!'_ Chapter 4

Machine Language Coding and
the Debug Program
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Instruction Encoding

80x86’s instruction set is hybrid length
® Multiple instruction sizes, but all have byte wide
lengths—
® 1 to 6 bytes in length for 8088/8086

YYYYY

1] wrlq 1 N R R ® Up to 17 bytes for 80386,80486, and Pentium
oooooo o 0D REQ | R/M ._...-_....1.____.._1_____.__--__—-! .
L weaurencrensmormearensrous ® Advantages of hybrid length
T vororemanon ® Allows for many addressing modes

® Allows full size (32-bit) immediate data and
addresses

® Disadvantage of variable length

® Requires more complicated decoding
hardware—speed of decoding is critical in
modern uP
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Instruction Encoding

Information encoded in an instruction

= What operation ?

= What operands ?

= Byte, word or double-word ?

= Operands in register or memory ?

= How the address is to be generated, if mem?

BYTE1

BYTE 2

OPCODE

lwfaon] REG

R/M

1

f

[}

— e — e — v — — — — —— — e - — —— e S — S—

REGISTER OPERAND/REGISTERS TO USE IN EA CALCULATION
REGISTER OPERAND/EXTENSION OF OPCODE

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE
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First Byte of an Instruction

® Opcode field (6-bits)—specifies the operation

MOV = Move:

Register/memory to/from registes
Immediate (0 register/ memory
Immed l,t. to r,gyllir

Memory 16 ﬁ:curﬁumo:
Accumulatorto memory
Register/memory tc segment register

Segment register (o register/memory

~1es43210  to be performed by the instruction

1000100 w ® Move immediate to registers/memory = 1100011
1100011 w ®* Move memory to accumulator = 1010000
011w s ®* Move segment register to register/memory =

l n—— 10001100
1010000 w | . .

———--——=°® REG (3-bit)—selects a first operand as a
222" register

jroeerrrel ° Move immediate to register = 1011(w)(reg)—only
10001100 requires one register which is the destination

Accumulator register= 000

REG weo et Count register = 001

Data Register = 010
1 oL o * W (1-bit)—data size word/byte for all registers
312 gt g,’ﬁ ° Byte =0, Word =1
o o oo ° D (1-bit)}—register direction: tells whether the
110 DH S| register which is selected by the REG field in
1 B o the second byte is the source or destination

® Add register to register = 000000(d)(w)
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Example of One-Byte Instruction

" INC = Increment:

_l Register/memory : .1 1A1.1 1 1 1w mod ov 00 (tm ' tDlSP-LQl (DISP-Q!)
Register 01000 reg
AAA = ASCH adjust for add 00t101 1
DAA = Decimal adjust tor add 60190111

® One Byte Example:
® Encode the instruction in machine code

INC CX
REG W=0 W=1 ® Solution:
000 AL AX ® Use “INC register” instruction
g?(‘) gt g;(‘ format—special short form for 16-bit
011 BL BX register
100 AH SP
01 oH 3p 01000 (REG)
110 DH Sl ® CXis destination register
mn 8H DI CX = 001

® Machine code is
01000 (001) = 01000001 =41H - one
byte instruction

INC CX =41H
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‘LSecond Byte of an Instruction

MOY = Move:

Register/memory to/trom register
Immediate 10 register I memory

lmmodmo to ngutdr

‘ﬂomévy 10 l';c‘un';ulolov
Accumulatortomemery -« -
noqmvmmovm.rory 1& nomﬁ;”rlolim‘ S

Segment register o register’memory

768542210

76843210

100010cdw | mod reg rim

1100911 w|mod 000 r/m

1011 wreg

VR IEIE S A d PO XA

data

Rt

3 {

 -agarie -

10001100 |mog 0 SR1m |

CODE EXPLANATION

00 Memory Mode, no displacement
follows*

01 Memory Mode, 8-bit
displacement follows

10 Memory Mode, 16-bit
displacement follows

11 Register Mode (no
displacement)

*Except when R/M = 110, then 16-bit
displacement follows

Byte 2 information:
® MOD (2-bit mode field)—specifies
the type of the second operand
® Memory mode: 00, 01,10—Register
to memory move operation

00 = no immediate
displacement (register used for
addressing)

01 = 8-bit displacement (imm8)
follows (8-bit offset address)

