%
(INDIRECT INDEXED ADDRESSING )

CREIMPISS LR M B ak ik » HG®RA - £k
HEZHES BT SRIBESTURKMAREER A6tk
B XHERSIMABY MRS % ‘

MERIEFELEREBEHEMORE A ——HEMERH
Y#SIEHES . BEMMUHRENT : BHEEXPTS
FOf ot ERBHME (BT B amE ) REEYY
FRHEMEREBHE KERREEMMG - BNYTHF
BEHEMHBC - St ENA ML aE o

mYRERSIEEBERH: FamiBLAES O H
o FlEf HEMmIESEAREBATHE : — L lsERE
Fi— 7 T A5 0 B bk B AR £FSE AR ALK ot - B
LAR EPZ X EEHA THERERK-



#
=

g :

LDA #80
STA $FE
LDA #89
STA $FF
LDY #80
TYA
LOOP STA ($FE).Y

INY
BNE LOOP
BRK

END

R 515 42 ST G MR b 111

:INIT FOR LOCATION $900
:L.0. BYTE IN LOCATION $FE

;H.0 BYTE IN LOCATION $FF

(INIT TO START AT LOCATION $900
.INIT ACC TO ZERO

,STORE AT LOCATION POINTED AT
'BY ($FE.$FF) + CONTENTS OF Y
GO TO NEXT, DONE YET?

JIF SO, QUIT

& R 5K Bt A2 N A 4R A 1 BRACHE BB R A SE R FR A

B XY #5169 TiE(FH o

| B A 10 48 1 7] I R B 8 256 fRGZ UM (7 & o L
B IRFAN o] gE FR SCIERE A (T B 7k o

ENCIN IR Tt

(INDEXED INDIRECT ADDRESSING MODE)

TER G ih > IR MG HE T N L Y B A7 25 o9
BEEEME - KBFAIUEHREFREC L TER

fE#5] o

M5 IHESA R EfERS o B X BHFBERIINE

mF:

<HHR> (<frst>, X))

Seimpr kR F Ml 0 b X B8R GfE - LIRS RIFRLE
» BR M AL BRI T — (L EAIE (R A R A6 ik o
EURES 0 HABEEELR MER X SFAHEEER
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BB P AR oE - R X RS IMERBRER - & @bk
BB o AR AEBITREHE -

AR AR » h2 6502 MEEBHAMESR
SN E R BN A BREEFHIE G
bk U—B B THRERHEE TR
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EAE
BB R

AND ORA XOR/EOR BIT
ASL LSR ROL ROR

¥% i3 (GENERAL)

FEEREFEBER L BEHEFE2EERFTHEA -
F—RERAORLEEBEARER - BAKENUEME
 —MEREREESE HREFENB—EHOES -

FTER4EAKER: B8 AND,ORFIXOR o ¥
BASIC 2 B3R AND , OR EEZRHAE - 7T B2
AND, OR§1 BASIC #5 AND, ORH — BB R o

SEMFIR Y BEER” RBBRTAMHKEE - BELR
RUMAETRHBRAFNELARLMHIIE - KEFERE—M
BEE TREERABEATUEEEHE - KFM\AHERER
RHE—ERAERAGEREE—FEERLE - KB HHRE
FRERER BE—&RAOMAKEBEAE_ErE MM
BRAHHHREEANE 4 B EREE ( A—FBARE) ©
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W
(COMPLEMENT FUNCTION )

EHE B A — HRA o BIRA—(L T - ARE K
B o FIANRAR R (1) » MRILBEE0) ; MK
ABEE (0 ) » BB (0 ) o B AE KM K
9—1Fmoe

CE9— 1 B e EE &

AL T & H LT
A X
0 1
1 0

HBR AR B NOT Ml NBA1 Ao

AND & (AND FUNCTION )

B BEERERAM - MRE— B REE - =6
B B AR B AR EIBIE o (R 40 T % 9— 2
FR o
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#9-2 ANDEBMWEMHESE

AL T &b T
A B X

0 0 0

0 1 0

1 0 0
11 1

AND B INE B TE L BS54 (B IF(A=B) )

AND(C<=D))) ANDEBBFEEMYE - BNEE
TEUE AT TR 0 » GYATA B558 B » 1B I0 508 MR AL 8 O
CAI4 BB BMBH1 AIKRLMEEA R f£&d
THEH EBBCARELEB» £B81 > AIREASER
Ao

ORZ® (OR FUNCTION )
S TP 5t 5 25 7 0 O AT T8 1 — (R B A

HBE—E&(RZE%) BE RO EME » &RR6ERE
o BERMT :



#9-3 ORKBEMEMEK

i AL T &bz 7T
A B X
0 0 0
0 1 1
1 0 1
11 1

ORHBLWHELEHESH (41 “IF(A=B)OR
(C<=D)" ) » A OR HWBRthHFEHEIER - ATLL#E
ity TR 1 - RRIMABEE  ¥BB 0K A OR B g

ERIEEAMER; £BB1 > AIA OR B®RME 1 !

