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Instruction and Addressing

Instruction
Type of function to be performed

Location of the operand on which to perform
the function

Addressing

Method to locate the operand(s)

3 categories
Register Specification: the number of the register
Effective Address(EA): several modes available

Implicit (special) Reference: instruction itself
Implies the use of specific registers



Program EXAMPLE

—
LABEL OPCODE OPERAND(S) COMMENTS
/ M - M - e S " —
ORG 51000 ;jstart of PROGRAM area
MOVE.L #512,d0
CLE.L dl
MOVE.E data,dl
m—] ADD.B do,dl
MOVE.B dl, result
RTE jreturn
ORG 52000 ;etart of DATA area
data DC.B 524
result DS.B 1 jregserve a byte for result
END £1000 jend of program and entry point

PROGRAM
AREA

DATA
AREA



INSTRUCTION FORMAT

Instruction format is

<label> opcodex<.field> <operands> <;comments>

<label> pointer to the instruction’s memory location
opcode operation code (i.e., MOVE, ADD)
<.field> defines width of operands (B,W,L)
<operands> data used in the operation
<;comments> for program documentation
Examples
Instruction RTL

MOVE.W  #100,D0 |[D0]<100
MOVE.W  100,D0 [D0]«[M(100)]

ADD.W D0,D1 [D1]«[D1]+[DO0O]
MOVE.W D1,100 [M(100)]<[D1]
data DC.B 20 [data] <20

BRA label [PC] «label




RTL (Register Transfer Language)

1. Motation for Operands

P Program Counter

SR Status Register

Source Source contents

Diestination Destination Contents

<= Operand data format: B, W, L

Dn Data Register n

An Address Register n

En Any Data or Address Register

CCR Condition Code Register (Lower Byte of SR)

sSP Stack Pointer (=AT7)

d displacement {or “offset™): d8- eight-bit offset, d16-16-bit offset
2. Notation for sub-field and qualifier

<ea= Effective address

{=operand=) Contents of the referenced location

HRNN Immediate Data

3. Motation for operations

—ei Source operand is moved to the destination operand

e Two operands are exchangesd

" Logical AND

v Logical OR

ki Logical Exclusive OR

- Operand is logically complemented

<gign-ext Operand is sign-extended (i_e., all bits of the upper portien [Upper Byte] are made equal

to the sign-bit [msb] of the lower portion [Lower Byte]

4. Examples
Opcode Operation Syntax
ADD Source  + destination -->=destination ADD <ea=, Dn
ADDI Immediate Data + Destination -->Destination ADDI #=data>, <ea~
MOVE Source —= Destination MOVE <ea>, <ea=
NOT ~Destination --> Destination NOT <ea~
sSUB Destination — Source --> Destination SUB <ea=, Dn



RTL example

Examples
Instruction RTL
MOVE.W  #100,D0 |[D0]<100
MOVE.W  100,DO0 [DO]<[M(100)]
ADD.W DoO,D1 [D1]{_[D1]+[DD]
MOVE.W D1,100 [M(100)]«[D1]
data DC.B 20 [data] <20
BRA label [PC] «label
2. Notation for sub-field and qualifier
<eas Effective address
{<operand=) Contents of the referenced location
NN Immediate Data

L

. Notation for operations

- Source operand is moved to the destination operand

e Two operands are exchanged

: Logical AND

v Logical (R

& Logical Exclusive OR

~ Operand is logically complemented

<=gign-ext Operand is sign-extended (i.e., all bits of the upper portion [Upper Byte] are made equal

to the sign-bit [msh)] of the lower portion [Lower Byte)



ADDRESSING MODES

addressing mode specifies the value of an operand, a register that
contains.the operand,-or how to.derive.the.effective.address of an

operand in memory.
Data Reg. Direct Mode
Address Reg. Direct Mode
Address Reg. Indirect Mode
Address Reg. Indirect with Post-increment Mode
Address Reg. Indirect with Pre-decrement Mode
Address Reg. Indirect with Displacement Mode
Address Reg. Indirect with Index Mode
PC Indirect with Displacement Mode
PC Indirect with Index Mode
Absolute Short Addressing Mode
Absolute Long Addressing Mode
Immediate Data Mode



Addressing Mode Summary

Mode | Reg.
Addressing Modes Syntax Field | Field |Data|Memory |Control | Alterable

Register Direct

Data On aog | reg. no. X — — X

Address An ao1 | reg.no. | — — — X
Register Indirect

Address LAn) 010 | reg.no. | X X X X

Address with Postincrement (AN} 011 | reg. no. X x — X

Address with Predecrement —{Am) 100 | reg. no. X x — X

Address with Displacement (dqgAn) 101 req. no. X x X X
Address Reglster Indirect with Index

g-Bit Displacemeant {dg AN, Xm) 110 | reg. no. X x X X

Bage Displacement (bd A, Xn) 110 | reg. no. X x X X
Program Countar Indirect

with Digplacement {d,s.PC) 111 010 ¥ X X —
Program Counter Indirect with index

8-Bit Displacemeant (dy,PC Xn) 111 011 X X X —

Base Displacement (bd PG XN 111 011 X x X —
Program Countar Memory Indirect

Postindexed {lbd PC) Xncd) | 111 011 X x X X

Preindexed {bd PC Xn)cd | 111 011 X x X X
Abscdute Data Addressing

Short ()W 111 000 X = X —

Lang [EEAR 111 DO0 X x X —
Immediate R 111 100 X x — —




Instruction Word (machine Code)

