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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



lllustration of 3 categories

Register Specific Addressing ¢ LD
dst D
Memory Addressing
Src A dst A
. M

MEM
dst D >
T~

Special Addressing

(2]

>
dst D > —|




Instruction Format & Program EXAMPLE

Instruction format is

_— <label> opcode<.field> <operands>
<label> pointer to the instruction’s memaory location
opcode operation code (i.e., MOVE, ADD)
<.field> defines width of operands (B,W,L)
<operands> data used in the operation

for program documentation

LABEL OPCODE OPERAND(S) COMMENTS

p A . . - e - T —
ORG 1000 ;jstart of PROGRAM area
MOVE.L #512,d0
CLR.L dl
MOVE.B data,dl
ADD.B do,dl
MOVE.B dl,result
RTS jreturn
ORG 52000 ;start of DATA area

data DC.B $24

result DS.B 1 jreserve a byte for result
END $1000 ;jend of program and entry point

PROGRAM
AREA

DATA
AREA



RTL (Register Transfer Language)

1. Motation for Operands
PC
SR
Source
Destination

Dn
An
Kn
CCR
aP

d

Program Counter

Status Register

source contents

Destination Contents

Operand data format: B, W, L

Data Register n

Address Register n

Any Data or Address Register

Condition Code Register (Lower Byte of SR)
Stack Pointer (=A7T)

displacement (or “offset”): d¥- eight-bit offset, d16-16-bit offset

2. Motation for sub-field and qualifier

£a~
(=operand=)
HXXX

3. Motation for operations

P

b

SlEn-ext

4. Examples
Cpeode

ADD
ADIN
MOVE
MNOT
sUB

Effective address
Contents of the referenced location
Immediate Data

Source operand is moved to the destination operand

I'wir operands are exchanged

Logical AND

Logical OR

Logical Exclusive OR

Operand is logically complemented

Operand is sign-extended (i_e., all bits of the upper portion [Upper Byte] are made equal
ter the sign-bit [msh] of the lower portion [Lower Byte

Operation Syntax

Source destination -->destination ADD <ea=, Dn

Immediate Data + Destination -->Destination ADDI #<data~, <ea>

Source --> Destination MOVE <ea>, <ea>
Destination --= Destination NOT <ea=

Destination — Source --> Destination SUB <ea=, Dn



RTL example

Examples
Instruction RTL
MOVE.W #100,D0 |[D0]« 100
MOVE.W 100,00 |[D0J<[M(100)]
ADD.W D0,D1 [D1]«-[D1]+[D0]
MOVE.W  D1,100 [M{100}]«-[D1]
data DC.B 20 [data] <20
BRA label [PC] «label
2. Notation for sub-field and qualifier
ea= Effective address
(<operand=) Contents of the referenced location
RN Immediate Data

3. Notation for operations
- Source operand is moved to the destination operand
- I'wo operands are exchanged
Logical AND

v Logical OR
o Logical Exclusive OR
Operand is logically complemented
sign-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.
Address Reg.
Address Reg.
Address Reg.
Address Reg.
Address Reg.

Direct Mode

Indirect Mode

Indirect with Post-increment Mode
Indirect with Pre-decrement Mode
Indirect with Displacement Mode
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 a0g | reg. no. X — — X

Addrass An a0t | reg.ono | — — — X
Register Indirect

Address (An) 010 | reg.no. | X X X X

Address with Postincrement (An)+ 011 | reg. no. X x — X

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

Address with Displacemeant (dqg.An) 101 reg. no. X x X X

il = il ke,

Abgolute Data Addressing
Short i A 111 al] * x * —
Lang (e} L 111 Oo0 X x X —
Irnmediate s e 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 OPERATION WORD FORMAT

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EFFECTIVE ADDRESS
X X X X X X X X X X ) R
MODE REGISTER
BRIEF EXTENSION WORD FORMAT
15 14 13 12 1 10 9 8 7 6 5 L 3 2 1 0
[ D | REGISTER | wiL | scale | o | DISPLACEMENT
FULL EXTENSION WORD FORMAT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DA REGISTER | wiL | scale | 1 | BS | 18 | BOSZE | o0 | s
BASE DISPLACEMENT (0, 1. OR 2 WORDS)
OUTER DISPLACEMENT (0, 1. OR 2 WORDS)
15 0

