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1. Tanimlar

Hertz: Frekans birimidir. Bir saniyedeki peryodik déngi sayisi. Bir islemci dongusd, islemcinin
saat darbeleri ile belirlenir. T=1/f, Birim: Hz, KHz, MHz, GHz, THz, ...

MIPS (Millions of Instructions per Second): Bir islemcinin bir saniyede ka¢ milyon komut
calstirdigini 6lger. Tek donguli islemci, komut setindeki her komutu tek bir saat peryodunda
tamamlama kapasitesine sahiptir. Single-cycle islemcinin problemleri multi-cycle ve
pipelined islemciler ile ortadan kaldiriimistir. Single-cycle islemcilerin bir dezavantaji da her
komutu esit zamanda tamamlamasidir. Ayrica mantik kapi gegikmelerinden dolayi clock
frekansi artirilamaz. Paralel komut ylriitme islemi, her islemci donglist basina isledigi komut

sayisini artirir.

Paralel komut yirttimi c¢ok daha fazla transistor gerektirir; bu nedenle transistor
sayisindaki artis, saat cevrim hizi arttikca saniye basina daha fazla yiritilebilen komut
sayisini arttirmistir. Daha buylk bir transistor sayisi, komut basina islenen bilginin miktarini
arttirarak mikro islemcinin grafik gibi 6zel bilgileri isleme hizini arttiran 6zel komutlarin
eklenmesini saglar. Gorev paylasim esasina gore ¢alisan ¢oklu islemciler, her saat ¢gevrimi igin
birden fazla komut isler. GIPS (Giga Instructions per Second) bir saniyede islenen bir milyar
komut sayisi. 1 bin MIPS =1 GIP

Design Rule: because the wires and components, including transistors, on chips are drawn
photographically, the pixel size of the imaging process determines the width of the wires and
the size of the transistors. The size of the transistors determines how many will fit on a chip
of a given size. (The optimal size of a chip depends on the chip manufacturing processes. In
general, chip size increases slowly over time.) The smaller the transistors, the more will fit on
the chip, determining the chip’s transistor budget. The size of the transistors also determines
the transistor’s switching speed. Smaller transistors switch faster. One micron is one one-
millionth of a meter or about 40 millionths of one inch. Finally, the power required to switch
smaller transistors is less, so smaller pixels in the design rules allow the batteries in laptop

computers to last longer.

Number of Transistors: The number of transistors increases as the square of decrease in
design rule size. Each reduction in design rule size is chosen to about double the number of
available transistors (the transistor budget). [For example: (.25micron / .18 micron) x (.25

/ .18) = 2.] The gradual increase in die size (the size of the chip) also increases the number of
transistors. The Itanium chip has 30 million processor transistors and 300 million memory

cache transistors



Motherboard: Bilgisayarlarda mothernoard denilen ana devre karti lizerine bir dizi chip
monte edilir. CPU ve bellekler motherboard (zerine yerlestirilir.

1 Byte: 8 bitlik bellek goziinii isaret eder, gosterir. En kiiclik depolama birimidir.

Statik IP adresi: Servis saglayici tarafindan verilen ve hig degismeyen bir adrestir.

Dinamik IP adresi: internet Servis Saglayicisi tarafindan kullaniciya her internete
baglandiginda gegici olarak atanan degisken bir ip adresidir.

Dinamik: Harekete sebep olan ve hareketi degistiren unsurlari inceler.

Statik: (sifat) Belirli bir siire hep ayni kalan, devinimi olmayan, duragan, duruk. Degisme,
gelisme, ilerleme gostermeyen, degismeyen.

Strateji: Onceden belirlenen bir amaca ulasmak igin tutulan yollarin ve uygulanan
yontemlerin timi. Bir savasta amaca ulasmak icin askeri kuvvetleri uygun bir bicimde
kullanma sanat ve bilimi. Barista ve savasta benimsenen politikalara en ¢ok destegi vermek
eregiyle siyasal, ekonomik, psikolojik ve askeri glicleri bir arada kullanma, diizenleme bilim
ve sanati.

Windows: isletim sistemidir. Windows, ilk defa kisisel bilgisayar kullanicilarinin karsisina 20
Kasim 1985 tarihinde ¢ikmis olan, kullanicilara tamamen ara ylizle yaklasmayi prensip
edinmis bir isletim sistemi ailesidir. Bir Microsoft Griintdur.

Operating system is a collection software routines. Operating system is a collection of
software routines.

ASCII kodu, 8 bitliktir.

Intel: Pentium serisi mikroislemcileri tGreten firmadir.

Kodlayici (encoder), sayisal bir bilginin, baska bir sayisal bilgiye donistiirtilmesi icin
kullanilan lojik bir devredir. Ornegin, desimal (onluk) sayi sisteminde girilen sayisal bilgileri,
binary (ikili) sayi sistemlerine dontstirir. Alfaniimerik tus takimlarinda ve klavyede kodlayici
devreler kullanilir.

Decimal — BCD kodlayici

10’luk sayi sisteminde ki kodlari, bed (ikili sayi sistemi ) koduna dontstirir.

Kod Coziicii (decoder) Devreler

Kod c¢oziicii(decoder), kodlanmis bilgileri anlasilir hale déniistiirmek icin kullanilir. Ornegin
cep telefonumuza gelen mesajlari 2’lik sayi sisteminde anlayamayiz. Gelen bilgiler
¢O6zlimlenerek metin formati haline getirilir. Bilgisayarda anakart, diger mikroislemcilerde

adresleme amaciyla kullanilir.



1.1. CPU

CPU kontrol Unitesi ve aritmetik mantik Gnitesinden olusur.
Bir CPU’nun dis diinya ile iletisimi 3 sekilde olur:

e Data Bus

e Address Bus

e Control Bus

ALU: Aritmetik Logic Unit

Multitasking: iki veya daha fazla gorev, is veya programin ayni anda calismasina izin veren
islem ve belle yonetimi hizmetleri saglar.

Multiprocessising: CPU nun hizini artirmak amaciyla isleri, gérevleri ya da programlari
bolerek farkli islemcilerde galismasina izin veren CPU hizmetleri saglar.

Flags: CPU’nun islevselligini belirleyen Status Register ismiyle anilir.

Processing system:

Bus: CPU’nun bellek ve gevre birimleri arasindaki iletisim hatlarina verilen addir.

1.2. Computer

A computer system is best characterized in terms of structure— the way in which

components are interconnected, and function— the operation of the individual components.

Furthermore, a computer’s organization is hierarchical. Each major component can be

further described by decomposing it into its major subcomponents and describing their

structure and function.

For clarity and ease of understanding, this hierarchical organization is described in this

lecture from the top down:

e Computer system: Major components are processor, memory, 1/0O.

e Processor: Major components are control unit, registers, ALU, and instruction execution
unit.

e Control unit: Provides control signals for the operation and coordination of all processor
components. Traditionally, a microprogramming implementation has been used, in
which major components are control memory, microinstruction sequencing logic, and
registers. More recently, microprogramming has been less prominent but remains an
important implementation technique. A computer accepts and processes data using a

set of stored instructions.



To illustrate the concepts and to tie them to real- world design choices that must be made,
two processor families have been chosen as running examples:
¢ Intel x86 architecture: The x86 architecture is the most widely used for nonembedded
computer systems. The x86 is essentially a complex instruction set computer (CISC)
with some RISC features. Recent members of the x86 family make use of superscalar
and multicore design principles. The evolution of features in the x86 architecture
provides a unique casestudy of the evolution of most of the design principles in
computer architecture.
e ARM: The ARM architecture is arguably the most widely used embedded processor,
used in cell phones, iPods, remote sensor equipment, and many other devices. The ARM
is essentially a reduced instruction set computer (RISC). Recent members of the ARM

family make use of superscalar and multicore design principles.

Function:
Both the structure and functioning of a computer are, in essence, simple. In general terms,
there are only four basic functions that a computer can perform:

e Data processing: Data may take a wide variety of forms, and the range of processing
requirements is broad. However, we shall see that there are only a few fundamental
methods or types of data processing.

e Data storage: Even if the computer is processing data on the fly (i.e., data come in and
get processed, and the results go out immediately), the computer must temporarily
store at least those pieces of data that are being worked on at any given moment. Thus,
there is at least a short- term data storage function. Equally important, the computer
performs a long- term data storage function. Files of data are stored on the computer
for subsequent retrieval and update.

o Data movement: The computer’s operating environment consists of devices that serve
as either sources or destinations of data. When data are received from or delivered to a
device that is directly connected to the computer, the process is known as input— output
(1/0), and the device is referred to as a peripheral. When data are moved over longer
distances, to or from a remote device, the process is known as data communications.

e Control: Within the computer, a control unit manages the computer’s resources and
orchestrates the performance of its functional parts in response to instructions. The
preceding discussion may seem absurdly generalized. It is certainly possible, even at a
top level of computer structure, to differentiate a variety of functions, but to quote.
There is remarkably little shaping of computer structure to fit the function to be
performed. At the root of this lies the general- purpose nature of computers, in which
all the functional specialization occurs at the time of programming and not at the time

of design.



Structure:
We now look in a general way at the internal structure of a computer. We begin with a
traditional computer with a single processor that employs a microprogrammed control unit,
then examine a typical multicore structure. Simple single-processor computer Figure 1.1
provides a hierarchical view of the internal structure of a traditional single-processor
computer. There are four main structural components:

e Central processing unit (CPU): Controls the operation of the computer and performs its

data processing functions; often simply referred to as processor.

e Main memory: Stores data.
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The Computer: Top-Level Structure



I/0: Moves data between the computer and its external environment.

System interconnection: Some mechanism that provides for communication among
CPU, main memory, and I/0. A common example of system interconnection is by means
of a system bus, consistingof a number of conducting wires to which all the other

components attach.

Each of these components will be examined in some detail in Part Two. However,

for our purposes, the most interesting and in some ways the most complex

component is the CPU. Its major structural components are as follows:

Control unit: Controls the operation of the CPU and hence the computer.

Arithmetic and logic unit (ALU): Performs the computer’s data processing functions.
Registers: Provides storage internal to the CPU.

CPU interconnection: Some mechanism that provides for communication among the

control unit, ALU, and registers.

Multicore computer structure:

Multicore computer structure As was mentioned, contemporary

computers generally have multiple processors. When these processors all reside

on a single chip, the term multicore computer is used, and each processing unit

(consisting of a control unit, ALU, registers, and perhaps cache) is called a core. To

clarify the terminology, this text will use the following definitions.

Central processing unit (CPU): That portion of a computer that fetches and executes
instructions. It consists of an ALU, a control unit, and registers. In a system with a single
processing unit, it is often simply referred to as a processor.

Core: An individual processing unit on a processor chip. A core may be equivalent in
functionality to a CPU on a single- CPU system. Other specialized processing units, such
as one optimized for vector and matrix operations, are also referred to as cores.
Processor: A physical piece of silicon containing one or more cores. The processor is the
computer component that interprets and executes instructions. If a processor contains

multiple cores, it is referred to as a multicore processor.
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Simplified View of Major Elements of a Multicore Computer

The motherboard contains a slot or socket for the processor chip, which typically contains
multiple individual cores, in what is known as a multicore processor. There are also slots for
memory chips, 1/O controller chips, and other key computer components. For desktop
computers, expansion slots enable the inclusion of more components on expansion boards.
Thus, a modern motherboard connects only a few individual chip components, with each

chip containing from a few thousand up to hundreds of millions of transistors.

A processor chip that contains eight cores and an L3 cache. Not shown is the logic required
to control operations between the cores and the cache and between the cores and the
external circuitry on the motherboard. The figure indicates that the L3 cache occupies two
distinct portions of the chip surface. However, typically, all cores have access to the entire L3

cache via the aforementioned control circuits. The processor chip does not represent



any specific product, but provides a general idea of how such chips are laid out.Next, we
zoom in on the structure of a single core, which occupies a portion of the processor chip. In
general terms, the functional elements of a core are:

e Instruction logic: This includes the tasks involved in fetching instructions, and decoding
each instruction to determine the instruction operation and the memory locations of
any operands.

e Arithmetic and logic unit (ALU): Performs the operation specified by an instruction.

e Load/store logic: Manages the transfer of data to and from main memory via cache.
The core also contains an L1 cache, split between an instruction cache (I- cache) that is used
for the transfer of instructions to and from main memory, and an L1 data cache, for the
transfer of operands and results. Typically, today’s processor chips also include an L2 cache
as part of the core. In many cases, this cache is also split between instruction and data

caches, although a combined, single L2 cache is also used.

Keep in mind that this representation of the layout of the core is only intended to give a
general idea of internal core structure. In a given product, the functional elements may not
be laid out as the three distinct elements shown in Figure 1.2, especially if some or all of

these functions are implemented as part of a microprogrammed control unit.

Bilgisayar, giris birimleri ile dis dinyadan aldiklari veriler Uzerinde aritmetiksel ve
mantiksal islemler yaparak isleyen ve bu islenmis bilgileri ¢ikis birimleri ile bize ileten,
saklayan; donanim (hardware) ve vyazilim (software) dan olusan elektronik bir makinedir.