XOR & (EXCLUSIVE-OR FUNCTION )

Mg —ARAE - —EKLEGZ - RMNAMB
AN HE £ B AR » BR M FE - &BREIRE - Bl L0 T:

#9—4 XOR B EMESE

i A\ JC : i HH 7 7T

A B X f
0 0 0

0 1 1 ‘
1 0 1
11 0 “
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XOR K BUH — BA5PE » H1— & o] A BUBR A 9 #lf 3K
o BB RO » AIEKILMEERA R B 1 » AIEINIALS
Al B o

XOR J{E“ REHN” EHE - WMASERB > W&
B HFABE - 6502 9 CMP {54 th AT LAfF Bl M F 8
e » AR & S BEER B - T XOR A~ &7 Sy Jit B ()
{ o

{7t 3 E B (BIT STRING OPERATIONS!

Z| BRI IEFTaf iRey B IR A S & — AT - o)
6502 EB 8 fr T— HEEE » RS EELE T ALLL 8 {7 ¢
KEF ©

Veuk B—r T— L T HfE SEE o TR EIH— W THl
fE 0Btk HES— THEME o IR & Rtk
RIEMEOLL » HERE 1L BEE Sfmﬁxﬁl’f*’r%’z’ﬁ‘m °
W

(10011110) AND (11000111) = (10000110)
(11110000) OR (00001111} - +iliililll)
(11001100) XOR (11110000) - 10011110C}

NOT (11011011) = :GOI00100)
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BEEEEMIES
C(INSTRUCTIONS FOR LOGICAL OPERATIONS)

AND 54 ( AND INSTRUCTION )

6502 7 2 R BB 38 BRI B B M R 20 AT
AND B+ KSR HAE RAEh BB Z RIN BUE o 1548
FFE% S AND o

&l

LDA #$FF——3u{H $FF MAREE 11111111
AND #$OF — B2 A1 $F X AND{E 00001111

— AR ERES 00001111
LN $F

LDA #$2F—iiff $2F BRABREEE 00101111
AND #$01 — RHERM $1 IRAND{E 00000001
— RN FERAES 00000001

RZT 7 B1AINEESS 1 > BONZES N ZHE
EpB1 o AND 55K MEAR : TAXIRELTRAES
1o GIINBHEREBOHNITORER » REHAHRA
$1 RRANDfE » RAMZTT OB 1 » IR ( ERER+D ) —
ER1 > MAZEERO » fRAJLIA BNE #54KHA -
REBEBOHLTORR1 > IZEREB 0 » Al BNE RIRABt %
B o ' | ‘ .

BRTGABRAEBMMESZR . AND E KM T H %
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HEEER BURRENALTAAS— BT 45 X
FEXTEREBEBHE BT HAHBMBAE R
Sty BEE 0 H LM BIE AND BIfE » (B 5 RRBAE R
Beh > MRAKEE N 2 VS HAMT :
(L B LB TE 7 RAN B o (R RO T 7
) o ' '
@fr B LEMHAL T 6 AV HEE -
G BAE R R YT Z B (HAND 55 ) o
TER I A M93E4IRI% 25 ( hand-shaking) B5 » BIT 4§
S¥P AR o LIEEHMHAR BIT 545 o

ORA35% (ORA INSTRUCTION)

6502 BHOR 15H F ORA o
g6 1
" LDA #$00—1fH $0 BMABERS 00000000
ORA #$FF— $HRAKBM$FFROR 11111111
i » 58 $FF HER 11111111
BEaP

LDA #$04 — B $4 MARZKE R P 00000100

ORA #$30 —— H R $30 &L OR 00110000
fi » REBB $34 AR 00110100
B&a+ '
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L =]

XOR/EOR§4 (XOR/EOR INSTRUCTION)

EHERy 6502 XORIE4#F5EZ "EOR” », mTRHAEB"
XOR ” 1R@ M » BT HSARE: 2 R XOR » {1 ™
EOR »” » #RAEXXOR K& » EEMHF » BEEIRA o

#BH -

LDA #$AA—{f $AA A RS 10101010
XOR #$01 — ¥ 2% $01 XOR 00000001
—fH RS $AB BFE 10101011

— RERTP
LDA #$AA— 1 $AA BARKER 10101010
EOR #$01 — % ZHE M $01 B 00000001
— XOR{H » #5RE $AB 10101011
— HFERERF
BRRBRFOAE

( COMPLEMENTING THE ACCUMULATOR)

6502 ¥ B HEAM T BIES » TRWA XORIES &K
o WRK R $FF IR XORME » BLAI B REFEM MR

#oHl -
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LDA #$00 —{# $00 A R22%H 00000000

XOR #$FF—— i $FFAIRE2%M XOR 11111111
o KRB $FF » £ 11111111
EREHRH

LDA #$AA—f{H $AA HARKZE 10101010

XOR #$FF—H $FF MEKEH 11111111
XORfE » #5525 855 01010101
 FERERF

LDA #$55 — {H $55 A BFEHXRA 01010101

XOR #$FF— IR $FF MEKRM 11111111
XORff » %85 $FF 10101010
FERHSBH

ZEEH (MASKING OPERATIONS )
FEFRE A BRI ? IR 2§ & RS
AT ARSI T (] ORA f54) » B ES (5T ( M

AND 54 ) M@ Efrc ( i XOR/EOR ) » Al ZEfM
BHEERELERE?

