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2.1 Processor Organization

We will consider the processor organization of 8086 processor, which can seeit diagramin
Figure-1-
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The organization of 8086 Processor is partitioned into two logical units

a. Bus Interface unit (BIU)
b. Execution Unit (EU)

tlaa pitihaie ias g ) 8086 gllaall AlSaa annd Sy
SVl Gl sas g
Mﬂ\ 3.3;} L

2.1.a. BusInterface Unit (Bl U)

Therole of the BIU deliversinstructions and data to the EU. The most important function of the

BIU isto manage the Bus control unit which response of making synchronization between the
CPU and the Deviceis connected to it, by reading it specification. And the other function of the
Bus Control Unit is specify which device is connected when more than one device is request an
service from CPU at the same time with respect to priority specified from the designer or the
USer.
Sy cals sy
bl g A I Adpla o)l () Ll Baa I il 5 Sl Dl s s Sl s Baa gl i S sl ()
3ol B DA (e Az lasopall Jleadl g llaall (g (0l 55 dae e Agsase 585 Al s BuS I e 5 skl 3aa
Gllay Levie Jasi p Jlea o) wasd g8 Bus I e 3 jlawid) sas b (5 )a¥) dada ol 5 . leall Aalall clical gal)

el o) acadl J8 e a3 Glliadl PR e Bl Gadh (B ded Slea e SIS
Another function of the BIU isto provide access to instructions. Because the instructions for a

program that is executing are in memory, the BIU must access instructions from memory and
place them in an instruction queue, which varies on size from 5 instructions to 7 instructions
depending on the processor. This feature enables the BIU to look ahead and prefetch

instructions so that there is aways a queue of instructions ready to execute.

O3S o0 2y (23l 5 zali ) () s L S Asllae dee 54 Sla¥) Qla saa (o AV Asl D ()
Dside A Lgaa 555 S (e il Sl s Sl Gl Bas g o 68 o) cangy UL ¢ B SIAD B 3 ga s

san g (Sa Apalall o2 5 gl g e alaie WU el VD e © Al s s 5 il ey
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Manage the segment register and controlling the process of addressing the memory is another

function of BIU. The segment register is considering the most important set of registersin 8086

CPU and we have four types of segments:
COlase dial il slaal) ala Boa (g A Adda g ga 3 SN & gie Adlee e 3 jlasd) § 45 janll s audats
1. Code segment register
el & 355 Jansa s Ay )l
2. Data segment register
SERECR VO NgY
3. Stack segment register
ool 4830 Jasa s day
4. Extra segment register
(ALY 4530 Jaa g gy
Let usfirst define the segment as a specia area defined in a program that begins on paragraph
boundary, that is, a alocation evenly divisible by 16, or hex 10. Although a segment may be
located, almost anywhere in memory and in real mode (executing one program in one time) the
size of segment is 64 KB and the size of the space it takes in memory is equal to the space
required for the program execution. In addition, we note that there is another mode of operating

is called protected mode (executing more than one program in one time) which can process

workinginit.

Jb Gy L 1 3l 5 galipall U (e 88 je Bl Ailaie (e 3 lue 58 (g3 5 ackaiall i jail Al 3

Kary . g pdal ualedl JUaill 310 5 16 e davall Juty 3 SIA 4 8 5e ) sic 58 5 Paragraph boundary
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L et us exam the four types of segment and begin with

1. Code segment

The code segment contains the machine instructions that are to execute. Typically, the first
execute instruction is at start of this segment, and the operating system links to that location to
begin program execution. As the name implies, the code segment (CS) register addresses the
code segment. If your code area requires more than 64KB, your program may need to define

more than one code segment.

