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3.1 Software : The Microcomputer
Program

B The sequence of commands used to tell a
microcomputer what to do is called a program. Each
command in a program is an instruction.

® The 8088 microprocessor performs operations for
117 basic instructions.

B Programs must be coded in machine language
before they can be run by the 8088. However,
programs are normally written in 8088 assembly
language or a high-level language such as C.

B A single machine language instruction can take one
to six bytes of code.

LR A
SHFPTL
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3.1 Software : The Microcomputer
Program

B An instruction can be divided into two parts:

+“»Operation code (opcode) — one- to five-letter
mnemonic

“»Operands | Destination Operand |
OV

ADD AX, BX Source Operand

B Format of an assembly statement:
LABEL: INSTRUCTION ; COMMENT
e.g. START: MOV AX, BX ; Copy BX into AX
CEEY BY 4

BT
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3.1 Software : The Microcomputer
Program

B Assembly source program

TITLE BLOCK-MOVE PROGRAM
PAGE ,132

COMMENT *This program moves a block of specified number of bytes
from one place to another place*

;Define constants used in this program

N = 16 ;Bytes to be moved
BLK1ADDR= 100H ;Source block offset address
BLK2ADDR= 120H ;Destination block offset addr

DATASEGADDR= 2000H ;Data segment start address

STACK_SEG ~ SEGMENT  STACK 'STACK'
DB 64 DUP(?)
STACK_SEG ~ ENDS

CODE_SEG SEGMENT 'CODE'
BLOCK PROC FAR
ASSUME CS:CODE_SEG,SS:STACK_SEG

611 37100 frredZ i h 7L &2 i Lecture 03-5

3.1 Software : The Microcomputer

Program
® Assembly source program (continued)

;To return to DEBUG program put return address on the stack
PUSH DS
MOV  AX, 0
PUSH AX
;Set up the data segment address
MOV  AX, DATASEGADDR
MOV DS, AX
;Set up the source and destination offset adresses
MOV  SI, BLK1IADDR
MOV DI, BLK2ADDR
;Set up the count of bytes to be moved

MOV CX,N
;Copy source block to destination block
NXTPT: MOV AH, [SI] :Move a byte
MOV  [DI], AH
INC Sl ;Update pointers
INC DI
DEC CX ;Update byte counter
JNZ  NXTPT ;Repeat for next byte
RET ;Return to DEBUG program
BLOCK ENDP
CODE_SEG ENDS
END BLOCK ;End of program

e
i
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3.1 Software : The Microcomputer
Program

B Assembly language must be converted by an
assembler to an equivalent machine language
program for execution by the 8088.

m A directive is a statement that is used to control the
translation process of the assembler.
e.g. DB 64 DUP(?)

B The machine language output produced by the
assembler is called object code.

m Listing of the assembled program
e.g. 0013 8A 24 NXTPT: MOV AH, [SI] ;Move a byte
CEEY BF

BT
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3.1 Software : The Microcomputer
Program
m Listing of an assembled program

microsoft (R) Macro Assembler Version 6.11 12/14/02 15:10:26
BLOCK-MOVE PROGRAM Pagel-1
TITLE BLOCK-MOVE PROGRAM
PAGE ,132
COMMENT *This program moves a block of specified number of bytes
from one place to another place*
;Define constants used in this program

= 0010 N = 16 ;Bytes to be moved
= 0100 BLK1ADDR= 100H ;Source block offset address
=0120 BLK2ADDR= 120H ;Destination block offset addr
= 2000 DATASEGADDR= 2000H ;Data segment start address
0000 STACK_SEG SEGMENT STACK 'STACK'
0000 0040 [ DB 64 DUP(?)
00
]
0040 STACK_SEG ENDS
0000 CODE_SEG SEGMENT 'CODE'
0000 BLOCK PROC FAR
ASSUME CS:CODE_SEG,SS:STACK_SEG
LR A
AFBT
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3.1 Software : The Microcomputer
Program
m Listing of an assembled program