Gercek diinyada bilgisayarlarin tim sayisaldir.

1981 yilinda 1 GB'lik depolama biriminin maliyeti 300 bin dolari gegerken, bu rakam yildan
yila azaldi. 1987 yilinda 500 bin dolara, 2000 yilinda 10 dolara ve 2012'de 1 dolarin dahi

altina distd.

Computers are classified based on their technology, function, physical size, performance and
cost. The categories of computers include:

e Main-frame bilgisayarlar : Ayni anda ylzlerce tkullanici araciligiyla kullanilan biyuk
bilgisayar sistemleridir. islem giicii oldukga yiiksektir. Genellikle bilyiik sirketlerde,
bilgi islem merkezlerinde, arastirma kurumlarinda ve Universitelerde kullanilirlar.

e Midi (orta) bilgisayarlar : Main-frame bilgisayarlarla ayni islevi géren daha kii¢lik
bilgisayar sistemleridir. Orta boy isletmeler tarafindan tercih edilirler.

e PC (Personal Computer) : Kisisel bilgisayarlar (masa Usti, diz Gisti), el terminalleri ve
akill telefonlar olarak adlandirilan teknolojilerin kullanildigi bilgisayarlardir. Network

(ag) iletisim ortamlarinda client (misteri) ve internet servis saglayicisi lizerinden



birbirlerine baglanabilmektedirler. Ofis otomasyonunda, egitimde, yayin islerinde,
kiicik isletmelerin ticari hesaplarinin ve personel kayitlarinin tutulmasinda etkin

bicimde kullanilirlar.

Personal computers, Handheld computers, Mainframes, Supercomputers, Akilli teknolojilier
Hardware: Bilgisayarin donanim kisimlarina verilen addir.

Software: Bilgisayarin yazilim ismina verilen addir.

Bir bilgisayarin temel fonkisyonlari:
e Store data
e Acceptdata
e Process data
Assembler yazilimdir, donanim degildir.

Assembly Language programlama dili bir bilgisayarin makine diline en yakin talimati verir.

1.3. Bellek

RAM: Random Access Memory. Read /write memory. Primary memory.
ROM: Read Only Memory. ROM’daki veriler ugucu degildir, elektrik giicii olmadan veriler
saklanir.

Register: Verileri gecici olarak kayit eder, yazilimin belirtildigi sekilde iletilir.

BIOS:

Bilgisayarin icindeki tim veri akisini diizenleyen, ve bilesenler arasindaki koordinasyonu
saglayan anakartlarin en 6nemli temel parcalarindan birisi BIOS'tur. ( BASIC INPUT OUTPUT
SYSTEM - TEMEL GIRIS CIKIS SISTEMI). BIOS sadece anakartlarda degil ekran karti gibi

bilesenler de kullanilir. Uzerindeki donanimin teknik 6zelliklerine ait bilgileri barindirir.

BIOS, genel olarak bilgisayarin agilabilmesi igin gerekli bir yazilimdir. Bu yazilim BIOS Chipi
icinde tutulur. Sonugta bir yazilim oldugu igin istenirse silinebilir ve tekrar ylklenebilir. BIOS
ilgili donanimin beynidir. BIOS'u zarar goren anakart ise yaramaz. BIOS Chip'inin
degistirilmesi veya tekrar yaziliminin yiiklenmesi gerekir. BIOS, bilgisayarin sabit disk ya da
disket slirtict gibi kaynaklardan acilabilmesini saglamasi disinda POST ( Power On Self Test ),
acihista bilgisayarin kendini test etmesi isleminden de sorumludur. BIOS gorevini yerine
getirebilmek i¢in, bazi donanim bilgilerin ihtiyac duyar. Bu bilgiler, bilgisayar kapali da olsa
silinmezler. BIOS verilerini tutan yari iletkene CMOS denir. 64 byte' ik kapasitesi icinde BIOS

icin gerekli bilgileri saklayabilmek icin minik bir pil kullanir.



1.4. ikili sayi sistemi
e Ondalik (taban 10).

HEX - hexadecimal (taban 16). Hex: 4 bit grup: 0....9,A,B,C,D,E,F. Headecimal sayi sistemi
16 lik temelde galisir.
(1066)hex=(0001 0000 0110 0110)b

BIN: ikili -binary (taban 2). Dijital sistemler genellikle ikili sayi sisteminde ¢alsir.

e OCT: octal (base 8).

e SIGNED: signed decimal (base 10).

e UNSIGNED: unsigned decimal (base 10).

e CHAR: ASCll char code; 256 sembol ( 0...255 ondalik sayi ya da 00h....FFh hex olarak

tanimlanir).

» Byte: 8 bit veriyi isaret eder
* Bit/sec: Veri transfer birimi: 1 saniyede transfer edilen bit sayisi: veri miktari

Kilo Byte Kb 219 Byte

Mega Byte Mb  229Byte 0 0 0000

Giga Byte Gb  23Byte 1 1 0001

Tera Byte Tb 240 Byte 2 2 0010

50

Peta Byte Pb 2>"Byte 3 3 0011

Exa Byte Eb 250 Byte

Zetta Byte Zb  279Byte 4 4 0100

Yotta Byte Yb 280 Byte 5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111




How to convert numbers between decimal and binary.
A binary number looks like: 01001010. Each digit of a binary number is based on 2 to the
power of x .

2 tothe powerof0=1

2 to the powerof 1 =2

2 to the powerof 2 =4

2 to the powerof 3=8

2 to the power of 4 =16

2 to the power of 5 = 32

2 to the power of 6 = 64

2 to the power of 7 =128

2 to the power of 8 = 256

What is the decimal equivalent of 01001010?
e All digits that are 0 remain 0, and are only useful as position placeholders.
e All digits that are assigned a value of 1 have a decimal value that is equal to the
power (2”x) of their position within the chart.

It’s helpful to create a chart when converting between decimal and binary
Decimal 128 | 64 |32 |16 |8 |4 | 2 | 1

Binary O | oJ]o]|]oOo |OJO] O | O

Demonstrate how to convert numbers between decimal and binary. Let’s convert the

decimal number 74 to binary. First, find the biggest power of 2 that is less than 74.

e 2 tothe powerof 6 =64

e Next, subtract 74-64 =10

e Repeat the process to find the biggest power of 2 that is less than 10. Right, that would
be 2 to the power of 3=8

e Next, subtract 10-8 =2

e Repeat the process to find the biggest power of 2 that is less than 2. Right, that would be
2 to the powerof 1 =2

128 | 64 | 32 | 16 | 8 | 4 | 2 |1

e So decimal (74)¢ = (01001010)p



Powers of Two

n 2" n 2" n 2"

0 256 16 65,536

1 512 17 131,072

2 10 1,024 (1K) 18 262,144

3 8 11 2,048 19 524,288

4 16 12 4,096 (4K) 20 1,048,576 (1M)
5 32 13 8,192 21 2,097,152

6 64 14 16,384 22 4,194,304

7 128 15 32,768 23 8,388,608

Ondalik (decimal) sayi sisteminden ikili (binary) ve onaltilik (hex) sayi sistemine
doniistiirme:

an2"+an12"t +-+a12+ap2°

ikili sayilarin ondalik sayilara dénistirilmesi:
(100011)2= 2° + 21+2%=32+2+1=(35)10=(23)16
(1010)2=1x23+ O0x22+1x2*+0x2°
=8+0+2+0=(10)10

Ondalikl binary sayilarin decimal sayilara dontstirilmesi:
(111,101 )z = 2242142042 2423=4+2+1+1/2+1/8=7,625

Decimal sayilarin binary sayilara cevrilmesi: (172)10=(128+32+8+4)10=(27+2°+23+22)10=(1010
1100),=(AC)16

Ondalikl decimal sayilarin binary sayilara donustlrtlmesi:

(10, 75)10=?

Tam kismi: (23+21)10=(1010)> ,Ondahkh kisim: 21=1/2=0,5, 2-2=1/4=0,25,
(10,75 )10=(1010,11),

0.123=1x10"1+2x 102 +3 x 1073
(0.101);=1%x21+0x22+1x23=0.625
(110.011), = 4 + 2 + 0.25 + 0.125 = 6.375



0.5625x 2 =1.125 first bit=1

0.125x2=0.25 second bit=0
0.25x2=0.5 third bit=0
0.5x2=1.0 fourth bit=1

Negative number:
If the number is negative, complement all bits and add by 1
-6=>00000110+1=1111 1001 + 1 =FAh

Decimal Binary Hex
-128 1000 0000 b 80h
-127 1000 0001b 81h
-126 1000 0010b 82h
-2 1111 1110b FEh
-1 1111 1111b FFh
0 0000 0000b 00h
1 0000 0001b Oth
+127 0111 1111b 7Fh

Sign-Magnitude Representation




Binary Arithmetic

0+0=0,0andcarry 0
1+0=1,1andcarry0
0+1=1,1andcarry0
1+1=10,0andcarry 1
1+1+1=111andcarryl

11+1=100

101+1=110

11 11<--- Carry bits
1001101 1001001 1000111
+ 0010010 + 0011001 + 0010110

1011111 1100010 1011101



Bit, Bit/San

Bit: Dijital elektronikte ve binary sayi sisteminde sadece 0 ve 1 degerleri vardir. Tim
islemler bu iki deger lizerinden yapilir. 0 ya da 1 bilgisinin her birine bit denir.
Bit->0/1 den olusan bilgi

Bits are the units used to describe an amount of data in a network

— 1 kilobit (Kbit) =1 x 103 bits = 1,000 bits
— 1 megabit (Mbit) =1 x 10° bits = 1,000,000 bits
— 1gigabit (Gbit) = 1 x 10° bits = 1,000,000,000 bits

Bit/Saniye: Bit/sec>1 sn. ye de bir noktadan diger noktaya iletilen bilgi. BPS (Bit Per
Second); Saniyede iletilen bit sayisina BPS denir. Veri isleme hizi ve veriiletim hizi
birimidir.
Seconds are the units used to measure time

— 1 millisecond (msec) =1 x 103 seconds = 0.001 seconds

— 1 microsecond (msec) =1 x 10°® seconds = 0.000001 seconds

— 1 nanosecond (nsec) =1 x 10 seconds = 0.000000001 seconds

— Bits per second are the units used to measure channel capacity/bandwidth

and throughput

— bit per second (bps)

— kilobits per second (Kbps)

— megabits per second (Mbps)

Byte, Baud Rate

Byte: Elektronik ve bilgisayar bilimlerinde genellikle 8 bitlik dizilim boyunca 1 veya O
degerlerini blnyesine alan ve kaydedilen bilgilerin tiirinden bagimsiz bir bellek
olciim birimidir.

Bit terimi bellegin 8 bitlik bir degerini isaretleyen ya da tanimlayan en kiguk birimi
olarak tanimlanmistir. Daha sonra, 1956'da, 6 Bite'tan 8 Bite gelistirilmistir. Bite, bit
ile karistirlmamasi icin daha sonra Byte'a ¢evrilmistir. Diger bir kelime agiklamasina
gore de, Byte, "by eight"in (Tlirkce'de sekiz kez veya sekiz ile) kisaltiimis halidir.
Byte—>bellekte 8bitlik adres gdzii ya da bellek boyutu tanimlar tanimlanir.
1Gbyte=2"Mbyte=22%Kbyte=23byte

Baud Rate: Data iletiminde modiilator ¢ikisinda bir saniyede meydana gelen sembol
(baud) degisikligine baud hizi denir. Baud hizi baud/sn ile gosterilir. Baud hizi sinyalin
anahtarlama hizini gosterir.

Ornek: Bir veri iletim hattinin iletim hizi 4800 baud/sn olsun. Bu iletim her baud 4
bitle kodlanmis bilgi iceriyorsa bps olarak hizimiz 4800*4=19200 bps olur.

Baud Rate’i kullanmadaki amag band genisligini daha verimli kullanmak.



BER

* BER: Bit Error Rate (Bit Hata Orani): Sayisal bilgi iletiminde gonderilen veri igindeki
bozulan ya da yanlis algilanan bit oranini ifade eder. BER=Gonderilen hatal Bit Sayisi /
Gonderilen Toplam Bit Sayi.

¢ Ornek: BER=10-6 olduguna gére 1 milyon bit génderildiginde kag bit hatali gitmis olur?

* BER=10-6=1/1076= Gonderilin hatali Bit Sayisi / Gonderilen Toplam Bit Sayi 1milyon bitte
1 bit hatali gitmistir.

* Ornek: 512 000 000 bit génderildiginde 16 bit hata meydana geliyorsa bit-error orani
nedir?

* BER=Gonderilen Hatal Bit Sayisi / Gonderilen Toplam Bit Sayi, BER=16/512 000
000=3,125 x 10-8

* Bit Errors; Single bit, Multiple bit, Burst

* Veriiletisimde BER oldugu belirlendiginde veri blogu tekrar edilir, dlizeltilir ya da

kurtarma, iyilestirme islemleri yapilir.

