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Software Engineering Today

1- Quantum Computer (Quantum Physics) and Quantum Computing (Mathematics,
Probability, Statistical Analysis)

2- Data Science, Database Management, Data Preparation

3- Artificial Intelligence: Creating algorithm, mathematics, and scenario-based modules,
Data analytics from machine learning algorithms, Developing applications for end users
(Al-Agents), Determining user behavior

4- Automation/Autonomous/Roboting & Computer Science: Computerized machines
(Computer Organization, Microprocessor, Assembly)

5- Algorithms and Mathematical Models
6- Software Languages: Python, Java Script, C++, Matlab, Assembly

7- Applied Mathematics: Linear Algebra, Probability, Statistics, Derivative, Integral,
Matrices, Vectors, Eigenvectors, Eigenvalues



Common Powers

Prefix  Symbol Power of 10 Powerof2 | Prefix  Symbol Power of 10

Kilo K 1thousand=10°  29=1024 | Mill m 1 thousandth = 1073
Mega M 1 million = 10° o) Micro m 1 millionth = 107°
Giga G 1 billion = 10° 2% Nano n 1 billionth = 1072

Tera T 1 trillion = 102 e Pico P 1 trillionth = 10712
Peta P 1 quadrillion = 10° 250 Femto f 1 quadrillionth = 1071°
Exa E 1 quintillion = 10™® 200 Atto a 1 quintillionth = 10718
Zetta Z 1 sextillion = 10° L4 Zepto z 1 sextillionth = 1072
Yotta Y 1 septillion = 1024 g Yocto y 1 septillionth = 1072

Bit: 0/1. Data represents only as bit inside computer.
We use 10 Powers as all units (gr, m, sec, hz, bit or bit/second)

Bit/second: transfer data or the processor's data processing speed.




All Memory Units * Memory size is always byte as 2 power.

* Inthe expression 2™n, n = the number of memory
address lines. Memory address bus indexing: AO,

1 bit = Binary digit

. Al, A2, .., An-1
8 bits = 1 Byte * 1 byte of a memory cell is 8 bits. 2*n defines the
1024 byte = 1 KB memory size in 8 bits (1 byte), n: 10,20,30, ...
1024 KB =1MB
1024 MB =1GB Example: 16Gbyte=? Byte.
1024 GB =1TB * 16Gbyte=274 * 2730 byte=2"34byte
1024 TB = 1 Peta Byte * 16Gbytes how much bits? = 243 * 2734 bit

=2"37bit

1024 PB =1Exa Byte
1024 EB = 1 Zetta Byte

1024 7B = 1 Yotta Byte
1024 YB = 1Bronto Byte

1024 BB = 1Geop Byte



Examples

Soru-1:
e 2744 bit how much Terabyte?
 8bitequalsto 1 byte. 2244/2/3=2"41byte = 221 * 2740 = 2 Terabyte

What is the capacity of a memory (byte)?

 Answer: 2 Terabyte = 27241 byte

* Inthe expression 2n, n = the number of memory address lines. Here, n=41
e Memory address bus indexing: AO, A1, A2, ..., A40



Laws of Exponents

* Let a and b be positive numbers and let x
and y be real numbers. Then,
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CPU story all started with the development of the transistor in
1947.

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

Year name memory  #instructions
1 size
1971 4004 4096 4-bit 45 first microprocessor
1973 8008 16K bytes 48 1st 8-bit uP
1973 8080 64K bytes 10 times faster than 8008

1973 MC6800 64K bytes 1st Motorola puP
1977 8085 64K bytes 246 Intel’s most successful 8-bit general-
purpose UP due to its low cost
Z80 Zilog’s most successful microprocessor
3086 8.16 1M bytes =20,000 1lst 16-bit uP
8088 8.16 1M bytes prefetch mmstruction using cache

IBM decided to use 8088 in its personal computer

80286 8.16 1 6M
80386 8.16.32 4G
30486 8.16.32 4G
Pentium 8.16.32 4G
Pentium Pro 64 644G
Pentium Il 64 644G
Pentium IIT 9 ?
Pentium 4 ? 7







Data

Signals (acoustic, electrical, electromagnetic, heat, vibration) carry messages,
represent change, and are expressed with mathematical functions.

Data: Unprocessed, unrelated, and unassimilated pieces of facts or information.
Data: Sound, Text, Image, Picture. Data is represented by symbols.

n computers, all functions are performed in the binary number system (1/0). Bit: A
sequence of 1s and 0s. Symbols: Letters, numbers, signs.