;To return to DEBUG program put return address on the stack

0000 1E PUSH DS
0001 B8 0000 MOV  AX, 0
0004 50 PUSH AX
;Set up the data segment address
0005 B8 2000 MOV  AX, DATASEGADDR
0008 8E D8 MOV DS, AX
;Set up the source and destination offset adresses
000A BE 0100 MOV  SI, BLK1IADDR
000D BF 0120 MOV DI, BLK2ADDR
;Set up the count of bytes to be moved
0010 B9 0010 MOV  CX,N
;Copy source block to destination block
0013 8A 24 NXTPT: MOV  AH, [SI] :Move a byte
0015 88 25 MOV  [DI], AH
0017 46 INC s ;Update pointers
0018 47 INC DI
0019 49 DEC CX ;Update byte counter
001A 75 F7 JINZ  NXTPT ;Repeat for next byte
001C CB RET ;Return to DEBUG program
001D BLOCK ENDP
001D CODE_SEG ENDS
END BLOCK ;End of program
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3.1 Software : The Microcomputer
Program
m Listing of an assembled program

Microsoft (R) Macro Assembler Version 6.11 12/14/02 15:10:26
BLOCK-MOVE PROGRAM Symbols 2 - 1

Segments and Groups:

Name Size Length Align Combine Class
CODE_SEG............ 16 Bit 001D Para Private 'CODE'
STACK_SEG .......... 16 Bit 0040 Para Stack 'STACK'
Procedures, parameters and locals:
Name Type Value Attr
BLOCK ............. P Far 0000 CODE_SEG Length= 001D
Private
Symbols:
Name Type Value Attr
BLK1ADDR Number 0100h

BLK2ADDR Number 0120h
DATASEGADDR .......... Number 2000h
NXTPT ............. L Near 0013 CODE_SEG
N .o Number 0010h
0 Warnings
0 Errors

EEL S
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3.1 Software : The Microcomputer
Program

® Assembly language versus high-level language

“ It is easier to write program with high-level
language.

“»Program written in assembly language usually
takes up less memory space and executes much
faster.

+“»Device service routines are usually written in
assembly language.

“»Assembly language is used to write those parts of
the application that must perform real-time
operations, and high-level language is used to
write those parts that are not time critical.

R
AFBT
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3.2 Assembly Language Programming
Development on the PC

m Describing the problem

m Planning the solution

m Coding the solution with assembly language
m Creating the source program

m Assembling the source program into an
object module

®m Producing a run module
m Verifying the solution

m Programs and files involved in the program
development cycle
R
EX S
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3.2 Assembly Language Programming
Development on the PC
m Program development cycle

( Given problem >
1

Describe problem

l

Plan steps of
solution

| Flowchart

Implement flowchart
using assembler language

l Hand-written source program

Enter/edit source program
using the editor

Assembler source program file
Assemble the program
using the assembler

LR A
BT
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3.2 Assembly Language Programming
Development on the PC
®m Program development cycle

Syntax errors?

Object module

Link the program
using LINK

| Executable run module

Execute and debug
using DEBUG

Yes
Logic errors?

No

Solution to problem
W g
LT K
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3.2 Assembly Language Programming
Development on the PC
m Describing the problem

“*Most applications are described with a written
document called an application specification.

®m Planning the solution

“A flow chart is an outline that both documents the
operations that must be performed by software to
implement the planned solution and shows the
sequence in which they are performed.

LR A
BT
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3.2 Assembly Language Programming
Development on the PC

Begin
(Enter block move)
{
Establish data segment,
Source and destination
Pointers, and count of bytes

—————

Move an element from
source to destination block

]

Increment source and
destination pointer,
decrement count

All elements
Moved?

End
(Return to DEBUG)

Flow chart of a block-move program Rz ;%< &
EX S
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3.2 Assembly Language Programming
Development on the PC

( Begin/end )
Subroutine
| Connection

within
a flowchart

Process

Connection
to another
flowchart

Commonly used flowchart symbols

LR A
SHFPTL
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3.2 Assembly Language Programming
Development on the PC
m Coding the solution with assembly language
“» Two types of statements are used in the source
program
» The assembly language instructions
» The directives
“+The assembly language instructions are used
to tell the microprocessor what operations are to
be performed to implement the application.
“* A directive is the instruction to the assembler
program used to convert the assembly language
program into machine code.