10 = 16-bit displacement
(imm16) follows (16-bit offset
address)

® Register mode: 11—register to
register move operation

11 = register specified as the
second operand
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Second Byte of an Instruction (Cont.)

wvsmmmesuimn | [revrrien ] e ] BYte 2 information (continued):
e - — ®* REG (3-bit register
lmmfdcatolorogmmmemow 110091 1 w mod 000 rim fie|d)_se|ects the register for
et L R A AR A A a first operand, which may be
Memery o ccumtste A ARARGAS IS Il the source or destination
Accomuatortomemery -~ 1010003 w| " asave ® Accumulator register= 000
Register/memory 10 segment regigter -~ 110004 ¥ """°""""f," 0N o ® Count register = 001
Segment register (o register/memory 10001100 [mod 0 SR rim | ® Data Register =010
® Move register/memory to/from
, register
REG wW=0 w=1 Byte 1=100010(d)(w)
000 AL AX Byte 2 = (mod) (reg) (r/m)
ot c “ ° Affected by byte 1 information:
o o . * W (1-bit)}—data size word/byte
101 CH BP for all registers
" o | o | Byte=0
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‘LSecond Byte of an Instruction (Cont.)

Register/memory to/trom register

Immediate (o register/memory

Immediate 10 reQistér

Memory 10 &cCumulaior
Accumulstor 10 mmmy

chmmmomotywngmom regigter - -

froroeorw ]

Segment register to register’memory

768423210

76843210

100010dw

mod reg tim

110001‘\"

mod 0 0 0 r/m

|011wroo

"JL,A.“‘- FRUEN 5 A

T eT000 0w
Pt co o Ty

agario

~ addrdor -

10001 110

Mot 0 SRTHm

10001100

‘mod 0 SR-rim

MOD =11
R/M W=0 W=1
000 AL AX
001 CL CX
010 oL DX
o BL BX
100 AH SP
101 CH B8P
110 DH Si
m BH DI
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R/M (3-bit register/memory
field)—specifies the second operand
as a register or a storage location in

memory
®* Dependent on MOD field
Mod = 11 R/M selects a register
R/M = 000 Accumulator
register
R/M= 001 = Count register
R/M = 010 = Data Register
® Move register/memory to/from register
Byte 1=100010(d)(w)
Byte 2 = (mod) (reg) (r/m)
Affected by byte 1 information:

* W (1-bit)—data size word/byte for all
registers
® Byte=0
®* Word =1
® D (1-bit)—register direction for first
operand in byte 2 (reg)
7 source operand
D=1 > destination operand 8



Second Byte of an Instruction (Cont.)

Register:memory to/trom register

Immaediate to register/memory
Immediate to reQistér

Memory 1o accumuistor

Accumulstortomemery < - G-

Register/memory 1o segment regigter ~ - -

Segment register to register’memory

768423210

76843210

100010d w

mod reg tim

110091 tw

mod 0 0 0 r/m

1011 wreg

SO IS S T P Ty %

data
T

TP eT0000 wH
o oy ;

e

1010003 w]~

-addrio

19001 1 40 F-med -0 sn, v"”m {

10001100

‘mod 0 SR-rim |

® MOD =00, 01, or 10 selects an

addressing mode for the
second operand that is a

storage location in memory,
which may be the source or
destination

®* Dependent on MOD field
Mod = 00 R/M

EFFECTIVE ADDRESS CALCULATION

R/M MOD =00 MOD =01 MOD =10
000 [ (BX)+(S)) (BX) +(S!)+ D8 (BX)+(Sh)+ D16
001 | (BX)+(DI) (BX)+(DI)+ D8 (BX)+(D1) + D16
010 | (BP)+(S1) (BP)+(S)+ D8 (BP)+(Sl)+ D16
011 | (BP)+(DI) (BP) +(D1)+ D8 (BP)+(DI) + D16
100 | (Sh) (Sl)+ D8 (Shy+ D16
101 | (D) (D) + D8 (D) + D16
110 | DIRECT ADDRESS {BP)+ D8 (BP)+ D16
111 | (BX) (BX)+D8 (BX)+ D16
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R/M =100 - effective
address computed as

