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ASCIt CHARACTER SET (7-8BIT CODE)

MSD 0 1 2 3 4 5 6 7
LSO 000 001 010 011 100 101 110 111

0 0000 NUL DLE SP 0 e [ o
1 0001 SOH DC1 ! 1 A Q 3 qQ
2 0010 STX DC2 " 2 B R b r
3 0011 ETX DC3 [ 3 C s c s
a 0100 EOT DC4 s 4 D T d t
5 0101 ENQ NAK % 5 E U e u
6 0110 ACK SYN -3 6 F v f v
7 01 BEL ETB ’ 7 G w [*] w
8 1000 B8S CAN ( 8 H X h x
3 1001 HT EM ) 9 [ Y i y
A 1010 LF SuUB - : J r4 j 2
8 wn vT ESC + . K { K {
C 1100 FF FS . < L \ | 1
D 10 CR GS - = M ] m }
E 1110 SO RS L3 > N t n ~
F 1111 St Vs { ? (o] - (2] DEL

NUL — Null DLE — DatalLink Escape

SOH — Startof Heading DC — Device Control

STX = Startof Text NAK — Negative Acknowledge

ETX — EndofText SYN — Synchronous idie

EOT — Endof Transmission ETB — Endof Transmission Block

ENQ — Enquiry CAN — Cancel :

ACK — Acknowledge EM - End of Medium

BEL — Beli SUB — Substitute °

8BS — Backspace ESC — Escape

nT  — Horizontal Tabulation FS — File Separator

L¥  — LineFeed GS - Group Separator

VT — Vertical Tabulation RS - Record Separator

FF — FormFeed US — UnitSeparator

CR  — Carriage Return SP — Space(Blank)

SO —ShittOut DEL — Delete

St — Shiftin

PUNCHED TAPE FORMAT (ASCH)

0 o o ocoe V' eee o @ 1
e o o0 o 2|
o o e o o .
® 9 5 % 9 e " 09 a0 0o ® o0 o 0 000 00
o 0 ° eee 8
s oo o0 o 1
oes ooe oo o 2 lmso
o ® oeve e @ :

/\/ >
‘_@I . —-”L;,.::LF
0D =| CR

Data

W
9w
"o

-

P = EvenParity

OBJECT CODE RECORD FORMAT (ASCII)

1 2 n
e Y WY
Data Record: N«NeAA:AADDoD1Ds ... D'DeXsXaXsXeCR LF

LastRecorg: 00C:CiCiCeXsXaX:Xe
wnere:
Two hex digits (MSD & LSD) = 1 ASCllI character
. = Startof record (ASCi1‘3B")

N:N. = No. of data bytes in record (hex.) 18.¢« max.
= 00 forlastrecord

AsAq:ALAs = Stanting address (hex)
D.D.s = Two hexadecimal digits = One 8-bit data byte
XaXaX.Xe = Record checksum (hex.) Hex sum of all characters in the

record excepl ; and checksum, truncated to 16 bits (four
hex digits)

C,C:C.Cs = Total number of records (hex)
CR = Carriage Return {ASCH ‘00')
LF = Line Feed (ASCH '0A")
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R6500 INSTRUCTION SET