W
R
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3.2 Assembly Language Programming
Development on the PC

m Coding the solution with assembly language
“+The assembly language instructions
[Example]
MOV  AX, DATASEGMENT
MOV DS, AX
MOV  SI, BLK1ADDR
MOV DI, BLK2ADDR
MOV CX, N

“*The directive

[Example]
BLOCK PROC FAR

or
BLOCK ENDP
R

BT
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3.2 Assembly Language Programming
Development on the PC
m Creating the source program
“+The EDIT editor
“»The Notepad editor in Windows
“*The Microsoft PWB (Programmer’s Work Bench)
m Assembling the source program into an
object module
“*The Microsoft MASM assembler
“*The Microsoft PWB (Programmer’s Work Bench)
“+The assembler source file and the object

module
W g
RN T
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3.2 Assembly Language Programming
Development on the PC

®m Producing a run module

“*The object module must be processed by the
LINK program to produce an executable run
module.

m Verifying the solution

m Programs and files involved in the program

development cycle

<PROG1.ASM (Editor)

“PROG1.0BJ (Assembler)

“PROGL.LST (Assembler)

“PROGL.EXE (Linker)

“+PROG1.MAP (Linker)

R

BT
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3.2 Assembly Language Programming
Development on the PC

Handwritten
source program
|

EDIT
Editor program

PROGLASM |

MASM
Assembler program

PROGLOBI | T~

LINK PROGL1.LST
Libraries ——— linker program [—— Other.OBJ files
PROGLEXE l T
DEBUG PROG1.MAP

Debug program

( Final debugged )
run module
The development programs and users files
IR - 4
EX S
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3.3 The Instruction Set

B The instruction set of a microprocessor defines the
basic operations that a programmer can specify to
the device to perform

B |nstruction set groups
+ Data transfer instructions
+ Arithmetic instructions
+ Logic instructions
+ String manipulation instructions
«» Control transfer instructions
«» Processor control instructions

LR A
BT
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3.3 The Instruction Set

B Data transfer instructions

"mp‘;;‘" ‘ Instruction Code
DATA TRANSFER
MOV — Move: 76543210 76543210 76543210 76543210
Ragister/Mamaory to/from Register [ 1oocot10aw | mod reg mm |
Immedisie lo Regisler/Mamary [ 11eo011w | medooowm | dals [ damitw=1
Immediale lo Fegislar [ Hortwmee | dala [ delaitw—1_ |
Memary Lo Accumulsiar [Horoooow | addr-ian | addr-figh |
Accumulator toMemary [Horeootw | addrian | addr-figh |
Register/Memary 1o Segment Register [ 10001110 | modoregem |
Segment Register lo Regster/Memory [ 1ooo1100 | moedoregom |
PUSH - Push:
Fegistar/Memary [0 | modttowm |
Ragistar
PN——
POP - Pop:
Register/Memory [1eoe1111 | medoooum
Pt
Segmeni Regster
XCHG — Exchange:
Registor/ Momory with Register 1000011w mod rog 1/m
Fiogistarwith Accumulator

Wep g
RS
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3.3 The Instruction Set

B Data transfer instructions

anermonic and | Instruction Code
DATA TRANSFER
IN - Input from:
FoodPort [ 1110010w ] port
veranor
OUT - Output to:
FedPort [ 1rieoinw ] port |
Variabia For
XLAT = Transiaio Bytato AL
LEA = Load EA 1o Regisiar [ 1ooot101 | modregrim |
LDS$ — Load Pointer to DS [ 11000101 [  modrsgrm |
LES = Load Pointer 10 ES [ 11000100 [ modregum |
LAHF - Losd AH with Flags
SAHF — Stora AH into Flags
PUSHF — Push Flags
PovE - opris
611 37100 A AJZH R L& 5+ Lecture 03-25 AL

