8086 Microprocessor




Historical Background
The Mechanical Age

The Electrical Age

1946 The first general purpose programmable electronic
computer system - (Electronics Numerical
Integrator and Calculator) was developed

*1 7,000 vacuum tubes
500 miles of wires

*weighted over 30 tons
performed about 100,000 operations per second

«programmed by rewiring its circuits

1948 Development of the transistor (Bell Labs)

1958 Invention of the integrated circuit (Texas Instruments)



260s  |Development of digital integrated circuits

1he Ricreprecessor Aye

http://www.computerhistory.org/exhibits/microprocessors/index.page

November 15, 1971
First Advertisement for Microprocessor Appears.

Intel 4004 has 2,250 transistors,
weighted less than an ounce,
handling data in 4-bit chunks, 45 instructions,
and could perform 50-60K instructions per second.




http://www.computerhistory.org/exhibits/microprocessors/index.page

Year name Data  memory #instructions
size size
1971 4004 4 4096 4-bit 45 first microprocessor
1973 8008 8 16K bytes 48 1st 8-bit pP
1973 8080 8 64K bytes 10 times faster than 8008
1973  MC6800 8 64K bytes 1st Motorola puP
1977 8085 8 64K bytes 246 Intel’s most successful 8-bit general-
purpose UP due to its low cost
Z80 8 Zilog’s most successful microprocessor
1978 8086 8,16 1M bytes >20,000 1st 16-bit uP
1979 8083 8,16 1M bytes prefetch instruction using cache
1981  IBM decided to use 8088 in its personal computer
1983 80286 8,16 16M
1986 80386 8,16,32 4G
1989 80486 8,16,32 4G
1993 Pentium 8,16,32 4G
1995 Pentium Pro 64  64G
1997 PentiumII 64  64G
1999  Pentium III ? ?

2000

Pentium4 2
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CISC — Complex Instruction Set Computers

* Emirlerin sayisi ve karmasikligini kasteder

» Emirlerin icrasi birkag clock alir.

e lyilestirmeler: Multiply ve Divide

« The number of instruction increased from
« 45 on 4004 to:

« 246 on 8085
« 20,000 on 8086 and 8088

RISC — Reduced Instruction Set Computer

e Her clock’ta bir emir icra edilir

Newer RISC - Superscaler Technology

 Her clock’ta birden fazla emir icra edilir.




Onem donanima verilmistir
(Emphasis on hardware)

Birden fazla clock stiren karmasik
emirler icerir (Includes multi-clock
complex instructions)

Memory-to-memory:

"LOAD" ve"STORE"

islemleri emirlerin igine
yerlestirilmigstir (incorporated in
instructions)

Kod boyutu kiglk (Small code sizes,
high cycles per second)

Transistorler karmasik emirler icin
kullanilir (Transistors used for storing
complex instructions)

/

RISC

Onem yazilima verilmigtir (Emphasis
on software)

Bir clock stiren emirler icerir,
kii¢tltilmiis emir kiitmesi (Single-
clock,

reduced instruction only)

Register to register:

"LOAD" ve"STORE"

islemleri bagimsiz emirlerdir (are
independent instructions)

Kodun boyutu buyuk (Low cycles per
second, large code sizes

Bellek registerleri icin daha fazla
transistor harcar (Spends more
transistors on memory registers)




/
8086 Mikroislemci Ozellikleri(Features)
 Populer bir mikroislemci serisine aittir.
» 8086, 80286, 80386, 80486, Pentium, vs...

U Intel 8086 mikroislemcisini 1978 yilinda uretmistir.
16 bitlik uP.

» 16-bit Data Bus

» Kelime boyu(Word Size) 16 bit
1 8086, 20 bitlik adres hattina sahiptir.

» 20-bit Adress Bus

» 220 adres hucresi, yani 1MB

» Adresler 00000H - FFFFFH



’ ellikler(2) =

1 6 tane emir(instruction) byte’'inin bellekten

onalimini(prefetch) yapabilir ve bunlari kuyruklayabilir.

» Emirlerin icrasi hizlandirilmis olur.
4 5 voltluk gerilim ile beslenir.

1 40 uclu dual in line package.




86 Mimarisi (Internal Architecture)

1 8086 paralel processing kullantr.