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

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

MMEDIATE OPERAND OR SOURCE EFFECTIVE ADDRESS EXI

(IF ANY, ONE TO SIX WORDS)

ENSION

DESTINATION EFFECTIVE ADDRESS EXTENSION
(IF ANY, OME TO SIX WORDS)




Instruction Word Field

(Opcode Bit Pattern): single word

I. Opcode Bit Pattern

| Opcode Part | | | | | | | |
5 I b D 4 3 2 1 0
N+ 4—r
Mode field Reg. Field

2 Addressing Modes
Selected Mnemonics

Mnemonic | Size | Address Mode Opcode Bit Pattern Boolean
1111 11
5432 1098 7654 3210
ADD B/W | s=Dn 1101 DDD1 SSEE EEEE | 3+Dnod
d=Dn 1101 DDDO SE5ee ecsee ~ i
L S=Dn 1101 DDD1 10EE EEEE | o0 5700
d=Dn 1101 DDDO 10ee eeee |9+D0—d
Dn+s—Dn
MOVE B/W 00XX RREM MMees ecee g=3d
0010 RREM MMee ecee g—3d
Opcode Bit Pattern Codes:
Selected items
Code | Description Code Description
A Address Register Number 5 Source
D Data Register Number d Destination
E Destination Effective Address R Destination Register
¢ 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
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Machine Code Example

Mnemonic Size | Address Mode Opcode Bit Pattern Bogolean .
L35 100 7654 Table given for
20D E/W | s=Dn 1101 DOD1 SSEE A+Dn—sd
= 110 Doy Some 68000 processor
d=Dn 1101 DODO lhea d+Dn—»d
Din+s—0n
MOVE B/W ODXX RERM | by I\/I Oto ro I a.
L 0010 RERM MMes cage |
3. Mode categories
Type Mo | Register Generation Assembler Syntax
de
Diata Register Direct 000 | Kez, No EA=Dn Dn
Address Register Direct 001 | Res. Mo EA=An An
Register Indirect 010 | Reg. Mo EA={An) (An)
Post-increment Reg, Ind 011 | Reg Mo EA=(An}, An «AntN (Anj
Pre-decrement Reg, Ind, 100 | Reg. No An —An-N, EA={An) -{An)
Reg. Indirect with Disp 101 | Reg. Mo EA=(An)td,, dya{An)
Indexed Reg Ind wi Disp | 110 | Reg. No EA={ An)H Xn)t+d, dy {An, Xn)
Abszolute Short 111 | 0o EA={Mext Word) XXX
Abszolute Long 111 | o0l EA={MNext Two Words) XEXXXX
PC relative with Disp. 111 | 010 EA=PCitd,, dy(PCY
PC rel. wi' Ind. and Disp 111 | 011 EASPCHXn)+dy dy( PCH+Xn)
Immediate 111 | 100 Data=Mext Wordis) XXX
Code | Description Code Description
A Address Register Number 5 Source
ADD.E D2, D3 L1011 DDD0 SS cepepe D Data Register Mumber d Destination
E Destination Effective Address R Destination Register
02 is source. D3 is destination & Source Effective Address ¢ Source Register
. - . . N Destination EA Mode 3 Displacement
Therefore DDIY =011 (register number 3) 5I Size: 00 byte, 01 Word, 10 Long 3\\ Move Size 01 byie 1T Word
a5=00, byte size
eee=000 source register mode
eee=010 source register number 2
Finally, the code is: 1100 0110 0000 D010 ==<=1M602
How about ADDW DO, D17 —--=DDD=001, 55=01, ee=000, eee=00 ---— D240