3.3 The Instruction Set

B Arithmetic instructions

";f‘:‘p‘;;“* ‘ Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD - Add:
Fisg. MMamary vith Rsgistsr to Sither [ osoocodw | modmarm |
Immediate io RegisterMamory [ 1ooooosw | modosomm | data | dalaisw-ot
Immediate to Accumulator [ ooooorow | data [ cmmitw-1 |
ADC - Addwith Carry:
Reg./Mamory wilh Regisier o Eiler [ ovotoodw | modregum
Immadiatoto Regisiordamory [ 1o0o00sw | modotomm | data [ dotatsw=o1
Immediate to Accumulator [Cooototow | data [ dataitw -1 |
ING ~ Increment:
Fiegister/ Mamary [ 111t111w | modooowm |
Aopetr
AAA — ASCH Adjust for Add
BAA - Docmal Adpst for Add
SUB — Subtract:
Rg. /Mamory and R gister 10 Eithar [ oototodw | ‘mod o 1/m |
Immediate from Registar/Mamary [ 1oooo0sw | medtotem | data [ astaitaw - o1
Immediate from [ oviortow | dals [ aatmitw=1__|
S8 — Subtract with Bomaw
Aeg./Memory and Regisler lo Either [ cooriodw | modregum |
Immediate from RagistorMomory [ 1oosoosw | modottem | data | aataitsw - o1
Immsdiate from [ ooo111w | dats [ ostsitw=-1_ |
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3.3 The Instruction Set

B Arithmetic instructions

"g;“:::“" | Instruction Code
ARITHMETIE 76543210 76543210 76543210 76543210
DEC - Decrement:
Register/memary [ 1111111w | modootwm |
Fegeir
NEG — Changs sign [ t1t101iw | modotiom |
CMP = Compare:
Register/Memary and Register [ ocot110aw |  modregum |
Immediale wilh Register/ Mamory [ tooooosw | modititem | dals [ dataitsw -1
iate it [ oortitow | data [ catmitw-—1__ |
ARS — ASCI Adwst for Sublract oo111111
DAS = Diecimal Adjust for Subtract
MUL — Multiply {Unsigned) [ t1t1o11w | modtoonm |
IMUL — Integer Multiply {Signed) [ t111011tw | modiotum |
ARM — ASCI Adjust for Muliply [ 11010100 | coootoie |
DIV — Divida (Unsgned) [ 1111011w | moattovm |
IDIV = Integer Divids (Signed) [ t1t1011w | modtttom |
AAD — ASCH Adjust for Divids [ 11010101 | ocosot101o |
€BW ~ Convert Byts to Word
CWD — Convart Word lo Dautia Word
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3.3 The Instruction Set

B Logic instructions

A Instruction Code
Loaic 76848210 76543210 76548210 78543210
NOT - lnvrt
SHL/SAL — Shifl Logicalf Arifime i Lt
SHR — SwtiLogical Fight
SAR - St Artmetic Right 110100vw mod 11 1m
ROL - Rotala Lt 110100vw mod000rim
ROR = Rolal Right 110100vw mod0 0 tim
RCL — Rotats Treough Gary Flag Laft 110100vw mod0 10r/m
RER — Rotats Theough Gary Right 110100vw mod0 1 trim
AND - Ang:
Rlog.MMemory and Ragsler to Eibhar [ootocodw | modregum |
Immodiale to Ragisier Mamory [too0000w | mwdtooum | dats [ delitw—t
Immadiata to Accumuator [ootootow | aata [
TEST — And Funciion to Flags, No Resuit:
RegislerMemary and Register
\nmediste Data srd RsgisleriMemary | 111101 1w | mmd000mm | e [ awmiv 7
Immadiate Data and Accumulaior [tot0t00w | data [ catsitw-1 ]
oA - or:
Fag.fhemary and Register to Eifar [coooiodw | modregum |
Immediats to Regiser/Mamory [ioo0coow | modooiwm | data [ damitw=1
Immediale to Accumudator [ oooor1ow | data |
XOR ~ Exclusive or:
Flog MMemory and flagister lo e
Immediate to Regi [ 1o00000w | moditowm | data [ damitw=1_ |
Immediate to Accumudator [Ceoti01ow | data [ damitw=1_|
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3.3 The Instruction Set

