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Addressing Modes
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1.Register Operand Addressing Mode

MOV AX, BX
. Operand size
Register - -
Byte (Reg8) | Word (Reg16) | Doubie word (Reg32)

Accumulator AL, AH AX EAX
Base BL, BH BX EBX
Count ClL; CH CX ECX
Data DL, DH DX EDX
Stack pointer - SP ESP
Base pointer - BP EBP
Source index - S ESI
Destination index - DI EDI
Code segment - () -
Data segment - DS -
Stack segment - SS -
E data segment - ES -
F data segment - FS -
G data segment - GS -

Figure 3.7 Direct addressing registers and operand sizes.
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Address

01000
01001
01002

content
a8

XX

Instruction

MOV AX, BX
Nyt instruction

Figure 18 (a) Register addressing mode instruction before fetch and

execution. (b) After execution.
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Figure 3.8 (Continued)

(b)

Address

01000
01001
01002

Memory
content

88
XX

Instruction

MOV AX, BX

Next instruction




2.Immediate Operand Addressing Mode

Address

01000

EAX
EBX
ECX
EDX

ESP
EBP
&s!
EDI

80386DX
MPU

0000

01001
01002
01003

0100

]

XX

DS
38

ES

GS

AX

BX
CX
DX

sp
Br
51
0l

(a)

Memory
content

Irstruction

MOV AL, 15K

Mext instruction

Figure 3.10 (a) Immediate addressing mode instruction before fetch and

execution. (b) After execution,
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EDI
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0100

15

DS

ES
FS
GS

BX
CX
DX

BP

SI
DI

Figure 3.10 (Continued)

(b)

Address

01000
01001
01002
01003

Memory
content

BO

XX
XX

Instruction

MOV AL, 15H

Next instruction



16-Bit Memory Operand Addressing Modes

EA base + mdex + dlsplaoement

ff ctive addre

PA SBA EA
PA Segment base : Base + Index + Displacement

fcsh 8 o
JSsS| lBx S| 8-bit displacement
PA={ s 18P (*1 DI { * {16bit displacement
ES |
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3.Direct Addressing Mode

Address| Memory | Instruction
content
80386DX ﬂg;gg? gg MOV CX, [1234H].
MPU
P 01002 | 34
0000 , 01003 12
01004 | XX | Nextinstruction
0100 &
DS
0200
SS
ES
FS
GS
EAX AX
02000 | XX
EBX BX 02001 | XX
ECX XXXX CX s '
EDX ' DX »
ESP SP 03234 ; ED | Source operand
EBP ap 03235+ BE
ES! Sl
EDI DI

(a)

Figure 3.13 (a) Direct addressing mode instruction before fetch and exe-
cution. (b) After execution. '
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EAX
EBX
ECX
EDX

ESP
EBP
ESI
EDI

Address

_ 01000
80386DX 01001
MPU 01002

P 01003
0004 > 01004
0100 o
0200 DS

SS

ES

FS

GS

AX 02000

BX 02001
BEED CX .

DX .

[ ]
03234

SP 03235

BP

S|

DI

(b)

Figure 3.13 (Continued)

Memory
content

8B
0E
34
12
XX

. =
BE

Instruction

MOV CX, [1234H]

Next instruction



ExamEle [-1§

Find the physicladdres of he memory ocaiom and it contetsafe the execution of he following,
assuming that DS = 1512H,

MOV ALYYH

MOV 3518 AL

Molution

Frst AL s niilize {0 9H, then nlnetwo, the conent of AL are moved 0 logial addes
DS:3318 whih 5 1512:3318, Shiftng DS leftand adding it tothe ofet gvesthephysical addres
of [8638H {15120 + 3518H = 18938H). That means afer th execution o the second instrucion
e memory location with address 18638H will contan the value 99H.

——




4. Register Indirect Addressing Mode

Address

EAX
€8x
ECX
EDX

ESP
EBP
ESI
EDI

01000
/ 01001
/ 01002

CS

DS

XXXX

1234

ES
FS
GS

AX
BX
cX
DX

SP

BP
Sl

02001

— 03234
03236

DI

Memory
content

88
XX

XX
AX

ED
BE

Instruction

MOV AX, [S)

Next instruction

Source operand

Figure 3.15  (a) Instruction using register indirect addressing mode before
fetch and execution. (b) After execution.