C_Lé.d\ Dy 4 oS JsY) sudnll Jla¥) o Llee | Lt S AT Sl (g iy Code (':Las‘x B
) iy Jase Alid (35S el all 285 1 V) Sl o (5 5l adisall 138 e Joandil) Gl oy

. Codell phaia (o S iy pai 21 BAKB (o 3S) i yal) ana S 13 5 el Ay () iy Jadig
2. Data Segment
The data segment contains a program's defined data, constants, and work areas. The data

segment (DS) register addresses the data segment. If your data area requires more than 64K B,

your program need to defines more than one data segment.
1l (ald Jase 55 Jandl Blalie ¢ Cal S ¢ mali ) J (e A8l bl o bl adaite (5 siay
(il adaie (e S A 20 BAKB (e SS) zling adaie S 1Y . bl cdaia i jal
3. Stack segment
In simple terms, the stack contains any data and addresses that you need to save temporarily

during an execute a subroutines related to the main program. The stack segment register

addresses the stack segment.

25 U o ) el pall Lgaling ol gie o il (b g JSG Jadiag (Stack) (uaSall o) cdda S,
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Segment Boundaries

The segment is begin with an address called paragraph boundary which mean an address begin
with digit O from the right side of 5 digits address . Therefore, it will be choose an location with
address starting with zero digit. Because of the length of any segment is 64KB, which equal to
65536 |ocations and when convert to hexa after subtract one of the number the result, is
FFFFH.

On O il Cpadl Aga (e Jea o8y o o sl O ey (35 paragraph boundary e o) sie pdaial) lay

FEFFH I (5 s il 8 2a) 5 Lt g5 5ke g5 e Gualaall plaill (I J g Lesie 5 a8 50 100V

The segment begins with address 0000H to FFFFH as the offset inside the segment. Therefore,
we will use a set of register to locate the staring address of segment and can define as:

A segment register is 16 bitslong and provides for addressing an area of memory known as the
current segment, to reduce the complexity of processor register it store 4 digitsinstead of 5

digits and insert O digit from right of the address of segment register.
EDlasdl) (4o de same aadinl Hia il adaid) Jals ds) ) 8lS s FFFFH ) 0000H o siadly adaitall oy
dalise 4 gial 22 Al 5 16DIt Jskay Jaase 43l fedaial) Janse Ciy yat (S5 oclaliall 4o (il giny Jaias 31
Al e Losed o Yy ol ) Ay A 4 gellaall Jaese 2 Q65 Ul s ¢ lal) adaiall iz SIA (pe
el e B3 sa gall Al pe Jalaill die (el dga (0 jla
Let ' take an overview about segment registers:
ehaial) Dl gl e 5 ks il

1. Code Segment register (CS): contains the starting address of a program's code segment. For

normal programming purpose, you need not reference the CSregister.
a5 LY S Aualall Aaa syl s el adaiad Aol o gie e ssmy s 5 el adaie Jase

sl
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2. Data Segment register (DS): contains the starting address of a program data segment.

I nstructions use this address to |ocate data.
se 2nl () gial) 13 aadid Sl clill) adaiad 4ol o gie e s omy sa s bl adaie Jase
Ll

3. Stack Segment register (SS) Permits the implementation of a stack in memory, which a
program uses for temporary storage of address of a program's stack segment in the SS register.

For normal programming purpose, you need not directly reference the SS register.
sp s Cigall o Al sl yll U8 e padtiey (53 55 S 8 aSall alasiuly ey A 5 Sl adate Jaisa
ol 138 )5 LYY Y Lolall Aaapal) 85, (eaSll il Dy () siny Jading

4. Extra Segment register (ES): used by some string (character data) operations to handle
memory addressing. The ES (Extra segment) register is associated with DI (index register).
A program that requires the use of the ES may initialize with an appropriate segment address.