B String manipulation instructions

Mnemonic and
Description

| Instruction Code
STRING MANIPULATION

ne - ep
———
CMPS — Compars Byle/Word
048 - Sen Sy
LODS - Load Byte/Wd o AL/AX
STOS - Stor Byte/Wdfrom AL/A
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3.3 The Instruction Set

® Control transfer instructions

”mﬂﬁd | Instruction Code

CONTROL TRANSFER
CALL - Calk
Diirect within Segment [ 11101000 J dispow | disp-high |
Indiract within Sagment [ i1 [ medotorm |
Diract Intersagment [ 1ootioie [ offsatow [ aftsethign |

[ segiow [ segtin |
Indiract Intersagment [ it [ medottom |
JMP — Unconditional Jump: 76543210 76543210 76543210
Divect within Sagment [ 11101001 ] dspow [ dsp-high |
Direct within Segment-Short IEEET IR disp |
Indirect within Segment [ 11111111 | modtoowm |
Diract Intersagmant [ 11101010 |  offsetlow | offsethign |

[ segiow |  segnon |
Indirect Intersagmeant [ 11111111 | mediotvm |

R a4
EX S
h e
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3.3 The Instruction Set

® Control transfer instructions

Mnemanic and

| Descrption | Instruction Code
RET — Return fram CALL:
Within Sag Adding Immed Lo 7 [ 11oooo1o daladow I dals-figh ]
st

Adding st to 5P [ 11001010 | datadow | data-high |
JE/Z — Jump on Equal/ Zera [ o1110100 | disp |
JL/INGE — JumponLess/Not Graater

i, [ et1111100 | disp ]
JLE/ING = JumponLess or Equal

et [ot111110 ] disp ]
JBAINAE — Jump on Balaw/Not Above

ot [ o1110010 | disp |
JBE/JNA — Jump on Balow or Equal/

T [ e1110110 | disp ]

JB/JPE = Jump on Parity/ Paity Even [ et1111010 | disp ]
J0 = Jump on Overflow [ o1110000 ] disp ]
JS — Jump on Sign [ o1111000 | disp |
JNE/JNZ - Jump on NotEqual/NotZera | 01110101 | disp |
JINLAGE — JumponNatLess/Graater [ gyiiiiior | Son I
JNLENG — JumponNat Less or Equalé

- [ et | disp ]

F
611 37100 Acrid2 ¥ R I2 e s *  Lecture 03-31 A

3.3 The Instruction Set

® Control transfer instructions

Mnemonic and
| Description | Instruction Code

JNBAJAE = Jump on Not Balow/ Abows

G [ et1110011 | disp |
JNBE/JA = Jump on Mot Below or 1110111

Equal /Above | | disp |
JNP/IPO ~ Jump an Not Par/Par Odd [ ertt1o11 | disp |
JNO — Jumg on Nol Overfiow [ et1110001 ] disp |
JNS = Jump on Nol Sign [ e1111001 | disp |
LOOP - Logp CK Times [ 11100010 | disp |
LOOPZ/LOOPE — Loop While Zero/Equal | 11100001 | disp |
LOOPNZ/LOOPNE — Loop Whia Nat 1100000

il | | disp |

JCXZ — Jump on CX Zero [ 11100011 | disp |
INT = Interrupt
Typa Spacifod [ 11ee1101 | typa ]
Typas 11001100
INTO — it on vt
S —
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3.3 The Instruction Set

B Process control instructions

Mnemonic and

611 37100 @ 4 /n 2 27 u *  Lecture 03-33

Instruction Code

76543210 76543210
PROCESSOR CONTROL
oL - GuwGary
CMC ~ Complement Carry
16 - Soicary
CLD - Cisar Diraction
STD - Sat Diraction
€U - Claar Interrupt
HLT - kel
warr - was
ESC = Escapa (lo Externsl Devica) | 1101 1xxx | modx ¥ xr'm
LOCK — Bus Lock Prafix

e o
EX S
K

3.4 The MOV Instruction

B The move (MOV) instruction is used to transfer a byte
or a word of data from a source operand to a
destination operand.