Format

1 Word
Length:
Simple
Instruction

4 Word
Length:
Complex
Instruction
with EA
extension

SINGLE EFFECTIVE ADDRESS OFPERATION WORD FORMAT

15 14 13 12 1 10 9 8 7 B 5 4 3 2 1
" " ¥ " " " " " " " EFFECTIVE ADDRESE. ]
MODE REGISTER
BRIEF EXTENSION WORD FORMAT
15 14 13 12 N 10 9 8 7 6 5 4 3 2 1
[ DA | REGISTER [ wiL | scae | o | DISPLACEMENT
FULL EXTENSION WORD FORMAT
15 14 13 12 N 10 9 ] 7 6 5 4 3 2 1
VA REGISTER [ wio | scale [ 1 | BS 15 | eosize | o | IS
BASE DISPLACEMENT (0, 1. OR 2 WORDS)
OUTER DISPLACEMENT (0, 1, OR 2 WORDS)
15 0

SINGLE EFFECTIVE ADDRESS OPERATION WORD
(ONE WORD, SPECIFIES OPERATION AND MODES)

SPECIAL OPERAND SPECIFIERS
(IF ANY, ONE OR TWO WORDS)

{IF ANY, ONE TO SIX WORDS)

IMMEDIATE OPERAND OR SOURCE EFFECTIVE ADDRESS EXTENSION

DESTINATION EFFECTIVE ADDRESS EXTENSION
{IF ANY, ONE TO SIX WORDS)




Instruction Word Field

(Opcode Bit Pattern): single word

1. Opcode Bit Pattern

I Opcode Part | [ 1 |
15 7 6 5 4 3 2 1 0
- 4—p
Maode field Reg. Field
2. Addressing Modes
Selected Mnemonics
Mnemonic | Size | Address Mode Opcode Bit Pattern Boolean
1111 11
432 1098 7654 3210
ADD BE/W | s=Dn 1101 DDD1 SSEE EEEE | §4Dn—d
d=Dn 1101 DDDO SSze eseee
L S=Dn 1101 DDD1 10EE EEEE gn+s—}2n
d=Dn 1101 DDDO 10ee eeee +Dn—
Dn+s=—Dn
MOVE B/W 00XX RREM MMee eese g=3d
L Q010 REEEM MMee eeee a—d

Opcode Bit Pattern Codes:
Selected items

Code | Description Code Description

A Address Register Number s Source

D Data Register Number d Destination

E Destination Effective Address R Destination Register

e Source Effective Address r Source Register

M Destination EA Mode P Displacement

S Size: 00 byte, 01 Word, 10 Long XX Move Size 01 byte 11 Word

10



Machine Code Example

Mnemonic | 8ize | Address Mode Opcode Bit Pattern Boolean .
g Tabl f
5432 1058 7654 3210 a e glven Or
ADD E/W | ==Dn 1101 CDD1 SSEE EEEE | dimn—d
d=Dn 1101 DDDO SSee eeee 68000
L S=Dn 1101 CDD1 10EE EEEE Do+s—mn processor
d=Dn 1101 DDDO 10ee eeee | 3+Dn—d
D+ S—Dr
MOVE B/W 00XX RERM MMees eeae a—sd by MOtorOIa
L 0010 RREM MMee aeee |, .4

Lk

. Mode categories

Type Mo | Register Generation Assembler Syntax
de
Data Register Direct 000 | Reg. No EA=Dn D
Address Register Direct 001 | Reg Mo EA=An An
Register Indirect 010 | Reg. Mo EA={An) (An)
Post-increment Reg, Ind, | 011 | Reg. No EA={An), An «An+N (An)t
Pre-decrement Reg, Ind, 100 | Reg. No An —=An-N, EA=(An) -[An)
Reg. Indirect with Disp. 101 | Ree. Mo EA={ Anitd,, d,(An)
Indexed Reg Ind. wi Disp [ 110 | Reg No EA={ An)H{Xn)t+d, dy (An, Xn)
Absolute Short 111 ] D00 EA={Mext Word) XXX
Absolute Long 111 | 001 EA={Mext Two Words) NN
PC relative with Disp. 111 ] 010 EA=(PCitd,, di(PC)
PCrel. w/Ind. and Disp. | 111 | 011 EA=PCHXn)tdy dy( PC+Xn)
Immediate 111 ] 100 Data=Mext Wordis) NN
Code | Descripdion Code escrapiion
] Address Begister Mumber 5 wmince
ADD.B D2, D3 1101 DDD0 5% ceeeee [}] Lhaia Regssier Mumbsey d Ldesiinasion
E Desitnation Efective Addres I Desiinanon Hegisier
D2 is source. D3 is destination B Source Effective Address F Source Beszasier
Therefore DDD =011 (register number 3) kil Destnation EA Mode " Dhisplacenuens
o 5 Size (0 byie, 01 Word, 10 Long WY Mlowe Size 00 byvie 11 Word

