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1 MEMORY SEGMENTATION

Second Class
System Software

The 8086 microprocessor operate in the Real mode memory addressing. Typically,

much operating system code and
almost all application programs run
in protected mode to ensure that
essential data is not unintentionally
overwritten. Real mode operation
allows the microprocessor to
address only the first 1M byte of
memory space. The first 1M byte of
memory is called either the real
memory or conventional memory
system. Even though the 8086 has a
1M byte address space, not all this

memory is active at one time.
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EXTRA
Segment Registers
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MEMORY

Actually, the 1M bytes of memory are partitioned into 64K byte (65,536) segments. The

8086 microprocessor allow four memory segments.

Think of segments as windows that can

be moved over any area of memory t0  segment registers

access data or code. Also note that a 5[ oreem
program can have more than four segments, <[ 3zsmn
but can only access four segments at a time.

Let the segment registers be assigned as

follow: CS = 0009H, DS = OFFFH,

cs| O00SH

ss| 10E0H

SS = 10EQH, and ES = 3281H.

We note here that code segment and data segment are overlapped while other segments are

disjointed.

i IMbyte memory unit

Coce segment
{64chyte!
JL Data segment

(64kbyte! Thase two
sagments are
overlapped
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Stack segment
(64kbvte!

afl

Extra segment
(B4kbyte)
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In fhe real mode a combinational of a segment address and offset address access a
memory location. All real mode memory address must consist of a segment address plus
an offset address. The microprocessor has a set of rules that apply to segments whenever
memory is addressed. These rules define the segment register and offset register
combination as follow:

Special Purpose

1P Instruction address

BP Stack address

SP Top of the stack
BX, DI,SI, an 8-bit number, or a 16-bit number J Data address
DI for string instructions String destination address

This combination (CS: IP) locates the next instruction executed by the microprocessor.
For example, if CS = 1400H and IP = 1200H, the microprocessor fetches its next instruction
from memory location:

Physical address=Segment base address*10+Offset (Effective) address

PA = SBA * 10 + EA =1400H*10 +1200H=15200H.

Segment memory addressing divides the

18 SEGMENT DISPLACEMENT o
memory into many segments. Each of these [ Offset ]
segment is addressed by a segment register. 1[

However, since the segment register is 16 bit [‘5 Segment T 0
wide and the memory needs 20 bits for an address M
the 8086 appends four bits” segment register to A4
obtain the segment address. Therefore, to address .
the segment 10000H by, say the SS register, the ]
is 0

SS must contain 1000H. The main advantage that | Physical Address (20bit)

memory segmentation has is that only 16 bit
registers are required both to store segment base address as well as offset address. This
makes the internal circuitry easier to build as it removes the requirement for 20 bits register

in case the linear addressing method is used.
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2 Addressmg Mode of 8086
The addressing mode is the method to specify the operand of an instruction. The job of
a microprocessor is to execute a set of instructions stored in memory to perform a
specific task. Operations require the following:
e The operator or opcode which determines what will be done.

e The operands which define the data to be used in the operation.

The 8086 addressing modes categorized into three types:
Add-essng Modes

1. Register Addressing

2. Immediate Addressing

3. Memory Addressing

2.1 Register addressing mode

1,'4'0\» In this addressing mode, the operands may be:
e regl6: 16-bit general registers: AX, BX, CX, DX, SI, DI, SP or BP.

e reg8: 8-bit general registers: AH, BH, CH, DH, AL, BL, CL, or DL.

e Sreg: Segment registers: CS, DS, ES, or SS. For register addressing modes,

{egizter, =1 CPU

Spaod G

there is no need to compute the effective address (Offset Address). The operand

Is in a register and to get the operand there is no memory access involved.

Some rules in register addressing modes: Example: Register Operands
. . . MOV AX, BX ;  movregl6, regle
e You may not specify CS as the destination operand, appax, si ; add reg16, regl6

. MOV DS, AX : Sreg, 16
and should never use the segment registers as data e 2

registers to hold arbitrary values. They should only contain segment addresses.
Example: MOV CS, 02H =» wrong
e Only one of the operands can be a segment register. You cannot move data from

one segment register to another with a single MOV instruction. To copy the value

of CS to DS, you would have to use some sequence like: N
MOV AX ., BX
MOV DS, CS = wrong / I t
MOV AX, CS Opcode [)ualinulinllx Source
MOV DS, AX -> the way we do it Operands




University of Mosul dCl
IRy | College of Computer Sciences and Mathematics cocond Class

\:6}‘ Department of Software Sciences Siyatemn; Safusrs

N A

2.2 Immediate Addressing Mode
With immediate addressing mode, the actual data to be used as the operand is
included in the instruction itself. The immediate operand, which is stored along with
the instruction, resides in the code segment, not in the data segment. This addressing
mode is also faster to execute an instruction because the operand is read with the

instruction from memory. Here are some examples:

Example: Immediate Operands
MOV AL, 20 ; Copies a 20decimal into register AL
MOV BX,55H ; Copies a 0055H into register BX

MOV S1,0; Copies a 0000H into register S|
MOV CL, 10101001B  ; Copies a 10101001binary into register CL

2.3 Memory Addressing Modes
To reference an operand in memory, the 8086 must calculate the physical address
(PA) of the operand and then initiate a read or write operation of this storage location.
The 8086 MPU is provided with a group of addressing modes known as the memory
operand addressing modes for this purpose. Physical address can have computed from

a segment base address (SBA) and an effective address (EA). SBA identifies the starting