Mnemonic Meaning Format Operation | Flags affected
MOV Move MOV D, S (S) > (D) None
e.g. MOV DX, CS

MOV [SUM], AX
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3.4 The MOV Instruction

® Note that the MOV instruction cannot transfer data
directly between external memory.

Destination Source
Memory Accumulator
Accumulator Memory
Register Register
Register Memory
Memory Register
Register Immediate
Memory Immediate
Seg-reg Reg16
Seg-reg Mem16
Reg16 Seg-reg
Memory Seg-reg

Allowed operands for MOV instruction

gl g
BT
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3.4 The MOV Instruction
®m MOV DX, CS
Address Memory Instruction
0100 p — Content
01100 8c MOV DX, CS
0100 CS — 01101 cA
0200 DS 01102 XX Next instruction
Ss
ES
AX
g;(( 02000 XX
x| ok 02001 XX
SP
BP
Sl
DI
8088/8086 MPU
Before execution
gl g
BT
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3.4 The MOV Instruction

m MOV DX, CS
Address Memory Instruction
0102 p — Content
01100 8C MOV DX, CS
i cs _]\ 01101 cA
0200 DS 01102 XX Next instruction
SS
ES
AX
g;(( 02000 XX
0100 DX 02001 XX
SP
BP
Sl
DI
8088/8086 MPU
After execution
CEEE R
RS T
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3.5 Addressing Modes

m Register operand addressing mode
® Immediate operand addressing mode

® Memory operand addressing mode
++Direct addressing mode
“»Register indirect addressing mode
“»*Based addressing mode
“*Indexed addressing mode
“»Based-indexed addressing mode

W
RS
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3.5 Addressing Modes

B Register operand addressing mode

The operand to be accessed is specified as residing in an
internal register of 8088.

e.g. MOV AX, BX
Register Operand Sizes
Byte (Reg 8) Word (Reg 16)
Accumulator AL, AH AX
Base BL, BH BX
Count CL,CH CX
Data DL, DH DX
Stack pointer SP
Base pointer BP
Source index Sl
Destination index DI
Code segment ES}
Data segment DS
Stack segment Ss
Extra segment ES
CEEr N
SR T
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B Register operand addressing mode
Address Memory Instruction
0000 P Content
— 01000 8B MOV AX, BX
0100 cs 01001 c3
DS 01002 XX Next instruction
SS
ES
XXXX AX
ABCD BX
CX
DX
SP
BP
Sl
DI
8088/8086 MPU

Before execution

611 37100 frred2 i h 5L &2 i *
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3.5 Addressing Modes

B Register operand addressing mode

Cs

DS
SS
ES

AX
BX
CX
DX

SP
BP
S|
DI

8088/8086 MPU

After execution

Address Memory

Content
01000 8B
\ 01001 c3
01002 XX
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Instruction

MOV AX, BX

Next instruction

Wi g
IRy
i

3.5 Addressing Modes

B Immediate operand addressing mode

Address Memory

Cs

DS
SS
ES

AX
BX
CX
DX

SP
BP
S|
DI

8088/8086 MPU

Before execution

Content
——— 01000 BO
01001 15
01002 XX
01003 XX
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Instruction

MOV AL, 15H

Next instruction

Wi g
IRy
i




3.5 Addressing Modes

B Immediate operand addressing mode

Address Memory Instruction
0002 P Content
01000 BO MOV AL, 15H
0100 cs \ 01001 15
DS 01002 XX Next instruction
1 XX
ss 01003
ES
15 | Ax
BX
CX
DX
SP
BP
Sl
DI
8088/8086 MPU
After execution Fo s 8
LB
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3.5 Addressing Modes

B Memory addressing modes

To reference an operand in memory, the 8088 must calculate
the physical address (PA) of the operand and then initiate a
read or write operation to this storage location.