= BR(MASKING OUT)

BREZALE VAR L ERBEAHEE » —ZEEREER ( nibble
) —EEHEER EEEHR > RMREERS 4L TH
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YOU FOUR GUYS CAN MOVE ON-
THE OTHERS MUST SToe/

*MASKING OUT”

R MERRME 4 i TR 0 o I8 VAR mE®AR
B3 BHRKBAESOF(F ANDEE . AIAK (HO)
st B BB 0 » THERE (LO) JEp I8 o

o5l

LDA VAR — i VAR BfE A BREE
LND #$0F—EEHEEEKE A TEEER

F—EEMIGMELRERR (packed data ) o i
DBREHETHE B8 EMKERER (LM - RIEARER

- H—-HERAFSE B THERA RK% A BTR
1 BFL 59X A% » BB BTR ( MIBNEHR ) EEfl—fr
TRIBHEREHE W BFL MREEREMLTHL0
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B 8RB o RIME B RN R E— L T Hitk o AT
LUB AND 154 %# o BB AE (1T » RE IR AL TCH
i BOEBAGCTE0 » B Z REGH LT » A
WLXM%mﬁW»ﬁmﬁwa%ﬁmﬁl,MF%Qﬁ
— @B 1 - TAA BTR KB E W -

#p -
RALLTH 0

LDA BITS
AND #31
BTR THERE

BRASTTH 1
LDA BITS

AND #710
BTR THERE

B BAKL T # 2

LDA BITS
AND #%100
BTR THERE

BERALL TTH 3

LDA BITS
AND #%1000
BTR THERE

JUEALL T H# 4

LDA BITS
AND #310000
BTR THERE

BIXErTTH# 5
LDA BITS

AND #%100000
BTR THERE
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B TCH# 6
LDA BITS

AND #71000000
BTR THERE

BIAL T H# 7

LDA BITS
AND #%10000000
BTR THERE

AND 454 fr 55— {1 5 & 45 MOD i BL ( MOD 282 B
BB X MOD YRR X BLLY #6h8 ) o BETRHE 1
f5 tAND' HIFBFIRRLL 2 (9 8RB F1 $3 fE AND' RISBRLL 4
BB B 7 {F AND > BIFSERLL 8 R 8K Bl $F {F AND
» BI/BBRLL 16 B2 8L B $1F {F AND' » BIfBERLL 32 A98R
$ B $3FF AND'» BERLL 64 98R-8 » B $7F fE AND'>
BERLL 128 9B 80> 81 $FF (F AND' » BIES IR 91 o

SEAFPERT ATEFT % 3005 o MNRTTE ARG TR T o B
B ASEERRBMER T o 7T LB AR THH BEKE
B MUBBKIEHENRANELT  CAERVESESR
% §2RERE B RREXTER, TA
X BB kv K E B £ H— EEFSEF (mask. ) o

sof

TSTBIT LDA BITS
AND TBL,X
RTS

TBL BYT %00000001
BYT 00000010
BYT #00000100
BYT 00001000
BYT %00010000
BYT $00100000
BYT #01000000
BYT %10000000
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BRI AL AEERRE THREC 0— 7)
BAXEFE, RE  JSRTSTBIT. o RE ZHEEHRXTE
BB M AN TB0 HHB 1 o BUOX HHBOERE 0~
7 Z R @MY ? B SO tE 8 R B B S B e 3

T RERBARAM ) AL EERTE X HERMEE0 ~ 7
2B BRI H— G REMX HEBES (L& I
BANER 8 ABRE LB o %“Eﬁ&%ﬂxﬁﬁﬁﬁ
$71F AND » BB L X BHBEBL 8 BN BIE
BHEROESS  IREZEHRALT 0 » BIS = kT
GAEES AR, AND SSSZEMI - BRI IS
AT SRS TER | ( wrap around’ )

X B BT E R EBM BIE AND - FILLL A%
EXGFBGEBERNE BREPLERE AND » Wil
EEBEBEX B2 XETLIES NE EES R BB
BT T E ;

TSTBIT AND #%0111
+ TAX
LDA BITS
AND TBL,X
RTS

TBL BYT 700000001
i BYT 00000010
BYT %00000100

BYT 700001000

BYT $00010000

BYT %00100000

BYT %01000000

BYT 10000000

AND #54 W aTHR X— MMkl “ B> - FTHAEXL
m&mmans¢;~&mgao.ﬁmﬁm@-%ﬁa¢
R ER W — LT o
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g .