Image, picture
Document



Computer Functions

Data Transfer
Data Storage
Data Control and Interruption

Data Processing:

— Arithmetic: + and bit shifting (-, *, /)
— Logic: OR, AND, NOT, XOR, XNOR, ...
— Comparison: <, >, 2, <, ==, #, ...

— The microprocessor ALU (Arithmetic Logic Unit) only has addition operations,
and multiplication and division operations are performed by shifting.




Adding With A Carry

+1
10

+1
10

+0
10

+1
11




* Binary is exactly the same, only instead of fen
digits/states (O to ?) we have just two, so the base
becomes 2:

1x2%+ 0Ox2°+ 1x2°4+ 1x2'+ 0x2°

‘ th ‘

10110 = 22

b
| |

Most Significant Least Significant
Bit (MSB) Bit (LSB)




Fractional Binary number to Decimal number

Here are some handy facts: N Binary
0 0

1 1

Power of 2 Base 2 Base 10 9 10
2 0001 0625 3 11

zf 001 125 4 100

2 01 25 5 101

27 1 5 6 110

2° 1 1 7 111

21 10 2 8 1000

2 100 4 9 1001

23 1000 8 10 1010

* 10000 16 11 1011

2° 100000 32 12 1100

2f 1000000 64 13 1101

27 10000000 128 14 1110

2% 100000000 256 15 1111




Decimal / Binary / Hexidecimal

Decimal Binary Hexidecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
S 0101 5
6 0110 6
I 0111 I
8 1000 8
9 1001 9

10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

Conversions:
1000 1110 (binary)
8 E (hex)

Notations for hex:

 0Ox8E

 8Eh
8E ¢

® OFEh



Data Representation Basics

e Bit - the basic unit of information:
(true/false) or (1/0)

* Byte structure: A byte has 8 bits

/ 0 5 4 3 2 1 0

1 t

MSB (Most Significant Bit) LSB (Least Significant Bit)



Binary Signal - Bit
Binary signal: Two-state signal: Data in two states (0/1).

— off & on
— Carried and stored by electrical signals. low voltage & high voltage; Ov & 5v

Bit: Not just a mathematical concept, but also has a counterpart in the physical
world.

— In the binary number system, it has the value 0 or 1 and nothing else.
— A bit is the smallest unit of data in a computer.

3.3V
2.8V

0.5V ™
0.0V



Bits and Bytes are Slightly Different

“Kilo” or “Mega” have slightly different values when used with bits per second or with bytes.

When Referring to Bytes (as in computer memory)

— Kilobyte (KB) 210 =1,024 bytes

— Megabyte (MB) 220 = 1,048,576 bytes

—  Gigabyte (GB) 230 = 1,073,741,824 bytes

— Terabyte (TB) 240 =1,099,511,627,776 bytes

«  When Referring to Bits Per Second (as in transmission rates): Veri isleme ya da veri transfer hizidir.
— Kilobit per second (Kbps) = 1000 bps (thousand)
— Megabit per second (Mbps) = 1,000,000 bps (million)
— Gigabit per second (Gbps) = 1,000,000,000 bps (billion)

— Terabit per second (Tbps) = 1,000,000,000,000 bps (trillion)
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Basic Computer Components



What Is A Computer?

A computer is a structure capable of processing data.

A computer is a general-purpose system programmed to perform a series
of arithmetic or logical operations autonomously.

In the near future, thousands of processors will work together using
guantization to process data very quickly. Bits will be represented by
electrons or photons.

Information System: A system that receives, stores, processes data, and
provides information as output.
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Computer - Microprocessor

 Computer: A programmable machine that takes data as input (memory, 1/0),
stores and processes data, and provides output data in a usable format.
— Input: Data
— Instructions: Software, Programs
— Output: Information (numbers, words, sounds, images)

 Microprocessor: A program-controlled semiconductor device (IC: Integrated
Circuit) that receives instructions (from memory), decodes and executes
them. In computers, it is used as the CPU (Central Processing Unit).



Components of a Computer System

Bilgisayar Sisteminin Temel Bilesenleri:

CPU — Central Processing Unit (Mekezi islemci Birimi - Mikroislemci)

Memory: Yazilip okunacak degiskenleri, verileri ve programlari saklar.

Input and output (I/O) unit

System Bus: CPU’nun Bellek ve bellek gozlini ve 1/0O birimlerinin secilmesinde, veri transferinde
ve senkronize edilmesinde kullanilir: data, address and control.