O changed to 1

S
OJ]OJOJOJO|O]T1]J]OF—Pp{O|O]O}|O]1]O]1]O0
Sent Receilved

Sent
O1110[O1O[1]0(O]Of1]0(O]O]|O0]1]1
l l i i i Burst error
ojr(ofr1{ojrjr|ofrjofo|ojo]1iy1

Received

Sikistirma - CODEC
Codec, Compression ( sikistirma ) ve decompression ( agma ) kelimelerinin birlesiminden
olusur. Ayrica codec, analog sinyali, veri agi Gzerinden tasinabilmesi icin dijital hale

donastarar.

Kanali verimli kullanma yontemleri: Compression, Reducing, Coding, Modulation, Canstrator,
Konusurken beklenen araligi degerlendirme, Abone mesgulii tablosu / abone yok tablosu
hazirlama ve yayinlama. Sikistirmadaki amag: Daha az cogullama devresi, daha az band

genisligi, daha az iletisim ortami.



ASCII Tabl

¢ Hex 0ct Char |[Dec Hex 0Q¢t Char | Dec Hex O¢t Char | Dec Hex 0Oct Char

0 0 o a2 20 40 [space] | G4 a0 00 @ 98 &0 140
1 1 1 k] 21 41 ' 65 a1 01 A o7 Gl 141 a
2 2 2 34 22 47 - GE 42 w2 | og 62 142 b
1 1 1 L 21 R (] a1 0 C ag 63 143 ¢
a a 4 /B 24 44 S ! a4 1T S ) 100 64 144 d
5 5 5 a7 5 45 % it a5 0% E 1 65 4% =
i i & an 20 & W an o6 F m2  oa 146 f
7 7 7 L FY a7 ' 71 ar 0T G 1 67 147 g
B B 10 ar 2w W 72 an 110 M 14 o8 1% h
4 4 11 ay 249 21 i 1 a4 111 ¢ 109 09 11
nm A 12 a3 2 13 . M aa, 112 | 104 A 12 |
11 [ 1% a1 1] 4 + b am 11 K 17 an 1%y Kk
12 e 14 ad Fl= 5.4 E il ae 114 L 104 [T 154 ]
11 o : a5 o 14 - X an 115 ™ 109 60 1% m
14 E 16 A 2E a4 il ag 16 N 11e  &E 1% n
15 F 17 a7 2F & ¥ f 79 aF 117 [4] 111 AF 157 0
16 1 i) ai A0 &0 Ar 5 F 12 M 1% p
17 11 ' EL 11 &1 1 At 51 121 [4] 113 1 151 i
14 12 ¥ G 13 £} 2 A2 53 11 R 14 72 Yy
14 13 11 51 13 &3 3 Al 53 1 5 115 73 165 g
20 14 M 53 34 & a a4 54 T 1lE T T ]
31 15 3= 53 15 R - a5 55 1% U 117 75 1EE i
22 LE % 54 36 & B 8E  GE 1 W 118 76 166w
33 17 1 55 a7 &7 7 a1 57 1317 W 1 77 167w
24 18 N 56 33 m A as 5 P 120 78 1T o
35 14 3] 57 i Th q ai 5i e I 131 79 17y
2 14 33 58 ETY 72 : ar  5a 122z 122 7a 172z
27 1B 33 5i IE = I al 5B 173 [ 1321 7B 1Tz
28 1 34 g} A 74 . 93 50 FET S 124 7C 174 |
29 10 3 El o 75 = a3 50 175 ] 125 70 1Ts 3
o LE 35 €2 3E s o= a4 SE e 126 7E 176 -~
a1 1F 3] 3 IF 7 7 a5 SF 127 127 177




2. Mikroislemci

Computer is a machine that can receive, transmit, store, and manipulate information. It
wasn't until the '80s that computers entered our homes and - thanks to the microprocessor -
really made an impact on the average person's life. Nowadays, modern microprocessors can
perform extremely sophisticated operations in areas such as meteorology, aviation, nuclear
physics and engineering, and take up much less space as well as delivering superior
performance. Over the past 40 years, microprocessors have become faster and more
powerful, yet increasingly smaller and more affordable. The first microprocessor was the
Intel 4004, introduced in 1971. The 4004 was primarily used to perform simple mathematical
operations in a calculator called “Busicom.” Merkezi islemci Birimi (CPU - Central Processing
Unit ) olarak da bilinen mikroislemci, tim bilgisayarlarin beynidir. Birlikte ¢alisan ¢oklu
mikroislemciler ise , veri merkezlerinin, slper bilgisayarlarin, iletisim sistemlerinin ve

bilgisayar kontrolli diger dijital cihazlarin kalbidir.

2.1. islemciler

Intel microprocessors
x86, orijinal Intel 8086 ile ileriye doniik olarak uyumlu model numaralarindan tiretilmistir. O
zamandan beri x86 yonerge setine hemen hemen geriye donik uyumluluk ile bircok ekleme

ve uzanti eklenmistir. Intel, Cyrix, AMD, VIA ve diger pek ¢ok islemciden uretildi.

80386'nin 32-bit komut kiimesiyle uyumlulugundan dolayi orijinal 16-bit x86'dan ayirmak igin
x86-32 olarak vurgulanabilir. Yeni kisisel bilgisayarlarda ve sunucularda kullanilan ¢ogu x86
islemci 64-bitlik 6zelliklere sahip olsa da, eski bilgisayarlarda veya sistemlerde uyumluluk
problemlerinden kaginmak igin x64 terimi genellikle 64-bit yaziimlari belirtmek igin kullanilir;

x86 terimi sadece 32-bit anlamina gelir.

GUnimizde x86 mimarisi, masalsti ve dizistl bilgisayarlarin yani sira sunucular ve is
istasyonlari arasinda gittikce artan bir cogunlukla bulunur. MS-DOS, Windows, Linux, BSD,
Solaris ve Mac OS X gibi isletim sistemleri de dahil olmak lizere biylik miktarda yazilim
platformu destekliyor. Gomli sistemlerde mimari nispeten az ve ev aletleri ve oyuncaklar
gibi diisik maliyetli islerde 16-bit x86 yongalar daha yaygin, AMD'nin Geode ve yeni Intel

Atom, bu segmentte kullanilan 32 ve 64-bit tasarim érnekleridir.



Manufacturer Part Number Data Bus Width Memory Size

Intel

8086 16
8088 8
80286 16
80386EX 16
80386DX 32
80386SL 16
80386SLC 16
80386SX 16
80486DX/DX2 32
80486SX 32
80486DX4 32
Pentium 64
Pentium OverDrive 32
Pentium Pro 64
Pentium Il 64
Pentium I 64
Pentium 4 64

extensions)

Pentium4 D (Dual Core) 64
Core2 64
Itanium (Dual Core) 128

Motorola microprocessors.

Motorola 6800 8
6805 8
6809 8
68000 16
68008D

68008Q 8
68010 16
68020 32
68030 32
68040 32
68050 32
68060 64

Powerpc 64

iM

1M

16M

64M

4G

32M

32M + 8K cache

16M

4G + 8K cache

4G + 8K cache

4G + 16 cache

4G + 16K cache

4G + 16K cache

64G + 16K L1 cache + 256K L2 cache
64G + 32K L1 cache + 256K L2 cache
64G + 32K L1 cache + 256K L2 cache
4G+32K L1 cache+ 512K L2 cache (or larger) (1T for 64-bit

1T + 32K L1 cache + 2 or 4 M L2 cache
1T + 32K L1 cache + a shared 2 or 4 M L2 cache
1T + 2.5 M L1 and L2 cache + 24 M L3 cache

64K

2K

64K

16M

aM

1M

16M

4G

4G + 256 cache
4G + 8K cache
Proposed, but never released
4G + 16K cache
4G + 32K cache



2.2. System Bus

A computer consists of:
1) Central Processing Unit
2) Memory unit

3) Input/Output unit

4) Buses

5) Address decoding unit

System Bus Components

— Data bus and address bus lines
Data bus ————— carry bits in parallel, all lines
s working together

Address
bus

Lines on the control bus
4—— work independently of
Control each other
bus

The SYSTEM BUS connects the various components of a computer. A bus is a collection of

wires. The busses carry address, data, and control information between the various unit.

The bus consist of three parts:

a) Address Bus (output)

b) Data Bus (input/output)

c) Control Bus (output)

BELLEK
Central Processing Unit System
{or CPU) 056 Bus

{0




Address Bus (output)

Data Bus (Input/Output)

1
]
'
]
'
H
'
tf CPU Control Bus (output)
[}
i or H
! i
i MPU ! E" B N B J N
1 ‘s i
: i : ! i TRy %arallel or Serial gf}f\i;g’ids !
i ! E RAM ROM i i Peripheral Interfaces | Communication Peripheral | Printers i
H i H — — i — Devices Scanners |
! H ' CS CS ! ' CS Disk drives |
N H T [ ADC/DAC !
c N il el S RS SR e :
entral Unit - Tni
E H - Memory Unit Input/Output Unit
15
1| Address :.FU PIA: Peripheral Interface Adapter. is used for parallel data transfer
1| Decoder 1=l ACIA: Asynchronous Communication Interface Adapter 1s used for
i 1 Y2 serial data transfer
! ' CS: Chip Select. low active input
lee—e————o__)  RAM: Random Access Memory. is used for data storage. volatile memory
Address ROM: Read Only Memory. 1s used for program storage, nonvolatile memory

Decoding Unit

The basic block diagram of a digital computer system

Bus Architecture:

Address bus >
Microprocessor /l Data bus >
I \74 7
MWTC —— — ™
M_RDC IOWC Rd Hid _f' m |
C — —
IORC Cd B
N WYY W

ROM DRAM Keyboard Printer

e Data bus (Write /Read to memory or I/0O units):
8-bits (8088)
16-bits (8086 /80286 /80386SX/SL/SLC/EX)
32-bits (80386DX / 80486 /Pentium)
64-bits (Pentium Pro /II /Ill)
128-bits
256-bits

e Control bus:
Most systems have at least 4 control bus connections (active low)
MRDC (Memory ReaD Control), MWRC, IORC (I/O Read Control), IOWC



Address Bus

Adres yolu, bilginin bulundugu yeri isaret eder.

Bellege ve | / O ekipmanini adreslemek igin sisteme dahil edilmistir.

Cesitli mikroislemcilerdeki adres veri yollari yalnizca genisliklerinde (sayilar) farklihk

gosterir.

Cogu adres veriyolu, normal mikroislemci calismasi sirasinda bir ara yliksek empedans

durumuna gecgecek olan li¢ durumlu baglantilardir.

n-bit adres bus 2" byte lokasyonunu 0 dan 2"'e adresler.

20-bits (8086/8088)

24-bits (80286/80386X)

32-bits (80386DX / 80486 /Pentium)
36-bits (Pentium Pro/Il/111)

The address bus width in bits is based on the microprocessor chip family.

Each time a bit is added to the address bus width, the amount of memory (RAM:
Random Access Memory) that can be addressed is doubled.

4 bit addresses allow the addressing of 16 bytes of memory (and extra work is
necessary to address 256 bytes of memory).

8 bits allow the addressing of 256 bytes of memory (and extra work is necessary to
address 65,536 bytes of memory).

16 bits can address 65,536 bytes of memory.

32 bits can address 4,294,967,296 bytes of memory (about 4 billion bytes).

Bus Standards:

ISA (Industry Standard Architecture): 8 MHz

8-bit (8086/8088)

16-bit (80286 - Pentium)

EISA: 8MHz, 32 bit (older 386 and 486 machines)

PCI (Peripheral Component Interconnect): 33MHz, 32 bit or 64-bit (Pentiums)
New: PCI Express and PCI-X 533 MTS

VESA (Video Electronic Standards Association): Runs at processor speed.

32 bit or 64-bit (Pentiums), Only disk and video. Competes with the PCI but is not

popular.



1/0:
Printer, Serial Communications, Disk drivers, Mouse, Flash memory, Plooter, Keyboard,
Monitor, Scanner, DVD, Backup memories.

Memory Unit

Memory is a place to where the programs and data are loaded in order to be executed.
RAM ( Random Access Memory ) and ROM ( Read Only Memory ).

RAM is read /write memory while ROMisread-onlymemory;

RAM is volatile, (the contents are lost when power is removed ) while ROM is nonvolatile
(the contents are not lost when power is removed).

Dynamic Ram (DRAM), Static RAM (SRAM), Cache, Read only memory (ROM), Flash

Memory, ...