1 8086, ayni anda calisan iki birimden olusur:
» Bus Interface Unit (BIU)
» Execution Unit (EU)

8086 CPU
1 CPU fonksiyonlari
Bus Interface

Execution Unit
2. Decode > (EV)

3. EXxecute




e

Bus Interface Unit (BIU)
d Bus’lar uzerindeki tum veri ve adres hareketlerini EU icin
halleder.
d BIU
» emirleri getirme (instruction fetching),
» operandlarin adreslerini hesaplama,
» bellege operand yazma/bellekten operand okuma,
» emir byte’larint emir kuyruguna (instruction queue)
transfer etme,
gibi tum bus islemlerini yapar
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Execution Unit (EU)

 Emirleri veya verileri hangi adreslerden getirecegini BIU

birimine soyler.

A Emirlerin kodunu ¢ozer / Emirleri icra eder

[ (decodes &executes instructions)

O Yapilacak isi BIU ve EU’ya paylastirmak processing’i

hizlandirir.

11



8086 Mimarisinin diyagrami
o—ocs

1

EXTRA SEGMENT (ES)

DATA SEGMENT (DS}

IMSTRUCTION POINTER (IF}

E|5]4]3|12]1

BIU

Instruction Queue

aH AL
BH BL
CH CL
DH DL

ARITHMETIC
LOGIC UNIT

STACHK POINTER (SP)

BASE POINTER (BP)

*IIII.

SOURCE INDEX (S1)

OPERANDS

FLAGS

DESTINATION INDEX (D)

Instruction
Decoder

l

CONTROL
SYSTEM

EU




ecution Unit

1 Ana bilesenleri
Instruction decoder
Control system
Arithmetic Logic Unit(ALU)
General Purpose Registers
Flag Register

Pointer & Index registers

CONTROL
SYSTEM

ARITHMETIC
LOGICUNIT

OPERANDS

FLAGS




I Is ruction Decoder

[ Bellekten getirilen emirleri, icra birimi tarafindan yerine

getirilen bir dizi harekete donusturdr.




//\ 3 »f_/

Control System

3 Islemcinin ic operasyonlarini gerceklestirmesi igin
zamanlama ve kontrol sinyallerini uretir.

O Generates timing and control signals
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Ny
4 EU, 16-bitlik bir ALU ya sahiptir.
» ADD
» SUBTRACT
» AND
> OR
» Increment
» Decrement
» Complement
> Shift
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' -- neral Purpose egisters

d EU, 8 tane genel amacili

register’a sahiptir.

1 8-bitlik verileri saklamak icin

baslibasina kullanilabilir.

1 AL register’i Akumulator

olarak anilir.

a Iki register’in birlesimi ile 16-

bitlik register’lar olusur.

1 Gegerli reqister ciftleri:
Q AX, BX, CX, DX
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General Purpose Registers

Register Purpose

AX Word multiply, word divide, word I /O

AL Byte multiply, byte divide, byte I/O, decimal arithmetic

AH Byte multiply, byte divide

BX Store address information

CX String operation, loops

CL Variable shift and rotate

DX Word multiply, word divide, indirect 1/O
(Used to hold I/0O address during I/O instructions. If the result is
more than 16-bits, the lower order 16-bits are stored in accumulator
and higher order 16-bits are stored in DX register)
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Registers
16 bits
: 8 bits - 8 bits :
AH AL
AX
BX BH BL
CX CH CL
DX DH DL
SP
Pointer BP
>
Sl
Index
DI

Accumulator

Base

Count

Data

Stack Pointer

Base Pointer

Source Index

Destination Index
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Flag(Bayrak) Register

1 8086 16-bitlik bayrak register’ina sahiptir.
9 tane aktif bayrak icerir. Kalan 7 bit tanimlanmamistir.
1 8086’da iki tip bayrak vardir:

= Conditional flags
» 6 adet
» Bazi aritmetik islemlerin sonuglarina gore EU tarafindan
setlenir/resetlenir.
= Control flags
» 3 adet

> Islemcinin belirli operasyonlarini kontrol etmek igin kullanilir
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1g(Bayrak) Register

Aflag is a flip flop which indicates some conditions produced by the execution
of an instruction or controls certain operations of the EU.

c

'U|U|U|OF |DF |IF|TF

SF |ZF |U |AF |U | PF CFI

CARRY FLAG

Conditional Flags

PARITY FLAG

(Compatible with 8085,

AUXILIARY CARRY

ZERO FLAG

except OF)

SIGN FLAG

OVERFLOW FLAG

TRAP FLAG

Control Flags

INTERRUPT FLAG

@ RN O R WP A

DIRECTION FLAG
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Flag Register

Flag Purpose

Carry (CF) Holds the carry after addition or the borrow after subtraction.
Also indicates some error conditions, as dictated by some
programs and procedures .