11



Opcode Patterns of Selected Instructions

Mnemaonic | Size | Mode Dpeode Bit Pattern Boolean Condition Code”
1514 (1342 [ )10 (00 (0807 [0S )05 [04 103102 (0100 X |INIZ2|V]C
ADD B | 5=Dn 1 1 0 1 ] D | D 1 5 S E E E E E E d+0n -—->d * 1]
d=0n 1 1 o |0 |DJD (D |JO |5 |S |e (e |Je |e | |e |[Dn+s-—=Dn
L 5=Dn 1 1 0 1 D D | D 1 1 0 E E E E E E d + Dn =->d
d=0n 1 1 10 J0 [D D | (0 |1 [0 ]e |e ] |e | | |Dn+s-—=Dn
ADDA W d=An 1 1 o1 |A A |A |0 |1 1 e |e |e |e [e |e |An+5-—>An
L d=An 1 1 o |11 [A QA [A |1 1 1 e |e |le |e |2 |&
ADD BMW | s=lmm | O 0 0 0 0 1 1 0 = 3 E E E E E E d+#.-->»d * 171
L S=imm
AND BMW | s=Dn 1 1 0 0 D 0| D 1 5 5 E E E E E E d=and=DN --=d *1*(o0]0O
d=0n 1 1 o |0 |D D (D |O |S |S |e (e |Je |e |e |e |Dn<and>s-->Dn
L 5=Dn 1 1 0 0 ] D | D 1 1 0 E E E E E E d{and>0Dn =->d
d=0n 1 1 0 |0 |[DJD |D |0 |1 0 |le |e le |e |& |e |Dn<and=>s--=0On
Bec® B [i] 1 1 0 cCJCc [C |C|P P P P P F P F If CC true, then
W PC+disp --> PC
BRA B 0 1 1 0 0 0 0 0 P P P P F P P F PC+disp --> PC
W
BSR B o |1 1 o |0 Jo |0 |1 P P [P |P [P |P |P |P | PC--=>(5F)
W PC+disp --=PC
CLR BN 0 1 0 0 0 0 1 0 5 5 E E E E E E 0-->d gp1(ojo
L
CMP BAW | d=Dn 1 o |1 1 L|D |D |0 |D|D]e |28 |2 |e |2 |& |Dn-s N I I
L d=0n
CMPA BAN | d=An 1 o |1 1T [A A |A [0 |1 1 e |e |e |e [ |e |An-5 A I I
L d=An 1 0 |1 1 A JA | A [1 1 1 e |e |e |e |& |&
! Opeode Bit Pattern Codes:
A Address Remister Mumber C: Test Condition D Data Register Number E: Destination Effective Address e Source Effective Address
M: Destination EA Mode P Displacement 0 Oack Immediate Data B Destination Register r: Source Register
5! Size (00 B, OL: W, 10: L) XX Move size (01:B, 11:'W)
* Condition Code Notation
*: Bet according to result of operation - Mot affected by operation 0: Claared l: Set LI: Undefined
" See Page 3, "Condition Tesis™ table
0 == i
MOVE BN Q 0 x X R R |R I MM ]e e e e a e s -->d A I I
L 0 Jo |1 DR IR JE [M M |M]Je |& ]e |e | Je |5-->d

12



Opcode Patterns of Selected Instructions

Divs W d=0n 1 0 0 0 oD (D |1 1 1 e g a g g e Dn32/s16 S I L Y
=Dnirq)
Divu W d=Dn 1 0 a |o [D|D (D |0 1 1 e |le |e |e g |e | DN32/s16 1 |* 10
=DM (r.q)
EOR B | 5=Dn 1 0 1 1 r f r 1 S |S |E |E |E |E |[E |E |d®Dn--=>d N I I
L s=Dn
JMP 0 1 a Jo [1 0 1 E |E |E |E [E |E [d--=PC
JSR 0 1 o |1o [1 1 1 0 1 0 E |E |E |E |E |E |PC-=-5F),
d-->PC
MOVE BAN O 10 [X %X [RIR IR MM |M]e |e |2 |e g |le |[s->d *l*|0]o0
L 0 0 1 0 F IR [R [M|M|MI]e g e g g e §-=>d
MOWVEA W 0 0 1 1 AlA [A [0 0 1 e g e g g e 5 === AN
L 4] 0 o [A |A [A [0 0 1 e g & g g e
MULS W d=0n 1 1 0 0 DD (D [1 1 1 e g & & & & Dn % 5 --> On i N
UL W d=0n 1 1 0 0 oD |[D |0 1 1 e a8 a g g e Dn x5 -->0n i N Y
MEG = 0 1 o |o [0 1 0 |0 |5 |S |E |E |E |E |[E |E |[O0=-d-=d * A N R
L
MNOT BN Q 1 o |0 [0 1 1 0|5 [§ |E |E |E |E |E |E |~d->d A I I O
L
OR B | 5=Dn 1 0 a |o (DD |D |1 S |S |E |E |E |E |E |E |d=or=Dn-->d A I O
d=0n 1 0 0 0 oo |D |0 5 |5 |e g e g g e Dn <ar= 5 -=> Dn
L s=Dn 1 0 o |o (DD |D |1 1 0 E |E |E |E |E |E |d=or=Dn-->d
d=0n 1 0 0 0 DD |D |0 1 0 e g & & & & DM <or= 5 --= On
RTS 0 1 a Jo [1 1 1 0 |0 [1 1 1 0 1 0 1 (SP)+ --= PC
SUB B | 5=Din 1 0 0 1 DD (D |1 5 |5 |E |E |E |E |E |E |[d=Dn==d * A N R
d=0n 1 0 0 1 oo |D |0 S |5 |e = e = g e Dn =5 --> DOn
L s=Dn 1 0 0 1 O|D (D |1 1 1] E |E |E |E |E |E |d=-Dn-=<d
d=0n 1 0 0 1 ODJ|D |D |0 1 1| e g e g g e On -5 --> Dn
SLUBA W d=An 1 0 0 1 AlA A [0 1 1 e g e g g g | An—=5-> AN
L d=An 1 0 0 1 ALA [A |1 1 1 e [ e g g =
SWaAP W [i] 1 a |o 1 0 |0 o Jo |1 o |0 i D (D |D | Dni3118) *1*|ao]o
<-=->0MN{15:0)
TRAP 0 1 a |o |1 1 1 a 10 |1 1 1 0 1 1 1 PC == -(S5P),
SR == -(S5F),
(trap vector) —=
PC
TST BAN 0 1 o |1o (1 0 1 0|5 [ |E |E |E |E |E |E |testd-—=ccC A I O
L