Control - Clock & Timing

Yazillm



Components of a Computer System

Bir Bilgisayar Sisteminin Komut isleme islevleri:

= |slemci Ana islev Ddngusi (Fetching and execution cycles): Komutu ilgili bellekten alir, komut yazili olan gérevi yerine getirir. Git
al getir, isle, al gotur. (Bellek — CPU —Bellek)

Oku, I/0 dan oku: Giris — CPU - Bellek

= Address Decoding: Belek gozlerinin cakismasini ya da Ust tste gelmesini onlemek amaciyla bellek ve o bellegin ilgili bellek
gozunu secer.

" Clock and Timing Signals: Verilerin senkronize (es zamanl) islenmesini saglar.

= Pipelinng — Verimi artirmak amaciyla, komutlar dizisinin ardisik diizenlendigi ve komut parcaciklarinin eszamanl yiratildagi
islevlerdir. Ayni handa birden fazla komutun parcalarini isler. Neden? Herbir komut parcalardan olusur.



Components of a Computer System

data bus

registers

Central Processor Unit Memory Storage ”C.) IIC.)
. Device Device
(CPUL) Unit 41 4o

ALU CcuU clock

control bus

address bus

O Block diagram of a computer system
® Basic components of a computer system using block diagrams:
OCPU
OMemory
Olnput and output unit
O Bus system: data bus, address bus and control bus.
O Microprocessor clock & timing system



CPU Ic Yapis

Internal structure and basic operation of a microprocessor
O Arithmetic and logic unit (ALU),
OFlag
O Control unit,
OClock and Timing,
O Register sets,
Oaccumulator,
Ocondition code register,
Oprogram counter,
Osegment registers: Belleklerin baslangi¢ adresleri burdadir.

Opointer, Index: Verinin, bellegin baslangic adresinden itibaren hangi gozde
oldugunu soyler.



Block diagram of a basic microcomputer

Basic computer system consist of a Central processing unit (CPU), memory
(RAM and ROM), input/output (I/O) unit.

CPU

Address bus

ROM

RAM

/0O
Interface

/O
devices

Data bus

Block diagram of a basic computer system

Control
bus



A Computer System

OBir bilgisayar sisteminin temel bilesenleri

OCPU — Central Processing Unit (Mekezi islemci Birimi - Mikroislemci)
OMemory

Olnput and output unit

OSystem Bus: data bus, address bus and control bus.

OClock and Timing signals

O Evolution of microprocessor address lines: 8,16, 20, 32 dan 64 bit; Adres hatlari belek, bellek g6z
veya |/0O birimi secmede kullanilir. Parelel hatlardir. Grup olarak calisirlar. Uzerlerinde bitleri (1 / 0)
temsil eden elektrik sinyalleri tasinir.

= Toplam bellek erisim kapasite= 2" byte olarak hesaplanir. Buradaki n ifadesi bellegin adres hatti
sayisidir.

= Ornegin bir bellegin adres hatti sayisi, n=30 ise bilgisayar sistemin adresleme kapasitesi=23° byte =1
GByte'dir.

O Data lines: Nibble, byte, word ... Longword. Belleklerin gozlerine ve 1/O birimlerinin register ya da
bellek gbzlerine veri yazma ve okumada kullanilir. Parelel hatlardir. Grup olarak calisirlar. Uzerlerinde
1 ya da 0’1 temsil eden elektrik sinyalleri tasinir. 1 clock peryodunda parelel olarak yazilan ya da
okunan bit sayisini temsil eder.

= QOrnegin data bus hat sayisi 64 bit ise, 1 clock peryodunda yazilacak ya da okunaca bit sayisi=64
bit=64/8=8 byte’dr.



Basic components of Computer

1. CPU - Central Processing Unit
— Bilgisayar sistemindeki bir bilgisayar programinin komutlarini yerine getiren kismidir.
— Bilgisayarin islevlerini yerine getiren birincil 6gedir.
— Program komutlarini okuyan, yuriten ve yazan birimdir.
— Komut veriler (Program) islemciye ne yapmasi gerektigini soyler.

Pentium D dual core processors
27


http://en.wikipedia.org/wiki/File:Pentiumd.JPG

2.

Memory

Verileri veya programlari (talimat dizileri) gecici veya kalici olarak depolamak icin kullanilan fiziksel cihazlar.

Bilgisayar ana bellegi iki ana cesitte gelir: rasgele erisimli bellek (RAM) ve salt okunur bellek (ROM); ayrica
pilli CMOS bellklerde kulanilir..

RAM, Data bellek: CPU komut verdigi her an okunabilir ve yazilabilir, ancak ROM, hicbir zaman degismeyen
veri ve yazilimla dnceden yuklenmistir, bu nedenle CPU yalnizca ondan okuyabilir.