2.3. Memory address decoding

Lojik Kapilar
AND

MAMND

OR

HMOR

-

Dogruluk tablosu:

D= O
— o

A B|OR

AND

2
=

NOR

NAND

EXOR

A+B

A*B

(A+B)

(A*By

(A'J)iB_i_Ai(B'J}

0

0

0

[l Ll =1 =]
—| -]

1
1
1

[l R—1—]

S| | | |

===

= | |

1
1
0

Formiiller:
A x0=0
Ax1=A
A+0=A
A+1=1
AxA=A
A+ A=A
AxA =0
A+A =1
(A) =A

Sadelestirmeler:
(A+B)= (B+A)
AxB=BxA

(A+B) +C=A+(B+C)=A+B+C
(AxB)xC=Ax(BxC)=AxBxC
A+(B xC)=(A+B)(A+C)

(A+B)=A'xB
(AxB) =A + B




Transistor in saturation

2
- P \\ % 3V
e MO
= *‘ﬁ
& 4
"high" input  — "low" output
0V ="low" logic level (0)
5V ="high" logic level (1)
®Vcc
Rc Ve =R *

Rs |5 B
.—/\A/\/:L Vce
TN e,
_ #E
lcsar _\%
C
= I =VBB —Vee
Rg

Ve S0V yada 1. 21 ¢

I; <OA ise ;Kesmede

c

I

Transistor in cutoff

"low” input

"high” output

0V ="low" logic level (0)
5V ="high" logic level (1)

;Saturasyon V.. =0V

=1.=0A Olur.

Olur.

5V
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« Transistorii kesimde tutmak icin gereken max. gerilim

— o
v,, 0.7V dan 2.1V’a cikar | +
in Rs = 40kQ —Wt Vec = 10V
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Ornek:

DATA BUS [D0.DT] 8
-

Y

ADDRESS BUS [AD.A15] B

Y

N jf :

12 8
¥

T4LSD4 NAND
Inverter

Al2 A | Active Low
—[\‘v— 74L520 !

]

]

Block diagram of memory system

Device O,

Chip select active low, NAND kapisi

CS0=A15 A14A13A12A11 =00100

Bellek erisi araligi: A1s A14A13A12A11A10A9AsA7A6AsA4A3AA1A0
0010 0000 0000 0000=2000h

001001111111 1111=27FFh

Bellek boyutu:
001001111111 1111+1 =0010 1000 0000 0000
Bellek boyutu= 213 + 211 — 213 = 211 pyte= 2 x 210 byte= 2KByte

Device 1,
Chip select active low, NAND kapisi
CS1=A1s A1sA13A12 =1010

Bellek erisim arahgi:

A1s A14A13A12A11A10A0A8A7A6AsA2A3AA1A0
1010 0000 0000 0000=A000h
101011111111 1111=AFFFh

AD_A10 DO.D7 AD_A11  DO.D7Y
DEVICE O DEVICE 1
-~ 2KB 4KB
ADDRESS DECODER o o
A | Cs0 CS1
Al4 e - i s
\_ W>‘ . \ i YO0
AT P 2000H-27FFH
! Active Low
AL T ?:;c:e;c
TaLsos
Inverter
A5 I—
Al4 [\ | Y1
DY P ADDOH-AFFFH



Bellek boyutu:
1010111112111 1111+1=1011 0000 0000 0000
Bellek boyutu= 2% + 213 + 212 - 215 - 213 = 212 hyte= 4 x 210 byte= 4KByte

Ornek:
8088 mikroislemci ve dort adet bellekten olusan sistemin mimarisini olusturun.
Bellekler: Up=1KByte, U1=4Kbyte, U=2Kbyte, Us=1Kbyte

8088 ozellikleri:

Adres bus: 20 bit, (A1g, ..., Ao)

Data bus: 8 bit (D7, ..., Do)

Control bus: IOWR(0: Out, 1:Input), MWR (0: Write, 1: Read)

Memory mapping (Bellek esleme):

Uo: 1Kbyte=2%; Adres bus=10 bit (tel), (A, ..., Ao)
Ua: 4Kbyte=2'2; Adres bus=12 bit (tel), (A11, ..., Ao)
Uaz: 2Kbyte=2'1; Adres bus=11 bit (tel), (A1, ... , Ao)
Us: 1Kbyte=2%%; Adres bus=10 bit (tel), (A, ..., Ao)

Bellekler icin CPU’dan c¢ikacak adres bus belirlenirken maksimum olan bellek elemanin adres
bus’i alinir: Uz: 4Kbyte=22; Adres bus=12 bit (tel), (A11, ..., Ao)

Address decoding (Bellek se¢me):
Toplam eleman sayisi=4<=2M

Bellek se¢cme icin adres bus sayisi, m=2, Adres bus=A13, A12

A1z | A1z Mo M1 M> M3

0
0
1
1

O| O| O k=
Oo| O +~r| O
Oo| »r| O| O
| Ol O] ©

0
1
0
1

CPU’dan cikacak toplam adres bus sayisi=14<=20, (A13, ..., Ao)



Ornek:
8086 mikroislemci ve dort adet bellekten olusan sistemin mimarisini olusturun.
Bellekler: Up=1KByte, U1=2Kbyte, U,=7Kbyte, Us=4byte, Us=12byte

8086 ozellikleri:

Adres bus: 20 bit, (A1g, ..., Ao)

Data bus: 16 bit (D1s, ..., Do)

Control bus: IOWR(0: Out, 1:Input), MWR (0: Write, 1: Read)

Memory mapping (Bellek esleme):

Uo: 1Kbyte=2%%; adres bus=10 bit (tel), (A, ..., Ao)

Ui: 2Kbyte=2*1; adres bus=11 bit (tel), (A1, ..., Ao)

Ua: 7Kbyte<=23 x 210=213 ; Adres bus=13 bit (tel), (A12, ..., Ao)
Us: 4byte=22; adres bus=2 bit (tel), (A1, Ao)

Ua: 12byte<=2% adres bus=4 bit (tel), (As, ..., Ao)

Bellekler igin CPU’dan ¢ikacak adres bus belirlenirken maksimum olan bellek elemanin adres
bus’i alinir:

Ua: 7Kbyte<=23 x 210=213 ; Adres bus=13 bit (tel), (A12, ..., Ao)

Maksimum indeks=A1,

Address decoding (Bellek secme):

Toplam eleman sayisi=5<=2™; m=3 alinir

Bellek se¢me igin adres bus sayisi bulunurken makimum indeksin devam alinir, m=3; Adres
bus= Ass, A1a, A13

Ais | Aia | A1z | Mo | My Mz | M3 | Mg
0 0 0 1 0 0 0 0
0 0 1 0 1 0 0 0
0 1 0 0 0 1 0 0
0 1 1 0 0 0 1 0
1 0 0 0 0 0 0 1
1 0 1 0 0 0 0 0
1 1 0 0 0 0 0 0
1 1 1 0 0 0 0 0




CPU’dan cikacak toplam adres bus sayisi=16<=20, (A1s, ..., Ao)
(3C76)n ,hangi elemanin hangi bellek gozlinl (8bit) gosterir?

Ais Ais Az Ar A1 AipAg As A7 As As Az Az A, Ai Ag =001111000111 0110

Adres esleme isleminden,

Ais A14 A13=001, M; bellegine yazar.

A1z A11A10A9As A7 AcAs As As Ay Aj Ap =(1C76)h= (0001 1100 0111 0110), = 212+ 211 +
210 +26 425424422+ 21=4096 + 2048 + 1024 +64 + 32 + 16 +4 + 2 =(7286)p

Not: M1 adres bus=2'1; M1 beleginin toplam géz sayisi 2048; (7286)p M1 bellegini icerisinde
yoktur.

Ornek:

8088 mikroislemci ve 12 adet 1Kbyte bellekten olusan sistemin mimarisini olusturun.

8088 ozellikleri:

Adres bus: 20 bit, (A1g, ..., Ao)

Data bus: 8 bit (D>, ..., Do)

Control bus: IOWR(0: Out, 1:Input), MWR (0: Write, 1: Read)

Memory mapping (Bellek esleme):
Uo, ..., U11: 1Kbyte=2%%; Adres bus=10 bit (tel), (Ao, ..., Ao)

Bellekler icin CPU’dan ¢ikacak adres bus belirlenirken maksimum olan bellek elemanin adres
bus’i alinir:
Uo, ..., U11: 1Kbyte=2%; Adres bus=10 bit (tel), (Ao, ..., Ao)

Address decoding (Bellek se¢me):
Toplam eleman sayisi=12<= 2"

Bellek segme igin adres bus sayisi, m=4, Adres bus=A13, A12, A11, A1o

CPU’dan cikacak toplam adres bus sayisi=14<=20, (A13, ..., Ao)



2.4. CPU - Central Processing Unit

Address bus (20 bits)

AH AL | General purpose i
BH BL register ! b
) | cH cL ! _/__W\
Execution Unit DH -~ ! 7'} 'y .
(EV) = ! o Y Databus
i Segment (16 bits)
BF ' register DS
Sl i SS
DI ALU Data bus ! ES
1 F  (16bits) ! ,
Y A 4 i
_\_/_ : Bus
— ! control [
ALU ! Instruction Queue External bus
N EU « <
R control |
Flag register [« :
: Bus Interface Unit (BIU)

Central Processing Unit {or CPU)

AH | AL -
i
——
ew [ et N[ o |
DX —— DS |
pH | DL Es |

Arithmetic & Logical Unit
{or ALU)

13

1]

[ T T TN T 1O

Crverlow
Direction
Interupt
Trace
Sign
Zero

Auxiliary Carry

Parity

Carry




Memory Management

Unit (MML) Cache Unit
Segmentation wnit —  Paging unit
—— oo o=
Loy po— I
and cache
e attribetes
Central Processing S Bus Interface
Unit (CPU) Super pipefining Unit (BIU)
E Execution unit Instruction umit ¢ Prefesch unit Bus control unit 5
: U : ! | Prefesches Address
H and $ : H
| Aw decode : __> drivers | | Address bus A2-A31
— 5-stage pipeline) : : :
e ' : :
¢ | Register Decoded ' ' 32-byte Bus 1 Control bus
- file 4 instruction : . queue control '
' gueve ' H '
R podeaieriing L fscsasvesscoavenad becccssscsncccccccnsssnsncannans { Data bas DO-D3]
Floating-Powt
Unit (FPU) On Cng
Example: 486 Processor Model
Cootrol 4
H 3 c Colored units are new additions
Register | |
e |




2.5. Pentium Processor

tPentiu.m Processor

Clock CLK ——™=
s e Reset —— 29
Initialization ( Init E=Z==) Address bus A3-A31
8
Interrupts E INTR ———= pyi=> Bytc cnable BEO#-BE7#
NMI ——
BOFF# = 64
BREQ = m Data bus D0O-D63
Bus arbitration HOLD - Intel
Pentium
HLDA Processor = BRDY#

KEN# —=
Cache control WB/WTH ———=

= M/IO#

) AP == = W/R# Bus
Address parity | ApcHgs = = CACHE# | cycle
8 = LOCK# definition
DP0O-DP7 === —= D/C#
Data parity PCHK# —=—
PEN# ——=

Pentium Registers

* Four 32-bit registers can be used as

# Four 32-bit register (EAX, EBX, ECX, EDX)

# Four 16-bit register (AX, BX, CX, DX)

# Eight 8-bit register (AH. AL. BH, BL, CH, CL, DH. DL)
» Some registers have special use

# ECX for count in loop instructions

32-bit registers 16-bit registers
{3 16 15 87 0 |
EAX AH AL AX  Accumulator
EBX BH BL BX Base
ECX CH (€L, CX Counter
EDX DH DL DX Data




2.6. x86 registers

16-bit

The original Intel 8086 and 8088 have fourteen 16-bit registers. Four of them (AX, BX, CX,
DX) are general registers (although each may have an additional purpose; for example only
CX can be used as a counter with the loop instruction). Each can be accessed as two separate
bytes (thus BX's high byte can be accessed as BH and low byte as BL). Four segment registers
(CS, DS, SS and ES) are used to form a memory address. There are two pointer registers. SP
points to the bottom of the stack and BP which is used to point at some other place in the
stack or the memory(Offset). Two registers (Sl and DI) are for array indexing. The FLAGS
register contains flags such as carry flag, overflow flag and zero flag. Finally, the instruction
pointer (IP) points to the next instruction that will be fetched from memory and then

executed.

32-bit

With the advent of the 32-bit 80386 processor, the 16-bit general-purpose registers, base
registers, index registers, instruction pointer, and FLAGS register, but not the segment
registers, were expanded to 32 bits. This is represented by prefixing an "E" (for Extended) to
the register names in x86 assembly language. Thus, the AX register corresponds to the
lowest 16 bits of the new 32-bit EAX register, SI corresponds to the lowest 16 bits of ESI, and
so on. The general-purpose registers, base registers, and index registers can all be used as
the base in addressing modes, and all of those registers except for the stack pointer can be
used as the index in addressing modes. Two new segment registers (FS and GS) were added.
With a greater number of registers, instructions and operands, the machine code format
was expanded. To provide backward compatibility, segments with executable code can be
marked as containing either 16-bit or 32-bit instructions. Special prefixes allow inclusion of

32-bit instructions in a 16-bit segment or vice versa.