ES Jawse basi 5.5 810 (il sie a0dind Ladie 48 all Judlud) cBllee ge a2y g4 5 Ala¥) adalall Jaia

5. FSAND GSregisters Additional extra segment registers on the 80386 and later processors.

Management OF Generated Segments

elalid) A g ol
Example: Find the configuration of segments generated by two programs, first Program A deal
with arithmetic operations and has 800K B in its programming section and 600K B in its data
sections and 900 KB in stack sections while second Program B has 1048 KB code and 660K B
dataand 2066 KB as stack memory. And Find the total number of segments generated.

s 4 B00KB clliay s il ; clilae pa Jalaty J3¥) Gnali s OMA (g0 5l gl alaliall aplass 5 (i oa
660KB 5 Code —< 1048 il gali ) clliey i Stack = jal 900KB 5 bl + 32l 600KB 5 daa sl
Ol U (g0 52 5iall 40 wlidl s2e 2 5. Stack —S 2066KB , Data —<
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Sol

The default size of any 64 KB and we have three types of segments
g1 53 D Lyal s 64KB 8 adaiall Lol aaall )

Code segment , Data segment , Stack segment

Therefore the Program A has these segments

Number of segments = size of section / size of one segment

No. of code segments = 800KB / 64 KB= 12.5 =13 segments

No. of data segments = 600KB / 64 KB=9.375 =10 segments

No. of stack segments = 900K B / 64 KB= 14.0625 =15 segments

And for Program B has these segments

No. of code segments = 1048KB / 64 KB= 16.375 =17 segments

No. of data segments = 660KB / 64 KB= 10.3125 =11 segments

No. of stack segments = 2066KB / 64 KB= 32.28125 =33 segments

2.1.b. Execution Unit (EU)

Therole of the EU isto execute instructions, whereas the BIU delivers instructions and data to

the EU. The EU contains an arithmetic and logic unit (ALU), a control unit (CU), and a number
of registers. These features provide for execution of instruction and arithmetic and logical

operations.
il 5 <l Sl ey a5 <l SV s Bas s ¢ Cumg ¢ < L) 20 sa ddnl) sas g e i) Caagdl ()
¢ CDlaall (e 23 55 el s gy hatall g lua) san e Bas gl oda (g giad s L 2wl sas g 58I (he
,dgihial) g Al ) cillead)l 2% A0S 0 il Sl o3a g

We can classify the components of EU to:

1. Pointers Registers

il e
The Three pointer registers are the IP, SP, and BP.

AP,SP,BP &5 ,uilill CBlaiia (e ) 5 420 llia

Yo
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Instruction Pointer (1P) register

The 16-bit IP register contains the offset address of the next instruction that isto execute. The
IPis associated with CSregister in that The IP indicates the current instruction within the
currently executing code segment. Y ou do not normally reference the | P register in program,
but you can change its value when using the DEBUG program to test a program. The 80386
and later processors have an extended 32-bit | P called the EIP.

5 Cun CS Jaasae o 1P s Bl s ¢ 2l 8 M) 3ladl &al Y1 o) sie e 1P 16-bit Jaasa (5 5in
U e salie) JSE 1P Jaase degis aSall (S 5 Ulla 3y (530 zaliall aaie Gana sl Slai¥) o) sie
Cun s UiV e galind) (3855 a5 52 5 DEBUG geali g ol Alla b 4iad st (Ko (S]5 ¢a2iinal

Sle s sind by i) Glalledd 5 80386 allaa s 1P Jaasally Sl 5 5 ghaa 5 shad 3y zmalipall Jea (o Liay

EIP (sans 5 32-bit J oy ps 90 Jaiia

Stack Pointer (SP) register

The 16-bit SP register provides an offset value, which when associated with the SS register,

refersto the current word being processed in the stack. The 80386 and later processors have an

extended 32-bit stack pointer, the ESP register. The system automatically handles these

registers.

Clallee Gllici . Stack & 53 ss sal) Lllall 2l () giail SS Jawse pe Loy i 3 g da) Y1 16 — bit SP Jase a2y

alaill 5 \ESP a5 =l 5 stack pointer due s (e g g0 Janse (6) < 3200 Jaa baaay Al cilalladll 5 80386
(D asall o3 g Jalay Ll

Base Pointer (BP) register

The 16 — bit BP facilitates referencing parameters, which are data and addresses that a program
passes viathe stack. The processor combines the address in the SS with the offset in the BP.
The 80386 and later processors have an extended 32-bit BP called the EBP register

Y 1
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2.Addressing Using Pointer Register s and Segment Registers

