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ressin Machine Ceding w | @ N
Boolean Al\::‘:nde forg {Hexadecimall ‘3 9 . XCo:'dlt:on]\(llodZes v e
fo:':f:) Operation Expression Operand Opcode Operandis) u; L; j. T =
: 8B ii
ADDA lopr} | Add Memory 1o A A+M—A i Ig:ly o iy o3
A EXT BB hh I 3| 4
AIND, X AB ff 2] 4
A IND,Y 18 AB ki 3 2 ; T
| CB ii 2 - -
ADDSB lapr} | Add Memory to B B+M—B l; ::}I'\II'IFI;JI oo o o I
B £XT B hh 1 3 4
a8 IND, X EB H 2] 4
B IND,Y 18 EB H 3 5 t ; ; ;
I Cc3 ii Kk 3 4 - -
’ ADDD (opr) | Add 16-Bitto D D+M:M+1—D gvlwg'l = J‘de ol e
EXT F3 hh | 3 [i]
| IND,X E3 ff 2 6
IND, Y 18 E3 ff 3|7 s
84 i 2120 - - -
ANDA {opr) | AND A with Memaory Asp — A ﬁ 1[;1[2/1 o . 212
A EXT B4 hh I 3 4
AIND X Ad ff 2 4 i
A IND,Y 18 Ad ff 3] 5

ANDB (opr) [AND B with Memary BeM — B B IMM C4 ii 240 2 - bt
R DIR D4 dd 27 3
B EXT F4 hh i 341 4
B IND,X E4 # 2| a
B IND,Y 18 E4 f 3| s
ASL{opr) i Arithmetic Shift Left — EXT 78 hh N 3l af - Tl i
O—TIITTIT+—0 IND, X 68 f 216
C b7 b0 IND,¥ 18 68 i 31l 7
ASLA A INH 48 102
ASLB B INH 58 11 2
ASLD Arithmetic Shift Left Double | —{1_- -_11—0 INH 05 11 3] - I i
C bi5 B0
ASR {opr) | Arithmetic Shift Right - EXT 77 nh Al 3] 86 -1t i
[%IEDI]—‘D IND, X 67 i 2 6
b7 b0 C IND,Y 1B 67 i 3| 7
ASRA A INH a7 1| 2
ASRB B INH 57 1] 2
BCC (rel} Branch if Carry Clear ?C=0 REL 24 m 2 3| - - - -
BCLR {opr) | Clear Bit{s} M (Fm) == M DIR 15 dd mm 3] 8 [
{msk) IND, X 10 f mm 3 7
_ IND,Y 18 1D f  mm 41 B
BCS (ret) Branch if Carry Set PC=1 REL 25 (g 2 3| - - - -
BEC lrel) Branch if = Zero TZ=1 REL 27 rr 2 3 - -
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— Addressing Machine Coding 2! ® .
. S des
Boolean Mode for {(Hexadecimal) v | g s xcogd't:ongoz v
s‘,ourc[:e] Operation Expression Operand | Opcode Operand|(s) ﬂ; C-;
ormi(s ik e p
BGE (rell | Branch = = Zero NS V=0 REL = | 3 —
BGT (rel) Branch if > Zero 724N V=0 REL - - 3 BT B -
BHI (rei} Branch if Higher Pe-e=0 T 24 rr 21 3 -
BHS (rel} Branch if Higher or Same ?C=0 AT‘[\ikfl = - 13 )
BITA (oprt | Bit(s) Test A with Memaory AsM s DR o5 dd 2] 3
A EXT B5 hh NI 3 4
A IND,X AB i 214
A IND,Y 18 A5 i 3|5 T
—= " . B IMM CB ] 2l 2 -
BITB (opr} | Bit!s) Test B with Memary B*M 5 DR g ad 51 .
B EXT F5 | hh il 3| 4
B IND,X ES t 214
B IND,Y 18 E5 i 3| 5
21 3] - =ttt
BLE (set) Branch if =Zero 7Z+(NBVI=1 REL 5;: ”r o & pe— -
T
8LO (rel) Branch if Lower 7C=1 REL P " S 173 T
BLS {rel) | Branch if Lower or Same rC+2=1 REL ’