Physical Address (PA) = Segment Base Address (SBA) + Effective Address (EA)

PA = Segment Base : Base + Index + Displacement

Cs

PA= SS|./BX| L ]Sl 8—bi'Fdi§pIacement
DS BP DI 16-bit displacement
ES

EA = Base + Index + Displacement

Physical and effective address computation for memory operands

W
RS
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3.5 Addressing Modes

B Memory addressing modes - Direct addressing mode

PA = Segment Base : Direct Address

CSs
SS|.])

PA=1ps |’ Direct address
ES

The default segment register is DS

Computation of a direct memory address

e.g. MOV AX, [1234H]
gl g
RS
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3.5 Addressing Modes

B Memory addressing modes - Direct addressing mode

Address Memory Instruction
0000 P Content
————p 01000 8B MOV CX, [1234H]
0100 cs 01001 OE
2! — 01002 34
0200 o 01003 12
SS 01004 XX Next instruction
ES
AX
BX
XXXX CX
DX 02000 XX
02001 XX
SP ’
BP
Sl -
DI 03234 ED Source operand
03235 BE
8088/8086 MPU
Before execution Fo s 8
LFPT
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3.5 Addressing Modes

B Memory addressing modes - Direct addressing mode

Address Memory Instruction
0004 P Content
01000 8B MOV CX, [1234H]
0100 cs 01001 OE
2 01002 34
(LY o 01003 12
SS 01004 XX Next instruction
ES
AX
BX
BEED CX
DX 02000 XX
02001 XX
SP ’
BP
Sl .
DI 03234 ED Source operand
03235 BE
8088/8086 MPU
After execution Fo s 8
LB
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3.5 Addressing Modes

B Memory addressing modes -
Register indirect addressing mode

PA = Segment Base : Direct Address

CcSy (BX
ss|.|BpP
PA=1ps([ sl
es) LUpi

The default segment register is DS

Computation of an indirect memory address

e.g. MOV AX, [S]]

W
RS
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3.5 Addressing Modes

| Memory addressing Modes - Register indirect addressing mode
PA = 02000, + 1234, = 03234,

Address Memory Instruction
0000 p — Content
I_> 01000 8B MOV AX, [S]
0100 CS — 01001 04
0200 DS 01002 XX Next instruction
SS
ES
XXXX AX
BX
1% 02000 XX
DX 02001 XX
sP '
BP
1234 S| -
DI 03234 ED Source operand
03235 BE
8088/8086 MPU
Before execution R R 4
EE B R
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3.5 Addressing Modes

| Memory addressing mModes - Register indirect addressing mode
PA = 02000, + 1234, = 03234,

Address Memory Instruction
0002 p — Content
01000 8B MOV AX, [SI]
0100_| cs —]\01001 04
0200 DS 01002 XX Next instruction
SS
ES
BEED AX
BX
1% 02000 XX
DX 02001 XX
sP '
BP
1234 S -
DI 03234 ED Source operand
03235 BE
8088/8086 MPU
After execution R R 4
E B R
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3.5 Addressing Modes

B Memory addressing modes - Based addressing mode

CS
SS | . |BX + 8-bit displacement
PA= DS| " |BP 16-bit displacement
ES
Memory
Element n
Element n-1
Array of data
+ Element 2
Element 1
Computation of a based address

e.g. MOV [BX]+1234H, AL
gl g
RN T
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3.5 Addressing Modes

B Memory addressing modes - Based addressing mode
PA = 02000, + 1000, + 1234, = 04234,