SETFLS AND #§7
’ TAX
LDA BITS
AND TBLS.X
STA BITS
RTS

TBLS BYT 11111110
BYT 11111101
BYT 11111011
BYT 11110111
BYT Z11101111
BYT %11011111
BYT #10111111
BYT Z01111111

HEEEBEAR L —EERXE HTR o HELEMET AND
EEZ %EFE BITS d» MtAEEBTLUL o LKL Ft
ERRHA AR » RS RM R RE L6 TBR 0 MHEAMAL T
R EHER o

=iECMASKING IN )

6502 HORA 5 A AT AR R EM TR 1 - BAMT :

SETRUE AND #87
TAX
LDA BITS
ORA TBL,X
STA BITS
RTS

TBL BYT %00000001
BYT %00000010
BYT Z00000100
BYT £00001000
BYT %00010000
BYT 00100000
BYT %01000000
BYT %10000000
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B @25 RAKB P AL RKE BITS. o

Btz 4 > ORA EHH AR o HI4n v H KRB R sE
Bh _ERSEETHEREHR 0 - ALY — B THAR
ARB B o R BT RAA T AL OR EB > MBRHE
F%Zﬁgﬁlwivmﬁma%&mﬁﬂ%o,@mﬁ;
~&mﬁ7%0’mlﬁﬁﬁ0°

&pl -

LDA BYTEl
ORA BYTE2
ORA BYTE3
ORA BYTE4

ORA BYTEn
BEQ ALLZER

BEinie@EiES
(SHIFT AND ROTATE INSTRUCTIONS.)

6w2€4@§§ﬁﬁﬁ%%'ﬁﬁﬁzﬁﬁﬁiﬁ'
BRELITBANELRS - EEEAURTHEYALERE
BREHEE. 26502 BREBMAY -

B ELEB (ASL)¥ES
'(ARITHMETIC SHIFT LEFT (ASL) INSTRUCTION >
BB BB BT HE A B~ (7 0 B

&mlv&ifﬁﬂ&mZ% B 0”BIMTO » WAL
T TBIEN EE . TR ASL ’



LEFT ONE DESK

" ASL INSTRUCTION"

‘®7. YOU CaN LEAVE THE
CLASSROOM. THE REST
OF YOU CAN MOVE TO THE

‘@, YOU CaN GO T0 DESK*g”

EEBY RFRME AES T EESEET

Bl -

K BE JE 35 8 31 5 P TR 3%
LDA VALUE
ASL
ASL ;FOUR SHIFTS MOVE THE L.O.
ASL ;FOUR BITS INTO THE H.0.
ASL ;FOUR BITS (L.0. FOUR BITS
STA VALUE ;BECOME ZERO)

BNMEEBH S T E » BT 8T ASL B K o

ASL

C -
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HEFER (LSR) &S
( LOGICAL SHIFT RIGHT (LSR) INSTRUCTION )

EHRABERELEB—fIITe “ 0 ”HBILTT »
T TBEILIT6 %, ML TC 0 BRERLHEE o RUIRE
—f@ BCD HFmiAs R 6T ( BHERE R RIE —(L T
EmMEREEIS BT )  BEEENFINE— ML
THBREHE, RAELERARERD MASFEAND , B
055 RAFE S — B TTHEN AT o

1 s ] 4 3 2 ' a

#f -

LDA VALUE
AND #$F
STA LOC1

MEEMSF O {F AND' ¥ T EEZZBAREER - AR
B EMENEREBRGRERES - LAM LSR e
EENELEBH 46 BERER  REBHFEF_MELT
o

0P -

LDA VALUE
AND #3F0
LSR

LSR

LSR

LSR

STA LOCl+$1
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RARABLOBINIIT 7> FTLMfETH& LSR E4%
» REBRHREERHRBK 0 » HEFH #$F {F AND T

LDA VALUE
LSR

LSR

LSR

LSR

STA LOC1+81

REHEAMT :

LDA VALUE
AND #$F

STA LOC1
LDA VALUE
LSR

L3R

LSR

LSR

STA LOCl1+$1

A e (ROL)3E 4 1
(, ROTATE LEFT (ROL) INSTRUCTION )

ROL SR ASL AL > BRT—%: ASL 2% 0 Bfr T
0 » T ROL R4 B BHIGIT 0 o Kt ROL 2 iy %
0 BB 1 BEULIE 2 » - » R5C 7 AIBELHER BT »
TG e BEB B TC 0 o I REMIF ALk ROL AIGH B3
ROk (164 3R ROL o

—




FhE FRIAFMA AR 13]

TFHEEE (ROR) 154
(ROTATE RIGHT (ROR) INSTRUCTION)

EREBEAESBMCEN KEBRMT7 » T 0B
BN BEEE » ¥R S ROR o B ROL — 4l 7Lk ROR.