§5=00, byte size

eee=000 source register mode

eee=010 source register number 2

Finally, the code is: 1101 0110 0000 0010 ---=D602

How about ADD.W DO, D17 —--=DDD=001, $5=01, ee=000, eee=000 ---— =240

11



Opcode Patterns of Selected Instructions

Mnemonic | Size | Mode Cpecode Bit Pattern Boolean Condition Code”
15114 (1312 (11 Q10|08 o8 jov Jos)os o4 0302|0100 X IN]JZ[W]C
ADD BA | 5=Dn 1 1 0 1 [ I I 5|5 |E |E |E |E |E |E |[d+Dn==d * A I R
d=0n 1 1 0 0 oo | (0 53 |5 e g |e g |e e ODn+ 5 —->Dn
L s=Din 1 1 0 1 oD (D |1 1 0 |E |[E |E |E |E |E |d+Dn--=d
d=0n 1 1 0 0 ODJD |[D [0 1 0 e g |e g |e e Dn+ s ->D0On
ADDA W d=An 1 1 1] 1 AlA A |D 1 1 e g |le g |e e | An+s-—>An
L d=An 1 1 0 1 AlA [A |1 1 1 e g |e g |& e
ADDI g | s=lmm | O JO (O |0 |0 1 1 015 |5 |E |[E |E |E |E |E |d+#-=>d * R I N I
L s=imm
AND B | 5=Dn 1 1 o |0 [D|D (D |1 S |sS |E |E |E |E [E |E [ d<and=DHN --=d 1= (0]0
d=0n 1 1 0 0 Ol | (0 53 |5 Je e |e g |e e Dn=and=s -->0n
L s=Dn 1 1 o |0 (DD (D |1 1 0 |E [E |E |E |E |E | diand=Dn —=d
d=Cn 1 1 0 0 OJo | [0 1 Q & g |le g |e e Dn<and=s --=0n
Bee” B 0 1 1 o |cJCc |Cc |[C P [P P [P [P |FP [P |FP |IfCCtrue then -
W PC+disp === PC
BRA B 0 1 1 oo |0 |0 (0 P [F P [P |FP |F P | PC+disp --= PC -
W
BSR B 0 1 1 o [o o [o {1 F [P |FP [P |FP [P [P |P | PC-=[5PF), -
W PC+disp --=PC
CLR BN 0 1 o 10 (0 |0 1 0 ls |5 |E |E |E |E |E |JE |O=>d agl1|0]0
L
CMP BAN | d=Din 1 ] 1 1 Ol | [0 oD Je |e & e |& e On-s 1t (* 1"
L d=0n
CMPA BAN | d=An 1 0 1 1 AlA A |D 1 1 e g |e g |e e |An-s A I R
L d=An 1 0 1 1 AlA A |1 1 1 e g |e g |e e

! Opeode Bit Pattern Codes:
Al Address Repister Number
M: Destination EA Mode

S Size (00 B, 01:'W, 10: L)
' Condition Code Notation

*: Zet according 10 result of operation

C: Test Conditaon
P Dusplacement

D Data Register Number E: Destination Effective Address
O Quick Immediate Data B Destination Register

XX: Move size (01°B, 11:W)

* See Page 3, "Condition Tests™ table

- Mot affected by operation

0 Cleared I Set

& Source Effective Address

i Source Register

1 Undefinad

12
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Machine Code Example 2

R e ]
MOWVE BAW oJ0 |Xx |®x |R]RE|R |M|M|M]e | | |e |g |e |s->d
L oJo (1 Jo0 | [RIE R IMIM|MIJe | Je |e | |e |5-->d
! Opeode Bit Pattern Codes:
A Address Register Number (: Test Condition D: Data Register Number E: Destination Effective Address & Source Effective Adedress
M Destination EA Moda P Dusplacement ) Quick Immediate Data R Destination Ragister r: Source Regmstar

50 Bee (00 B.OL: W 100 La KX Move suee (01:B. 11:'W1

3T L IEELTES

Type Mo | Register Generation Assembler Syntax
de

Data Register Direct 000 | Reg. No EA=Dn D

Address Register Direct 001 | Reg Mo EA=An An

Register Indirect 010 | Reg. Mo EA={An) (An)

Post-increment Reg, Ind, | 011 | Reg. No EA={An), An «An+N (An)t

Pre-decrement Reg, Ind, 100 | Reg. No An —=An-N, EA=(An) -[An)

Reg. Indirect with Disp. 101 | Ree. Mo EA={ Anitd,, d,(An) 1 2 1 1

Indexed Reg Ind. wi Disp [ 110 | Reg No EA={ An)H{Xn)t+d, dy (An, Xn)

Absolute Short 111 | 000 EA={Mext Word) XXX

Absolute Long 111 | 001 EA={Mext Two Words) NN

PC relative with Disp. 111 ] 010 EA=(PCitd,, di(PC)

PCrel. w/Ind. and Disp. | 111 | 011 EA=PCHXn)tdy dy( PC+Xn)

Immediate 111 ] 100 Data=Mext Wordis) NN

Move.w (AO), DO ->00xx RRRMVM eeeeee
0011 000000 0100003010

Move. B (A0), DO =0001 000000 010000->1010
Move. W (A1), D1 0011 001000 010001->3211
Move. B (Al), D1 0001 001000 01000199\2{1
14