BLT lrel) Branch if < Zero PN V=1 REL 2D r 2 k} - - -
BMi {rel) Branch if Minus ?N=1 REL 28 T 2 l- - - - -
BNE (rel) Branch if Not = Zero 1Z=0 REL 26 rr 21 3 -
BPL{rel} . |Branchif Plus ?PN=0 REL 2A r 2130 - - - -
BRA [rel) Branch Always 71=1 REL 20 r 2 I - - -
BRCLR{opr} { Branch if Bitis) Clear Mo mim=0 DIR 13 ddmme] 4| 8 - - - -
{msi) IND, X 1F ffmmoe | 4| 7
{rel) IND,Y 18 1F # mm rr 51 8
BRN (rel} Branch Never 71=0 REL 21 rr 2 3i - -
BRSET{opr} | Branch if Bit{s) Set HMemm=20 DIR 12 dd mm | 4 8| - - - -
{msk} IND, X 1E ff rmm rr 4 7
{rell IND,Y 18 1E ff mm rr 5 8
BSET{opr] | Set Bit(s} M + mim = M DIR 14 dd mm 3| s -1 1o
{msk) IND, % 1C ff mm 3 7
IND,Y 181C ff mm 4 8
BSR (rel) Branch to Subroutine See Special Ops REL 8D g 2 6 - -
BVCirell - | Branch if Overflow Clear IVeD REL 8 " 2| a3 -
BVS {rell Branch if Overflow Set PV REL 29 rr 2 3 -
CRBA Compare Ato B A-B INH 11 1 2 Pl
CLC Clear Carry Bit 0—C INH oc 1 2 -
CLi Clear Interrupt Mask 01 INH 0OE 1 21 - 0




B Addressing Machine C:ading |3 Condition Codes
Boolean Muaode for (Hexadecimall % :% s X H 1 NZVC
Source Oneration Expression Operand Operandis)
Formis) pera 5 = 316
L - EXT
ClRtoprt | Clear Memory Byte 0—~M IND,X 6F | ff 21 6
IND.Y 18 6F ft 317 -
4F 1172
Clear Accumulator A 0—~A m 5F 1 2 0
Clear Accumulator B 0—8 m — 1 > 5
Clear Overflow Flag ¢—V e o - -T2 i
EMPA (oprt | Compare A to Merary A-M A DIR g1 | dd 213
A EXT gi | hh 3|4
A $NDX Al ff 2 g
AIND,Y | 18A1 | ff 3 2___.__.__——~————1—’—‘"
. I ——t— 2
] - B IMM C1 i
CMPB (opr) | Compare B to Memory B-M B DIR D1 dd 2] 3
B EXT F1 | hh U 3| 4
B iND,X E1 f 2 g
gINDY | ‘BEl | ff 1 31 2
e 3 6
oty ByTe M — EXT 73 hh 1
COM toprl | V's Complement Memoary Bytel $FF~M-—M IND.X & ” 21 6
INDY | 1883 1 317

COMA 1's Complement A SFF - A A A INH 43 1 2 0
COMB 1's Complement B $FF-8—8 B INH 53 1 2 a
CPDiopry |Compare D ta Memery D—M:M+1 IMM 1A 83 i kk 4 |5 i
16-Bit DIR 1A 93 dd 3 6
EXT 1A B3 hh 4 7
IND, X 1A A3 ff 3 7
IND,Y | coaz '] 3 |7
CPX {opr) Compare X to Memory X =M+ 1 IMM 8C i kk 3 4 1
16-Bit DIR aC dd 2 5
EXT BsC hh N 3 6
IND, X AC ft 2 16
IND,Y CD AC f 3 7
CPY {apr} Compare Y to Memory Y - M:M+ 1 IMM 18 8C i kk 4 |5 i
16-Bit DiR 18 8C dd 3 6
EXT 18 BC hh |l 4 7
IND,X 1A AC ki 3 7
IND,Y 18 AC f 3 7
DAA Decimal Adjust A Adjust Sum o BCD INH 19 1 |2 1
DEC (opr) | Decrement Memory Byte M—1—M EXT 7A hh I 3 16 {
IND,X 6A f 2 G
IND,Y 18 6A ff 3 7
DECA Decrement Accumulator A A1 A A INH 4A 1 2 i
DECB Decrement Accurmulator B B-1—8 B INH 5A 1|2 f
DES  Decrement Stack Painter SP-1-—+5P INH 34 1 3