80386DX
MPU
o 1P
0100 o5
0200 DS
55
ES
FS
GS
EAX BEED AX
EBX BX
ECX CX
EDX DX
ESP SP
EBP BP
ESI 1234 S
EDI DI
{b)

Figure 3.15 (Continued)

Address

01000
01001
01002

02000
02001

03234
03235

Memory
content

8B
04
XX

XX
XX

ED
BE

Instruction

MOV AX, [SI)

Next instruction



Eranpl -
Asoume hat DS = 1120, 51="249%, and AX = 1TFE. Showthe contnts ofmemory locations afer

the execution of
MOV [S1AX

Solution:

The cotents of AX arsmoved o memorylcatons withlogial address DS:Sland D31+ 1
herefoe he physial addrssstarts t DS (s Jf)+ 1= 13698, Accordng tothe il endi
convention, o addess 698K contan FE the ow byt,and high addes 13699K wilcotam 1,
ehighbyt,




5. Based addressing mode

(CS
DS. .
PA=<SSL. /BX| | 8-bitdisplacement
“YES( 18P 16-bit displacement
FS
| GS
(a)
- Memory
- Element n
Element n —1
Displacement .
i . Data structure
! o
+' . ™
N Element 2
Element 1
| Base register |—— Element 0

\ljjguresﬁ (a) Computation of a
based-address. (b) Based addressing
() of a structure of data.



Address| Memory Instruction
content
80386DX g: gg? gg MOV [BX] + 1234H, AL
MPU
b P 01002 34
0000 01003 12
01004 XX Next instruction
0100 GS
DS
0200
SS
ES
FS
GS 02000 | XX
02001 XX
EAX BE ED AX =3
.
EBX 1000 20, .
ECX ©3 .
EDX DX .
ESP | SP - :
EBP BP -
ESI S 04234 XX Destination operand
EDI DI 04235 XX

(a)

*Figiité 3177 (a) Instruction using direct base pointer addressing mode
before fetch and execution. (b) After execution.



EBX |

ECX
EDX

ESP

EBP
ESI
EDI

(b)

Address
- 01000
6DX 01001
?,?33 01002
: P 01003
0004 x > 01004
0100 2L
© 0200 DS
— &%
ES
FS
GS 02000
v 02001
BE | ED |AX :
1000 BX .
. °
CX .
DX =
L ]
®
SP .
BP .
Si 04234
DI 04235

Figure 317 (Continued)

Memory
content

07
12

53]

o3

Instruction

MOV [BX] + 1234H, AL

Next instruction



Based relative addressing mode

In the based relative addressing mode, base registers BX and BP, as well as
a displacement value, are used to calculate what 1s called the effective address. The
default segments used for the calculation of the physical address (PA) are DS for
BX and SS for BP. For example:

MOV CX,[BX]+10  :move DS:BX+10 and DS:BX+10+1 into CX
PA = DS (shifted left) + BX + 10

Alternative codings are "MOV CX,[BX+10]" or "MOV CX,10[BX]".

Again the low address contents will go into CL and the high address contents into
CH. Inthe case of the BP register,

MOV  AL,[BP]+5 ;PA =SS (shifted left) + BP +5

Again, alternative codings are "MOV AL,[BP+5]" or "MOV AL,5[BP]".



6. Indexed addressing mode

Memory

Element n+ 1

——»  Element n |

Index register .
'[ Array of data
! >
Element 2
Element 1
Displacement » ElementO

(a)

PA = Segment base: index + displacement
(CS

DS

_Jss | . ) sl 8-bit displacement
ity ES (- { Di }+ {16-bit displacement}
S

LGS ]




.«

Address| Memory |  instruction

content
803860DX /——> g1000 8A MOV AL, [SI] + 1234H
MPU 1001 44
P 01002 34
0000 01003 12
01004 XX Next instruction
0100 €S
DS
0200
SS
ES
FS
GS | 02000 X
02001 XX
EAX XX XX AX ¢
EBX BX .
ECX CX :
EDX [DX .
ESP SP :
EBP BP .
ES| 2000 Sl ’
ED! DI 05234 BE Source operand

(a)

lgure 3 19N (a) Instruction using direct indexed addressing mode before
tch and execution. (b) After execution.