ROM, Program bellek: genellikle bilgisayarin ilk baslatma talimatlarini depolamak icin kullanilr.
Genel olarak, bilgisayarin giict kapatildiginda RAM icerigi silinir, ancak ROM verilerini suresiz olarak tutar.

Bir bilgisayarda, ROM, bilgisayar acildiginda veya sifirlandiginda bilgisayarin isletim sisteminin sabit disk
siridcustunden RAM'e yuklenmesini dlizenleyen BIOS adli 6zel bir program icerir.

CMOS pil iceren bellekler. Bataryali bellek olmasi kritik 6neme sahiptir, ctinkt ilk acilis BIOS bellektir.
Program bellektir.



http://en.wikipedia.org/wiki/File:Eprom.jpg

3. 1/0 Unit

— Girdi/cikti (1/0), bir bilgi isleme sistemi (bilgisayar gibi) ile dis diinya, muhtemelen bir insan veya baska bir
bilgi isleme sistemi arasindaki iletisimi ifade eder.

— Girisler, sistem tarafindan alinan sinyaller veya verilerdir ve cikislar, sistemden gonderilen sinyaller veya
verilerdir.

— Bilgisayara giris veya cikis saglayan aygitlara cevre birimleri denir.

— Tipik bir kisisel bilgisayarda cevre birimleri, klavye ve fare gibi giris aygitlarini ve ekran ve yazici gibi cikti
aygitlariniicerir.

— Sabit disk surtcduleri, disket strtculeri ve optik disk structleri, hem giris hem de c¢ikis aygiti olarak islev
gorur.

— Bilgisayar agi, baska bir G/C bicimidir.



4. Software

Operating Systems:

Isletim Sistemi, bilgisayar sisteminin genel isleyisini ydneten
yazilimdir.

Temel amacg uygulama programlarini desteklemektir.
Uygulama programlarindan cihazlarin ayrintilari gizlenir.

DOS (Disk Isletim Sistemi)Windows: Intel 80X86 islemciler
icin tasarlandi

Macintosh OS: Motorola ve PowerPC islemciler icin
tasarlanmistir.

Kullanici araylzleri: Programi kullanan kisiden (kullanici)
bilgi iletmekten sorumlu yazilim. Bilgisayarla iletisim kurar
ve bilgisayari kontrol eder. Ug¢ tur kullanici araytzu:

— Graphic user interfaces

— Menu driven interfaces

— Command driven interfaces

System Software

Programming
Languages

Application Software




Block Diagram of a Microprocessor-
based computer system

Address bus

Data bus

Read-Only Read-Write
Memory Memory Keyboard Printer
(ROM) (RANM)




System Bus Components

Data bus and address bus lines

Data bus Nbﬁsmmrﬂd.dkm

'7 Lines on the control bus
Lot / - work independently of
Control P s each other

Address buses and data buses work together as a group. They carry electrical signals representing bits

(1/0).



Sistem Bus

Sistem Bus: Bir bilgisayar sisteminde CPU ile diger temel bilesenler (CPU’nun ve Bilgisayar sisteminin) arasinda haberlesmenin
organize edildigi hatlardir. Bus is data path. Adres Bus ve Data Bus, grup olarak calisirlar. Uzerlerinde bitleri (1 /0) temsil eden
elektrik sinyalleri tasinir. Bus: Herbir hat Gzerinde 0 /1 (bit) bulunur. Elektriksel sinyal ile temsil edilir. Dijital sayi sistemidir.

O Adres Bus:

= Bir bilgisayar sisteminde bellek ve bellek gbzii veya I/O birimini secmede kullanilan tek yonli paralel hatlardir.
Grup olarak calisirlar. Adres Bus tek yonltudir. Hat sayisi belirlemede: bellek sayisi, bellek kapasitesi ve 1/0 sayisi
gbz onlne alinir.

O Data Bus:
= Bellekler ve I/O birimlerine veri yazmada ya da okumada kullanilan iki yonli parelel hatlardir. Grup olarak calisirlar.

Data bus hat sayisini belirlemede bir clock peryodunda yazilacak ya da okunaca bellek icerigi, I/0O register boyut ile
belirlenir. (8,16,32,64,128, 256, ...)

O Control Bus:
= CPU ile Bellek ya da I/O birimleri arasindaki is akisini yonetir. Verileri kagnagindan hedefe kadar kontrol ederler.
= Yaygin kullanilan Control Bus hatlari: Yaz, Oku, Dur, Clock, Reset (Yeniden baslat), Kesme...