Addressing Machine Coding o | dition God
i es
Source Boolean Mode for (Hexadecimal) = 3_ . )(CO;: |t;onNo oy ¢
Form(s) Operation Expression Operand Opcode (Operand(s) | m ;
DEX Decrement Index Register X X—-1—iX INH 09 1 j - - ——
DEY Decrement Index Register ¥ [ 1Y —1—1Y INH 18 09 i : —
'E0 Sxctusi i ADM—A A IMM 88 | ii - -
EQRA (opr} :Lxc}uswe OR A with Memory e ol b 22
A EXT B8 | hh .l 3 14
AIND, X AB | ff 2 |4
A IND,Y 18 A8 | ft 3 |5 -
i 2 i 0 -
i ith Mema adM-—B B IMM Cc8 i 2
EORE {opr) |Exciusive OR B wi ry i iy . :
8 EXT F8 | hh i 3 14
B IND, X ES | ff 2 |4
B IND,Y 18 E8 | 3 |5 T
FDIV Fractionat Divide 16 by 16 D/IX— 1 r—D INH 03 1 jl - 5 e
DIV Integer Divide 16 by 16 DX —IX;r—D INH 02 13 : - - 7
M+1—M EXT 7C | hhol - -
INC lopr} Increment Memary Byte o X el >l
IND,Y 18 6C | #f 3|7
- Pl
INCA tncrement Accumulator A A+T—A A INH 4C 1 i T
INCB increment Accumuiatar B B+1—28 8 iNH 5C 1 -

INS Increment Stack Pointer SP+1—5P iNH 31 1 3! .- -
INX Increment Index Register X IX+1—1X INH 08 1 3 ;- - - i
INY increment Index Register Y (1Y + 1 — 1Y INH 18 08 2 |4 .- - - i
JMP ieprl  1Jump See Special Ops EXY TE | hh I 3 3 [
IND, X 8E | f 2 |3
IND, Y 18 6E | ff 3 |4
JSR {opr) Jump to Subroutine See Special Ops DIR 9D | dd 2 5 1- - -
EXT BD | hh 3 |6 !
IND, X AD | ff 2 |6 !
IND,Y 18 AD | ff 3 |7}
LDAA lopr} |Load Accumulatar A M- A A 1M 86 1ii 2 |2 - - -ttt oo
A DIR 96 | dd 2 |3
A EXT B6 | hh 1 3 |4
; AINDX AB | 2 {4
F AINDY | 1846 3 15
LOAB (opr} {Load Accumulater 8 M = 13 BiMMm | C6 | ii 2 12 [ ¢
B DIR g D6 { dd 2 13
B EXT | F& {hh 3 |4
B IND,X EG | ff 2 |4
' B IND.Y ‘ 18 F6 | i 3 |5




Addrassing Machine Coding ¢ | @
Source Boolean Mode for {Hexadecimall 43 "&; Condition Codes
Form(s) Qperation Expression Qperand Opcode Qperand(s) | @ O s X H I N Z V C
LDD (opri  |Load Double Accumulater M—AM+1—B IMM cC i kk 3 (3 §- - - 1t 1 oo -
DIR OC dd 2 |4
EXT FC hh 1 3 15
INDG, X EC ff 2 15
L IND, Y 18 EC_ff 1 |6
LDS lopr) | Load Stack Pointer M:M+1-—SP IVIM 8E jj kk 3 |3 - -3t oo
DIR SE dd 2 |4
EXT BE hh |l 3 i5
IND,X AE ft 2 |5
. IND, Y 18 AE ff 3 18
LDX (ope) | Load Index Register X MM+ 1 X IMM CE ji kk 3 13 - 11 o -
DIR DE dd 2 |4
EXT FE hh i 3 |6
IND, X EE ff 2 15
IND,Y Ch EE ff 3 |8
LDY (opr} Load Index Register Y MM+ 11— 1Y MM 1BCE § kk 4 |4 N A
DIR 18 DE «dd 315
EXT 18FE hh 1 4 16
IND, X 1A EEff 3 16
IND,Y 18 EE _ff 3 186