SI ‘ , _;R-hil displacement L
DI ‘ 71 16-bit displacement
|

o

EA=base + index + Displacement

location of the segment in memory, and ’i)zy "B‘| l
EA represents the offset of the operand p"\='| ss ‘ BP '+'1
ES

from the beginning of this segment of
memory.
PA=SBA (segment): EA (offset)

PA=segment base: base + index + Displacement
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There are different forms of memory addressing modes

e Direct Addressing

e Register indirect addressing

e Based addressing

e Indexed addressing

e Based indexed addressing

e Based indexed with displacement

2.3.1 Dir

ect Addressing Mode

Second Class
System Software

Instruction

Direct addressing mode is similar to immediate addressing in = ses s

that information is encoded directly into the instruction. However,

in this case, the instruction opcode is followed by an effective

address,

instead of the data.

Memory

- s Dpunnd

MoV AL,[1234H]‘\Physical address

Memory

Offset address M
11235H
EAX o AL ean < il 8 A | 41234H
EBX
DS = 1000H KNS
ECX 112324
\—\.J
The Physical Address PA= DS * 10H+Offset Address
= 1000H*10H+1234H =11234H
MOV AL, DS:[2000H] ; move the contents of the memory location with offset 2000
or MOV AL, [2000H] into register AL
MOV AL,DS:[8088H] ; move the contents of the memory location with offset 8088
or MOV AL,[8088H] into register AL
By default, all displacement-only values provide offsets into |"CS ) |
DS
the data segment; DS. If you want to provide an offset into a Pa-"|ss "':*|[)irecl address l
. . i ES
different segment, you must use a segment override prefix / *

before your address. For example, to access location 1234H in  Default is DS
the extra segment (ES) you would use an instruction of the form MOV AX, ES: [1234H].
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2.3‘.—2;Register Indirect Addressing Mode

This mode is similar to the direct address except that the effective instruction i

address held in any of the following register: BP, BX, Sl, and DI.

MOV AL, [BX]OR MOV AL, [BP]
MOV AL, [SI] OR MOV AL, [DI]
The [BX], [SI], and [DI] modes use the DS segment by default. The

[BP] addressing mode uses the stack segment (SS) by default. You can use the segment

l + Opaosd
Register, in CPU

Foioned 10

override prefix symbols if you wish to access data in different segments. The following

instructions demonstrate the use of these o
CO00R0E
overrides: EAX P o iz s+ | coooeoos
oex 10 00 7000 2000 12 00002000
MOV AL, CS: [BX] €S [y ex
MOV AL, DS: [BP] PA:" QS (7 S| s 00001002
MOV AL, SS: [SI] B o1 o e I .
MOV AL, ES: [DI] Default 1s DS |~

EX: Move AX, [BX], When DS =0100H
2.3.3 Based Addressing Mode

In the based addressing mode, the effective address of the operand is

Instruction

Oposcle  Rogester #8110

obtained by adding a direct or indirect displacement to the contents

of either base register BX or base pointer register BP. For example,
if BX=1000, DS=0200, and AL=EDH, for the following instruction:
MOV [BX] + 1234H, AL ;
EA=BX+1234H = 1000H+1234H = 2234H pA=- ' Fod B 31 dlaplacemeos |
PH=DS*10+EA =0200H*10+2234H = 04234H s

2.3.4 Indexed Addressing Modes

In the Indexed addressing mode, the effective

, E
F
E

address of the operand is obtained by adding a direct

STACK SEGMENT (SS) REGISTER INSTEAD O
or indirect displacement to the contents of either SI DS. THIS PERMITS ACCESS TO DATA IN TH
or DI register. STACK SEGMENT OF MEMORY

IF BP IS USED INSTEAD OF BX, TH

—
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Tﬁvé;i/r;dexed addressing modes use the following syntax:

MOV AL, [SI]
MOV AL, [DI]
MOV AL, [SI+DISP]
MOV AL, [DI+DISP]

2.3.5 Based Indexed Addressing Modes
Combining the based addressing mode and the indexed addressing mode results in a new,

more powerful mode known as based-indexed addressing mode.

MOV DX, [BX+DI] When BX=1000H, DI=0010H and DS=0100H

Memory
[ ———)

02015H
EAX

02014H
EBX 10 00 020134
ECX 02012H

_——-_—_-———'

EDX A8 |03 C“"?eos :: g:;: s

0200FH
ESP ———
EBP

1000H
ESI|
0010H > 4 o 2010H
EDI 0010 AT \1?1000!1
DS % 10H
2.3.6 Based indexed with displacement MOV AL, DISP[BX][SI]
It is a slight modification of Base/index addressing modes with the |MOV AL, DISP[BX+DI]
addition of an 8 bit/ 16 bit constant MOV AL, [BP+SH+DISP]
iti i [ :
MOV AL, [BP][DI][DISP]

\

Assembly Language Size Operation

MOV CX,[BX+Dl] 16-bits Copies the word contents of the data segment memory
location address by BX plus Dl into CX

MOV CH,[BP+SI] 8-bits Copies the byte contents of the stack segment memory
location addressed by BP plus Sl into CH

MOV [BX+SI),SP 16-bits Copies SP into the data segment memory location
addresses by BX plus S|

MOV [BP+DI],AH 8-bits Copies AH into the stack segment memory location
addressed by BP plus DI

( 7 )
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