Address Memory Instruction
0000 P — Content
| > 01000 88 MOV [BX]+1234H, AL
8%88 CS —] 01001 87
DS 01002 34
ss T~ s 12 _ _
ES 01004 XX Next instruction
BEIED | ax
1000 BX
CX
DX 02000 XX
02001 XX
SP .
BP
Sl
DI , Destination operand
04234 XX p
8088/8086 MPU 04235 XX
Before execution PENT Y]
2HET k
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3.5 Addressing Modes

B Memory addressing modes -

Based addressing mode

PA = 02000, + 1000, + 1234, = 04234,

Address Memory Instruction
0004 P — Content
01000 88 MOV [BX]+1234H, AL
0100 CS— 01001 87
0200 DS 01002 34
SS 01003 12
ES 01004 XX Next instruction
BEIED | ax
1000 | Bx
CX
DX 02000 XX
02001 XX
SP .
BP
Sl
DI 042.34 ED Destination operand
8088/8086 MPU 04235 XX
After execution W g s
LT K
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3.5 Addressing Modes

B Memory addressing modes - Indexed addressing mode

PA = Segment Base : Index + Displacement

CS
SS| .| Sl 8-bit displacement
PA= DS | " | DI 16-bit displacement
ES
Memory
Element n
Element n-1
Array of data
> Element 2
Element 1

Computation of an indexed address

e.g. MOV AL, [SI]+1234H
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3.5 Addressing Modes

B Memory addressing modes - Indexed addressing mode
PA = 02000, + 2000, + 1234, = 05234,

Address Memory Instruction
0000 P — Content
0100 cs — | > giggg g,: MOV AL, [SI]+1234H
0200 DS 01002 34
ss T~ oo 12 _ _
ES 01004 XX Next instruction
XX XX | ax
BX
CX
DX 02000 XX
02001 XX
SP .
BP
2000 sl
DI 052.34 BE Source operand
8088/8086 MPU
Before execution W sme s
LT K
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3.5 Addressing Modes

B Memory addressing modes - Indexed addressing mode
PA = 02000, + 2000, + 1234, = 05234,

Address Memory Instruction
0004 P — Content
01000 8A MOV AL, [SI]+1234H
ol CS — 01001 84
0200 DS 01002 34
SS 01003 12 . .
ES 01004 XX Next instruction
XXIBE | ax
BX
CX
DX 02000 XX
02001 XX
SP .
BP
2000 S
DI 052.34 BE Source operand
8088/8086 MPU
After execution R 5%1,,5
EE S S
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3.5 Addressing Modes

| Memory addressing modes - Based-indexed addressing mode

PA = Segment Base : Base + Index + Displacement
cs

SS BX Sl 8-bit displacement
PA= |DS| : |BP| +| DI | + | 16-bitdisplacement
ES
Memory
Element (m,n)

Element (m.1)
Element (m,0)

o

Element (1.1 Two dimensional
Base register ement (1,1) Ay
Element (1,0)
+ Element (0,n
Displacement Element (0,1

Element (0,0)

Computation of an indexed address

e.g. MOV AH, [BX][SI]+1234H
gl g
EELE L
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3.5 Addressing Modes

| Memory addressing Modes - Based-indexed addressing mode
PA = 02000, + 1000, + 2000, + 1234, = 06234,

Address Memory Instruction
0000 P — Content
| > 01000 8A MOV AH,
0100 CS — 01001 AO [BX][SI]+1234H
0200 DS 01002 34
ss T~ oo 12
ES 01004 XX Next instruction
XX[XX | ax
1000 BX
CX
DX 02000 XX
02001 XX
SP .
BP
2000 S
2 06é34 BE Source operand
8088/8086 MPU
Before execution FEEE
2HET k
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3.5 Addressing Modes

| Memory addressing Modes - Based-indexed addressing mode

PA = 02000, + 1000, + 2000, + 1234, = 06234,

8088/8086 MPU

After execution

Address Memory

01000
01001
01002
01003
01004

02000
02001

06234

Content

8A
A0
34
12
XX

XX
XX

BE

611 37100 @ 4 /2227 u *  Lecture 03-59

Instruction

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

Next instruction

Source operand

Wi g
IRy
i
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