We have rules for determine the final address of information founded in Memory and we have
four different kinds of as:
1. Final address for CODE: value in CSwith digit O fromright + IP
1. Final addressfor DATA: valuein DS with digit O from right + Addressin the instruction
1. Final address for WORD in Stack: valuein SSwith digit O from right + SP
1. Final address for PARAMETER in Stack: valuein SSwith digit O from right + BP
EX1 Find the final address for these information's:
1. CODE if you know that CS=1FE4 and |P=BB6A
2. DATA if you know that DS=55862;, and the address in the instruction is 42375
3. WORD in Stack if you know that SS=110110111100110, and SP=5678,5 and found the Final
addressfor PARAMETER if BP=36985,.
SOL:
1. Final addressfor CODE: CSO + IP
1FE40
+ BBO6A

2B9AA

2. Final addressfor Data: DSO+Addressin the instruction

The DSisinthe decimal system and we must convert it to the hexadecimal as fllow
1655862
16| 3491
16| 218
16|13
16|0

O > W o
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Therefore the value of DS=DA36
And the of the addressin the instruction isin Octal and we must converted into Hexadecimal
4 2 3 7
100010011 111
8 9 F
Therefore, the value of addressin the instruction is 089F

And the final of address of Datais:
DA360

+ 089F
DABFF

3. Final address of WORD in the Stack: SSO + SP
The value of SSin the binary Form and we must converted into Hexadecimal form
0110110111100110
6 D E 6

Therefore, the value of SS=6DE6
6DE60
+ 5678
734D8

And final address for PARAMETER is SSO+BP
BP= 369850 —> 9079

6DE60
+ 9079

76ED9

YA
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3.General — Purpose Reqgisters

The AX, BX, CX and DX genera — purpose registers are the workhorses of the system. They
are unique in that you can address them as one word or as a 1- byte portion. The leftmost byteis
the "high" portion and the rightmost byte is the "low" portion. For example, the AX register
consists of an AH (high) and an AL (low) portion, and you can reference any portion by its
name. The 80386 and later processors support al the general — purpose registers, plus 32-bit
extended versions of them: the EAX, EBX, ECX, and EDX.

COlaal) a5, il & Jaall Blalic g Adlall olasinl) cdlais AX, BX, CX and DX <ladll s

s o) (canns aal s Culs aasn Lgie JS (e (I i O Sy (A BOBE zllae Cllaniss A sana (e B2 )

¢ a3 AH(high) ¢ ¢S aild JieS AX Jase L3S gL Tow JU e ) 6 3all s high b ) )
&1 S e by 3 cilalladl) 5 80386 zellaall 5 . dend DA o 2 3a ) M 3LV 215 AL(IOW) 58 3l
EAX, EBX, ECX, and EDX o 5 clasall 634 (50 Gaas sall 32-Dit eass Gl alal ola2ia) cdlaie

The following assembler instructions move zeros to the AX, BH, and ECX registers,

respectively:
S s Je AX, BH, and ECX <l () jiall Jas 4060 liavsd < 5l
MOV AX,00
MOV BH,00
MOV ECX,00
AX register

The AX register, the primary accumulator, is used for operations involving input / output and
most arithmetic. For example, the multiply, divide, and trandate instructions assume the use of
the AX. Also, some instructions generate more efficient code if they reference the AX rather

than another register.

AX AH AL

14



sl ) 3 el selusa (g jaal SilSia g 0 duntin LAY Us el dadite ciliula
le JEaS 5 by ) cilleall alana s ) JAY) 5 JAY) illenl a3 a5 oabi¥) aS el 58 AX Jasal iing
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(5 A) EDlase (e Yoy AX s et

BX register
The BX isknown as the base register since it is the only general — purpose register that can be

used as an index to extend addressing. Another common purpose of the BX isfor computations.