@gTaycTIcNs IMMEDATE | ABSOLUVE | ZEAC PAQE | ALCUM RS | oo D 0L Y | Z.PASE X | AbS.X ABS.Y | mELATIVE | WDUAECT | 2 PAGE. V| cnoes Frate
unewomt oeERAtION 08| n | 8 |0r{ a0 fop|a]aforn|aos|n|e[op|n]e v a8 loe|n] e or] |80 n] s |cp]n]e|oe]a] elod] n] s Bttt
abDC AeMaC~a (n|ea2|2[sD|a(2]|0es| (2 IR K] M| s|a[rs|a|2|w0]|a|s|n|af3 MV..1:.2€C|a0C
AND YU EYY m|zm|(2|2|2D| 4|3 |28|3|2 n|e|2 M|S|2|wm|a|2 D63 |94 NeowoosoZs| AND
asy: [ 3 C— ) Of( @[3 (08| 8|2 x| 2| wle|2|E|7|3 Me oo eoZClast
ecCC BRANCRONC =20 @ 0| 2|2 s s e a9 BEC
sCS BRANCHONC =1 [ 80 e e e s a0 s BES
BEQ QRANCHONZ = 1 @) Fo| 2| 2 - e s e | BEQ
Y YY) 2c| a|3|2¢| 3|2 MyMge » s s 2 DY
(LN BRANGNONN = 1 @ wl2|2 e s a s a s s BMI
ang ARANCHON2 20 @ ool2| 2 s s s u v e e BNE
BPL BRANCHONN =D 2 10 2 w e s e v v |l BPL
BRK BREAK (Ses Fig. 1} w|7]1 e . +1 51 | BRK
svce BRAMCHONY = 0 |22 s e a s e 2|l BVE
svs BRANCHONV =Y @ w022 e s s anasel BVS
cLe 0=C w21 e eseasa0| ELE
cLD =D o8l 2|1 « s a s Qe el CLD
cLu 0=1 L IR N I - ]
CLv D=v BA| 2| v «aDs s ons s CLY
cMp aA-M Co|2|2|cOla|3|cs|3|2 ci8|2 O1|s|2|os|a|2|0Dfa|3[0Raf2 NeossoeaelC| CUP
cex | xoum ko2|2[ec|a|aled |2 A Ne<..-2cC|lcCPx
cey v-u co|2l2|cc|ala]cafa] 2 N.+..s2€C|lCPY
DEC Meot-u cE| 8| ajcs| 5| 2 08| 6| 2[0E| 7|3 Nsasaseol. GEC
DEX K=1=X cal2| M.ossnaeoZ. OFEX
DEY Y=1=% a2l Naeaaosoaode DEY
EOR AVMen ()|a9( 2| 2 (a0 a |3 |as| I| 2 a8 |2 Sv|9|2|s8|4a|2|sD|a|J|0|s]|2 Noeaoeel2sl EOR
INC e l=M EE|o6|3|es| 5|2 Fele|2|fe| 7|3 Noe--+oZ.1nC
INKX Xol=mX e8| 2] Noeoeoesos»2ZsflINX
INY Yel=y calz|1 No«~esvesoZslinwy
Jup JUMPTONEW LOC 3|3 sc|s|a PP L
JSR JUMP SUB (See Fig 2) 20|62 e I 1
LOA uM—-a M Jagl 2|2 [apja|dfas{3]2 aifs)2 ov|s|2|es|aj2leD{a|3]8sfa]3 Nee«ese2-|L0A
LDx M=x m[a2( 2| 2(AE| | D|asl 3|2 BE|« |3 85| ¢ 2N o =« = T | LDX
LOvY =Y M) [a0| 2|2 |ac| a|[d|ae] 3|2 B4faf2|Bcla|2 Ne oo oo Zs|LDY
LSR [ E— Y d€lo|3]|es|s|2fan|2]1 w|e|2|sEl? Desos-ZC|LSR
NDP NOOPERATION eal 2|1 e a s s s s = | NOP
ORA AVM=A op| 2| 2|oo[ a[3]0s| 3|2 olse|2 nwls|2[w|a/2/1pfaf[a]|w]|af3 Ne+esres 2+ ORA
Pra A - bin $§=-1=$§ . @3l e » o n s s 2 | PHA
Pup P=us S-v=S EIE] e Y
PLA Se1=5 s -a 6| 4|y N~ 2 PLA
PLe Se1=S My =P FIRER {RESTORED; PL P
QoL ! 3G 2| 63|28 |2 2|2 || e|2|s€| 2|2 Ne e 2C|ROL
ROR i 6E| 8 |3 |66 S| 26| 2| w|e|2|7E[?]|3 N+ 2¢C|ROR
RT1 RTAN INT (See Fig 1} w|e| (RESTORED) RT1
RTS WTRN SUB (See Fig 2) &0 1 s s s a s s | ATS
sec A-M-C=a mleo| 2|2 |eo| « | 3|es[a| 2 Ev[e|2 Fi|s|2(rs{a|2|FO| a|2|F| | NV -2 SBC
SEC 1-C B2 s a s e naeq|SEC
SED 1=-D F8l 2|1 s« s o eV s SED
SE! 1=1 78 Iy - e e s e e SEN
STA aA=u 04 |3|as|3(2 I onfsf2[es|a|2|o0|8|3|M| 8|3 s s e s s s e sTA
STX X=u LARRERLIEIR] 6| a|2][s o = ¢« o | 8TYX
STV v-u sc| e e 32 ] ol a2 [P S B ¢
TAX A=X AA| 2| 0 Newweon»e2|lTAX
TAY | A=Y MK Ne-o 2 Tay
TSXx S§=X Bal 2| v Noswosoo2<1SX
TXA X=4a a2 Nbos oo+ TXxa
Txs X=$ oAl 2|1 e« ves el TXS
TYA Y=a |2l Neseos 2ol rya
() ADD11o"N" IF PAGE BOUNDARY IS CROSSED X  INDEX X e ADD M, MEMOAYET?
g et T e LT v ooy - oot W wmiomomy
@) CARRYNOT = BORROW A ACCUMULATOR A AND A NO.CYCLES
@) IFINDECIMAL MODE. 2 FLAG IS INVALID M MEMORY PER EFFECTIVE ADDRESS v OR #  NO.OYTES
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT s MEMORY PER STACK POINTER v EXCLUSIVEOR