Machine Code Example 3

f

MEMORY MACHINE ASSEMBLY
LOCATION CODE CODE

A, A A

s ¥ ™
00001000 1 ORG $1000
00001000 203C 00000012 2 MOVE . L #$12,d0
00001006 4281 3 CLR.L d1
00001008 1239 00002000 4 MOVE . B data,dl
0000100E D200 5 ADD.B do,d1
00001010 13C1l 00002001 6 MOVE.B dl, result
00001016 4E75 7 RTS
8

00002000 £ ORG $2000
00002000 24 10 data  DC.B $24
00002001 11 result DS.B 1
00002002 12 END $1000

ASSEMBLY CODE

INSTRUCTION FORMAT MACHINE CODE

MOVE.L #512,d0

o0 10 000 000 111 100 ( 203C OO0O0OO0O1l2

MOVE.B data,dl

00 01 001 000 111 001 1239 00002000

15



FULL EXTENSION WORD FORMAT
15 14 13 12 11 10 g a8 7 6 5 4 3 2 1 0
DvA REGISTER | wiL | scae | 1 | Bs | 18 | BOSIZE | 0 | NS
EASE DISPLACEMENT (0, 1, OR 2 WORDS)
DUTER DISPLAGEMERNT (0. 1, OR 2 WORDS)

MOWE B o |0 (X |Xx |R IR R |M|M|MI]e |e |2 Je |e | [5->d
L g |0 (1 ]0 |[RJIR |R M IM|M]Je |e |e Je |e |e [s5-->d

! Opeode Bit Pattern Codes:
A Address Register Number

M: Destination EA Mode

5 Size (00: B, 01:'W, 10 L)

2 Source Effective Address
r: Source Regmstar

(: Test Condition D: Data Register Number E: Destination Effective Address
P Dusplacement ) Quick Immediate Data R Destination Ragister
KX Move size (01:8, 11:'W)

3. Mode categories 2001000 20

s001002 00 oo

Type Mo | Register Generation Assembler Syntax 5001004 oo 12
de 4001006 42 81
Data Register Direct 000 | Ree. Mo EA=Dn Dn £00100E 12 3G
Address Register Direct 001 | Reg No EA=An An £00100A 0o oo
Register Indirect 010 | Reg. Mo EA={An) (An) £00100C 5 a0
Post-increment Reg. Ind. | 011 | Reg No EA={An), An «—An+N (An)t 500100E o2 o0
Pre-decrement Reg, Ind, 100 | Reg. Mo An An-N, EA={An) -(Am) £001010 13 C1
Reg. Indirect with Disp. 101 | Ree. Mo EA={ Anitd,, d,(An) 5001012 o0 o0
Indexed Reg Ind. wi Disp [ 110 | Reg No EA={ An)H{Xn)t+d, dy (An, Xn) 5001014 2 o1
Absolute Short 111 ] D00 EA={Mext Word) XXX
Absolute Long 111 | oo1 EA=(Next Two Words) | XXAXXX 3001016 18 75
PC relative with Disp. 111 ] 010 EA=(PCitd,, di(PC)
PCrel. w/Ind. and Disp. | 111 | 011 EA=PCHXn)tdy dy( PC+Xn)
Immediate 111 ] 100 Data=Mext Wordis) NN
data result
$002000 | 2 00