13



Machine Code Example 2

L el . Y]

MOVE BANV
L

0
0

0o | X
o |1

X
0

R IR |R |[M|M
E IR |R [M|M

M
M

=] e [ =
= =] <] =3

e
e

[=]
=

§->d
5 -->d

! Opeode Bit Pattern Codes:
A Address Register Mumber

M: Destination EA Mode

8 Bize (00 B. 01 W_ 100 L)

C: Test Condition

P Dusplacement

D Data Register Number E: Destination Effective Address e Source Effective Address

O Quack Immediate Data R Destination Register

XX Move size (01:B. 11:'W)

3. e e ICELETES

Type Mo | Register Generation Assembler Syntax
de
Data Register Direct 000 | Reg. No EA=Dn Dn
Address Reaister 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 «—AntN (Anjt
Pre-decrement Reg, Ind, 100 | Reg. No An —An-N, EA={An) -[An)
Reg. Indirect with Disp. 101 | Reg Mo EA=(An)td,, dyal An)
Indexed Reg. Ind. w/ Disp | 110 | Reg No EA={An)HXn)td, dy (An, Xn)
Absolute Short 111 | Qo0 EA={Mext Word) XXX
Absolute Long 111 | 001 EA=(Mext Two Words) KANXXX
PC relative with Disp. 111 | 010 EA=PCitd,, d,;(PC)
PC rel. w/'Ind. and Disp. 111 | 011 EA=PC)HXn)t+d, dy(PC+Xn)
Immediate 111 | 100 Data=Mext Wordis) XXX

it Source Regmster

Move.w (AO), DO ->00xx RRRMMM eeeeee
0011 000000 010000->3010
Move.B (A0), DO 0001 000000 0100001010
Move.W (Al), D1 0011 001000 010001->3211
Move.B (A1), D1 0001 001000 01000199\2@
14



Machine Code Example 3

!

MEMORY MACHINE ASSEMBLY
LOCATION CODE CODE
A, A e
Y ¥ ™
00001000 1 ORG $1000
00001000 203C 00000012 2 MOVE. L #$12,d0
00001006 4281 3 CLR.L d1
00001008 123S 00002000 4 MOVE . B data,dl
0000100E D200 5 ADD.B do,d1
00001010 13Cl 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 #$12,d0 [ 00 10 000 000 111 100 | 203C 00000012
MOVE.B data,dl [ 00 01 001 000 111 001 | 12335 00002000

15



FULL EXTENSION WORD FORMAT
15 14 14 12 11 10 g & 7 & 5 4 3 2 1 @i
DA REGISTER | w¢.| SCALE | 1 | BS | 5 | BD SIZE | 0 | ns
BASE DISPLACEMENT (0, 1. OR 2 WORDS)
OUTER DISPLACEMENT (0, 1, OR 2 WORDS)