= Tek yonludir. Bir kismi CPU’dan bellek veya I/O birimlerine; bir kismi ise bellek veya I/0 birimlerinden CPU’ya gider.
Grup olarak calismazlar. Bireysel calisirlar. Paralel hatlardir. Sinyalleri kontrol eder, zamanlama ve kontrol amaclidir.
Control bus checks the data to the destination.






Microprocessor clock

Also called clock rate, the speed at which a microprocessor executes instructions. Every computer
contains an internal clock that regulates the rate at which instructions are executed and
synchronizes all the various computer components.

The CPU requires a fixed number of clock ticks (or clock cycles) to execute each instruction. The
faster the clock, the more instructions the CPU can execute per second. Clock speeds are expressed
in megahertz (MHz) or gigahertz ((GHz).

Some microprocessors are superscalar, which means that they can execute more than one
instruction per clock cycle.

Like CPUs, expansion buses also have clock speeds. Ideally, the CPU clock speed and the bus clock
speed should be the same so that neither component slows down the other. In practice, the bus
clock speed is often slower than the CPU clock speed, which creates a bottleneck. This is why new
local buses, such as AGP, have been developed.



Clock

synchronizes all CPU and BUS operations

machine (clock) cycle measures time of a single operation
clock is used to trigger events

Clock komut isleme siresini belirler.
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Clock and Data

Clock Peryodu
T

o
Y _

 Every computer has a system clock pulse
Data bit 0 Data bit 1 Data bit 1 Slgnal-

clock } f f ] * Itis continuous, existing in infinity and

continuing to infinity.

data * The clock pulse signal is a sequence of
= pulses (electrical signal) consisting of 1s
and Os.
Data sampled on
rising edge of clock . .
\‘ * The clock period is equal to the data
length.

* Itis used to trigger, or process, data
defined as bits.

* Personal computer speeds are usually
expressed in gigahertz (GHz).

DATA ——

CLOCK




Reading from Memory

 Multiple machine cycles are required when reading from memory, because it responds
much more slowly than the CPU. The steps are:

— address placed on address bus
— Read Line (RD) set low
— CPU waits one cycle for memory to respond

— Read Line (RD) goes to 1, indicating that the data is on the data bus




CLK

Address bus— < Address = »--  Address bus—<  Address = )--

READ

Data bus

Instruction Fetch (WR / RD)

clock

cyc

el

clock_

cycle 2

CLK

WRITE

clock

cyc

el

clock
cycle 2

L

Data bus -~ '(

Data

>_..

(b)



D Flip-Flop

* D flip-flop bir clock sinyaline (Clk) ihtiyac duyan |
senkron devrelerdir. D Flip-Flop, clock sinyali Datain — D Q |— Data out
O0'dan 1'e (yukselen kenar: tetikleme) gittiginde i | Clk 6 -
Q cikisi D girisinden yeni bir deger ‘
depolayacaktir. Clock sinyali degismedigi siirece
Q cikisin durumu degismeaz. e
ising edge
1 1 1 1
Clk_j ; | | | ; | I
0 0
D— 1 1
() 0 ! 0 |

Output change

Timing diagram for a D flip-flop



Ornek:

Clock sinyali: Yikselen ya da dlisen kenar ile tetikleme

f=2GHz, Data bus hat sayisi=32 bit ise 1 saniyede bellege
vazilacak bit miktarini belirleyiniz.

Burada, f=frekans, mikroislemci calisma frekansidir. Birimi:
Hz=1/saniye

Clock peryodu=clock cycle, T=1/f=1/2GHz=1/(2*10"9Hz)
T=0.5*107-9 saniye

Bellek gozlerine 0.5*%10-9 saniyede 32 bit yazilirsa 1 saniye
kac bit yazilir?

X=32/(0.5*%10-9)=16*10"9bit/saniye=16 Gigabit/saniye

Clock Peryodu
! |

T

i

Jata bit 0 |

Data bit 1




System Bus



Address
Decoding
Circuit

Memory-25

Memory-0

/\ Address Bus

CPU
16-bit

cs

|| S

—

I

Data Bus

—
16

Memory

Control Bus I

CPU — System Bus

After selecting a memory location or |/O unit via the Address Bus lines
coming from the CPU to the memory,

The CPU writes or reads data to the memory location via the Data bus,
up to the number of data bus lines in 1 clock cycle. The lines are parallel
and work in groups. Each line has a binary state of O or 1.

The number of Address Bus lines coming to the memory is 20, so the
memory capacity = 2220 = 1 Megabyte.