ASSEMBLY CODE

INSTRUCTION FORMAT

MACHINE CODE

MOVE.L #512,d0

00 10 000 000 111 100

203C 00000012

MOVE.B data,dl

00 01 001 000 111 001

1239 00002000

16




Instruction Summary

At T e
Opcode Operation Syntax Opcode Operation Syntax
ABCD Sewrceq + Destinationy g + % — Destination ABCD Dy, Dx Div& Destination/Source — Destination DIvE W <ea=Dn 32M6 — 16r16g
ABCD —Ay), A Dl Destination/Sourcs — Destination DRULW <ea=,Dn 3316 — 1618
ADD Source + Destination — Destination Eg E‘;E':EE? ECR Source © Deatination — Deatination EOR Dn <ea>
e Sourca + Deatination — Deslination ADDE f-:kax-ﬁ.n ECRI Immediate Dats @ Destination — Destination EORI| # <datax <aas
ADDOI Immediate Data + Destination — Destinaton ADDI # =dates, <eas EQRIto CCR | Source & CCR — CCR EOR| # <date>COR
ADDD Immadiate Data + Destination — Destination ADDG & <dsta> <eas> EORI0 SR | If supersor atat.e . EORI # <data~SR
then Source @8R — SR
ADDX Source + Destination + X — Destination ADDX Dy, Dx else TRAP
ADDXE — Ay, Ao}
- EXG R« Ry EXG Dw, Oy
AMD Scurce A Destination — Destination AMD teaf.Dn EXG Ax Ay
AMD Dn <ga> EXG DAy
AMDI Immediate Data A Destination — Destination ANDI # <data>, <ea> EXG Ay Dx
AMDI to CCR | Source A CCR — CCR ANDI # <dste>, CCR EXT Destination Skgn-Extended — Destination EXTWDn extend byte to word
AMDI 10 SR | If supervisor state ANDI # <data>, SR EXT.LOn  extend word to long word
then Scurce 4 SR — 5R ILLEGAL | S5F — 2 — 55P; Vector Offest — (35P); ILLEGAL
elze TRAP S50 — 4 — 855P; PC — (85P);
ASL, ASR | Destination Shifted by <count= — Deatination ASd D, Dy S5P - 2 — 88P; 53R — (58P},
ASd # <datasDy llegal Instruction Vector Address — PC
#5d <ea= JME Destination Address — PC JME <eas
Boo If {condition true) then PC +d — PC Beo <label= 1SR 5P _ 4 — 8P, PC — [3F) 15R <ags
BCHG ~ (enumiber= of Destination) — Z; BCHG Dn<eas Destination Address — PC
= (=nurmibers of Destination) — <bit nurmber> of Destination BCHG # <dsta= <ea> LEA coa> —Am LEA <am> An
BCLR =~ (<bit numbser> of Destination) — Z; BELR Din<eas - -
= <hit number= of Destnation BOLR # <dsta> <egs LIMK 5P —d — 5P An — (5F) LIMEK An, # <displacements
58P — An, SP +d — 5P
BKPT Run breakpoint acknowledge cycle; BEET # <data= 7
TRAP & llegal instruction LSLLSR | Destination Shifted by <count> — Destination LS::I1 O, Dy
LSd" # «datax, Oy
BRA, PCed—PC BRA <label> Ladl <ags !
8SET : iﬂmﬂm:&fﬂﬂﬁﬁ;; & gj;g; 52;;:121 — MOWVE Source — Destination MOVE <ea= <aa=
SR 5F — 4 — 5P PC — (5F) PG+ d = PG BSFR <label> MOVEA | Source — Destination MOVEA <aa>An
BTST — [<bit number> of Destination) — Z: BTST Dn<ea MOVE from | GER — Destination MOVE GOR,<as>
BTST # <data> <aa> oeR
CHE If On < 0or On = Source then TRAR CHK =ga=0n MD'{E o | Source — CCR MOVE <eas COR
CLR 0 — Destination CLR <gg=
o b P SV MOWVE from | SR — Destination MCVE SR, <ea>
CM eslination—Source — oo CMP <za=Dn aR If eupervisor state
CMPA Destinaticn—>Source CMPA <ea=An then SR — Destination
CMP Destinaticn —Immediste Date CMP| # <data> <ea> elze TRAP (MCE8010 only)
CMPM | Destination—Source — co CMPM [Ay)+, (B MOVE to SR If S‘JF'E:"‘SM atat;R MOVE =ee= SR
—— then Scurce —
DBco If condition felse then (On— 1 — Dn; DBce Din,<label=

f On=—1 then PC +d — PC)

else TRAP

17




Instruction Summary

Opcode CGperation Syntax Opcode Operation Syntax
MOWE USP | If supervisor state MOVE USP An RTE If superdsor state RTE
then USP — An or An — USPE MOWE An USE then [SP) — SR 8P + 2 — 5P, (5P} — PC;
alze TRAR SP+ 4 — 88
MOVEC | If superviser state MOVEC ReRn store stats and desliacats siack secording 1o (7]
then Rc — Rnor Rn— Rc MCWVEC Rn,Rc -
else TRAP RTR (8P — CCR: 5P + 2 — 5F; RTR
MEVEM | Reglsters — Destination MOVEM regleter list,saa> {SP) +PC 5P +4 5P
Source — Reglstars MOVEM =aa=> ragister list RTS 5P = PC 8P +4 = 5P RTS
MOWVER | Source — Destination MOVEP D, {d Ay} S8CD Destinationy g — Sourceqn — X — Destination SBCO Dx,Dy
MOVER (d,Ay),Dx SBCD —{Ax) —{Ay)
MOVED Immediate Data — Destinaton MONVEQ # =data=Dn Soc If condition true Soc <aas
MOVES | If superdscr state MOWES Rn <gas then 1s — Destination
then Rn — Destination [DFC] or Source [SFC] — Rn MOWES <ea>Rn lse b8 — Destination
else TRAP STOR If supervsor state STOP # =datas
MULS Scurca x Destination — Destination MULSW <ga=Dn  16x16 =32 1“E?Rrgl"p"‘-‘d'at‘i‘ Data — SR; STOR
elze
MLILL Source » Destination — Destinaton MULLW <ea=Din 16x 16 = 32
- - - SUB Destinaton — Sowrce — Destination SUB <aa=>Dn
MBCD 0 —{Destinationqg) — X — Destination MBCD <o 5B O <ea>
NEG 0 — {Destination} — Destnation MEG <es> SUBA Destination — Source — Destination SUBA <ea> An
NEGK 0 —{Destination) - X — Destination MEGK <ea> SLBI Destination — Immediate Date — Destination SUBI # <data> <aa>
NOF Mone NOE SUBS Destinaton — Imrmediate Data — Destinaton SUBO # =data>, <ea>
NOT ~Destination — Destinaton NOT <ea= SUBX | Destination — Scurce — X — Destination SUBX Dx, Dy
OR Scurce V Destination — Destination Of <ea=Dn SUBX —{Ax)~(Ay)
OR Dn.<ea> SWAR Reglster [31:16] + Register [15:0] SWAF Dn
ORI Immediate Data v Destination — Destination ORI # <data> <ea> -
TAS Destination Tested — Condition Codes; 1 — bit 7 of TAS <pa>
ORI te CCR | Source VW CCR — CCR OR| # <dsta= CCR Destinaton
ORISR | If supendsor state ORI # =data= SR TRAP S5P — 2 — SSP; Format/Offset — (S5P); TRAP # <vectors
then Source \ SR — SR S50 — 4 — 85P; PC — (55P); 88P-2 — 58P,
elze TRAP SR — [S5P), Vector Address — PC
PEA Sp—d — 5P, <ea> —(5F) PEA <ea> TRAPY | IFY then TRAP TRAFY
RESET | If euperviser state RESET TST Destination Tested — Condition Codes TST <eax
then Assert RESET Line
alse TRAP LINLKE Am— 5P (8P — An 5P+ 4 — 5P UMLK An
ROL, ROR | Destination Rotated by <count> — Destination rod! Rx Dy
rRod! # <data> Dy
Rod! <eax
ROXL, Destination Rotated with X by <count> — Destination ROxdT Dw Dy
RONR roxd| ¥ adatax Dy
ROXA! <eas
RTD (8P = PC;5F «d +d = 5P RTD #=displacemeants
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Data Reg.Direct Mode