83 FRGE

BEinEESCaneaiE |

(SHIFTING AND ROTATING MEMORY LOCATIONS
B EABLEBRNBHIES BN RRBIM o 6502

R HEEEY B BB REEBGES c BUkS4nEET

MERSE IR —ERRE B LoESRBHR

e AR EBAR o Rt TR X R bk o

#B6 -

ASL LOC1
LSR TEMP

-SHIFTS MEMORY LOCATION LOC1l LEFT
—SHIFTS MEMORY LOCATION TEMP RIGHT

ROL LBL+$1 —-ROTATES MEM LOC. LBL LEFT

ROR X+8$1
ASL
LSR
ROL
ROR

-ROTATES MEM LOC. X+$1 RIGHT
—SHIFTS THE ACCUMULATOR LEFT

- —=SHIFTS THE ACCUMULATOR RIGHT

—ROTATES ACC TO THE LEFT
~ROTATES ACC TO THE RIGHT
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F ASLZR {5 3%
(USING ASL TO PERFORM MULTIPLICATION)>

EBFEEB—HFREURE Y  FIMEB+ A &
93 » HEB—HEK 930 » HXFRNELEK( 10) - AE -
ERELEB—RFREUZ » BASREM4 » B=(G
FTERUBESE o

#0H
() RERHBEFES
ASL ; %2
ASL ; %4
ASL ; %8

(2) B B 2L M1 % 32

ASL ; %2
ASL ; %4
ASL ; %8
ASL ; % 16

ASL ; %32

. FBSTE BCS HMAXMRBL » HELEES 1 BE
RN o WTFHl— £ -

#H .
REBRL16 - ABURBH



ASL

BCS ERROR

ASL

BCS ERROR

ASL

BCS ERROR

ASL

BCS ERROR

Fhn #BIRENUTER 133

HEHRERUAE 2 R T B ATLUEENF 5 K LH
BB BIEESROITMAER o G0 REBRFLU 3By AT
FRBBRU 2 » BIFRBISELUL » ZEBMNERK-

g :
FLL 3

RmFELL 6 »
Kl
FLl6

STA TEMP
ASL
CLC
ADC TEMP

;MAKE A TEMPORARY COPY
;MULTIPLY ACC BY TWO

;ADD IN THE ORIGINAL VALUE
;TO GET 2xACC + ACC = 3xACC

ATLA Ll 2 » R SeLh 4 RI(EBR o

ASL
STA TENP
ASL
CLC
ADC TEMP

;GET ACCx2

;AND SAVE

;MULTIPLY ACC BY FOUR

;ADD IN TEMP VALUE

;TO GET 2xACC + 4xACC = 6xACC

A—BEEAOREREL 10 » TTHRELL8 FIFELL 20

#P .
%L 10
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ASL ;MULTIPLY BY TWO
STA TEMP ;SAVE

ASL ;MULTIPLY BY FOUR
ASL ;MULTIPLY BY EIGHT
CLC ;ADD IN TEMP VALUE
ADC TEMP ;TO GET 10xACC

HBHERRERE
(USING SHIFTS TO UNPACK DATA)

2 ERRIIBEMER o — BCD MFEATRER—
R TEAE » 8 fB A BKAE th AT LU SRR — i T A o T4 AT LA BV A o
B (2B AT R o

AT LA 44 5 48 o T B A 5T B R 5K 4T # ( un-
packed) E¥t » FELBEI LB E o p1 BCO BT &
I RSB AT BRI B SERT B o 5 AN IRE A AR B+
SR B RERBER S F fF AND BN » 58 B— FOT Bl
EHERIREEAAEER - MEREBMH L Mot
=, (FEANDZ K EBMENELS 46 Tk 4
TTTEBHAO o ‘

R BCD B R KIRH » AR T hE7E— L T
HEE=WER > GIRIT 7 RAKME £2T4 , 5, 6 &
AApple slotot SEEEMEEEEH B— 16 EL - BEEHAE
B4 TEME, REESIF AND BT » Tt shi =g
TR BAERAMBREES A6 HKARST HAND
BT

#gpl :

B M e =62 5
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A VALUE , :
R . ;SHIFT RIGHT FOUR TIMES

R ;TO RIGHT JUSTIFY FIELD
5R - ;AND ELIMINATE L.O.