MOWE BN oglo (X |x [RIERE[R |[M M| M]e | |ea Je | |e |5-=d
L o Jjo (1 ]Jo0o [RIERE[R [M M |M]Je |e |leg Je |e |le |5-->d

! Opeode Bit Pattern Codes:
A Address Register Mumber
M: Destination EA Mode

& Source Effective Address
it Source Regmster

C: Test Condition D Data Register Number E: Destination Effective Address
P Dusplacement O Quack Immediate Data R Destination Register

5! Size (00: B, 01:'W, 100 L)

XX: Move size (01:B, 11:W)

3. Mode categories 3001000 20 3C
5001002 ao a0
Type Mo | Register Generation Assembler Syntax £001004 oo 12
de 5001005 42 81
Data Register Direct 000 | Res. No EA=Dn Din 5001008 12 3o
Address Register Direct 001 | Reg No EA=An An 5001002 a0 a0
Register Indirect 010 | Reg. Mo EA={An) (An) 2001000 = )
Post-increment Reg, Ind. | 011 | Reg No EA={An), An +—AntN {An)+ 500100E oo oo
Pre-decrement Reg, Ind, 100 | Reg. Mo An —An-N, EA=(An) -[An) 5001010 13 C1
Reg. Indirect with Disp. 101 | Reg Mo EA=(An)td,, dyal An) 5001012 oo oo
Indexed Reg. Ind. w/ Disp | 110 | Reg No EA={An)HXn)td, dy (An, Xn) 5001014 2 1
Absolute Short 111 | Qo0 EA={Mext Word) XXX
Absolute Long 111 | ool EA=(Next Two Words) | XXXXXX 3001016 48 73
PC relative with Disp. 111 | 010 EA=PCitd,, d,;(PC)
PC rel. w/'Ind. and Disp. 111 | 011 EA=PC)HXn)t+d, dy(PC+Xn)
Immediate 111 | 100 Data=Mext Wordis) XXX
data result
$002000 | 20 oo

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
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Machine Code Test

1- MOVEB D21 D3 S5: 00(B), 01{(W), 10(L)

EEER: Dst Reqg

eecece: Src EA (Mode+ Reqg.Ho)
EEEEEEE: Dst EA (Mode+Reqg. Ho)
Mtdi: Dst EA Mode

Mode + Reqg.

000nnn
001nnn
010nnn
O011lnnn
111100

2. MOVE.B #$35, D2
3. MOVE.B D1, (Al)+

1. MOVE.B D2, D3

4. MOVE.B (A2)+, D7 o0TERAR e

0001011000000010

D3 D2

17



Instruction Summary

- e i e e g g mm o w me ep

Opcode

Operation

Syntax

Opcoade

Operation

Syntax

ABCD

Sourceqq + Destination{p + X — Destination

ABECD Dy, Dx
ABCD —{Ay), —{Ax)

Divs

Destination/Sowrs » Destination

DVEW <ga=Dn J2ME — 16r:16g

Source + Destination — Destination

ADD <aa>Dn
ADD Dn,<ga>

o

Destination/Sourc » Destination

DU <ea>Dn IEME — 16r16g

EOR

Source & Destination — Destination

EOR Dn <sa>

ADDA

S

rce + Destingtion — Destination

ADDA =ea>An

Immediate Cate & Destination — Destinaticn

EORI # <data> <ea>

ADD

Immediate Oate + Destinaton — Destination

ADDI # <dates <ea>

EORI o CCR

Source @ COR — CCR

EOR| # <data= CCR

ADDG

Immediate Oate + Destination — Destination

ADDG & <data=,<ea>

ADDX

Source + Destination + X — Destination

ADDX Dy, Dx
ADDX —{Ay), — Ax)

EORl 10 SR

If supersiscr state
then Source BSR — SR
elze TRAP

EORI # =data> SR

AMD

Source A Destination — Destinabon

AMND <aa> [n
AMND Dim, <eas

AND

Immediate Deta A Destinetion — Destination

ANDI # =data>, <ea>

EXG

Rix «+ Ry

Oy
: A Ay
Die Ay
EXG Ay

ANDI o CCR

Sourca A COR —CCR

AMNDI # <dste=, CCR

AMDOI o SR

If supervisor state
then Source & SR — SR
elze TRAP

ANDI # <datas, SR

EXT

Destination Sign-Extended — Destinabon

T.W D axtend bybe to wond
EXT.LDn extend word 1o long waond

ASL, ASR

Destination Shifted by <count> — Destination

ASd # <data= Dy
ASd <eg>

ILLEGAL

+ [B5F)