How many memory locations are there? 25. What is the maximum
number of memory locations? 32. Since 25 <32, 5 extra address bus
lines come from the CPU to the Address Decoding Circuit. A total of 32
memory locations are selected with 5 address bus lines. What is the
total number of addresses coming from the CPU? 20 + 5 = 25.

The number of Data Bus lines gives the CPU's data transfer capability.
When a CPU is said to be 16-bit, it refers to a CPU with 16 Data Bus
lines. In other words, 16 bits are written and read. It corresponds to 2
bytes.

Control bus lines are also parallel. They do not work as a group. They
work separately. Each line has a binary state of O or 1.



Mikroislemci



The structure of a microprocessor

Microprocessor Control
O Arithmetic and logic unit Control | (AL Memory
O Control Unit wires
@) Clock Registers wires|—t Address
O Registers:(Ozel Amaclh Saklayicilar): b Output data
Ozel amacli saklayicidir. Yiiksek hizli veri islemde ve transfer etmede kullanilir. ren g outpus
Gecici depolama alanidir. CPU icinde bulunur. Input % data
Islenecek komutlarin transfer edildigi gecici saklayicilardir: rort purs

= Data Registers: Aritmetik, karsilastirma, mantiksal islemler; veri transferi

= Segment registers: belleklerin baslangic adreslerini tanimlar

= Pointer and Index registers: verinin baslangic adresinden itibaren nerede oldugunu belirtir.
" Program counter: yazilan program kodunun islenme asamasini tanimlar

" Flags: islemler esnasinda degisen durumlari tanimlar.

Kontrol birimi ve aritmetik/mantik birimi. Bu iki bilesen islemci icinde sistem veriyolu adi
verilen bir e%it elektronik bag ile birlestirilir. Veriyolu ayni zamanda bu bilesenleri bilgisayar
sisteminin belleklekleri ve I/O birimleri ile birlestirir.
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Internal Structure of the Processor

 Control Unit
— Fetches instructions from memory, Interprets them, Controls ALU

 ALU

— Does all computations
* Register File
— Stores variables

Data Outé . _ Instr In
| egister File Instr
5 r2 > < |
| ii > ALU
i Control Unit i
Data Data (Calculator) Control . Inst
n—» < l lags > . Address
: PC - >

Data Address:

__________________________________________________________________________________________________________________________________________________________________________________



Internal Components of Microprocessors

Address bus

Address bus

1T [[ 1l owavw
T T T I || T LT 1L
re::t?ers :dta:t:r 2;:;::; l;ccumulato: Z::ﬁ:ta: ;.d:::;te;
ES * A i L 1L ? L)
ALU Control
£ unit
L u J
Control bus

Fig. 1.3 General internal

architecture of a microprocessor
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1)

2)

3)

4)

Mikroislemcileri Birbirinden Ayiran Ozellikler

Mikro islemcinin her saat darbesinde islem yapabilecegi bit sayisi: islenen veriler islemcinin
Ozelligine gore 4-bit, 8-bit, 16-bit, 32-bit ve 64-bit uzunlugunda olabilir. Veri yolu uzunluguna esittir.

Komut isleme Hizi: Mikro islemcilerin calismasi icin saat sinyallerine ihtiyac vardir. islemci (CPU) her
saat sinyalinde bir sonraki islem basamagina gecer. Saat frekansi mikro islemciye disardan uygulanan
ya da islemcinin icinde bulunan osilatorun frekansidir. Komut ¢evrim suresi ise herhangi bir komutun
gorevini tamamlayabilmesi icin gecen slredir.

Adresleme Kapasitesi: Bir islemcinin adresleme kapasitesi, adresleyebilecegi veya dogrudan
erisebilecegi bellek alaninin buyuklGgidur. Bu bluyuklik islemcinin adres hatti sayisina bagldir. Bu
hattin sayisi tasarlanacak sistemde kullanilabilecek bellek miktarini da belirlemektedir.

Ozel amagh saklayicilarin Sayisi: Mikro islemcilerde kaydediciler, genel amacli kaydediciler ve 6zel
amacli kaydediciler olmak UGzere iki grupta toplanir. Bu kaydediciler 8, 16, 32 ve 64-bitlik olabilir.
Kaydedicilerin sayisinin programcinin isinin kolaylastirmasinin yaninda programin daha sade ve
anlasilir olmasini da saglar. Her mikro islemcinin kendine has yapisi ve kaydedici isimleri vardir.
Herhangi bir mikro islemciyi programlamaya baslamadan dnce mutlaka bu kaydedicilerin isimlerinin
ve ne tur islevlere sahip olduklarinin iyi bilinmesi gerekir.