SR ;NIBBLE

AND #70111 ;MASK OUT BOOLEAN VALUE

SR B EAAKERESE 7 &k LSR BIWT o B4 H—1
FiFE HE » B REBESS0E AND » BHELEB—AL
AT PRAE B BUMERT B8R » R ERIF T A SE 8 - % i AR B AL
BEIGLIT 0 BIA] o

iﬁﬂ
- Wi *ﬁﬁ(rﬁ LDA VALUE

AND #$80
ASL
ROL

BIIR R BRI A » SERE(E 5 E RSB e
B#A BTRBFL f54RIAMT (% AND 24 ) » H#E
LDA > #HE BMI/BPL BN ARTT o

e 016 B R E R R
(USING SHIFTS AND ROTATES TO PACK DATA)

6 BRI E TR K 2 B » thE RN 7]
Bho SEHBIREE - HERBRER M BEBKO » ( 7T
AND #4%(E) » HKREMRAGEN EBI TR B
» B OR 5 43R BK B ASR 0 Ay 6L |
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“ PACKING DATA”

A Bl o % SLOT 51 H%
PHA ;SAVE DATA TO BE PACKED
LDA VALUE
AND #%10001111 _;MASK OUT SLOT # FIELD
STA VALUE ;SAVE
PLA ;RESTORE ACC
ASL ;ALIGN FIELDS
ASL '
ASL
ASL
ORA VALUE ;PUT INTO VALUE
STA VALUE

Uk el RREHRD |
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$t+E
ZEREEER

¥t % (GENERAL)

BIRRTRIL » FIEMEERERE 8 1 T o KR
AEELHNSTHEE o 6502 BESARERE 8 I
C INRERE 16 K32 MIEFIREBES L TEE o B
s 16 fZTThndk » FTAMK S AT IR EEE o

ZERMEENEEER

(MULTIPLE-PRECISION LOGICAL OPERATIONS)
S EREEHREER ( AND, OR, f1 XOR ) B& 5

BRE -BRIXEF_MBEI16 L cHEE XS JIFEMN A, A1 F1B,

Bl b ARBHEBEERSEN( AANDB ) » (

A1 AND B1) o BI{E AFIB{E AND » HfEks Ra{ERA TA-

» HIEAL FIB1fEAND » HE K BEHEREATH o

05 ARBEAND » EREEC
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LDA A
AND B
STA C
LDA A+81
AND B+81
STA C+81

ORA FIEOR #54 (5 s S o
iyl :

LDA A
ORA B
STA C
LDA A+81
ORA B+8$1
STA C+$1

XOR B+$1
STA C+$1

*TWO BYTE ASL”

l HISH-ORPER  PYTE l
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SERREN S B0 NE

(MULTIPLE-PRECISION SHIFTS AND ROTATES)

BE MK H A SR EE AL o #n ASL
5% RIEEEL TEELB—O > AT 0 8B 0 -
MALoc 7 BEEM BKE » BHEMEM THIE ASL » BIREH]
EHLTC 7 BAKMEM YW EM 16 2 ¢ ASL {545 EZES)
BRI ITOF ME" 0 "HEBAML T 0 c RHESZH
& BEAr T ME ROL 1584 ©

ASL LOBYTE
ROL HOBYTE

Bt (K BEGL T BB R B9 AL AR » EfF ROL Byt
BIEEM THEMBM T ( ERRMPAEN ) - =frxd
fy ASL k FIEEIRATAN T R FE :
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ASL BYTE
ROL BYTE+$1
ROL BYTE+$2

FEnfr T ASL 7T H7E L5154 7t £ I (H
ROL #5 4 % E K © '

% T K5 B BE 09 BB B) R e
—{rxHASL

TITITTI T

M
gl FIIFJ
—{]

ZEREEMNEEETRBERI
( MULTIPLE-PRECISION LOGICAL SHIFT-RIGHT
SEQUENCES)

~F B R Bt sk T Bkt 2
T o GiE LSR #i54th - 20 BAGMELL T » MK T
BAGEGLEFE I o (7 T LSR mEBANTF :



Ft+E SEMEEET 14

—fir T4 LSR
allEEEEEE,
n
L
||

[TH
E]____

32

LSR BYTE+8$1
ROR BYTE

ME=(C# LSR AlanF :

LSR BYTE + 82
ROR BYTE+81
ROR BYTE

Nfz T LSR o] a5 oc MfF LSR » Mi3LAREL T
#1F ROR KA K ©

ZEREENTEI S (MULTIPLE
PRECISION  ROTATE-LEFT SEQUENCES)

BEMSBNT : BaBERBY TaKE . SrEsk
7 64 o #4016 L TTEAROL BAMTF :

ROL, BYTE
ROL BYTE+$1
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;ﬁZi’:ﬁEﬁROL :
CITITTITHY
LT ‘J"[’l"l‘]—‘
—]

EMEEBRT T » LT 7 A BRI EA BHE » REE
Z“fE ROL 5 A X EBIINLIT 8 o RHELLIT 15 B H L K
B, ERT 16 LTH ROL ibf’ﬁ f=fr TH K ROL i"*A
RIanF :

ROL BYTE
ROL BYTE+
ROL BYTE+}

ZEREEMTARE  (MULTIPLE
PRECISION ROTATE-RIGHT ~ SEQUENCES )

BRLSR {54 —#» L EBHEA ROR LAKNERKA TH
BRMAIEEE » EE FFEMA TH o 16 fLILAHROR T :

ROR BYTE+$1
ROR BYTE
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TTITITFH
—