» 33F; 5R —
lllegal Instruction Yector Add

egs — PC

ILLEGAL

JMF

Destinaton Address — PC

J5H

8P — 4 — 5P, PC — (5F)
Destinaton Address — PC

Bece It {conditon true) then BC + d — BC geoo <labal>
BCHG = [=nurmber> of Destinaticn} — £ BCHGE Om<eas
~ {=nurmiber> of Destination) — <bit numiber= of Destination BCHSG # <dala=, <ea>
BOLR ~ {=bit number= of Destination) — £ BCLR Oin<eas

0 — <bit number> of Dectination

R

LR # <data>, <aa>

LEA <ea>An

Run breakpoint acknowledge oycla
TRAF as lllzgal Instructon

BRPT # <data=

LIMK

8P — 4 — SP; An — (5P
8P — An, 5P +d — 5P

LIMK An, # =displacements

BRA FC+d—=FC BRA <label=-
B3E = (=bit number> of Destination} — £ ET Dn.<ea>

1 — <bit number> of Destination

I # <dala><ag>

LEL LSRR

Destination Shifted by <count> — Destinabion

d! Ow, Dy
Lad! # <data= Dy
Lad! <eg=

MOVE

Source — Destination

MOVE <ga> <sg>

8P -4 — 5P

+ 5P

M <labal

MOVEA

Source — Destination

MOWEA <aa= An

— [=bit number> of Destinetion) — £

MOWE from
OCR

CCR — Destimation

MOVE CCR <ea>

CHE

HDOn <G or On > Source then TRARP

CHK ==a=0n

CLR

0 — Destination

CLR <ga>

MOCVE
-

Source — CCR

MOWVE <sa> CCR

CMP

Destination—Source — oo

CMP <za>Dn

CMPA

Destination—=Source

CMBA <ga> An

CMP

Destination —Immediste Data

CMP| # <data> <aas

MOWE from
SR

SR — Destination
If supervisor state

then 3R — Destinaton
glzg TRAF (MCE8010 only

CMPM

Destination—Source — oo

CMPM [Ay)+, A

DBce

it condition fatee then {On -1 — Dn
i DOn=—1 then F

DBEce Din,<laba|=

MOWVE 1o SR

If supervisor state
then Source — SR
elze TRAP

MOVE <ea> 3SR
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Instruction Summary

Opcoda Operation Syntax Opcode Operation Syntax
MOWVE USPE | If superviscr state MOVE LISE An RTE If superdscr siate RTE
then LUSP — An or An — LISF MOVE An USSP then (3F) — 5R; 5P + 2 — 3F; [5F) — PC
slze TRAP 5P + 4 — 8P
restare state snd desllocate ot carding to (5P
MOVEC | If supervisor state MOVES R Fin ) E:Ff;:ta.e and deallocate stack according to (S
then Rc — Rnor Bn — Ro MOVEC RnRc —
else TRAP RTR RTR
MOVEM | Regleters — Destination MOVEM reglater list,<sa>
Sowrce — Reglaters MOVEM <ea reglster list RTS RTS
Source — Destination MOVEP Doid Ay) sach Destinabiony g — Sourceqp — X — Destination SBCD Dx, Dy
MOVEP {d,Ay).Dx SECD —{Au)~{Ay)
MOVEG Immediate Data — Dastination Sco If condition truse Sco <ea>
MOVES | If superdsor state LU el L L
then Rn — Destination [DFC] or Source [SFC) — Rn else 08 — Deslination
elze TRAF STOR If superdscr atate STOP # <data=
MULS Soures « Destingtion — Destination MULSW <2a=Dn 16x 16 — 32 then immediate Data — SR, STOF
slze TRAP
UL Sowrce « Deatination — Destination MULLW <sa=Dn 16 + 32
— — — 5B Destination — Source — Destinaton SUB <es>0n
MECD & — {Destination g) - ¥ — Destination WEBCD <gas SUIE O <eas
HEG 0 — {Destination) — Destination B e SUBA | Destination — Source — Destination SUBA <ea> An
NEGx [0 -—{Destination) — X — Destination HEGX <ea> SUB Destination — Immediate Date — Destination SUBI # <datax,<eas
of " lo's
s sl it SUBG Destination — Immedizte Data — Destination SUBG # <data> <sa>
Mt ~Destination — Destination MOT sea SUBX | Destination — Source — X — Destination SUBX Dx,Dy
OR Sowrce W Destination — Destination OfR <ea> On SUBX —{Ax) ~(Ay)
OR Dn <ea>
ks Reglater [31:16] « Reglater [15:0] SWAP Dn
aOR Immediate Data W Destination — Destination ORI # <data> <ea> - - - - - -
TAS Destination Tasted — Condition Codes; 1 — bit 7 of TAS <ga>
ORl ta CCR | Source V CCR — CCR OFR| # <date> CCR Destination
ORI 3R | f supervisor state ORI # <dats=,5R TR&R g % Formatiffaat — (S5 TRAF # <vectors
then Source ¥ SR — SR 5 PC ), SEP—2 — B5P
slze TRAP SR — Vactor Addrese — PC
FE; Sg—4 —+ 5P, <ga> — 5P PEA <gax TRAPY | IfW then TRAP TRAPY
RESET | If Buparvisor alate RESET TST Destination Tested — Condition Codes TST <eas