2




PRUCESSOHR PROGRAMMING MODEL

g

Memaorny

COMPARE INSTRUCTION RESULTS

Condition

A X, orY < Memory
A X orY = Memory
ALK, or'Y > Memary

"Hisvalidonlyfor2's :nrnplmﬂ compare,

—

N z c
1" 4] v}
0 1 1
0" 0 1

i

]

' & [% 3 accussuaron "
T 8
| B ] WNDEZ REGISTER v
1 o
| " | INDEY AECISTER T
1 -
= | = | PACGAAN COuTER ,e-
T 8
[T 5 1 BTACH BOINTER *
T -]
I_h.|\.| |nil;||||.:|::|l::| PRSCESEOR STATUS RES -,
] s
i | CamET i m TRUE
H —— 1 = RESULT F{RD
[ 1 B3 DEABLE b x DISABLE
{ DECHAL WOCE 1 2 THUE
t | e BAN COMMAND B
: CVERFLOW 1= TRUE
. # MEQATIWE 1= NES
MACHINEINSTRUCTIONS
ADC Agd Memory to Accumulator LDX Load Index X with Mefory
wilh Carry LDY Load Index ¥ with Memory
AND AND Memory with LESR Shift Right One Bit (Membry oF
Accumulator Accumulaton
AsL i::L:JL?‘H": Bit{Memeryer  NOP NoOperation
BCC Branchon Carry Clear ORA OR Mamory with Accumolaics
BCS Branchon Carry Set PHA Push Accumulator on Stack
BEEQ Branchon Result Zero PHP ;'ﬁh Pracessor Status on
BIT Test Bits in M ith Lack
S RS I et FLA Pull Accumulator from Stack
= BMI Branch on Result Minus PLP  Puli Pracessor Status from
BNE Branchon Result Mot Zero Stack
EPL Branchon Result Plus ROL Fotate One Bit Left (Memory or
BERK Force Break Accumulalon
BVC Branchen Owerllow Clear ROR Rotate One Bit Right (Memory
BVS Branchon Overllow Set of Accymulaton
CLC Ciear Carey Fl BTl  Retum from Interrupt
CLD Clear m:ymiﬂ ode RTS Retum from Subroutine
CLl  Chear Interrupt Disable Bit SBC Subtract Memory from
CLV Clgar Overtiow Flag Accumulator with Bomow
CMP Compars Mamory angd SEC SetCarry Flag
Accumulator SED SetDecimal Mode
CPX Compare Memory and Index X SEI  Setinterrupt Disaole Status
CPY Compare Memery and Ingdax ¥ g;i Store Accumulator in Memary
DEC Decrement Memory by One X Slore Index X in Memaory
DEX Decrement indes X by One STY SioreIndex Y in Memory
DEY Decrement index Y by One TAX Trangter Accumulator to
5 | Index X
EOR: Echasiol O b with TAY Transler Accumuiaiorto
~ ndex
INC  Increment Memory by Dne T5X  TransterStack Pointer bo
INX  Increment index X by One Index X
INY  Increment index ¥ by One TXA Transler index X to
JHP  Jump 1o Mew Location Accymulalor
JER  Jump 1o Mew Lacation Saving TXE Transter index X 1o Stack
Feturn Address Pointer
LDA Load Accumulatorwith TYA Transterindex Y 1o
Accumulater