Mikroislemcileri Birbirinden Ayiran Ozellikler

5) ilave Edilecek Devrelere Uyumluluk: Mikro islemcili sisteme eklenecek devrelerin en azindan islemci
hizinda calismasi gerekir. Sisteme ilave edilecek bellek entegrelerinin hizlari islemci ile ayni hizda olmasi
tercih edilmelidir. Ayni sekilde sisteme takilan giris cikis birimlerinin hizlari ve performanslari mikro islemci
ile ayni veya cok yakin olmalidir. Sisteme takilan birimlerin hizlari mikro islemciye goére distkse mikro
islemcinin hizi diger elemanlardaki yavasliktan dolayi diiser. Ornegin bir sensér ile ortam sicakhigini
Olctigimuzu dustnelim. Eger sensorumuiz geg I1sinip, soguyorsa mikroislemci ile sensérimuzua hizli
okumanin bir anlami olmaz.

6) Farkli Adresleme Modlari: Bir komutun islenmesi icin gerekli verilerin bir bellek bélgesinden alinmasi
veya bir bellek bolgesine konulmasi ya da bellek—kaydedici veya kaydedici—kaydedici arasinda
degistirilmesi icin farkl erisim yontemleri kullanilir. Mikro islemcinin isleyecegi bilgiye farkl erisim sekilleri,
"adresleme yontemleri" olarak ifade edilir. Kisaca adresi tarif yollaridir.

Adresleme tirleri: Dogrudan, Dolayli, Veri tanimli, Ozel amach saklayici, Mutlak, Géreceli, indisli ve
gostergeli adresleme



Specialized Processors

GPU
FPU

DSP - Digital Signal Processors
— Image processing; sound, speech
Math co-processors

— Real number arithmetic

ASICs - Application-Specific Integrated Circuits
— Microwave contoller
— Engine management controller



CPU’yu Olusturan Ana Bilesenler -1

Islemcilerin icerisindeki donanim bloklari, komutlari uygun sirayla bellekten okur ve gerekli verilere
erisip, bu veriler Gzerinde komutta tanimlanan isleri yurutur.

« Ozel Amach Saklayicilar (Register): Mikroislemcide islenecek ya da transfer edilecek verinin
gecici olarak saklandigi (RAM), Kontrol ve ALU birimlerinin dogrudan baglandigi bellek
birimidir. Birinci dnceliklidir. Ozel Amacli Saklayicilar verinin manevrasinda ve gecici olarak
tutulmasinda gorevlidirler. Veriisleme ve veri iletisim ara yuziinde kullanilir. Yiksek hizli veri
islemde ve transfer etmede hizli rol oynar. Gecici depolama alanidir.

« Onbellekler (Cach): islenecek verinin dnceden getirlip CPU’da hazir edilmesinde kullanilir.
Performans artirici 6zelligi vardir. Clinkli yazma ve okuma sirelerini hizlandirir. ikinci
onceliklidir.

* Aritmetik ve Mantik Birimi (Arithmetic Logic Unit -ALU): Tim matematik ve mantik islemlerini
gerceklestirir, CU'dan komut dizisini alir. Mikro islemcinin birinci derecede 6nem tasiyan bir
birimidir



Mikroislemcilerin Islevsel Boliimleri -2

Kontrol Unitesi ( Control Unit -CU): Donanimlarin calismasini diizenler. islem akisini
duzenler, komutlari yorumlar ve bu komutlarin yerine getirilmesini saglar. CU, islenen
komuta gore mikro islemci icerisindeki operasyon zamanlamasini / siralamayi kontrol eder.

Haberlesme Yollari: islemci ic mimarisindeki bloklari birbirine baglayan veri yolu
yvapilaridir. Mikro islemci ile bilgisayarin diger birimleri arasindaki baglantilari saglayan
iletkenlerdir. Veri yollari (data bus), Adres yollari (address bus), Denetim yollari (control
bus)

Sayicilar (Counter): Sayicilar islemi yapilacak komut ve verilerin adreslerini tasiyarak
bilgisayarin calismasi sirasinda hangi verinin hangi sirayla kullanilacagini belirlerler.

Giris-Cikis Devreleri: Bu devreler mikroislemcinin, yalniz giris ve yalnizca cikis yapan veya
giris-cikis yapan birimleri ile baglanti kurdugu devrelerdir.