then Assert BESET Line
else TRAP

UNLEK

F] — An; 5F + 4 — 5P

UMLK An

ROL, ROR

Dagtination Rotated by <count> — Deslinabion

rRoOd1 R Dy
ROd " # <deta> '_'l:r'

ROd" <eas

ROXL.
ROXR

Daglination Rotated with X by <count> — Destinaticn

ROXd! Dx Dy

ROXd! ® adata= Dy
RCXA! <eas

RTD

{8P) = PC;SP+ 4 +d — 5P

RTD #<displacement>




Data Reg.Direct Mode

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

EEMERATICN

Ea = Dn
ASSEMELER SYNTAX Din
EAMODE FIELD: (00
EA REGISTER FIELLE REG. NO

MUMBER OF EXTEMSIOMN WORDS:

DATA REGISTER

CPERAND

move W D3, D4 D3 source, D4 destination

Before: D3 =100030FE
D4=8E552900

After: D3=100030FE
D4=BES530FE
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Address Reg. Direct Mode

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

GENERATIUN: =A = AN "Short Addressing" --fast access
ASSEMBELER SYNTAX: An inslde the range

EAMODE FIELD: 00 1ge

EA REGISTER FIELD HEG. NO. Word operation, instead of

NUMBER OF EXTENSION WORDS: D Long Word Operation

ADDRESS REGISTER } OPERAND | FFFF‘FFFF

Address Register Mode involves, usually, 32-bit (Long Word) operation.
Since Address is expressed by aLong Word. 32KB

moveal A5, A2
;After the operation (A5)=(A2) FEFF8000

ucmq“rFFF

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: AZ=00006800

moveaW A1, A2 After: A2=FFFFC580 WW\WW
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Address Regq. Indirect Mode

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

GEMERATIIN: E& = {An)
ASSEMBLER =YMTAX: 1A
E& MODE FIELD: ol
E& REGISTER FIELD REG. HO.
MIBBER UF EXTEMSION WORDS H
1|
ADDORESS REGISTER I OPERAMD POIMTER |
POINTS TO
MEMORY ! OPERAND |
move.b (AOQ), D7
Memory
address Data
AOD 00007FOO
007EFF 30
007500 | Co9 What would be the content of D7 after
OldD7 |1234FEDC 007801 | BA

NewD?7 | 1234FE0Q9 |r\/ mﬂVE.W {.ﬂ.ﬂ}. DT J:'}
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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.