the effective address field specifies the data register containing the operand.

GEMERATION:

ASSEMBLER SYNTAX

EAMODE FIELD:

EA REGISTER FIELD:

NUMBER OF EXTENSION WORDS:

DATA REGISTER

E& =D0n
Din

REG. NO.

move W D3,

OPERAND

D4 ‘D3 source, D4 destination

Before: D3 =100030FE
D4=8E552900

After: D3=100030FE
D4=8E5530FE

19



Address Reg. Direct Mode

The effective address field specifies the address register
containing the operand.

EEQEH"*T"C'”é _ i': =An "Short Addressing” --fast access
EA ,EE"EELEFT:ELE:NT”' 0 inside the range

E4 REGISTER FIELD: REG. NO. Word operation, ingtead of

NUMBER OF EXTENSION WORDS: 0 Long Word Operation

ADDRESS REGISTER } OPERAND | |:|:|:|:<|:|:|:|:

Address Register Mode involves, usually, 32-bit {Long Word) operation.
Since Address is expressed by aLong Word. 3I2KB

movea.lL A5, A2
JAfter the operation (A5)=(AZ2) FFFIJBIIJIDID

uuuq?FFF

When, in address register mode, size in NOT in long word:
the EA's upper word is determined by the "sign extended from lower word"”

EXample:

Before: A0=00006800 32KB
A1=0000C580
movea W A0, A2 After: A2=00006800
moveaW A1, A2 After: A2=FFFFC580 ”””ﬂP”””

20



Address Reg. Indirect Mode

The effective address field specifies the address register
containing the address of the operand in memory.

GENERATION: EA = {An]
ASSEMBLER SYNTAX: (AR)
EA MODE FIELD: il
EA REGISTER FIELD: REG. NO.

HUMBER OF EXTENSION WORDS: 0

3 0
ADDRESS REGISTER I JPERAMD POINTER |
PC‘IN!I'STD
MEMORY | OFERAND |
move.b (AQ), D7
e
| I Lo wddre |
g
~— 007F00 | C09.) What would be the content of D7 after
i1 | 14 FED( “*-.IH
" [ereos P ——— ) moveW (AQ),D7 7

21



Address Reg. Indirect with Post-increment Mode

The effective address field specifies the address register containing the address of
the operand in memory.

After the operand address is used, it is incremented by one, two, or four depending
on the size of the operand: byte, word, or long word, respectively.

GENERATICN: EA = (An) + SIZE
ASSEMBLER SYNTAX: [An] +
E& MODE FIELD: 1
E& REGISTER FIELD: REG. MO
WUMEER OF EXTENSION WORDS: 0
1 0
ADDRESS REGISTER { CONTENTS
OPERAND LENGTH (1,2, OR 4} s17E
a 0
OPERAND POINTER | EONTENTS |
POINTS TO
MEMORY | OPERAND |
move.W (AS5)+, D2
Memory

OldAS | 00007F00 address  Data
l 007EFF | 3¢
New AS | 00007 F02 007F00 [ 09 \

007F01 [\ BA/

NewD2 |4E4F09BA

22



Address Register Indirect with Pre-decrement Mode

The effective address field specifies the address register containing
the address of the operand in memaory.

Before the operand address is used, it is decremented by one, two,
or four depending on the operand size: byte, word, or long word,

respectively. cenERATION T
ASSEMBLER SYNTAR: —{An)
EA MODE FIELD: 100

EA REGISTER FIELD: REG. MO
MUMBER OF EXTENSION WORDS: 0

kY 0
ADORESS REGISTER ! CONTENTS
OPERAND LENGTH {1, 2, OR 4) SIZE
3 0
OPERAND POINTER { CONTENTS |
T
FOINTE TO
MEMORY } OPERAND |

move.b -(A2), D4

SNETTTE | _ -u. Drat
. — HH"M.___

T R (©)
2 | ooo I j i [ 'l.ll
I TN Ty i
— 1]
_

[F3os283c )
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Address Register Indirect with Displacement Mode

The sum of the address in the address register, which the effective address
specifies, plus the sign-extended 16-bit displacement integer in the
extension word is the operand’s address in memory.