Address

e 01000
80386DX 01001
MPU 01002
P 01003
0004 - > 01004
i 0100 2
! 0200 DS
: SS
| ES
FS
GS 02000
i 22001
EAX LOXX BE |AX :
| EBX BX o
ECX CcX :
| EDX DX >
! e
| EBP BP .
| Esl 2000 SI ’
" EDI DI 05234
3
{b)

Figure 3.19 (Continued)

Memory
cdntent

8A
44
34
12
XX

%%

BE

Instruction

MOV AL, [SI] + 1234

Next instruction



Example I-17

Assume that DS = 4500, S5 =2000, BX = 2100, 51 = 1486, DI = 8500, BP = 7814, and AX = 2512,
Show the exact physical memory location where AX 1s stored in ¢ach of the following, All values are
In hex.

() MOV [BX}-20AX (b} MOV [ST}+10AX

() MOV [DI[+4AX  (d)MOV [BP}+12AX

Solution:

In each case PA = segment register (shifted left) + offset register + displacement,
(a) DS:BX+20  location 47120=(12) and 47121 = (25)

b)DS:SI+10 location 4649 =(12) and 46497 = (25)

o) DS.DIH4 location dD304 = (12) and 4D303 = 29)

d)SS:BP+12 location 27826 = (12) and 27827 = (23)

(
(
(




Base relative plus index addressing.

/. Based-Indexed Addressing Mode

PA = Segment base: base + index + displacement

(CS
DS r
_Jss .
PA=1ES (" {
FS .
LGS
ED4
EBX
Displacement
FILE

B

BX SI 8-bit displacement
Bp () DI (F 1 16-bit displacement
L H

-

(b)

l—>

Element

4

Memory

Y

RECC

Y

J

REC C

REC B

REC A


Mayas Aljibawi
Base relative plus index addressing. 


Address
30386DX > 01000
oL 01001
P / ~ 01002
© D000 01003
‘! 01004
oo 1S |/
02000
SS -
ES )
FS :
| GS .
L - .
1000  BX .
cX :
DX E
SP :
| BP .
2000 < | )
w |\
o\,

(a)

“fetch and execution. (b) After execution.

—a—

Memory
content

20

12

XX

BE

instruction

MOV AH, [BX] [SI] + 1234H

Next instruction

Source operanc

i Figure 3.21 {a) Instruction using based-indexed addressing mode before



Address | Memory Instruction
content
010001 B8A | MOV AL, [BX][SI] + 1234H
80386DX 01001 20
MPU 01002 | 34
P 01003 | 12
0004 +> 01004 XX Next instruction
0100 - Co
02000 | XX
0200 DS 2001 | xx
SS
ES .
FS .
e |@s
EAX | BE XX | AX .
EBX 1000 BX :
ECX CX ¢
EDX DX .
' : |
ESP SP : '
EBP BP
ESI r 2000 SI .
EDI | | Dl )
_J 06234 | BE

(b)

Figure 3.21 (Continued)



Based indexed addressing mode

By combining based and indexed addressing modes, anew addressing mode
is derived called the based indexed addressing mode. In this mode, one base register
and one index register are used. Examples:

MOV CL,[BX][DI]+8 ‘PA = DS (shifted left) + BX + DI + 8
MOV  CH,[BX][SI|+20 :PA = DS (shifted left) + BX + St + 20
MOV AH,[BP)[DI]+12 :PA = SS (shifted left) + BP + DI + 12
MOV AH,[BP]SI]+29 'PA = SS (shifted left) + BP + SI + 29

The coding of the instructions above can vary; for example, the last example
could have been written

MOV  AH,[BP+SI+29)

or
MOV  AH[SI+BP+29] ;the register order does not matter.

Note that "MOV AX,[SI][DI]+displacement" 1s illegal.




ExamBle 214

Show how data is placed after execution of the following code.
MOV EAX]7698E39FH  ;EAX=T698E39F
MOV [4524)AX
MOV [8000],EAX

Solution;

For "MOV [4524] AX" we have
DS:4524 =(%F)
DS:4525 =(E3)

and for "MOV [8000],EAX" we have
DS:8000 = (9F)

DS:8001 = (E3)

DS:8002=(9
(7

3)
DS:8003 = (76)




8. Scaled-Index Addressing Mode

PA = Segment base: {Base + (Index x Scale factor) + Displacement }

. AX ) i () ( )
Cs rsx (g\)’(( ’
%Ss . CX : 3
= , DX bit displacement

A s e [T - X ; . J‘]G-bitdispiacemem
S BP SI
GS Sl Ny g
\ J L Di\/ \ J \ J \ )

(_lilggreBZﬂ 32-bit address mode physical and effective address computa-
tion for memory operands.