GENERATION EA = (An) + SIZE
ASSEMBLER SYNTAX {An) +
£A MODE FIELD: 011
EA REGISTER FIELD: REG. NO
NUMBER OF EXTENSION WORDS: 0
31
ADDRESS REGISTER { CONTENTS
OPERAND LENGTH (1,2, OR 4) slze
3 0
OPERAND POINTER I LUNTENTS |
PoRfTs TO
MEMORY { OPERAND |

move.W (A5)+, D2

Memory
Old AS 00007FO0O address  Data
l 007EFF 3C
New A5 D000TFO2 007TE00 rm\

007F01 Bl/

NewD2 |4E4F09B A
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Address Register Indirect with Pre-decrement Mode

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

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. GeNERATION £ = (i Si2e
ASSEMBLER 5YMTAX —{An)
EA MODE FIELD 100
EAREGISTER FIELD: REG. MO,
MWUMBER OF EXTENSIONWORDS: O

ADORESS REGISTER I CONTENTS

JPERAND LENGTH (1,2, OR 4) SZE | J-[::'
OPERAND LENGTH (1,2, OR 4} SZE |
y

OPERAND POINTER 1 CONTENTS |
T
POINTS TO

MEMDEY 1 OPERAND |
move.b -(AZ2), D4

Memory

New A2 [ 00007EFF ]-\‘“‘di'm Data
’ 007EFF [ (3c

Old A2 ul‘: 007F00 | 007F00 | 09

007F01 BA

New D4 F3052B3C
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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.

LEMERATION =A GIVEN
ALESEMBLER SYMTAX L] W
EA MODE FIELD: 1M

EA REGISTER FIELD: 000
NUMBER OF EXTEMNSION WORDS: 1

EXTEMNSION WORD

15

EXTENSION VALUE |

UPERAND PLHMTER

CONTENTS |

T
POINTE TO

¥

MEMORY OPERAND |
Example: s
ple: BCOOM;2:> [ t l D1
3c01 34

move.b $3C00, dl

MOVE.W $9AEO, D2 ffBan@/ﬂ
ff9ael | o2
ff9ae2 9a Hﬂaaaahﬁg__gf;h




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.

GEMERATION: EA GIVEN
ASSEMELER SYMTAK: o) L
EA MUOE FlIELD 111
EAREGISTER FIELD aot
MUMEER OF EXTENSION WORDS 2
15
FIRST EXTEMSICN WORD I ADDRESS HIGH

15 o
| aooRessLow |

)Y Y

OPERAND POINTER I ELLUIE LI |
1
POMTS TO

SECOND EXTENSION ' WORD

MEMORY | OPERAND |

move.b $2e000, DO
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Immediate Mode

the operand is in one or two extension
words.

GENERATION: GPERAND GIVEN
ASSEMBLER SYNTAX: e

Ea MODE FIELLE 111

EA REGISTER FIELD 100

NUMBER QOF EXTENSION WORDS 2 4, OF &, EXCEFT FUR PAGKED DECIMAL REAL OFERANDS

D5: 12345678

=7
(1) move,b #5534, D5 New D5="
(2) move.w #S9E00, D5 New D5=7?
(3) move.l #1, D5 New D5=>

27



CCR and Condition Code

Bit Meaning
[racing for run-time
debugqing
Supervisor or
User Mode
Systerm responds to interrupts
with a level higher than |
Set if a carry or borrow s
ganerated. Clearad otharwise
Set if a signed overflow

T
S
I
(©
occurs. Cleared otherwise
A

Set if the result is zero.
Cleared otherwisa
Set if the result is negative.
Clearaed otherwisa
Retains information from the carry
bit for multi-precision arithmetic

28



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,DO

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

move.b $#$7F,DO
addi.b #1,DO
TF
01
80 --> 1000 0000 N=1
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Condition Codes

Z(Zero Flag)

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

Initial walue

subi.b #1,DO0
subi.b #1,D0
subi.b #1,D0

V (Overflow Flag)

of DO = 00000003

DO=0000 0002
DO=0000 0001
DO=0000 0000

*

r
*

4

*
L4

Set: a result represents a sign change

Clear: no sign change before and after an operation

move.b #$77, DO
addi.b #3, DO
addi.b #9, DO
subi.b #1, DO
subi.b #4, DO

;DO
;DO
;DO
;DO
;DO

Word

0000
0000
0000
0000
0000

-y

oy

Long Word

MSB=0
MSB=0
MSB=1
MSB=1
MSB=0
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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 ;DO=0000 0006 C=x Addition with 2's
subi.b #1, DO ;DO=0000 0005 Cc=0 complement

00000006
move., b #6 P DO ;DO=00000006 C=x 2 T = CG"I‘IPlE'“Eht {:}f 9

subi.b #9, DO ;DO=FFFFFFFD (borrow) C=1 FEFFFFF7

FFFFFFFD (no carry)
that means there
WAS borrow
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