64-bit

Starting with the AMD Opteron processor, the x86 in 64-bit long mode (as a subset of x86-64
mode) extended the 32-bit registers in a way similar to what the 32-bit protected mode had
done before (RAX, RBX, RCX, RDX, RSI, RDI, RBP, RSP, RFLAGS, RIP). However, 8 additional
64-bit general registers (R8, R9, ..., R15) were also introduced. The addressing modes were
not dramatically changed from 32-bit mode, except that addressing was extended to 64 bits,
physical addressing was now sign extended (so memory always added equally to the top and
bottom of memory; note that this does not affect linear or virtual addressing), and other

selector details were dramatically reduced.


http://en.wikipedia.org/wiki/Intel_8086
http://en.wikipedia.org/wiki/Intel_8088
http://en.wikipedia.org/wiki/Bit
http://en.wikipedia.org/wiki/FLAGS_register_%28computing%29
http://en.wikipedia.org/wiki/FLAGS_register_%28computing%29
http://en.wikipedia.org/wiki/Flag_%28computing%29
http://en.wikipedia.org/wiki/Carry_flag
http://en.wikipedia.org/wiki/Overflow_flag
http://en.wikipedia.org/wiki/Zero_flag
http://en.wikipedia.org/wiki/FLAGS_register
http://en.wikipedia.org/wiki/Intel_assembly
http://en.wikipedia.org/wiki/Machine_code
http://en.wikipedia.org/wiki/X86-64

x86 processors also include various special/miscellaneous registers such as control registers
(CRO through 4), debug registers (DRO through 3, plus 6 and 7), test registers (TR4 through
7), descriptor registers (GDTR, LDTR, IDTR), and a task register (TR).

General purpose registers
CPU has 4 data registers, each register has its own name:
e AX-the accumulator register (divided into AH / AL).
e BX-the base address register (divided into BH / BL).
e CX-the count register (divided into CH / CL).
e DX - the data register (divided into DH / DL).
4 general purpose registers (AX, BX, CX, DX) are made of two separate 8 bit registers,

Index and pointer register
e Sl -source index register.
e DI - destination index register.
e BP - base pointer.

e SP-stack pointer.

despite the name of a register, it's the programmer who determines the usage for each
general purpose register. the main purpose of a register is to keep a number (variable). the
size of the above registers is 16 bit, it's something like: 0011000000111001b (in binary form),
or 12345 in decimal (human) form.

AX=0011000000111001b, then AH=00110000b and AL=00111001b.

therefore, when you modify any of the 8 bit registers 16 bit register is also updated, and
vice-versa. the same is for other 3 registers, "H" is for high and "L" is for low part.

because registers are located inside the CPU, they are much faster than memory. Accessing a
memory location requires the use of a system bus, so it takes much longer. Accessing data in
a register usually takes no time. therefore, you should try to keep variables in the registers.
register sets are very small and most registers have special purposes which limit their use as

variables, but they are still an excellent place to store temporary data of calculations.

Segment registers

Bellek baslangic adresini gosteren saklayicilardir.

e CS - points at the segment containing the current program.

e DS - generally points at segment where variables are defined.

o ES - extra segment register, it's up to a coder to define its usage.

e SS - points at the segment containing the stack.


http://en.wikipedia.org/wiki/Control_register
http://en.wikipedia.org/wiki/Debug_register
http://en.wikipedia.org/wiki/Test_register

although it is possible to store any data in the segment registers, this is never a good idea.

the segment registers have a very special purpose - pointing at accessible blocks of memory.

segment registers work together with general purpose register to access any memory value.
For example if we would like to access memory at the physical address 12345h

(hexadecimal), we should set the

DS = 1230h and SI = 0045h.

This is good, since this way we can access much more memory than with a single register
that is limited to 16 bit values.

Although the main registers are "general-purpose" and can be used for anything, it was
envisaged that they be used for the following purposes:

e AX/EAX/RAX: accumulator

e BX/EBX/RBX: base

e CX/ECX/RCX: counter

e DX/EDX/RDX: data/general

e SI/ESI/RSI: "source index" for string operations.

e DI/EDI/RDI: "destination index" for string operations.

e SP/ESP/RSP: stack pointer for top address of the stack.

e BP/EBP/RBP: stack base pointer for holding the address of the current stack frame.

e IP/EIP/RIP: instruction pointer. Holds the program counter, the current instruction

address.

No particular purposes were envisioned for the other 8 registers available only in 64-bit
mode. Some instructions compile and execute more efficiently when using these registers
for their designed purpose. For example, using AL as an accumulator and adding an
immediate byte value to it produces the efficient add to AL opcode of 04h, whilst using the

BL register produces the generic and longer add to register opcode of 80C3h.


http://en.wikipedia.org/wiki/String_%28computer_science%29
http://en.wikipedia.org/wiki/Stack_frame
http://en.wikipedia.org/wiki/Program_counter
http://en.wikipedia.org/wiki/Accumulator
http://en.wikipedia.org/wiki/Opcode

3. Memory and I/O ports

Group | : Addressing modes for register and immediate data
° Register Addressing

° Immediate Addressing

Group Il : Addressing modes for memory data
° Direct Addressing
° Register Indirect Addressing
° Based Addressing
° Indexed Addressing
. Based Index Addressing

. String Addressing

Group Il : Addressing modes for 1/0 ports
° Direct I/O port Addressing
° Indirect I/O port Addressing

Group IV : Relative Addressing mode

Group V : Implied Addressing mode

Memory: Store programs and data
Processor Memory
° Registers inside a microcomputer
° Store data and results temporarily
° No speed disparity

° Cost

Primary or Main Memory
° Storage area which can be directly accessed by microprocessor
° Store programs and data prior to execution
° Should not have speed disparity with processor B Semi Conductor memories
using CMOS technology
. ROM, EPROM, Static RAM, DRAM



Secondary Memory
° Storage media comprising of slow devices such as magnetic tapes and disks
° Hold large data files and programs: Operating system, compilers, databases,

permanent programs etc.

Memory mapping, I/O mapping
When memory mapping is used for I/O devices, full memory address space cannot be used

for addressing memory.

3.1. Memory organization

Memory organization in 8086

Data Bus (D, - D,,)

D, VDD

A
A 4y A,
Address Bus
Odd Even
Addressed Addressed
Memory Memory
Bank Bank

Memory IC’s : Byte oriented

8086 : 16-bit

Word : Stored by two consecutive memory locations; for LSB and MSB
Address of word : Address of LSB

Bank0:A0=0 ise Even addressed memory bank
Bank1:(BHE) =0 ise Odd addressed memory bank



Addressing Modes : Memory Access

B 20 Address lines = 8086 can address up to 2%°= 1M bytes of memory

B However, the largest register is only 16 bits

B Physical Address will have to be calculated Physical Address : Actual address of a
byte in memory. i.e. the value which goes out onto the address bus.

B Memory Address represented in the form — Seg : Offset (Eg - 89AB:F012)

B Each time the processor wants to access memory, it takes the contents of a segment
register, shifts it one hexadecimal place to the left (same as multiplying by 1610), then
add the required offset to form the 20- bit address

Real mode memory (1 MB)

FFFFF

1FFFF

1F000 EA (Effective Address) of byte accessed

20-bit (5-byte) Offset = FOO0
Physical 16-bit each
Memory address '7

Segment register

——E?l
/ Appended 4 bits (OH)

Segment number
00000 In Segment Register

T 40000




Segment Offset (16-bit) Offset (32-bit) Purpose

8080, 8086, 80286 80386 and above
SS SP, BP ESP, EBP Stack

DS BX, DI, SI, 8-bitor 16-bit# | EBX, EDI, ESI, EAX ECX, |Data
EDX, 8-bit or 32-bit #

ES DI, with string instructions EDI, with string instructions | String
destination

A process is a 32-bit process or a 64-bit process. For 32-bit processes, the portion of address
space available for mapping consists of addresses in the range of 0x30000000-0xCFFFFFFF,
for a total of 2.5G bytes of address space. The portion of address space available for
mapping files consists of addresses in the rangesof 0x30000000-0xCFFFFFFF and
0xEO000000-OXEFFFFFFF for a total of 2.75G bytes of address space.

For 64-bit processes, two sets of address ranges with the process address space are available
for mmap or shmat mappings. The first, consisting of the single range
0x07000000_00000000-0x07FFFFFF_FFFFFFFF, is available for both fixed-location and
variable-location mappings. The second set of address ranges is available for fixed-location
mappings only and consists of the ranges 0x30000000-0xCFFFFFFF, OXxEOOOO000-OXEFFFFFFF,
and 0x10_00000000-0x06FFFFFF_FFFFFFFF. The last range of this set, consisting of
0x10_00000000-0x06FFFFFF_FFFFFFFF, is also made available to system loader to hold
program text, data and heap, so only unused portions of the range are available for fixed-

location mappings.

N\
Address )
p g

Micro WR >
Processor RO Memory

Data )




Address Lines  n15A14a13a12A11/a10 A9 | A8 |A7 | A6 |A5 [a4 [a3 | A2|A1]A0
Starting Address |0 | 0( 0| 0 o/o/0o/0O|0O|0O|O|0O|O|0O]|O
Ending Address |1 | 1| 1|1 GRIBENE IR AR AR IR AR &
Processor Hemory Data BUS Mathematical
Real Virtual ata Coprocessor
8086/8088 1 MB - 16 / 8 b 3087
80286 & MB 1 GB 16 b 80287
80386 4 GB 64 TB 32 b 80387
80486 4 GB 64 TB 32 b integrated
PENTIUM 4 GB 64 TB 64 b integrated
x8b—32 4 GB b4 TB 64 b integrated
x86—64 | >1TB | =64 TB 64 b integrated
A0 -A14 0+A 0000
WR RAM
A 16, RD 32K
= !
Raiala 5|y Device #1
/7
s * Does 7FFF
RD ® —#—IA -
Micro 5 s,/ WR RAM
I
Processor RD 32K
. Device #2
° 7—D
lcs | FFFF




Aogster MOV AXBX Regiater - .| Fegm—

Imracate MOV CH.IAH m ngg'm

Dirwet MOV [1234H]AX Fogiater DS x 10H + DISP Mamony

10000H + 1234H 11234H

P s o e "E S R

e B L N o i

Regisher relative MOV CL[BX+4] m | . DSxioHeBX+4 | Fege
O30aH 10000H + 0300H + 4

S MOV AATEOX | VB | B AT e |1

Scaled index MOV [EBXs2 x ESILAX Ragier | DS7loHeEBXe2xESI %Eu:

Motes: EBX = 00000300, ESI = 00000200H, ARRAY = 1000H, and DS = 1000H
FIGURE 3-2 B086—Pentium 4 data-addressing modes.

Data Bus (D, - D,;)

D, 3/ D,

CS

A 4N A,

Address Bus

uy)
m

|

AD ﬁ A19

Odd Even
Addressed Addressed
Memory Memory

Bank Bank



I.“ -

Read/ Write byte at an even address

2 Read/ Write byte at an odd address 0 1 D,.— D,

3 Read/ Write word at an even address 0 0 D, —D,

4 Read/ Write word at an odd address 0 1 D,,— D, in first operation
byte from odd bank is
transferred

1 0 D, - D, in first operation

byte from odd bank is
transferred



3.2. Memory mapping

Available memory space = EPROM + RAM

Allot equal address space in odd and even bank for both EPROM and RAM

Can be implemented in two IC’s (one for even and other for odd) or in multiple IC’s

Interfacing SRAM and EPROM

Memory interface, Read from and write in to a set of semiconductor memory IC chip
EPROM, Read operations

RAM, Read and Write

In order to perform read/ write operations,

Memory access time: read / write time of the processor
Chip Select (CS) signal has to be generated

Control signals for read / write operations

Allot address for each memory location

Interfacing SRAM and EPROM

n [ {>m n m
Data Bus Address Bus

Address Bus e

v RAM O——— CS /CE Vee CS /(E

cc -

O OE /RD oND OE /RD

ND

¢ O——WE /WR

Address pins:20, 22° byte=1Mbyte,
Range of adress: 00000h to FFFFFh

Monitor Programs
° Programing 8279 for keyboard scanning and display refreshing
° Programming peripheral IC’s 8259, 8257, 8255, 8251, 8254 etc
. Initialization of stack
° Display a message on display (output)
° Initializing interrupt vector table

8279: Programmable keyboard/ display controller

8257: DMA controller

8259: Programmable interrupt controller

8255: Programmable peripheral interface



EPROM'’s are mapped at FFFFF,
/ => Facilitate automatic execution of monitor programs and creation of

FFFFF. [ ] interrupt vectortable

FFFFE,

FFFFD,

FFFFC, | FFFFF, [ ] FFFFE,

FFFFB, FFEFD. | FFFFC,

FFFFA, — | FFFFB, | FFFFA,
Y

00007, oooo7, || 00006,

00008, W 00004,

00005, 33%2" ] 00002,

00004, 00001, 00000,

00003,

00002,

oo, 512 kb odd address space 512 kb even address space

00000,

L

RAM are mapped at the beginning; 00000H is allotted to RAM

Soru:
1001 0000 0000

1001 (1111 1111

statik dinamik

Bellek boyutunu bulunuz. 28=256
Endeks: 0, 1,2, ..., 255



Soru: Bellek endekslerini, boyutlarini bulunnuz.

al5 al4 al3 al2|all al0 a9 a8|a7 a6 a5 a4|a3 a2 al al0|indeks Kapasite
O 0 O O |0 0O O O0O(0OOOO|0 O O 010 byte
0 1 1 1 11 1 1 111 1 1 1 {2712-1 byte
0O 0O O 0|0 O O OO O O 0 |2M2 byte | 2712
0 1 1 1 1 1 11 1 1 111 1 1 1 {2714-1 byte
0O 0O [0 0O O O|0O OO O|0O O O 0 |2M4 byte | 4x2/712
0 1 1 1 1 1 1 11 1 1 111 1 1 1 [2715-1 byte
0O 0O O |0 0O O O[O0 O O O|0 O O 02715 byte | 8x2712
2716-1  byte
1 |0 0 0 0 0 0 0O 00 0O 0O OO O 0 O 16x2712

Bellek-1= 22byte=22 x 2%yte=4 Kbyte

Endeks: (0000)h — (OFFF)h

Bellek-2=4 x 212 - 212byte=3 x 22 x 21°=12Kbyte

Endeks: (1000)h — (3FFF)h

Bellek-3=8 x 212 — 4 x 212 =4 x 212 =16Kbyte

Endeks: (4000)h — (7FFF)h

Bellek-4=16 x 212 — 8 x 212 =8 x 212 = 32Kbyte

Endeks: (8000)h — (FFFF)h

Toplam bellek kapasitesi: 4Kbyte + 12Kbyte + 16Kbyte +32Kbyte=64Kbyte




Soru:

CS: 16Kbyte
DS: 8Kbyte
SS:4Kbyte
ES: 4Kbyte

Bellek haritasini olusturun ve baslangicve bitis endeksleri bulunuz.