R T

LSL{opr)  |iogical Shift Left EXT
_ 78 bho 3]s
T I g IND, X 68 ff 2 |8 P
= C b7 ho IND,Y 1868 ff 3 7
2L A INH 43 1 2
, B INH
LSLD Logical Shift Left Double —T—--"T1+0 INH ?53 WE ‘
C bis bQ A
SR (oprt | Legical Shift Right EXT 74 h .
B Rl 3 |6
0 ::FD,X G4 ff 2 |8 R
CHITTIT—0 0,y
::gg'; L7 b0 C A INH 1852 f 3 ;
1 2
e ‘ — B INH 54 1
Logical Shift Right Double INH :
0—-T"--—_T3—0 o4 B o b
b15 b0 ¢
MuUL Multiply 8 by 8 AxB—D INH
NEG lopr)  [2's Complement Memory 2 S : EI
Byte -M— |
0-M—M EXT 70 hh I 3 |8 - - i
IND, X B0 ff 2 |6 P
: ' IND, Y 18
NEGA 2's Camplement A 0-A—nA A INH jg - B
NEGB 2's Complement B 0-B—8 B INH 50 1 ; — -
NGF No Operation No Operation INH a1 ‘1| - : L
2 - -




—T
; Source
~ Form({s] Operatian
BRAA (opr! |OR Accumulator A tin-
clusive,
\
|
|
GRAB {opr) [OR Accumulator B {in-
clusive)
|
PSHA Push A onta Stack
A
| PSHB Push B onto Stack
PSHX Push X onto Stack {Le First}
i PSHY Push Y onto Stack (Lo First)

pull & from Stack
pull 8 from Stack
Pull X from Stack (Hi First)

Pull ¥ from Stack (Hi First)

_f'.‘,i

Addressing

Boolean
Expression

A+M—A

B+M-—B

Made for
Operand

Machine Coding
{Hexadecimal)
Cpcode Operand(s)

A IMM
A DIR
A EXT
A IND,X
A IND,Y

B IMM
B IR
B EXT

B IND,X
B iIND,Y

B~ 5tk, SP=5P 1

SP=5P+1 A5tk
5p=5pP+1,B+5tk

%E

B IMH

8A it
9A | dd
BA Lhh I
Al
18 AA | I
CA|Q
DA | dd
FA | hn H
EA
18 EA
36
37 ;
3c
18 3C
32
33
3B
18 38

ff

Bytes

R W R R

N_\_l_lM—l—l_luMwMM

ﬁ

Zls xn i1 nzVEC
2 .- it 1o
3

A

fal
5{/_4

Condition Codes

ROL loprt | Rotate Left EXT 79 [hh NN R - T 17 1 1
O—IIOIm-d | o el 2|8
o ¢ b7 = b0 C IND,Y 18 69 | H 3|7
ROLA A INH 49 1|2
ROLB . B INH 59 1 |2
ROR {opr) | Rotate Right EXT 76 | hh |l 3 |6 - - R
o IND, X 66 | ff 2 |6
-DI]:ED:D—* { IND,Y 18 86 | ff 3|7
RORA ¢ b7 b0 C | ANH 46 112
RORB 8 INH 56 1|2
RT! Return from interrupt Sae Special Ops iNH aB TR t o1
RTS Return from Subroutine See Special Ops INH 39 1 5 -
SBA Subtract B from A —-B—A iNH 10 1 2 I | 1 i -I
SBCA lopr! | Subtract with Carry from A A-M-C—A A MM 82 |ii 2 |2 T
A DIR 92 1 dd 2 13
A EXT B2 lhh 1 3 |4
A IND,X A2 | H 2 |4
AIND,Y 18 A2 i ff 3 |5
SACE (opr) | Subtract with Carry from B g-M-C-—B B IMM c2 |ii 2 |2 t 1t
B DIR D2 | od 2 13
B EXT £2 lnh 1 3 |4
B IND,X B2 | ff 2 |4
| B IND,Y 18 E2 | ff 3 ls J

LLE
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- Addressing Machine Coding w | w
Source Boolean Mode for (Hexadecimal) ig 3)_ Condition Codes
Form(s) Qperation Expression Qperand Opcode Operandis}i @ | © s X H I N2z VvV C
SEC Set Carry 1—C INH oD 1 2 01- - - - i
SEl et lnterrupt Mask [ andl| INH OF 1 2 - -3
SEV, Set Overfiow Flag 1V INH 0B 1 i - -
STAA (opr) : Store Accumulator A A M A DIR 97 | dd 2 13 |- - T -
i A EXT g7 ]bh 1l 3 14
A IND, X AT | 2 |4
A IND,Y B AT|H 3156
STAB lopr} | Store Accumulator B B~ M B DIR D7 | dd 2 13 A -
B EXT F7 | hh I 3 4
B IND,X E7 | ff 2 4
B IND,Y 18 E7 | ff 3 5
STDloprl | Store Accumulator D A—M, B—NM+1 DIR DO | dd 2 |4 Pt
EXT FD | hh 1! 315
IND,X ED ¢ ff 2 15
IND,Y 18 EC | ff 3 |6
STOP "Stop Internal Clocks INH CF 1 |2 -
STS loprt | Store Stack Pointer SP — MM+ 1 DIR 9F | dd 5 14 |- - - - 11
] EXT BF | hh 1l 3 5
IND, X AF 2 15
IND,Y 18 AF | ff 315