BX BH BL

EBX

4.:.;.»541\ :\_ujﬂ\w.a‘)ﬂéasedaﬂueu\u&ggﬂ\ J.\;)S\ Jaeall il Cua 3aclal) Jawas BX d;.ua&.‘sn.m:i

cililuall a (s ,AY) el il gl

CX register
The CX isknown as the count register. It may contain avalue to control the number of timesa

loop is repeated or avalue to shift bits left or right. The CX may also be used for many

computations.

X CH CL

ECX

Apab ) Sldeal) (8 aadtin o) (Rans ¢ Dbl 5 Gaadl () Dl s 35 A0



2l i Juld el ebua (g jaal) Alia g 508 dwtia A s ) dasiie cilula
DX register

The DX is known as the data register. Some input / output operations require its use, and
multiply and divide operations that involve large values assume the use of the DX and AX

together asapair.

DX DH DL

EDX

s e (plaie DX 5 AX Gl (e IS aladnidd 5y a3 € ae Y daudll

Y ou may use any of these general — purpose registers for addition and subtraction of 8 - hit,
16 — bit, or 32 — bit values.

G VT A il alaaliy # s ceadl Glllee b abal) Aa8iuY1 @3 EDlall 038 e () a2 o (Sass
L TY

4.Index Registers

The Sl and DI registers are available for indexed addressing and for use in addition and

subtraction.
okl s pendl Cllee b SN g s jgial) 43 ginll clland s jedll CDlaiss a3

Sl register

The 16 — bit source index register isrequired for some string (character) operations. In this
context, the Sl is associated with the DS register, The 80386and |ater processors support a32 —
bit extended register, the ESI.

CASI JMALJJ‘)JQJ\AJ\I:M@}%ﬁ)ﬂ\&»m‘&umuau@em@\i }JJM\MJ@AML)\

ESl a5 ™Y Jshars Jaesall 38 G gaisall g sl ac i sans i Cilallaall s 80386 llaas ¢ DS Jass
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DI register
The 16 — bit destination index register is required for some string (character) operations. In this

context, the DI is associated with the ES register, The 80386and later processors support a 32 —
bit extended register, the EDI.

to DI Jasa iy Aad o3 oy 28 al Judld) llee (iamy e a2y < )T 53 jfisal das yed Jaasa ()
EDI eu-nl_ljt_uVY d}.lsuj d;m.d\ JAL}ACM)"A“ &}J\ e.cﬁbda_i‘zrﬂ\ u\;jw\‘580386é1.’_a*3c ESd;um

Flags Register

Nine of the bits of the flags register are common to al 8086 — family processors to indicate the
current status of the computer and the results of processing. Many instructions involving
comparisons and arithmetic change the status of the flags, which some instructions may test to

determine subsequent action.
Go 8D 5 ¢ Aallaall AN ANl i ) 5 8086 pellae Alile JSI A4S jidia o flagS Jaual cliill (o G
dlee o)) AN Gl e aanyl Lgied 38y A1 ¢ sl flags Alla s &yl ol a5 daaly ) < 5layY)

The following briefly describes the common flag bits:
oY) Gl s C-)“ ?35\"'"
1. OF(overflow). Indicates overflow of ahigh — order (leftmost) bit following arithmetic, or

indicates a carry into and out of the high order (Ieftmost) sign bit following a signed arithmetic

operation . JO and JNO test this flag.
B G dmy ) dea e Gl G dsa s gl Dl dga e S AL dry (Ll (1 2 g g Al

flag 13a oy JO and INO oVl s . I JLal ae ald b dpaly ) ileal) Alls

2. DF(direction). Determine left or right direction for moving or comparing string (character)
data. When the flag is 0, the string operation performs left —to — right data transfer, when the
flag is 1, the string operation performs right — to — |eft data transfer.

YY
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3. IF(interrupt). Indicates that all external interrupts, such as keyboard entry, are to be
processed or ignored. Which mean all interrupts are disables when 0, and enables when 1.