CS bellek= 16Kyte= 2% x 210 byte = 22 x 212 byte=4 x 21? byte
CS endeks=(0000)h —> (3FFF)h

DS bellek= 8Kbyte= 23 x 219 byte=2 x 21? byte
DS endeks=4 x 212 byte -> 4 x 212 + 2 x 2*? byte =4 x 21? byte -> 6 x 2!? byte
DS endeks= (4000)h -> (5FFF)h

SS bellek= 4Kbyte= 22 x 21° byte = 212 byte
SS endeks=6 x 2% byte -> 6 x 212 byte + 212 byte =7 x 21 byte
SS endeks= (6000)h -> (6FFF)h

ES bellek= 4Kbyte= 22 x 21° byte = 212 byte
ES endeks=7 x 212 byte -> 7 x 212 byte + 212 byte =8 x 2'2 byte
ES endeks= (7000)h -> (7FFF)h



Soru bit toplam:

Elde 0 1

1 0 1 1
+

1 1 0 0
Elde 0 0 0 1

0 1

+

0 1 1 1 0

al5 ald al3 al2|all al0 a9 a8|a7 a6 a5 a4|a3 a2 al a0 indeks Kapasite

(oooOhf o 0 O O|O0O O O O|O O O O|O O O O

16Kbyte

(3FFF)hf 0 o0 1 1|1 1 1 1|1 1 1 1|1 1 1 1

(40000hf 0O 1 0 O|O0O O O O|O O O O[O0 O O O[4x2"12 byte

24Kbyte-16Kbyte=8Kbyte

(5FFF)hf 0 1 o 1]1 1 1 1|1 1 1 1(1 1 1 1

(6000)0hf O 1 1 0|0 O O O|O O O O[O0 O O O(6x2"12 byte

28Kbyte-24Kbyte=4Kbyte

(6FFFhf 0O 1 1 o0o]1 1 1 1|1 1 1 1(1 1 1 1

(70000hf 0 1 1 1(0 O O 0|0 O O 0|0 O O O0|7x2"12 byte

32Kbyte-28Kbyte=4Kbyte

(7ZFFF)hf 0 1 1 1]1 1 1 1|1 1 1 1(1 1 1 1

(8000)0hf 1 0 O 0|0 O O O|O O O 0|0 O 0O O[82"2 byte




3.3. Interfacing 1/0 and peripheral devices

For communication between microprocessor and outside world.

Keyboards, CRT displays, Printers, Compact Discs etc.

Microprocessor ¢ Ports / Buffer IC’s X I/ O devices
(interface circuitry)

Data transfer types
° Programmed I/ O, Data transfer is accomplished through an 1/O port controlled by
software
° Interrupt driven I/ O, I/O device interrupts the processor and initiate data transfer

° Direct memory access, Data transfer is achieved by bypassing the microprocessor

Input/OutputUnit(l/0)
Themainpurposeoftheinput/outputunitistoallowthemicroprocessortocommunicatedirectlywi
thpeopleorwithanothercomputerormachine.

The most familiar types of 1/O equipment are,

a) input units: switches, keyboard, mouse, scanner, sensors,

microphone, photosensitive device.

b) output units: LEDs, LED display, video display, CRT, LCD, relays, solenoids, printer,
speakers, motors.

c) input/output units: disk drives, tape drives, USB-flash disk.

Typical microprocessor I/O equipment includes:

1.Analog-to-DigitalConverter(ADC),

2.Digital-to-AnalogConverter(DAC).



8255 Programmable Peripheral Interface

Data bus

<

> D[7:0]

O Mode 2:

ja ) —

Al ——|

K DOPA[7:0]
K pB[7:0]

Ly

D Control port

WR =
RESET —"

<: >TCHAH

O

CS

Al

Port

Programming 8255

— Port A is programmed to be bi-directional
Port C is for handshaking
Port B can be either input or output in mode 0 or mode |

PC7
PC6
PC4
PC5
PC3
PCO
PCO
PCO

k=2 PA[7:0]
— OBF,
+——ACK,
«—— STB,

— IBF,

oo INTR,

— In  Out
et In Out
TS In  Out

K<——> PB[7:0] S

Mode 0

PA
PB
PC
Control

STB, OBF,
IBF,  ACK,
INTR, INTR,
\_V__/

Mode |

Can you design a decoder for an 8255 chip such that its base address is 40H?
Write the instructions that set 8255 into mode 0, port A as input, port B as output,
PCO-PC3 as input, PC4-PC7 as output ?




3.4. Physical address

CPU makes a calculation of physical address by multiplying the segment register by 10h and
adding general purpose register to it (1230h * 10h + 45h = 12345h):

12388
aa4%5

12345

the address formed with 2 registers is called an effective address. by default BX, Sl and DI
registers work with DS segment register; BP and SP work with SS segment register. other
general purpose registers cannot form an effective address! also, although BX can form an

effective address, BH and BL cannot.

special purpose registers

e IP-theinstruction pointer.

o flags register - determines the current state of the microprocessor.
IP register always works together with CS segment register and it points to currently
executing instruction.
flags register is modified automatically by CPU after mathematical operations, this allows to
determine the type of the result, and to determine conditions to transfer control to other
parts of the program.
generally you cannot access these registers directly, the way you can access AX and other
general registers, but it is possible to change values of system registers using some tricks

that you will learn a little bit later.



Addressing modes
Addressing modes for 16-bit x86 processors can be summarized by this formula:

5

PV [C1) I Jr—

Addressing modes for 32-bit address size on 32-bit or 64-bit x86 processors can be

summarized by this formula:

[(EAX )] - . 3 .
(C'S ) EBX g§§
DS : ECX | 1
ECX
55 : EDX 2 .
4 v 14 v+ | EDX 3 % + [displacement]
ES: ESP EBP 4
FS: EBP E'SI 8
(GS:) || ESI EDI
| EDIJ| tMTT -

Addressing modes for 64-bit code on 64-bit x86 processors can be summarized by these

formulas:

FS [general regist-er] + | general register % + [displacement]

GS

20 o= b =

And RIP + [displacement]

The 8086 had 64 KB of 8-bit (or alternatively 32 K-word of 16-bit) 1/O space, and a 64 KB
(one segment) stack in memory supported by hardware. Only words (2 bytes) can be pushed
to the stack. The stack grows downwards (toward numerically lower addresses), its bottom
being pointed by SS:SP. There are 256 interrupts, which can be invoked by both hardware

and software. The interrupts can cascade, using the stack to store the return address.


http://en.wikipedia.org/wiki/I/O
http://en.wikipedia.org/wiki/Stack_%28data_structure%29
http://en.wikipedia.org/wiki/Hardware
http://en.wikipedia.org/wiki/Interrupt
http://en.wikipedia.org/wiki/Return_address#Programming

3.5. Memory access

The value in segment register (CS, DS, SS, ES) is called a segment, and the value in purpose
register (BX, SI, DI, BP) is called an offset. Displacement can be a degisken value or offset of a
variable, or even both. if there are several values, assembler evaluates all values and
calculates a single degisken value. Displacement can be inside or outside of the [ ] symbols,

assembler generates the same machine code for both ways.

To access memory we can use these four registers: BX, Sl, DI, BP, SP combining these
registers inside [ ] symbols, we can get different memory locations. these combinations are

supported (addressing modes):

[S1], [DI], [BX]

[BX + SI]

(DS-16bit, sag tarafa 4bit 0 konur, 20 bit fiziksel adres elde edilir.)
Bx+ SI = gercek fiziksel adres bulunur.

When DS contains value b800h and S| contains the value 10h it can be also recorded as
b800:10. [SI]=The physical address will be b8000h + 10h = b8010h.

d8 - stays for 8 bit signed degisken displacement (for example: 22, 55h, -1, etc...)
d16 - stays for 16 bit signed degisken displacement (for example: 300, 5517h, -259, etc...).
d16 (variable offset only)

Displacement is a signed value, so it can be both positive or negative. Generally the
compiler takes care about difference between d8 and d16, and generates the required

machine code.

for example, let's assume that DS = 100, BX = 30, Sl = 70.
The following addressing mode: [BX + SI] + 25 is calculated by processor to this physical
address: 100 * 16 + 30 + 70 + 25 = 1725.

[BX + DI], [BP + DI], [SI + d8]
[DI + d8], [BP + d8], [BX + d8]

By default DS segment register is used for all modes except those with BP register, for these

SS segment register is used. There is an easy way to remember all those possible



combinations using this chart:

BX 9 |

+ disp

BP DI

[BX + Sl +d16], [BX + DI + d16], [BP + Sl + d16], [BP + DI + d16]
[BX + Sl + d8], [BX + DI + d8], [BP + Sl + d8], [BP + DI + d8]
[SI + d16], [DI + d16], [BP + d16], [BX + d16]

You can form all valid combinations by taking only one item from each column or skipping
the column by not taking anything from it. as you see BX and BP never go together. Sl and DI
also don't go together. here are an examples of a valid addressing modes: [BX+5], [BX+SI],
[DI+BX-4]

if zero is added to a decimal number it is multiplied by 10, however 10h = 16, so if zero is
added to a hexadecimal value, it is multiplied by 16, for example: 7h = 7; 70h = (112)4

In order to say the compiler about data type, these prefixes should be used: byte ptr - for
byte. word ptr - for word (two bytes).

For example: byte ptr [BX] ; byte access. or word ptr [BX] ; word access.

assembler supports shorter prefixes as well:

b. - for byte ptr

w. - for word ptr

in certain cases the assembler can calculate the data type automatically.

Stack is used by CALL instruction to keep return address for procedure, RET instruction gets
this value from the stack and returns to that offset. Quite the same thing happens when INT
instruction calls an interrupt, it stores in stack flag register, code segment and offset. IRET
instruction is used to return from interrupt call. We can also use the stack to keep any other

data, there are two instructions that work with the stack.



4. Mikroislemci Mimari

Datapath ve Control unit bir mikroislemcinin (CPU) iki pargasidir. Datapath iki temel kissmdan
olusur, Register’lar ve Function Unit. Genel olarak bir Datapath’in block diagrami asagidaki
sekildeki gibidir.

Load enable A select B select

Write A address B address
D data

\\:I

Load RO

U U
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-
W N a O
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3
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Y
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Y Y Y Y
LW kW = O

Load R3

01 2 3 0 , ,
Decoder Register file
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Bus B n
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Wo———— Arithmetic/logic Shifter
unit (ALY
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rd Zero Detect c +
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R1 ¢ R2 + R3 ifadesi, R2 ve R3 register’larindaki datalari toplayip R1 register'ina yazma
islemini anlatir. R1 register’ina yikleme Load Enable girisinin aktif olmasi ile mimkuindar.
Load Enable girisi 1, Destination Select decoder’inin R1’e giden ¢iksinin da 1 olmasi gerekir.

A select’in bagh bulundugu Mux’dan R2'yi, B selectin bagh bulundugu Mux’dan R3’U segilir
(A select=10, B select=11 olmaldir.). Boylece A select’e bagh olan Mux'dan ¢ikan R2
register’indaki data yoluna devam ederek ALU’ya kadar ulasir.

B select’e bagh olan Mux’dan ¢ikan R3 register’t ise MUXB’ye ulasir. Bu Mux’da disaridan
herhangi bir sabitle islem yapilmayacagiicin R3’in yoluna devam etmesi icin MB select=0

yapilr.