STX (apri Store Index Register X IX = M:M -+ 1 DIR OF | dd
2 4
EXT FFyhh 1l 3 5 P
IND, X EF [ ff 2 5
iND,Y COE f
STY {opr) Store Index Register Y I¥ = M:M + 1 GiR 18 DE dfi : :
: s 3 5 -
EXT 18 FF [ hh i 4 |6 .
IND, X 1A EF | ff 3|6
IND,Y 18
SUBA lopr) | Subtract Memory fram A A-M-—A A TMM Zg H ; :
ii 212 |- -
A DIR 90 | dd 2 13 o [
A EXT B0 | hh H 3 4
ACIND, X AQ | H 2 4
AIND,Y 18 A
SUBB {opr) | Subtract Memary from B B-M—B B IMM C((]] ﬁ , -
ii 2 2 -
B DIR DO | dd 2 3 . !
B EXT FO | hh il 3 4
B IND,X ED | ff 2 14
B IND,Y 1B E
SUBD {opr) | Subtract Memory fram D D-MM+1—D MM 82 H kk 3 -
il 3 4
DIiR 83 (dd 2 5 I I E
EXT B3 |hh I 3 |8
IND,X AJ jff 218
IND,Y t1BAJ 3|7
SWwWi Software Interrupt See Special Ops INH 3F 1 |14
1 -




Addressing Machine Coding 2| w .
; L Condition Codes
Boolean Mode for {Hexadecimal) 18 s X H1NZVEC
Sourt(:e, Operation Expression Operand | Opcode [Operandisl| @ | © T
Formis 5T - - -
16 1
TAB Transfer A10 B A—B IN: 06 T2 [t bttt
TAP' Transfer A to CC Register »— CCR ::H = e R T
TBA Transfer B to A B—A N 00 1 %7 - - - -
TEST TEST (Only in Test Modes) | AddressBusCounts I = 3 — -
TPA Transfer CC Register to A CeR— A IET(':* 70 | hh 1 3|6 - - b too
TST(opr} | Testfor Zero or Minus M-0 IND, X 6D | ff 2 |6
IND,Y 186D | ff 3|7 T 5
TA | A-D AN 2 A — i 0
‘ izrs BE-0 B INH 5D 1?2 e
' : 30 143 1- - .
: TSX Transfer Stack Pointerta X | SP+1—IX INW 2 {44- - - -
i - i P+1—1Y INH 18 30
I TSY “ransfer Stack PointertoY | 5 = P s . A
i TXS Transfer X to Stack Pointer iX-1—5P INH > ol .
| . ¥ ~1—SP INH 18 35
| TYS Transfer ¥ to Stack Pointer e 1 |- - - - -
i WAl Wait for Interrupt Stack Regs & WAIT INH = —t3 —
XGDX Zxchange D with X X007 lN: 18 BF 214 —
XGDY Exchange D with ¥ ¥—D,D—IY IN

NOTES:
| Cycle: ¥
i * = |nfinity or until reset occurs
¥¥ =12 cyoles are used beginning with the opcode fetch. A wait state is entered which remains in effect for an integer number of MPU
E-clock cyete (n) until an interrupt is recognized. Finally, two additional cycles are used to fetch the appropriate interrupt vector
{tozal =14+ n).
Operands:
dd =8-bit direct address $0000-500FF, (High byte assurmed to be $00.}
ff =B-bit positive offset $00 {0) to $FF (255) added to index.

kb =High order byte of 16-bit extended address.
ii =Qne byte of immediate data.
i = High order byte of 186-bit immecifate data.
kk  =Low order byte of 16-bit immed:ate data.
il =i.ow order byte of 16-bit extend=d address.
mm = 8-bit mask {set bits to be affected}.
m = Signed relative offset $80 { - 128) to $7F (4 127). Offset relative to the address following the machine code offset byte.
Condition Codes:

— Bit. not changed

0 Always cleared {logic 0).

1 Always set {logic 1),

$ Biv cleared or set depending on aperation.

2 Bit may be cleared, cannot become set.