Parity (PF) PF=0;0dd parity, PF=1;even parity.

Auxiliary (AF) | Holds the carry (half — carry) after addition or borrow after
subtraction between bit positions 3 and 4 of the result
(for example, in BCD addition or subtraction.)

Zero (ZF) Shows the result of the arithmetic or logic operation.
Z=1, result is zero. Z=0; The resultis not O

Sign (SF) Holds the sign of the result after an arithmetic/logic
Instruction execution. S=1; negative, S=0; positive
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Flag Register

Flag Purpose

Overflow occurs when signed numbers are added or
Overflow (OF) | subtracted. An overflow indicates the result has exceeded
the capacity of the Machine

A control flag.
Trap (TF) Enables the trapping through an on-chip debugging
feature.

A control flag.
Interrupt (IF) Controls the operation of the INTR (interrupt request)
|=0; INTR pin disabled. I=1; INTR pin enabled.

A control flag.
Direction (DF) | It selects either the increment or decrement mode for DI
and /or Sl registers during the string instructions.
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Flag(Bayrak) Register
1 Bayraklarin 6 tanesi durum gostergesidir.

» En son icra edilen aritmetik veya lojik emirin ozelliklerini
yansitir.
J (")rnegin, AL=7Fh iken ADD AL, 1 emiri icra edilirse

asagidakiler olur.

v AL=80h

v CF=0 // 7.bitin disina tasan bir elde yoktur

v PF=0 // 80h sayisinda tek sayida degeri lojik 1 olan bit vardir

v AF=1 // 3. bitten 4.bit’e bir elde gecisi vardir.
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I!I g(Bayrak) Regiter

v ZF=0 [/ islem sonucu sifir degildir.

v  SF=1 /I 7.bit lojik 1’dir.
v  OF=1 /I isaret bitinde degisiklik olmustur




 Ana bilesenleri

= |nstruction Queue(Q)

= Segment Registers (CS, DS, ES, SS)

* |[nstruction Pointer (IP)

* The Address Summing block()

MEMORY
INTERFACE

INSTRUCTION
STREAM
BYTE
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Instruction Queue -

1 8086 paralel processing kullanir.

4 BIU, emir akim kuyrugu olarak bilinen bir mekanizma
kullanarak pipeline mimarisini yerine getirir.

(] Bellekten 6 byte’lik emir kodlarinin on-alimina (pre-fetch)
imkan tanir.

1 BlU'daki emir kuyrugu tamamen dolu degilse, iki byte’lik
daha yer varsa ve ayni zamanda EU birimi de bellekten
operand okumal/yazma icin talepte bulunmuyorsa

v BIU icra edilen programda ileriye bakarak sonraki

emirin on alimini yapabilir.

27



=
Instruction Queue (devam) it
d On alimi yapilan emirler FIFO mantigiyla ¢alisan bir
kuyrukta tutulur.
» 16-Dbitlik veri yoluna sahip oldugundan BIU, tek bir
memory cycle’inda 2 emir byte’ini getirir.
d EU, o anki emirin kodunu ¢ozmekle veya icrasiyla
mesgulken 8086'nin bus lari kullanimda olmayabilir
» Bu esnada BIU bus lari kullanarak, muteakip emirlerden
6 emir byte ina kadarini getirebilir.
1 EU birimi siradaki emirin icrasi i¢in hazir oldugunda kolayca

BlU’daki bu kuyruktan siradaki emiri okur.
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Pipelining

d CPU’nun bilgiyi daha hizli islemesi i¢in iki yol var:

» Calisma frekansini arttirmak --- (teknoljiye bagl)

» CPU’nun i¢c mimarisini degistirmek

A Pipelining, CPU’'nun ayni anda fetch ve execute

yapmasina izin verir.

non-pipelined 8085

fetch 1

exece |1

fetch 2

exec 2

time

pipelined 8086

fetch 1

exec 1

fetch 2

exec 2

fetch 3

exece 3
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Pipelining -
 Intel; 8088/8086°nIn i¢c yapisini eszamanli olarak calisabilen
Iki bolume ayirarak pipelining konseptini gergeklestirmistir.
» Execution Unit (EU)-onceden getirilmis emirleri icra eder

» Bus Interface Unit (BIU)- bellek ve ¢evre birimlere erisim yapar

0 8086'nin icra birimi (EU) siradaki emir byte’inin bellekten getirilmesi
icin BIU’yu beklemek zorunda kalmaz.
O Yani 8086°da bir emir kuyrugunun varligi islemeyi hizlandirir.