Simdi R2 ve R3 register’larindaki datalarin ikisi de ALU’ya ulagmis olur. Bu durumda ne islem
yapilacagi secilir. ALU, aritmetik ve logic islemleri gercekleyebilen bir yapidir. Burada G select
girisinden toplama islemini yapan kod secilir.

islem sonucu ALU’dan c¢ikis yaptiktan sonra MUXF’ye ulasir. Burada MUXF'ye shifter’dan
gelen bir giris var. Eger bir shift(kaydirma) islemi olsaydi bu Mux’da 1 segilir ancak ALU’dan
gelen bilgi kullanilacagi icin MF select =0 olmalidir.

MUXF’den c¢ikis yapan bilgi MUXD’ye ulasir. Bu Mux’un gorevi ise disaridan bir datanin direk
olarak bir register’a yazilmasi gerektiginde 1 ucuna bagh olan data in girisinden bilgiyi
aldiktan sonra istenilen register’a yazar. Burada MUXF'den gelen data kullanilacagi igin MD
select=0 olmalidir.

En sonunda MUXD’den c¢ikan data yolu takip ederek Load enable’l aktif olan R1 register’ina
yazilir.



4.1. Aritmetik Logic Unit(ALU)

ALU aritmetik ve logic islemlerin yapildigi kombinasyonel mantik kapilarindan olusan
devredir. ALU, Aritmetik ve Logic kisim olmak Uzere iki kisma ayrilir. Herhangi bir clock
pulsenin bulunmadigi kisimdir. ALU nun genel olarak yapisi su sekildedir;

—— AO
Data — A
input A 3
. Go—*
_. .-]
Gy " Data
_ *  outputG
— By n-bit .
Data ——*1B1 arithmetic/ G | ——»
input B : logic
. unit
—B,_; (ALV)
Carry input——»C;, Cou > Carry output
Operation {_’ So
select s,
Mode select——» S,

n-Bit ALU

Sekilde gorildigu lizere A’dan n-bit data, B’den n-bit data ve dnceki islemlerden gelebilecek
bir elde degeri i¢in bir Cin girisi var. S2 girisi islemin aritmetik mi logic mi olacagina karar
veren segimdir. S1 ve SO girisi ise aritmetik ya da mantiksal islemin ne olacagini belirler. S1 ve
S0 ile birlikte S2 girisi 0 oldugunda 8 adet farkli aritmetik islem yaparak sonucu G gikisindan

verir.



Aritmetik Devre:
Aritmetik devrenin temel parcasina Full Adder devresi denir. Paralel Adder’a giris yapan

datalar kontrol edilerek c¢esitli aritmetik islemleri gergekleyebilmek mimkindir. Bir
aritmetik devrenin block diagrami asagida verilmistir.

A — > X
- n-bit -
S, parallel <3 G=X+Y+G,
B adder
B input Nl ¥
S > logic 4
Sy—=

Block Diagram of an Arithmetic Circuit

A’dan gelen datalar lzerinde degisiklik yapilmadan dogrudan Paralel Adder’a gider. Simdi SO
ve S1’'in durumlarina gore hangi islemleri yapabilecegine bakalim.

Select Input G =A+Y +Cy,
S, s° Y Cm =0 C".. =1
0 0 all 0's G = A (transfer) G =A+1 (increment)
o |1 B G = A+B (add) G=A+B+]
| 0 B G=A+B G=A +§+| (subtract)
| 1 all I'’s G = A -1 (decrement) G = A (transfer)

Burada Y’'nin hangi S1,S0 degerinde bir se¢im olacaktir.
e S51,50=00 degerinde Y girisi 0 olur ve bdylece Cin=0 ise G ¢ikisi A olacaktir. Yani sadece
transfer islemi yapilmis olur. Yine bu durumda Cin=1 ise bu kez G cikisi A+1 degerini
alacaktir.

e S51,50=01 degerinde Y cikisina B datasi dogrudan aktarilir. Cin=0 ise G=A+B, Cin=1 ise
G=A+B+1 olacaktir.

e S51,50=10 degerinde Y ¢ikisina B datasi terslenerek aktarilir. Cin=0 ise G=A+B’ .Cin=1
ise G=A+B’+1 dolayisiyla bu da G= A-B degerine esit olacaktir.



Not: Burada isimize yarayacak olan en kullanigl sonuglar;

Buradaki ifadeler 4 to 1 MUX kullanarak yapilabilir. Logic kapilarla ¢6ziim elde edilebilir.

$1,50=11 degerinde Y cikisi 1 olur. Buradaki 1’in kag bit olacagi merak edilebilir. A ve
B biti ka¢ bitse cikistaki 1 sayisi da o kadar bittir. A'nin tim bitlerini 1 ile
topladiginizda A daki datanin eger Cin=0'sa 1 eksigini aldiginizi farkedeceksiniz. Eger

Cin=1 ise mantiksal olarak A-1+1=A olacaktir.

e G=A (transfer)

e G=A+1 (increment)

e G=A+B (toplama)

e G=A+B’+1=A-B (¢ikarma)

e G=A-1 (decrement)

Dogruluk tablosundaki Bi, B datasinin herhangi bir bitidir.
Inputs Output
S So B Yi
0 0 0 0 Y=0
0 0 1 0
0 1 0 0  Y=B
0 1 1 1
1 0 0 1 =R
1 0 1 0 =By
1 1 0 1 )
1 1 1 1 il
Bu tab
So
00 01 11 10
0 i
Sq1] 1 1 1

lodan Yi cikisi icin mantikal ifade ¢ikarmak istersek Karnough diyagrami kullanihr.

B
(b) Map Simplification:
Yi = BiSO + BiS‘



Gerekli sadelestirme yapildiktan sonra Yi= BiSO+Bi’'S1 bulunur. B nin 4 bitlik bir datadan
olustugunu varsayarsak logic devre su halde olacaktir.

Ca
s, l
So Co
Ag » X,
Bo FA —» G,
> :
B
A, X4
& A |-»G,
> :
le
A, ™ X,
B2 FA —»G,
>
12
Ay X3
B FA |G,
Y3
> -
e C st

Burada bit sayisi istenilen kadar arttirilabilir. Boylece ALU nun aritmetik kismini tasarlanmis
olunur.



Logic devre:
Bu devrede kullanabilecek bir gok logic ifade olabilir. Ancak ¢ok sik kulanilanlardan devreyi
olusturulmasi gerekir. Genelde en sik kullanilan logic ifadeler,

e AND
« OR

e XOR
e NOT

Bu logic ifadeleri secime bagh sekilde ¢ikisa verebilecek bir devre tasarlanilmasi gerekiyor.
Bunun igin 4 to 1 MUX kullanilir. Asagida bu devrenin gergeklenmis sekli bulunmaktadir.

So SO 4“'0—1

s, s, MUX - -
A S, S Output Operation
B 0 0 0| G=AAB AND

0 1 G=AV8 OR
1 0 | G=A®B XOR

)
S
) > 1 1 ]ex | Mo
L {>o—

(b) Function Table

(a) Logic Diagram

Logic devre de tamamlandiginda aritmetik devre ile birlestirip ALU olusturulur.



Aritmetik Logic unit:
Aritmetik devre ile logic devre birlestirilirken S2 girisi yardimiyla istenildiginde logic devre,

istenildiginde aritmetik devre segimi bir mux yardimi ile yapilabilir.

C > —Ci.q
A *| One stage of
B > arithmetic
a circuit 2401
0 MUX
>
G
1
== S
——»] One stage of
logic circuit
So
S
S;

Devrede goruldugi gibi S2=0 oldugunda aritmetik, S2=1 oldugunda logic islem aktif olacaktir.
Burada dikkat edilmesi gereken 6nemli bir nokta aritmetik ve logic devrenin SO ve S1
girislerinin ortak olarak kullaniimasidir. S2 segimine gore yalniz bir devrede aktif olabilcegi
icin bunun hig bir zarari yoktur. Hatta devreyi basitlestirir. Sonug olarak ALU’ nun igerisinde 8
aritmetik 4 logic islem yapabilme imkani bulunmaktadir. Yukarida verile degerlere goére
olusturulan ALU’nun dogruluk tablosu asagidaki gibi olacaktir.

Operation Select

S, S, So C. Operation Function

0 0 0 0 G=A Transfer A

0 0 0 1 G=A+1 Increment A

0 0 | 0 G=A+B Addition

0 0 1 1 G=A+B+1 Add with carry input of 1
0 1 0 0 G=A+B A plus 1's complement of B
0 | 0 1 G=A+B+1 Subtraction

0 1 1 0 G=A-1 Decrement A

0 1 1 1 G=A Transfer A

| 0 0 X G=AAB AND

1 0 1 X G=AvB OR

1 1 0 X G=A®B XOR

1 1 | X G=A NOT (1’s complement)

Simdi de datapath icindeki ALU’nun sag tarafinda bulunan shifter kismi tasarlanacak.



4.2. Mantiksal Devreler

Shifter:

Datapath devresinde Shifter’a sadece B select kismindan gelen bilgi giris yapar. Bu nedenle
iki farkli datayi bu datapath icinde kaydirma(shift) islemine tabi tutulamaz. Simdi 4 bitlik bir
shifter yapisini inceleyelim,

B, B, B, By
Serial
output L
Serial
output R
In _1 1”—'1
012 WM™ 012 M 01 2M 01 2M
1S U —1S U —1S ) il U
X X X X
2
o
Hs H, H, Hg

Sekilde gorilecegi gibi Shifter, Clock pulse geregi duyulmadan Mux’lar ile kurulmustur.
Bundan dolayl datapath icinde bir shift islemi yapip Bus H yoluna(datapath resminde
gortlen) iletip ylukleme yapilacak registera iletmek icin bir Clock pulse yeterli olcaktir. simdi
sekildeki 2 bitlik S girisine gore hangi shift islemlerinin yapilacagini tayin edelim. Burada
belirtilmeli ki, hangi 2 bitlik S degerine gore hangi shift isleminin yapilacagi keyfi bir bicimde
siralanir.

e S=00 iken hi¢ kaydirma yapmadan Bus H yoluna direk aktarilir ki bunun isimize ne

kadar yarayacagi tartisma konusu olabilir.

e S=01 iken Right-shift islemi yapilir. Ornegin B registerindaki data 1010 olsun bunun
Bus H ye aktarilmis sekli Ir101 olacaktir. Burada Ir binary bir degerdir eger Ir=0 ise
0101 ; eger Ir=1 ise 1101 seklinde Bus H’ya aktarilacaktir

e S5=10 iken Left-shift islemi yapilir. Yine benzer sekilde bu defa IL degerine bagh olmak
Uzere bir bit sola kaydirilarak data Bus H’a aktarilir.

Bu Shifter tipinde bir clock evresinde yalnizca bir bit kaydirma islemi yapilabilir. Datapath
uygulamalarinda 1 clock evresinde 1 pozisyon kaydirmadan daha fazlasina ihtiyac¢ oldugunda
Barrel shifter kullanilir.



Barrel Shifter:
4 bitlik Barrel shifter yapisi:

Dy D, D, Dy

So
Sy
3 2 1 085 53 2 1085, 5][3 2 105, 50[3 2 1 03 5
M M M M
U U U U
X X X X
Y3 Yz Yy Yo

Devremiz yine kombinasyonel bir devre oldugu igin istenilen registera datanin kaydirilip
yukleme islemi yapilmasi sadece bir clock pulse stresinde gerceklesecektir.

Barrel shifter in dogruluk tablosu:

Select Output
S, S, Y, Y, Y, Yo Operation
0 0 I):‘ [)2 [)l Dy No rotation
0 1 D, D, Dy D;  Rotate one position
1 0 D, Dy Dy D, Rotate two positions
1 1 Dy D; D, D, Rotate three positions

$1,50=10 durumunda ve S1,50=11 durumunda kaydirma islemleri tek seferde yapilmaktadir.
Onceki Shifter’da bunun yapilmasi icin bir bit kaydirildiktan sonra tekrar shiftera sokup bir bit
daha ve ihtiyac varsa bir daha bir daha shifter’a sokulmasi gerekirdi. Ancak Barrel shifter’in
avantajl bu islemleri tek seferde yapabiliyor olmasi. Ancak bunun da dezavantaji var. Sekli
incelersek aslinda tam bir shift islemi yapilmiyor. Onceki shifter’da kaydirilan datanin bos
kalan yerine O’'mi 1 mi kayacagimiz IR ve IL girisleri ile belirlenebiliyordu. Barrel shifter’'da
yapilan islem ise aslinda dondiirme(rotation) islemi 6rnegin saga dogru 1 pozisyon dondiirme
islemi yaptigimizda en sagda kaybolan bit data kaydirildiktan sonra en soluna yazilarak
dondiirme islemi yapiliyor. Yine iki ve li¢ pozisyan kaydirma islemi de buna benzer sekilde
calisiyor. Sekildeki yollar incelenirse daha rahat kavranabilir.

Not: iki shifter tipinde de kag bit varsa o bit sayisinda Mux’a ihtiya¢ duydugumuza dikkat
edin.