EA = (Sl)
R/M=000=->
effective address
computed as

EA = (BX)+(Sl)
RM=110=>
effective address is
coded in the

instruction as a direct
address

EA = direct address =
imm8 orimm16 g



Example: MOV

MOV = Move:

Register:memory 10/from register
Immaediate to register/memory
lmm‘dl.l‘. lq f?g‘mdr ‘
Memory to l';:c;cmulllc;v | l

Accumulstortomemery < - <

Register/memory 1o segment regigter ~ - -

Segment register to register’memory

768423210

76843210

100010d w

mod reg tim

110091 tw

mod 0 0 0 r/m

1011 wreg

VDR TEIE S A Ty %

data
T

THOT0000 W
T ;

e

oelrer oo 0w |-

-addrio -

10001 1 40

-med -0 sn, v"”m {

10001100

‘mod 0 SR-rim |

EFFECTIVE ADDRESS CALCULATION

R/M MOD =00 MOD =01 MOD =10
000 [ (BX)+(S)) (BX) +(S!)+ D8 (BX)+(Sh)+ D16
001 | (BX)+(DI) (BX)+(DI)+ D8 (BX)+(D1) + D16
010 | (BP)+(S1) (BP)+(S)+ D8 (BP)+(Sl)+ D16
011 | (BP)+(DI) (BP) +(D1)+ D8 (BP)+(DI) + D16
100 | (Sh) (Sl)+ D8 (Shy+ D16
101 | (D) (D) + D8 (D) + D16
110 | DIRECT ADDRESS {BP)+ D8 (BP)+ D16
111 | (BX) (BX)+D8 (BX)+ D16

The 80386,

*Move register/memory to/from
register
* Byte 1= 100010(d)(w)
® Byte 2 = (mod) (reg) (r/m)
® Affect of byte 1 information:

®* W (1-bit)}—data size word/byte
for all registers

° Byte=0
®* Word =1
® D (1-bit)—register direction for
first operand (REG) in byte 2
®* D=0 - source operand
®* D=1 - destination operand

80486, and Prentium Processors, Triebel
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‘L Example: INC CL

INC = Increment:
Register/memory
Register

AAA = ASCH adjust for add

DAA = Decimal adjust tor add

B R I B B B B A

mod 0 0 O r/m {OISP-LO) (DISP-MI)

0t 000 reg

00110111

00190111

MOD =11
R/M wW=0 W=1
000 AL AX
001 CL CX
010 oL DX
o1 BL BX
100 AH SP
101 CH B8P
110 DH S
m BH DI

Two byte example using R/M field for a register:

® Encode the instruction in machine code
INC CL

® Solution:
® Use “INC register/memory” instruction
format—general form for 8-bit or 16-bit
register/memory
° Byte 1
1111111(W)
CL= byte wide register > W=0
11111110 =FEH
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‘L Example: INC CL

INC = Increment:

Register/memory 111 1_ Tw]mod 00 O r/m {OISP-LO) (DISP-MI)
Register 0t000 reg

AAA = ASCH adjust for add 00t1011 1

DAA = Decimal adjust tor add 6019011

®* Two Byte example using R/M field for a register

MOD=11 (continued):
R/M W=0 W=1 ¢ Byte 2
000 AL AX (MOD) 000 (R/M)
001 cL CX Destination is register CL
010 gL DX MOD = 11
011 L BX ~
100 AH SP R/M = 001
101 CH Bp (11)000(001) = 11000001 =C1H
m 3-,’1 3} ~ ® Machine code is

(Byte 1)(Byte 2) =11111110 11000001 = FEC1H >

two byte instruction
INC CL =FEC1H
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| Example: MOV BL, AL

DATA TRANSFER
MOV = Move: 7165423210 7054321.0 76543210 76543210 78543210 76543210
Register;memory to!trom register 100010dw | mod reg ¢im (DISP-LO) (DISP-H)
Immediate to register/memory 110001 v w .qu 000 rim (DISP-LOY {DISP-HI) data dataifw=1
Immediate to reQister Y01 1 wreg data dataifw=1
Memory 1o accumulator 1010000 w agar-io adgdr-hi
Accumuiator to y 1010001 w vcddr-lo addr-h
Register/ memory tc segment register 10001110 |mod 0 SR t/m (DISP-LO) (DISP-H)
Segment register to regist Imemory 10001100 |mod 0 SR r/m {DISP-LO) (DISP-HY)
®* Two byte example using R/M field for a register:
MOD=11 ® Encode the instruction in machine code
R/M W=0 W=1 MOV BL,AL
000 AL AX ¢ Solution:
001 cL cX ® Use “register/memory to/from register” instruction
010 DL DX . .
011 BL BX format—most general form of move instruction
100 AH SP ° Byte 1
101 CH BP 100010(D)(W)
::? g: g: . Assuming A_L (source operand) i_s the register encoded
in the REG field of byte 2 (1st register)