32-bit memory operand addressing mode

PA = Segment base: Indirect address PA = Segment base: Base + Displacement
r AX . AX)
CS BX CS "~ | BX
DS CX DS CX
- SS . DX - SS . DX 8-bit displacement
PA ES T s it ES © 1P L * {16-bitdisplacemem}
FS BP FS BP
GS B} GS Sl
Lot o)
(8) {b)
Leament base: (lndox X ?.uml;,)** Displacement PA = Segment base: Base +(Index X ?:::;J + Displacement
: (AX 1 (AXY
¢s aX 1 cs B | ol
gss cx 2 8-bit displacement = % cX 2
’ I SS DX 8-bit displa t
‘e { DX X} oo - . splacemen
S A {16-bntd|splacement} PA=1 Es 1sp [ * g;( X 4 * {1s.bitdigp|a¢.mgm}
| I FS BP o
2o ) SI
Lot 8, ® Lm. ol 8
{c) (d)

ﬁgure.’»]? (a) 32-bit mode indirect memory-address computation. (b) 32-bit mode-based
memory-address computation. (c) 32-bit mode scaled-index memory-address computation.
(d) 32-bit mode scaled-based-index memory-address computation.



Table 1-4: Sample Segment Overrides

Segment Used

Instruction Default Segment
MOV AX,CS:[BP] CS:BP SS:BP

MOV DX,SS:[S1} SS.8I DS:SI

MOV AXDS{BP DS:BP SS:BP

MOV CX ES:[BX]+12 ES:BX+12 DS:BX+12
MOV SS:[BX][DI}+32,AX SS:BX+DI+32 DS:BX+DI+32




Table 1-5: Summary of 80x86 Addressing Modes

Addressing Mode  Operand _Default Segment
Register reg none
Immediate data énone |
Direct offiet] DS
Register indirect BX] - DS
(S]] DS
Based relative | [BX]+disp EDS
- | [BP]+disp SS
[ndexed relative [DI}+disp DS
_, - [ST]+disp DS
Based indexed relative [BX][SI]+disp DS |
BX][DI}+disp ' DS l
BP|[SIj+disp S
BP]IDIJ+disp IS




Table 8-2: Addressing Modes for the 80386/486

—————————

Addressing Mode

Jgpgrand ,,,,, _ A

Default e

Register

Immediate
” Direct

[OFFSET]

| Register mdlrect

[BX]
![SI]
[D]]

[EAX]
[EBX]
[ECX]
I[EDX]
[ESI]

[EDI]

Based relative

[BX]+disp

[BP)+disp

[EAX]+disp
[EBX]+disp
[ECX]+disp
'(EDX]+disp
[EBP]+disp

Indexed relative

Based indexed relative

[DI]+disp
[SI]+disp
(EDI]+disp

_[ESI+disp

[R1][R2]+disp

|

‘where R1 and R2 are
\any of the above

none

ﬂ._.ﬁg_ster_ o
~ |data

l
J

B Jnone
_L

DS

DS
DS
DS :
DS
DS ;
DS
DS |
DS r;
DS :

DS |
SS !
DS |
DS H
DS |
DS
SS ]

DS

DS |
DS
DS |

I
-
[f BP is used, segment

is SS; otherwise, DS is the

segment

Vote: Inbased indexed relative addrcssmg disp is optional.

— o



Examgle 215

Find the effective address in each of the following cases. Assume that ESI = 200H, ECX = 100H,
EBX = 50H, and EDI = 100H.

(a) MOV AX,[2000+ESI*4] (b) MOV AX [5000+ECX*2]
(c) MOV ECX,[2400+EBX*4] (d) MOV DX,[100+EDI*8]
Solution;

(a) EA (effective address) is 2000H + 200H x 4 = 2000 + 800H = 2800H. Therefore, the
logical address of the operand moved ito AX 1s DS:2800H.

(b) By the same token we have EA = S000H + [00H x 2 = S000H + 200 = 5200H.

(c) EA=2400H +4 x 50H = 2400H + 140H = 2540H.

(d) 100H + 8 x 100H = [00H + 800H = 900H.