134 5 ¢ Lellaal o Lgan Jalaill 2y G gus peiliall da gl J8 (e JA) Jia da ) dadaliadl cillee JS culS () oy
s sbuid flag dad ) o Leie 5. jiia (s gbus flag 18 2ad ) 5 Leie Ledlaal oy o g ladalial) S 3 Jiay

4. TF(trap). Permits operation of the processor in single — step mode. Debugger programs such
as DEBUG set the trap flag so that you can step through execution asingle instruction at atime

to examine the effect on registers and memory.
flag 12 4ad Jsay DEBUG gl Jie onaill ey 3 shadl) 3 gladll Alls ) sllad) Joe (Jsats rands
A0 pandl g s ye IS b aaly Sla) 28 (I JalSie el o 385 (e gealiall 245y say rany S 2al 5
38005 e el e 5l

5. SF(sign). Contains the resulting sign of an arithmetic operation (0 = positiveand 1 =
negative) or ( thefirst bit from left from unsigned number). JG(Jump if Greater) and JL (Jump
if Less) test thisflag.

(ALl 5 LEY) i aa) gl 5 n sl 3LEY) jhea ) Fiay Cum el ) Alec il 5 LEY) e e flag 1a s sin
13 38 06 o) pasiedy . L (s oY (805 Al e LS Alla 3l dga (a  J ) )

flag Gt Jo 13 @ JL 5,8

6. ZF (zero). Indicates the result of an arithmetic or comparison operation (0 = nonzero and 1 =
zero result ). JE ( Jump if Equal) and JZ( Jump if Zero) test thisflag.

Yy



sl ) 3 el selusa (g jaal SilSia g 0 duntin LAY Us el dadite ciliula

GG jiea i S 1Y 8 JZ 5 skt Alia S 1Y 8 JE Gl ¢ eall e sse () il dad oS

flag 1

7. AF( auxiliary carry). Contains a carry out of bit 3 on 8 —bit data, for specialized arithmetic.
It concerned with arithmetic on ASCII and BCD packed fields.

iy A J sy il Bl Bulee A Dt 3 e i s 09 (00 CAITY sns Ladic 2l gy (530 CAITY dad 3313

8. PF (parity).Indicates even or odd parity of alow — order ( rightmost) 8 — bit data operation.
JPO( Jump if parity Odd) and JPE(Jump if parity Even) test thisflag.

SS1Y 58 PO Cpa¥l s . e dgall Jadd g il A e daaly ) Slleal even or odd parity s

flag 138 3y a5 s parity oS 13 58 JPE 5 28 s parity

9. CF (carry). Contains carries from a high — order (leftmost) bit following an arithmetic
operation; also, contains the contents of the last bit of a shift or rotate operation. JC and INC
test thisflag.

b2l )0 o) s B ddee e mlal cull g Ll g e G AN 2ay LRY) cull A a
flag 12 @8x JC and INC

Theflags are in the flags register in the following locations ( which you need memorize):

Flag o|D| 1 | T|s|lz| |A P| |cC

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

Bit no.

The flags most relevant to assembly programming are OF, SF, ZF, CF for comparison and
arithmetic operations, and DF for the direction of string operations. The 80286 and | ater

processors have some flags used for internal purposes, concerned primarily with protected
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mode. The 80386 and later processors have a 32 — bit extended flags register known as

Eflags.

50 ) @llee 5 Analy ) clledl s s OF, SF, ZF, CF o deadiwd flags S
Leé 80286 clallaall 5 ¢ 4 yall Judlal) e Jalaill cililee 8 clalat¥) aal aasis DF flag ol <l
80386 lallaall 5 ¢ protected s A Joad Lovie dald 5 ¢ alaly (ml je) A axdiis flags i ey

Question Show the effect of below operations on these flags DF,|IF, TF,SF,CF,SF,AC,ZF,PF
1. an arithmetic operation as add AH+BH and store result in AL with these numbers

4E

8A +

2. aprogram deal with four subroutine one of them is Arabic program for bank customer.
SOL:

1. 1

4E 0100 1110

8A 1000 1010 +
1101 1000

DF, IF, TF not effected

ZF=0

SF=1

CF=0

AC=1

PF=1

2. ZF,SF,CF,AC,PF not effected

DF=1

IF=1

TF=0

Yo