O Simdiki emirin icrasi esnasinda siradaki emirin getirilmesi

» pipeling
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Execution Unit Bus Interface Unit

CS
ES
DS
[P

i Inside the
Address 8086

generation
and bus control

OpIerai]ds l

Instruction
queue




=
Segmented Memory Di\

] 8086/8088 dayali bir sistemde bellek

= segmentli bellek olarak

. e Code segment (64KB
organize edilmistir. 2 ( )

[ 8086 CPU, 20-bitlik address bus
» 1MB’lik bellegi adresleyebilir.

1 Tum fiziksel bellek 4 adet mantiksal

Data segment (64KB) >

Extra segment (64KB)

segmente bolunebilir
U 8086 ,1MB lik bu alanda ayni anda

sadece 4 tane 64KB’lik segment ile /

Blhes S B B

Stack segment (64KB)
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64KB Memory
Segment

Only 4 such segments can be
addressed at a time

1
2
3
4
b
i
i
i
G

-k =k
PR s |

=
P

=
i | Lk

=&
A

=
[=¢]

00000H

1MB
Address
Range

FFFFFH
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Segmented Memory(devam) -

d Code Segment
= BlU'nun (icra edilen programdaki) emir byte’larini getirdigi
bellek kismi
= Emirlerin tutuldugu bellek bolgesi
1 Stack Segment
= Bir alt programin icra edilirken donus adreslerini ve datalari
saklamak i¢in ayrilan bellek kismi
* Yigin bellek olarak kullanilir ve donus adreslerini tutar
] Data Segment & Extra Segment
U Programda kullanilacak datalari saklamak icin kullanilir
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Memory

Code Segment > | | 00000H

Data & Extra
Segments

‘

1MB
Address
Range

=T - I - T O CU R LS

b
f=]

ki
"

=
Pudi

=
L

—
™

==
h

=%
o

Stack Segment =——————p | | FFFFFH




Segment Registers

1 Segmentin baslangi¢ adresinin Ust 16-bitini tutar
O Upper 16-bits of the starting address
1 8086 daki 4 tane segment register!
d CS (Code Segment register)
d DS (Data Segment register)
0 SS (Stack Segment register)
0 ES (ExtraSegment register)
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Data Segment

Starting Addresses

-
=
=
=

Extra Segment

T

9

10

11

00000H

1MB
Address
Range

FFFFFH




 Bir segmentin adresi 20-bit uzunlugundadir

1 Bir segment register’i bu adresin sadece ust 16-bitini tutar.

 BIU her zaman 20-bitlik bu adresin en alt 4 biti icin lojik-0
ekler.

1 Mesela, eger CS=348AH ise, code segment blogu 348A0H
adresinden baglayacaktir.

1 64-KB’lik bir segment, bellekte son 4-biti lojik-0 olan

herhangi bir yere oturabilir.
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Instruction Pointer (1P) Register —

d 16-bitlik register
 Code segmentteki siradaki emirin 16-Dbitlik offset’ini tutar.
O Siradaki icra edilecek olan emirin 16-bitlik offset adresini icerir
4 BIU; IP ve CS registerlerini kullanarak bellekten getirilecek
emirin 20-bitlik adresini Uretir.

1 Her emirin icrasindan sonra IP’nin igerigi arttirilir.
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4 Bir sonraki emirin 20-bitlik adresini olusturmak icin IP

registerinde bulunan 16 bitlik adres ile CS registerinden

alinip 4 bit sola kaydirilarak elde edilen adres ile toplantr.




Memory
Start of Code Segment 1 00000H
&

348A0H ——— Data

Segment
IP=4214H 3

Code Byte 38AB4H :

cs 348A0H

P +4214 H
Physical Address 38AB4 H

L

FFIFFFH




Stac ent(SS) Register ,//
Stack Pointer (SP) Register

4 Yigin bellegin baslangi¢c adresinin ust 16-bitli SS
registerinde saklantr.

 SS registeri BlU’dadr.

O SP registeri; yigin bellegin baslangicindan yiginin tepe
noktasina olan 16 bitlik offseti tutar.

 SP registeri ise EU’dadlr.
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Other Pointer & Index Registers

1 Base Pointer (BP) register

1 Source Index (SI) regisgter

4 Destination Index (DI) register

1 Gecici veri tutma alani olarak kullanilabilir

4 Ana kullanimi, segmentlerdeki data wordunun 16-bitlik

offsetini tutmaktir.
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Segment and Address register ciftleri

CS:1P

SS:SP SS:BP

DS:BX  DS:SI

DS:DI (for other than string operations)

ES:DI (for string operations)