D =0 = source
Both registers are byte wide
= 0 = byte wide
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| Example: MOV BL, AL

DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210 76543210 76543210 REG W=0 W=1
Register;memory to!from register 1000100w )| mod reg fim (DISP-LO) (DISP-HY)

‘ - 000 AL AX
immediate t0 register/memory 110009 v w mqa 000 rim (DISP-LOY (DISP-HI) data dataifw =1 001 cL cX
Immediate to registér V011 wreg data dataifw=1 010 DL DX

011 BL BX
Memory 10 accumulator 1010000 w addr-io agdr-hi 100 AH SP
Accumulator to memory 1010001 w addr-lo addr-h 101 CH B8P
110 DH Sl
R Imemary to seg register 10001110 | mod 0 SR rim (DISP-LO) (DISP-M1) 1M1 8H DI
Seg reQister to reQ tmemory 100601100 | mod 0 SR r/m (DISP-LO) (DISP-H1)
®* Two Byte Example (continued):
[ J
MOD =11 Byte 2
R/M W=0 W=1 (MOD)(REG)(RIM) .
Both operands are registers
000 AL AX -
001 CL CX MOD = 11
010 OL DX 2nd register is destination register BL
01 BL BX _
100 | AH SP R/M =011
m g: %’l’ 1st register is source register AL
m BH DI REG =000

® Machine code is

(11)000(011) = 11000011 = C3H

(Byte 1)(Byte 2) = 10001000 11000011 = 88C3H - two byte

instruction

The 80386, 80486, and MOWnBEocATorsFrid38C3H

Prof. Yan Luo, UMass Lowell

14




J| Example: ADD AX, [SI]

ANTHMETIC

ADD = Ada:

Reg/memory with register to either
immediate 10 register/ memory

Immediate 10 accumulator

76643210 768643210 7"4321; 76843210 76543210 78843210
000000dw mo¢~. reg rim {DISP-LO) {DISP-HI)

100000sw]| mog 000 r/m (DISP-LOi (DISP-HI) data dataif 8. w=0%
0000010 w data data it w=1

® Two byte example using R/M field for memory:
® Encode the instruction in machine code

¢ Solution:

ADD AX, [SI]

® Use “register/memory with register to either” instruction format
Most general form of add instruction
No displacement needed—register indirect addressing

®* Byte 1

000000(D)(W)

AX (destination operand) is the register encoded in the REG field of byte 2 (1st
register)

D =1 = destination

Addition is of word wide data

=1 = word wide

Byte 1 -eméﬁqiﬁfﬁan’ﬁ(fdms Lg\%ﬁsors,ﬂieba
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Example: ADD AX, [S]]

® Two Byte example using R/M field for
memory (continued):
° Byte 2
EFFECTIVE ADDRESS CALCULATION (MOD)(REG)(R]M)
R/M MOD=00 MoD=01 MOD=10 Second operand is in memory and
o |enim | monens | e pointed to by addrossis S
001 +
010 :BP;I:SI)) EBP;I:SI)):DS (BP)I(SI)+D1§ MOD =00 - [SI]
P P .
%0 |+ et SRRl I A R/M specifies the addressing mode
:(1):) (D[::‘:ECT ADDRESS 232)1038 :33;08166 R/IM =100 > [SI]
M | (ex) (BX)+ D8 (BX) + D16 1st register is destination register
AX
REG W=0 W=1 REG =000
(00)000(100) = 00000100 = 04H

000 AL AX . .

001 CcL cX ® Machine code is

o o 0 (Byte 1)(Byte 2) = 00000011 00000100

13‘1’ é: gg = 0304H - two byte instruction

110 DH Sl ADD AX,[SI] = 0304H

i 8H DI
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