R1 Register'indan R2 Register’ina Transfer:

Transfer from R1to R2 when K¢ =1

Ky Transfer occurs here
Load §
t t+1
n & A
Rl ||  R2 ClockJ
A A I|' \
b F |
K1 /
Clock

| |

iki Register Arasinda Se¢im Yapmak i¢cin Coklayicilarin Kullanimi

Blok Diyagram:

= Load

FHJ




Ayrintih mantik devresi:
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4.3. Datapath’in irdelenmesi

4 bitlik register’larla islem yapilsa da gercek bilgisayarlarda 32 bit veya daha fazlasi
kullaniimaktadir. Tabi boylesine blylk yapilar datapath tasarlama da farklh tekniklerin
kullanilmasini gerektirecektir. ilk datapath resmindeki register file ve fuction unit’i bir blok
halinde gosterirsek,

ol
Y
D data
—> Write
. D address
2" n
Register file
—m. A address B address D
A data B data
Constant in = 5
n Y 4
1 0
MB select "I MUX B
Bus A = Bn > Address out
o n > Data out
A 4
A B
V<
C = Function
g unit
i
&=
F
n
n , Data in
$
MD select —\ixD

e V cikis sinyali bize islam sonrasinda tasma durumu (overflow) varsa 1 degerini alarak
tasma durumu oldugunu isaret eder

e C cikis sinyali Cout’u temsil eder. Yani islem sonrasinda elde kalan deger olarak
tanimlanir.

e N cikis sinyali Function unit’'ten ¢ikan islem sonucunun negatif olmasi durumunda 1
olan pozitif olmasi durumunda 0 degerini veren bir sinyaldir



e Z cikis sinyali islem sonucunun O (zero) oldugu durumda 1 degerini veren bir cikis
sinyalidir.

Simdi ilk datapath devresini yeniden irdeleyelim

Load enable A select B select

Write A address B address
D data
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Yukarida anlattiklarimizi da gz 6niine alarak soyle bir dogruluk tablosu olusturabiliriz

MF G H
FS(3:0) Select  Select(3:0) Select(3:0) Microoperation
0000 0 0000 XX F« A
0001 0 0001 XX FeAd+1
0010 0 0010 XX Fe<A+B
0011 0 0011 XX Fe<A+B+]
0100 0 0100 XX FeA+ B
0101 0 0101 XX FeA+B+1
0110 0 0110 XX FeAd-1
0111 0 0111 XX F«A
1000 0 1 X00 XX F<AnAB
1001 0 1 X01 XX F<AvVB
1010 0 1 X10 XX F«A®B
1011 0 1 X11 XX F«A
1100 1 XXXX 00 F«B
1101 1 XXXX 01 F «srB
1110 1 XXXX 10 F «slB

Buradaki FS select, MF select, G select, ve H select den olusmaktadir. FS select icin
cikarimlarimiz soyle;

e FSselectin en soldaki 2 biti 1 oldugunda MF select=1 oldugu gozlikiyor.
o Eger MF select=0 ise Fs selecti olusturan kodlar aynen G select deki kodlardir.

e MF select=1 oldugunda FS selectin en soldaki 2 bitini 1 oldugunu belirtmistik diger 2
biti ise H select tarafindan kullanilir

Burada gerekli boolean islemleri yapildiginda
e MF=F3.F2

e G3=F3
e G2=F2
e Gl1=F1
e GO=FO
e H1=F1
e HO=FO

oldugunu test edebilirsiniz.



Not: Sadece 4 bitlik FS select ile MF, G ve H selectleri kontrol ederek function unit blogunun
ne yapacagina artik karar verebiliriz.

Control Word:
Simdi datapath’i yeniden ele alalim,

Datapath with Control Variables

n

v

RW |0 > Write D data
16 >
DA [15 » D address
|14 > 8xn
Register file
(13 > - 10
AA |12 » A address B address [« 9| BA
11 *  Adata B data * 8
n n
Constant in L
Y ¥
1 0
MB [ 7 = MUXB
Bus A A » Address out
BusB s » Data out
L |
A B
«— 6
Vo e« 5
C+— Function «— 4
N < unit 3 FS
7z — -« 2
n 0 Data in
‘R
0 1
MD [1— Mux D
Bus D

(a) Block Diagram

Yukaridaki datapath yapisinda bulunan register file icerisinde R0’dan R7’ye olmak lizere 8
adet register bulunmaktadir. Bu register’lara 3’e 8 decoderle ulasilabilir (ilk datapath
resminde bu decoderler gérilmektedir).



Toplama bakilacak olunursa resimdeki numaralardan belli olacagi lGizere 16 adet binary giris
var bunlar vyerlerine gbére numaralandirilmistir. Bu girislerin  hepsini bir araya
getirerek Control Word olusturulur. Control Word asagidaki bicimde gosterilir.

161514 13121110 9 8 7 6 5 4 3 2 1 0

M M|R
DA AA BA B FS D lw

(b) Control word

Control word’deki bitlerin numaralariyla datapath resminde ifade ettikleri kisimlarin ayni yer
oldugunu fakedeceksiniz.
. DA, datanin yazilacag registerin adresini girecegimiz decoder’in kodu

AA, Bus A’ya konulacak datanin hangi register’dan gelecegini sececek Mux’un Select
bitleri

. BA, Bus B’ya konulacak datanin hangi register’dan gelecegini sececek Mux’un Select
bitleri

. MB, Bus A’dan gelen data ile herhangi bir sabitin mi yoksa B’den gelen data ile mi
isleme sokulacagi karar veren Mux’un select biti

. FS, daha 6nce tabloda boolen ifade ile bulmus oldugumuz FS Select girisleri

. MD, function unit'ten mi yoksa disaridan gelen bir bilginin mi hedefdeki register’a
yazilacagini belirleyen Mux’un Select girisi

. RW, ise register dosyalarina yazma veya okuma islemlerinin hangisinin yapilacagina
karar verir.

Simdi bu control word yardimiyla hangi islemleri hangi kodlarla yazilacagina bakalim.



Encoding of Control Word for the Datapath

DA, AA, BA MB FS MD RW
Function Code Function Code Function Code Function Code Function Code
RO 000  Register 0 F=A 00000 Function 0 No write 0
Rl 001 Constant 1 F=A+1 00001 Data In 1 Write 1
K2 010 F=A+B 00010
R3 011 F=A+EB+1 00011
R4 100 F=A+B 00100
K5 101 F=A+B+1 00101
K6 110 F=A—-1 00110
KRi 111 F=A 00111
F=AAB 01000
= AvEB 01010
F=ABB 01100
F=A 01110
F=srA 10000
F=slA 10001
Control Word Example
100100001 0100101 001 0010000000101
R1 00100000 Rl <« R1+1+<«-11100000
R4 01010100
R4 R4V R« 01110100 110110 001001010 1
R6 01000001
101101 0010101001 R6 < R6+R1+1< 0110000, ‘a’
R1 00100000 111 111 001 001010 1
R5 01001100
. R7 01001001
R5 <« R5® Rl <« 01101100 I’ o
R7<«<R7+RI+1<«-0110100 1
001 0010000101101
Rl Rie 1101111 011 111 000 0 00000 1
e Rl < R7 < 01101001 g




Ornek:

R1 < R2 + R3’ + 1 islemini yapabilmek igin gereken Control Word’e yazilacak kodlari bulun.
. Yazilacak adres R1 oldugu igin Destination Register( hedef Register) R1
olacaktir. Tablodan R1’in koduna bakildiginda, DA=001 olacagi belirlenir.

. Bus A dan gelecek data R2 dir. Yine R2’nin tablodaki koduna bakildiginda,

AA=010 olacaktir.

. Bus B den gelecek data da R3 dir ve R3’Un tablodaki koduna bakildiginda,
BA=011 elde edilir.

. Daha sonra disaridan herhangi bir sabitle islem olmadigi icin MB=0.

. Yapilacak islem R1 ¢ R2 + R3’ + 1 dir. Function Code’dan bu islemin hangi

kodda saglandigina bakilir, FS=0101

. Disaridan herhangi bir data girisi olmadigi i¢in, MD=0

. Yazma islemi yapacagimiz igin, RW=1 olacaktir.

Once islemler kod olarak degil de isim olarak verilir ve bu tablonun altina da o isimlerin
gerektirdigi kodlari benzer bir tabloda verilimis olur.

Micro-
Operation DA AA BA NMB FS MD RW
R1<R2-R3 R1 R2 R3 Register F=A+B+1 Funcion Wiite
R4«sl R6 R4 — R6 Register F=sdB Function Wiite
R7T<R7+1 R7 R7 —  Register F=A4+1 Function  Write
R1<R0O+2 Rl RO — Constant F=A4+B Func ion Wnte
Data out <R3 e R3 Register — — No Write
R4<Datain R4 — — — Data in Write
R5&0 R5 RO RO Register F=AGBH Function  Write
Micro-
(Operation DA AA BA MB FS MD RW
R1<R2-R3 001 010 011 O 0101 0 1
R4«slR6 100 XXX 110 O 1110 0 1
R7«<R7+1 111 111 XXX O 0001 0 1
R1<RO+2 001 000 XXX 1 0010 0 1
Dataout <R3 XXX XXX 011 O XXXX X 0
R4« Data in 100 XXX XXX X X0 1 1
R5«0 101 000 000 O 1010 0 1



Datapath’in ¢alismasinin zaman diagrami lizerinde gésterimi:

dock "X 121 13l &L 5L _Jlgl_J2L_J®
DA 11 14 17 11 10 14 15 —
AA {2 10 17 ) —
BA 3 16 10 13 10 —
FS 5 114 I§1 12 10 110 —_
Constant_in _X 12 X
MB | ] =
Address_out (2 10 17 10 =
Data_out (3 16 10 12 13 10 —
Data in ——(18 }——{18 —
MD | |
RW | o ] [
regd _0
regl _1 1255 12
regz _2
regd 3
regd _4 12 {18
regd 5 10
regb 6
reg7 7 '8
Status bits [ 2 10 (0 11 1X

Not: Bu gosterimde degerler binary olarak degilde desimal yazilmistir



Datapath Ornegi:

e Dort paralel register yuklemesi
e iki mux tabanl register secici

e Register Hedef kod ¢6zlici

e Harici sabit giris icin Mux B

e Harici adres ve veri ¢ikislarina sahip A ve B buslari
e Cikis secimi icin Mux F'li ALU ve Shifter
e Harici veri girisi icin Mux D

e V,C, N, Zdurum bitlerini olusturmak icin mantik

Mikro islem Gergeklestirme:

RO < R1 +R2
Load enable A select B zelect
Wit A address B addrezq
Load | | ¥ g | Al
4“"1 | 7
Do ‘
L |
(1
AT
I A
—H L | ] 3
g
=f :: Load |, ml :ﬂf-‘t A
=3
LL-‘ IL.D-L J
Load N R3
L) -,~ uf
13
ode L Register fild
D :(Mre__ A data B data
- Constant 1 r—-b_
Destination select 1
MB zelect -
Mi _: B
Buz A i 3 N gg::mss
l Bus B 2 = Dhata
A P Out
G select ] H S?.J‘.E-E"‘ T
i =, |5
S G
V= Ari i i O—=|Iy Shifter L. |+=—10
C= ) H
N n |
Z =—| Lero Detect -
MF zelec TNCCF Function unit
F
Drata In

MDD zelect—s 3\
BuzD —

E

LI

o



R1 igerigini Bus A'ya yerlestirmek igin A'ya 01 uygulanir.

R2'nin igerigini B verilerine yerlestirmek i¢in B'ye 10 uygulanir ve B verilerini B
veriyoluna yerlestirmek icin MB'ye 0 uygulanir.

Eklemeyi gerceklestirmek icin 0010'dan G'ye segcilir, G = Bus A + Bus B

G degerini BUS D Uzerine yerlestirmek i¢cin MF secimine 0 ve MD segimine 0 uygulanir.
RO'a Yiik girisini etkinlestirmek i¢in Hedefe 00 uygulanir.

Yik girisini RO'a 1'e zorlamak igin Yik Etkinlestir'e 1 uygulanir, boylece RO, saat
darbesine yuklenir (gosterilmemistir)

Genel mikro islem 1 saat dongusu gerektirir.



Control Unit:

Genel olarak bir senkron digital sistemde tiim register’larin zamanlamasi bir temel clock
generatorinden saglanir. Bu sistemde clock darbeleri tim flip-flop’lara ve register’lara
uygulanir. Register’larin veya flip-flop’larin durumunu her clock darbesi sirasinda degisime
ugratmayi engellemek icin ise register ve flip-flop’lara bir Enable, Disable ve Load girisleri
eklenir. Eger Enable aktifse Register'dan data okunabilir, Eger Load aktifse register’a data
yuklemesi yapilabilir.

Sistem tasarimlarinda, digital sistemlerdeki control unit yapisi iki ayn tiirden olusur,
Bunlardan birincisi programlanabilen sistem digeri ise programlanamayan sistem.
Programlanabilir sistemlerde giris kisimlari sirali bilgilerden olusur. Programlanamayan
sistemler de ise register’da toplanan bilgiyle alakasi olmadan tasarlanmis bir devre halinde
gerekli islemler yapilr.

Interaction between Datapath and Control Unit

Control signals
-

Datapath

> Data
l I » outputs

Control Data
outputs inputs

Control Control Status signals
inputs unit -
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