Displacements are always sign-extended to 32 bits prior to being used in

effective address calculations.

move.w S$100(A0), DO
[ :
]
-;:, I BA
ﬂx.. . ,.-"' .-.I
'y |_'_'“T|_...-'_— -

GENERATION: EA = {Ani) + 15
ASSEMBLER SYNTAX: (d1g,An)
EAMODE FIELD: 101
EA REGISTER FIELD: REG. NO.
NUMEER OF EXTENSION WORDS: 1
3 0
ADORESS REGISTER } CONTENTS
3t 15 0
DISPLACEMENT —— _ SIGN EXTENDED _ INTEGER
# 0
OPERAND POINTER I CONTENTS |
FOMTSTO
MEMORY I OPERAND |

What would be the effective address for the following instruction?

move.w $FF00(AQ), DO

Is it $007E00?

Is $FFO0 (in signed integer format) -$1007
24



Address Register Indirect with Index (8-Bit

Displacement) Mode

This addressing mode requires one extension word that contains an index register
indicator and an 8-bit displacement. The index register indicator includes size and
scale information.

The operand’s address is the sum of the address register’s contents; the sign-
extended displacement value in the extension word’s low-order eight bits; and
the index register’s sign-extended contents (possibly scaled).

The user must specify the address register, the displacement, and the index register

in this mode. move.L 2(A0, D4.W), D3
' +os [wo000100 ]
...... i | )
et —— __gowooies T weioe | -¥) R

o isTen — | — [ o]

(¥ [

v 50 3

o | - L . §

— | e

What would be the EA for the following instruction?

What would be the EA for the following instruction? A0 - 0000TFO0
If D4=00008100 instead 0. 0000700 move.L $F2(A0, D4.W), D3 D4 - 00000100
move.l  2(A0,D4.W), D3 D4: FFFFB100 disp:  FFFFFFF2
disp: 2 0000TFF2

00000002



Program Counter Indirect with Displacement Mode

The address of the operand is the sum of the address in the program counter (PC)
and the sign-extended 16-bit displacement integer in the extension word.

Actually, displacement = Label Address — (PC)
Reference is PC

Therefore, EA=(PC)+Displacement =Label Address
For branching with memory reference
However, this could be done by simpler addressing mode
move.b Data(PC), D4

GENERATION: EA = (PC) + di6 s D
ASSEMBLER SYNTAX: id15,7C)
EA MODE FIELD: i1 |
EA REGISTER FIELD: 10 ' |
NUMBER OF EXTENSION WORDS: 1 2 - "
k) a I " |
PROGRAM COUNTER [ CONTENTS A Co |
kL 15 /] DATA } o | |
DISPLACEMENT ——  SIGN EXTENDED INTEGER F
31 0 solacement H000 P
| ool | 15 ToaTa™
OPERAND POINTER | CONTENTS | E | ATAN,
POINTS TG al; |
F
MEMORY I OPERAND | New [ | 5 o ___.--”j
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Program Counter Indirect with Index (8-Bit

Displacement) Mode

The operand’s address is the sum of the address in the PC, the
sign-extended displacement integer in the extension word’s
lower eight bits, and the sized, scaled, and sign-extended index
operand.

Since the displacement is referenced to PC, EA actually is:
EA=Label Address + (Index Address)

move,B  SINE(PC, D6.L), DO D6: 00000004

GENERATICN: EA = (PC) +{Xn] + dg
ASSEMBLER SYMNTAX: (g PC XN SIZE"SCALE)
Ef MODE FIELD: 111
Ef REGISTER FIELD 011
HUMBER OF EXTENSION WORDS: 1

PROGRAM COLUNTER I CONTEMTS

DISPLACEMENT

|
INDEX REGISTER —| SIEN-EXTENDED VALLE

SCALE

OPERAND FOINTER

27
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ASMG68K and EMUG8K

ASM68K Assembler and EMUG8K emulator
ASM68K

Numbers:
$1000 for hexadecimal
1000 for decimal
Labels
Must begin in the first column

Up to 16 characters long (letters, numbers, and underscore)
The first character must be a letter

Directives
ORG <address> ;set PC to <Address>
DC <List> :Define constant in <list> (.B, .W, .L)
DS <number> ;Define <number> of storage locations (.B,
W, .L)
EQU <number> ;Set Label equal to <number>

END <address> ;End source file, specify start <address>



The first Code

TUTORI AL

First.asm

Not case sensitive
;first.asm
org $0
start MOVE.L #$123456aA8, D2
MOVe.L $#S$5F02¢372, d3
add.b d2, D3

end start
first.1lst
000000 rfirst.asm
000000 org S0
000000 243C 1234 5648 start move. 1l #5123456A8, D2
000006 263C 5F02 C372 move., 1l HS5£f02c72, d3

00000C D602 add.b d2, d3

30



ASMG68K and EMUGS8k

EMUG8K

Emulator Memory:
up to 64KB is allocated
Therefore, $208500 and $008500 accesses the same location

TRAP (additional function):
Provide Character 1/0 from PC Keyboard
And to the PC display
#0: CHAR_IN read from PC Keyboard and store in D1
#1: CHAR_OUT write to PC monitor
#2: CL-LF move cursor to the first column of next line
#3: PRINT_MSG display (A3)
#9:GETCMD return to emulator
Example Code: TRAP.ASM
Tracing -g 8100