3z T ROR AT ¢

ROR BYTE +§2
ROR BYTE+$1
ROR BYTE

ZSEEEEMTEFTHREN  (ARITHMETIC
. MULTIPLE-PRECISION UNSIGNED )

REEF— L THEEETRH » BEHEFEERFIAR 255
BE o RANF 16 AL THEM » BEFTERE 0 F 167772152
RIME o £ A 4T (3202 T) » MTRTBEB4EE
B - bENEESERNGER AL EREE mEEE
BB HAHER » BREF—CLTHEGER o

BRAHMBERENMINGERER ( RTRA ) BPT
hEHER - BEBMEERARVBTFERBERLER
o 8 LTI MR AMER $FF + $FF = $1FE (& 510 )
» R ESM A —E CRFHEETEHEGER -

ERERME SUKEGER1 » TABO o B
B SEAL BRI RREE 9 MBALTT o RIERB - FEF M Z B E L
" EBREMEE, AR MEE SRRAKR  ERETHENE
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EHmE—i FIUBEFREN  FHES1 o
TMBEEM EERKS 8 (fLTinkmEN - EFEZME

B TARELL BB EREMME . FE £ 6502 REREER o

Fitn 16 fL7TE OP1 + OP2 » FiBAS RAFF| RESULT » H

- EBAmT:

CLC ;ALWAYS BEFORE AN ADDITION
LDA OP1

ADC OP2

STA RESULT

LDA OP1+81
ADC 0P2 +81
STA RESULT+$1

HE BEESMEZHABEREN - R EMEE
WER AR o MM MEAAT :

CLC

LDA OP1

ADC 0P2

STA RESULT
LDA OP1+81
ADC OP2+81
STA RESULT+8$1
LDA OP1+82
ADC OP2 +82

STA RESULT+$2 n {7 MER BRI H o

N {3 7T 48R4 7 SR A & AR A
( RULES FOR UNSIGNED N-BYTE ADDITION)

OWAREREMMEHHAFE o

QEFEMEZ I BIFREMERE o

G EmE—MEr T » BERFEK .

WEM - F o E= BT ESERBEER
FE0F 5B e Ingk BT R R B ot (00 o

CEFEZE L RMEZE » EREMEEST » BIEZR
BEBRA > BRI =0 o
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ZERBEEMESEBE (MULTIPLE-
PRECISION UNSIGNED SUBTRACTION )

P 0 PP HE RN R 8 o 7E1F BORBTE BEES WL 2 7 » B
s A R R HME & BT BT bE AR
TR » R R R T A R - B A R AR
A (GRSEERER) » Bk EREM= 0 NIRRT
ERRAL » BRER = 1 IR ER o

iy g -1 2 953 el T
( EXAMPLE OF TWO-BYTE SUBTRACTION: )

SEC ; ALWAYS!

LDA OPRND1 :GET L.0. BYTE OF OPERAND #1

SBC OPRND2 ;SUBTRACT L.0. BYTE OF OPERAND #2
STA RESULT ;SAVE IN L.0. BYTE OF RESULT

LDA OPRND1 +81 ;GET H.0. BYTE OF OPERAND #1

SBC OPRND2 +81 ;SUBTRACT H.0. BYTE OF OPERAND #2
STA RESULT+81 :SAVE IN H.0. BYTE OF RESULT

BCC ERROR ; TEST FOR OVERFLOW

BE n fz LM RES M@ SBC f54H1™T o
e fE— BB SR TN EHREC HE o

% E R B xR
(RULES FOR UNSIGNED MULTIPLE-PRECISION
SUBTRACTION) }

OWABHRECEEHHRUFE -

QEFBEZRNESEL=1 o

(3) WHE B AT TR AR - RRFER o

WERHE= =B TEMRRRDFER

GEEE n B THEMERZ% HC= 0 AIRTRE
RREGL » BR—YIIEF o
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SEREENRRAR
(MULTIPLE-PRECISION SIGNED ARITHMETIC)

SERBREOERBESFENSERRESERES
— B DNEREE  EEBRER  RIE—E— B TEMM . M
W B S SR AL A — E— AT AR

ME— 5 (A B R R G RO AL B B SE o BRLBA N BE S T
HRER— BEAVEEMARZCHERNABZETRE
fr e AEERERMRTRAE » VEEFIR1 » ZAIKO
o HEAMEFMEBRETRREMA » VHEE=1» HIFET
HERERER (HC= 0 IRTRAL ) o

ZEREERMHE N
(MULTIPLE-PRECISION DECIMAL ARITHMETIC)

ek TEMI B - BATLUF S EREER BCD-R
T o HANMAHARGME » B8 c FTEERIFT
ZHEHRTEMBE - 6502 YR FRHLTAMM BCOR
W TRZHISHERE RS BENRE -

ZERWEEMEMN
(MULTIPLE-PRECISION INCREMENTS)