HEXADECIMAL AND DECIMAL CONVERSION

HEXADECIMAL COLUMNS
] 5 [ 3 F 1
HEx] oec  [wex] pec [mex[ oec [wex] oec |wex] oec |wex] oec
0 of 0 0 al o o[ o 6| o i
i 1048578 1 ESE3IE 1 4086 1 255 | 1 1€ | 1 i
3 Slenron| 3 10608 3 12288 3 s |3 |3 3
145, 1 | 12, 3 TEE |3 a8 3 3
d Gasl s s Ean aem 0 M1 &
r ¥ 1 -]
6 G2INASE| B 29ANE| 6 56| 6 1536 9|6 6
T T340032| 7 458752\ 7 28672 7 1792 | 7T 12| 7 T
8 BIBELA| A 524288 B 30768 | E. 2028 | B 128 | B B
§ BA37TIB4| 8 5BOB24| 9 J68B4| 9 2304 ( 9 1M | % ]
A T04B5760| A 655360 A 40950 A 2560 A 180 | A& 10
B 1153335 B 72089 B 45056| B 2B | B 176 | B M
C 12582912| C 786432( C 49152( C 3072| € 1w2|C 12
D 1363 488| D B51.968| D 53248 D 3228| D 206 | D 13
E 14680064 E 917504| E ST 34| E 23882 | E 20 | E MW
F 15728640| F 983040 F B1440| F 3BMD| F 240 | F 15
7654 i TES4 Az TES4 3210
Byte Byte Eyta
POWERSOQOF 2 POWERS OF 16
2N n ?* =18 15" f
R P L2
sa24 a0 | |2wmqe 2
2048 11 || 2™ 2 gt 4 05 3
‘m ]2 EIB . .IEI P 85 538 e
8192 13 oM o qEt 1048 576 g
16384 14 ote o qet 16777 216 6
32768 15 S - 160 268 435 455 T
L
R AIER: amm
262144 18 b 1 ] 1099511627 TTE 10
524288 19 244 = 15" 17 532 188 044 415 11
1048578 20 24 - 16" ZE1 4T4 STE 0 EBS 12
2097152 21 201 gt 4503585 62T ITO 456 13
4 184304 22 . i 72057 594 02T 527 536 14
g388608 23 2 =16 1 152 §21 504 B0& B4S 876 15
16 777 216 74 =t

BACKWARD RELATIVE BRANCH TABLE

oM 8 1z 2 4 5 & 7T & 8 A B C O EF
[ ] 128 127 126 135 124 123 122 121 120 119 11E 197 116 115 194 113
§ 112 111 110 109 108 107 106 105 104 103 102 10t 100 99 98 &7
A 9% 95 94 81 92 % 90 B9 B3 A7 BE BS B2 B3 AZ A1
B 80 79 TB M O W M T MW N M ES G B BE ES
c b4 B3 B2 B G0 59 5B ST B6 55 54 53 32 S S0 #
1] €3 AT 45 45 &2 &3 @7 4 @40 39 3@ 3T E IE M 13
E 32 N 30 20 28 27 % 2% 2 232N W0 6w oM7
F W 15 19 13 12 1 owom 9 8 F OB &% &4 3972 1

FORWARD RELATIVE BRANCH TABLE

slﬁﬂlg1zsaslrlla;nﬁsr
1] a1 2 3 4« 5 & 7T B 9 W o1 2 13 14 15
T 16 17 1818 NN BB OMBOHT ME N
2 | 32 313 M 35 36 37 38 30 40 41 42 43 44 45 4 &
3 48 49 50 51 52 53 sS4 55 SE ST S8 59 6) B B E3
[ ] B4 65 B6 E7 BB B8 M T T T M TS O™ TTOTER T8
§ | B0 81 82 B3 B¢ BS BE B7 BS 80 00 91 92 93 @4 g8
E 95 97 58 99 100 101 102 103 104 05 106 107 108 103 110 11
ki 112 113 114 115 116 197 118 119 120 121 132 123 124 125 126 127




OPERATION CODE TABLE

o X9
. . s ) . . . ? [ » a [ e ° € v

s 2 Y
' s} eae ORa D x ORAZPAGE |aS\-2PAGE [ ORatmn asia Oas-aBs FrIvYey .
-] e o3 v ORa.2 PaGE x| AL 2 PAGE X| ae ORAARS. Y Onaans & | Asiams x .

: H 5. ANDwD & T Page (ANO2PAGE MOy 2PaGE ne ANGRM AOLA it ang aANDASS nOLASS 2
[ 3 f 1 AND WD ¥ AMD2 PAGE X | ROL.I#aQE X [T ANOARS. ¥ AnDASS. X | ADLARE A F)
] «f o £0a w3 x ECAZPAGE [LSNZPalE p=a [ T sRa SUMPaRS | €ORARS L3tans .
. »e £0A WD ¥ CORZPAGL X[LSA 2 PAGE & cu [ TYLN J €ORAM.R | L3aaps 3 [