31



Trap example code

/\

;trap.asm

; TRAP # in EMUGSBK

;0 CHAR _IN (from PC Keyboard)

; TRAP #0 stores the character in D1

i1 CHAR OUT (to PC Display)

i3 PRINT MSG (to PC display)

; TRAP #3 displays (A3)

: 9 GETCMD (return to emulator)
org S8000

rmsg dc.b 'good guess!'
dec.b 0

;string must be ended with 0

wmsg dc.b 'guess again'
dec.b 0

;etring ended with 0

ingr dc.b 'Guess a character!
dec.b 0

sended with 0O

\/’

A

start

redo

exit

org
movea.l
trap
trap
trap

trap
cmpi.b
trap
beg
trap
movea. 1
trap
trap
trap
bra
movea.l
trap
trap
trap
end

$B8100
#ingr, A3
#2
#3
#2

#0

#'q', D1
#1
exit
#1
#wmsg,
#2

#3

#2
redo
#rmsg,
#3

#2

#9
start

a3
; CRLF

as

; CRLF
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EAGIVEN
EEEIRY
111

000

1

EXTENSION WORD

L SHEM-EXTEMDED

Absolute Short Addressing Mode

the address of the operand is in the extension word.
The 16-bit address is sign-extended to 32 bits before it is used.

GEMERATION:

ASSEMBLER SYNTAX:

EAMODE FIELD:

EA REGISTER FIELD:

NUMBER OF EXTEMSION WORDS:

15

EXTEMSION VALLIE

Y

OPERAND POINTER

COMTENTS

T
PONTS TO

¥

Example:

move.b $3C00, dl

MOVE.W $9AEQO, D2

CPERAND

f£f9ae0
ff9ael
ff9ae2

e
12
34

9A\_//

> D




Absolute Long Addressing Mode

the operand’s address occupies the two extension words
following the instruction word in memory.

The first extension word contains the high-order part of the
address; the second contains the low-order part of the address.

GEMERATICMN: £A GIVEN
ASSEMELER SYMNTAX: (). L
EAMOOE FIELD 111

& REGISTER FIELD aat
NUMBER OF EXTEMNSION WORDS Z

15
FIRET EXTEMSI0M WORD H ADDRESS HIGH

15 i

SECOND EXTENSION WORD | ADORESSLOW _ |

"y Y

OPERAND POINTER } CONTENTS |
T
PORMTS TO

MEMORY I OPERAND |

move.b $2e000, DO
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Immediate Mode

the operand is in one or two.-extension

words.

GEMERATION:

ASSEMBLER SYNTAX

EA MODE FIELD:

EA REGISTER FIELD:

MUMBER OF EXTENSION WORDS:

PERAND GIVEN

e

111

100

1,24, OR & EXCEPT FOR PACKED DECIMAL REAL OPERANDS

D5: 12345678

="
(1) move,b  #$3A, D5 New DS=:
(2) move.w #$9EQ00, D5 New D5=7
(3) move.l #1, D5 New D5=2

35



CCR and Condition Code

— 15 13 10 a 4 o
Bit Meaning
Tracing for run-time
debugaing
Supenvisor or
User Mode

Systemn responds to interrupts
with a level higher than |

Set if a carry or borrow is
nanarated. Clearad otharwise

Set if a signed overflow
occurs. Cleared otherwisa

Set if the result is zero.
Cleared otharwise

Set if the resull is negalive.
Cleared otherwise

Retains information from the carry
bit for multi-precision arithmetic
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Condition Codes

Most instructions affect the state of the five
flags
N (Negative flag):
1 (set): MSB of the result is 1 (set)
O (cleared): otherwise

move.b $#$3F, DO
addi.b #1 ,D0

3F
01
40 -->0100 0000 N=0

move.b $#$7F,DO
addi.b #1,DO
TF
01
80 --> 1000 00QO0 N=1
37



Condition Codes

Z(Zero Flag)

Set (1): result equals zero
Clear(1): otherwise

Initial value of DO = 00000003

subi.b #1,D0 ; DO=0000 0002 z=0

subi.b #1,D0 ; DO=0000 0001 z=0

subi.b #1,D0 ; DO=0000 0000 z=1
V (Overflow Flag)

Set: a result represents a sign change
Clear: no sign change before and after an operation

Word
move.b #$77, DO ;D0O=s0000 MSB=0 V=x
addi.b #3, DO ;DO=0000 MSB=0 V=0
addi.b #9, DO ;DO=0000 MSB=1 v=1
subi.b #1, DO ;DO=0000 MSB=1 V=0
subi.b #4, DO ;DO=0000 MSB=0 v=1

-

Long Word



Condition Code

C (Carry Flag)
Set :

Carry out of the MSB of the result (addition)
Borrow as a result (subtraction)

Clear: otherwise

move.b #6, DO sDO=0000 00086 C=x Addition with 2's

subi.b #1, DO sDO=0000 0005 c=0 complement
000000086

subi.b #9, DO ;DO=FFFFFFFD (borrow) C=1 FFFFFFF7

FFFFFFFD (no carry)
that means there
WAS borrow
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