FEBEAZER INC 4 REM N TEBM BERE
f - THEMMEEY R GHEr g ERAA o

{8 INC {54 % NS CHE FLUMER CREK
WA B LTGRO o 1IINC $55 R @cus Z N Fa9fE o
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(BATLAE Z g EE CHE » RR INC 45 RAEMER
SFFEsF& A A M SFF fn1 BN S0 » FTLIEA
INC 48 ER4ABMCANZHEEER 1 RETANK

TR R o
W o 16 grmEmiES

INC LOC

BNE LBL

INC LOC+$1
TBL:

FEE 3 (T EmiE ST -

INC LOC

BNE LBL

INC LOC+81

BNE LBL

INC LOC+82
LBL:

ELHREEAEMESERETABRL - E&E - EL8Mm
RS RS HT MR ER R » HESREE INiES T
AR (BER ADC 5 EEMN 1 S EHE -

ZEREERMKIES
(MULTIPLE-PRECISION DECREMENTS)

LERBBEHBENME—EHR > hRAMEHERS
KB o HEME B4 S0 M 1 K SFF By G EETREA
FTABRESFRIE RS 2RI L H Z R E » (B—F BELLA
BHESARRBFIFEFAULESRO o 16 ITHR
MIESMTE
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LDA OPRND .set Z flag 1f OPRND 1s zero
BNE LBL
DEC OPRND+§1

LBI. DEC OPRND

A AL F

LDA OPRND

BNE LBL1

LDA OPRND +81

BNE LBL2

DEC OPRND +82
LBL2 DEC. OPRND+81
LBL1 DEC OPRND

g5 8 AT TTHL 0 B SBC &2 7@ 1t DBPC B F &% o
W 4s i % B RS RERE DEC 5 5 1t AW PR maffi mfy » 45
B e (gL > A SBC B o0& E i o

-%%ﬁ%&%*%ﬁ%&ﬁ<mmww-
PRECISION UNSIGNED COMPARISONS)

‘ % BRI B A a4 A BRI AT o i—
HO®AL A7 — F SR A Yy i o

AR —-16CTERTBEO0 -

(TESTING A 16-BIT VALUE FOR ZERO)

FRA 87 T AT 0 - FLEIH A B2 PR
R Z BRI o] o MIENGY 16 fETEINE IS G IR AR R
LA B 2 SRR CMIFOR » fr16{rcd
L=t o A Z B0 » KAIZ =1 o ( ML
' t?”}i 0 ) .



BtHo TENMGCED 1L

g

LDA TSTZER
ORA TSTZER+81
BEQ ISZERO

A —ITERBTR A (TESTING
A 16-BIT VALUE TO SEE IF IT IS NEGATIVE

ERME, REEM T 15 BEMr oy - 7 o
LES1EIAT o Fr ASE S BE (L UM A B35 » #0 0 N
BEEE » BDA[ A IE R o mAtha] il BIT 4574 4ol s
TCAR WA B A AR E N EER o

BENFHEN AR
(TESTING FOR EQUALITY AND INEQUALITY .

HEAR A A KR o BOBR W 5 0 70 d LR
oA BEAFA BRI Mg S S AEER I R
Rz oA B FRIBEFI BRI A R py s S & RS
o FHUREE iRy U EH @ Bk H EQUALS o [ B
Fil NOTEQL !

LDA OPRND1
CMP OPRND2
BNE NE
LDA CPRNDI +$1
CMP OPRND2 +§1
BNE NE
JMP EQUALS

NE  JMP NOTEQL

i LB AT RS G A B R A F < 1R UMP NOTEQL
f“Aﬁ%é HIVBREL 16 (7 Cfr3 BEQFE D » B L H r A E iy
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F=R=1

BEIENE E81T o A AH TIIBERRR

NOT EQUALS

NE
EQL:

LDA OPRND1
CMP OPRND2
BNE NE

LDA OPRND1+$§1
CMP OPRND2 +§1
BEQ EQL

JMP NOTEQL

=07 B & 7 A A b BIR) B AT HE

Pl S TABTHENR

NE
EQL:

THF (

CMP 4R

<, <=,

LDA OPRND1
CMP OPRND2
BNE NE

LDA OPRND1+81
CMP OPRND2 +$1
BNE NE

LDA OPRND1 +82
CMP OPRND2 + 82

BEQ EQL
JNP NOTEQL
>, &>= ) REZRE - NiEEAB

ZEREBEME » — TRMBETERRF

T3 o % B KREE#5 CMP AT, g CMP R1SBC 54 Hoitisg o
S Pl CMP 3 J BHE B (T T A8 » MR %5 SBC 54 &3t
fofr A - FFIE B » 37 A BGE ( & BCS ) A
BLT ( & BCC) {54 KMAKET o

#H -
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X>=Y
LDA X
CMP Y
LDA X+1
SBC Y+1
BGE GE

X <Y

LDA X
CMP Y
LDA X+1
SBC Y+1
BLT LT

BRR>H<= > QA IER B HE (EHWRE—
KT B —&) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>