] L3 vy A0CwD 1 ADCIPAGE [WOR2PAGE "ha ADCAMM AOAA JUPIND ADC-A88 POAARE [}
* 1 evs C e v ADC-20aG€, X L] ADCABE. Y ADG-483.% ]
MR STamd e T |STvE pege |svazeact |stazeace oy ™ STvans Naaps svLans )
Cs [ =4 $Tamo v STV Pape. K[STA.ZPACE A [$7n 20aGE ¥ v $taans. v ns STa-ads x []
‘e D* e \WDamdx 108 wew 10v2 pags [lDazrase Lo ZPAGE tav LA rua ax Lovass LDA ads LDnass s
,I L] «®s LBaws ¥ LOY-Z Saga X|LDa-2 PAGE. 1 [LOR 2 PAGE. V| Gy LD ARS ¥ L{ T WOVABE & | Waads.a | onansy [
t 2] Eovwen | cwemdn COY-2 Page |Cum2race |DECE®asGE ~v Cutiuu oLa Covass cusagy oEcans c
i - L 2 Cwo gl v Caed.7 PAGE. K| OLC.2 PaSE. x| €O Cupaps. v Cubaas 5 | OECass, & =]
M Co e SBC WD 2 CPR2 Page [SBCZPAGE |wC-2Pact [ 1] SaCire [ e 4 CPrARS S8C-ANS wCals [
P L (14 S8 i v S8C-J PAGE, X | wg-2 PaGE 2 €0 SAC.aNS. ¥ S8CARS A wC-ARE X L]

ADDRESSING MODES

IMM — IMMEDIATE ADDRESSING — The operand is contained in the second
byte of the instruction, .

ABS — ABSOLUTE ADDRESSING = The second byte of the instruction con-
tains the 8 low order bits of the effective address (EA). The third byte
contains the 8 high order bits of the effective address.

Z PAGE — ZERO PAGE ADDRESSING — Second byte contains the 8 low
order bits of the etfective address. The 8 high order bits are zero.

# — ACCUMULATOR ~ One byts instruction operating on the accumulator.

Z PAGE, X-Z PAGE, Y — ZERO PAGE INDEXED ~— The second byte of the in.

‘Struction is added to the index (carry is dropped) to form the low order
Dyte of the EA. The high order byte of the EA is zeros.

FIG.1 IRQ, NMI, RTI, BRK OPERATION

AODWESS MEMORY
agm ADL | mafMOwC | OPCDOE LOW MEMORY
c o € | —— 5P AFTER 1Q0 OA NMI
o v]o ¢ shuﬁ © BUT BEFORE AT
/e
0 vlvo L Q2
4.
0 vive OCe 0y $P BEFORE 1RQ OR Nt
AND AFTERRTY
c vy 2 sTacx
OC S ° J o0 |reen $C AT TIME OF 1RO OR
MM — TS INSTHUCTION
— 0 3{0o WILL COMPLETE BEFORE
0 ale 2 INTERRUPT 1S SERVICED
[~ RETURN FROM INTERAUPT
TO TS ADDRESS (PC
AFTER QT
0 ajos . INTERRUPT SEAVICE
o «{o s . MaIN BODY
0 «fo? an «© RETURN FAOM
WNTERAUPT
F FIF a| amL
NMIVECTOR
F 5 |F 8| aom
£ Flf c| acL
s e|e 0| aom RES VECTOR
——|f F|Fr &] a0 o
WQVECTOR
s Flf F| aDn [}
—
WIGH MEMORY

ABS, X - ABS, Y — ABSOLUTE INDEXED — The effective address is formed
by adding the index to the second and third byte of the instruction.

(IND, X) — INDEXED INDIRECT — The second byte of the instruction is add-
ed to the X index, discarding the carry. The resu!t points to a location
on page zero which contains the 8 iow order bits of the EA. The next
byte contains the 8 high order bits.

(IND), Y — INDIRECT INDEXED — The second byte of the instruction points
to a location in page zero. The contents of this memory location is
added to the Y Index, the result being the low order eight bits of the
EA. The carry trom this operation is added to the contents of the next
page zero location, the result being the 8 high order bits of the EA.

FIG.2 JSR, RTS OPERATION

ADORELS o ey |

asm | o [[msrepm | or oo
e
o 1o s fEremd | oo
o |- B
: 18 5/_;.{__. 7
@1 fv % B
A
= = ¥ = =
K—J 02d]00 J5K 2 JUMP YO SUBRQUTINE
0d]Oo v abL os
Q3|0 2 ADOm 7]
03|lo 3 RETURN FROM SUBROUTINE YO

TruS ADDRESS |PC AFTER RTS)

Jb

aly
'
Al
J

1

L

0 ejos . SUBROUTINE MaIN
80OV
0O ejO s .
0O ajorr .
0 4o RTS ® RETURN FROM SUBAOUTINE

—
WGH MEMORY