Mikroislemcilerin Islevsel Boliimleri -3

Clock Darbe Katari: Mikro islemcide temel parametre clock hizidir. Clock darbe katari, CPU
isleminde bitleri senkronize (es zamanli) eder. Her bilgisayarin bir sistem clock sinyali
vardir. Clock sinyali 1 ve O lardan olusan darbe kataridir. Bit olarak tanimlanan verileri
tetiklemede yani islemede kullanilir. Kisisel bilgisayarin hizlari genellikle gigahertz (GHz)
cinsinden ifade edilir. Clock’un periyodu veri uzunlugunda olmalidir. Clock sureklidir,
sonsuzdur. 1 ve 0 in suresi (peryodu), 1 bit uzunlugundadir. Darbe katari, ezelden ebede
gider.

Kayan Nokta Birimi (FPU): Matematik islemcisi olarak da bilinir. Mikroislemcide yogun
matematik islemleri yapan birimdir. Mikro islemcinin islem gticini belirlemektedir.

Grafik islem Birimleri (GPU).
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Microprocessor F u n Ct i O n a I b I O C kS

. . i ] Various conditions of the results are
Computational Unit; performs arithmetic . .
and logic operations stored as statuer;;tiZ:earlled flags in flag Internal storage of data

)

| Register array or internal Data Bus
memory

Instruction decoding unit Generates the address of
> Flag Register the instructions to Dbe
fetched from the memory

and send through address
bus to the memory
Timing and control |
unit PC/ IP
>
Control Bus Address Bus
Generates control signals for internal and Decodes instructions; sends information to the

external operations of the microprocessor timing and control unit 55




CPU Architectures

Memory
0
Address Bus
Program + Data
CPU Data Bus
2n
Memory
Address Bus 0
— Program
CPU Fetch Bus
Address Bus 0
bt
Data Bus Data

—

\on Neumann
Architecture

Harvard
Architecture



CISC — Complex Instruction Set Computers

 Refers to number and complexity of instructions
» Improvements was: Multiply and Divide
» The number of instruction increased from

« 45 0on 4004 to:

» 246 on 8085
20,000 on 8086 and 8088

RISC — Reduced Instruction Set Computer

» EXecutes one instruction per clock

Newer RISC - Superscaler Technology

« EXxecute more than one instruction per clock

RISC: 1 komut 1 clock
peryodunda islenir.
Never Risc: 1 Clock
peryodynda cok sayida
komut islenir.



CISC and RISC

e CISC—-complex instruction set

— large instruction set

— high-level operations

— requires microcode interpreter

— examples: Intel 80x86 family
 RISC—reduced instruction set

— simple, atomic instructions

— small instruction set

— directly executed by hardware

— examples:
 ARM (Advanced RISC Machines)
 DEC Alpha (now Compaq)



Instruction Execution Cycle

Fetch: veri al getir; veri al gotir (Ram Bellek, 1/0 ), komut
al getir (Kod bellek)

Komut ¢cozme (decode)
Decoding: Bellek ya da /O birimi segcme
Bellek gozi se¢cme
Execute: veri isleme
Veri transfer
Veri saklama




Inside X86

Execcution Unit Bus Interface Unit
AH T AL
BH | BL CS
CH CL S
DH BPDL SS
DI DS
S i’

SP

Address
generation
and bus control

Operands

11

AL U/h

i

Flags

Instruction
queue

Inside the
S086




Inside x86...pipelining

Intel implemented the concept of pipelining by splitting the
internal structure of the x86 into two sections that works
simultaneously:

* Execution Unit (EU) — executes instructions previously fetched

¢ Bus Interface Unit (B|U) — accesses memory and peripherals



Execution Unit (EU)

EU, BIU tarafindan alinip getirilen komutlari

isler, manipiile eder.

Bus Interface Unit (BIU)

BIU komutlari kod bellekten alir getirir, I/0 veya
bellekten veriyi okur, I/0 veya bellege veriyi

yazar.

ﬁdd ress

Data Bus

Address Bus (20- bit) -

Dedicated Adder to generate 20 bit
address

(16bit) |

Four 16-bit segment registers

Code Segment (CS)
Data Segment (DS)
Stack Segment (SS)
Extra Segment (ES)

Bus
Control
Logic

'8os6Bus

5

6

AH | AL AX i
BH | BL BX E Generation
CH | CL CX ;
General| DH | DL DX i f
Registers SP !
BP i
DI :
Si :
| | IP
ALU Data bus (16 bit) : Internal
) : Communication
Temporary i Registers
Registers :
Internal | ! Instruction queue
Control |-+ Bus s T 3T 4
System | | (8 bit)

Segment registers store
the starting address of
memory.
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Mikroislemci islev dongusu

1. Retrieve the next
instruction from
memory (as indicated
by the program
counter) and then
increment the
program counter.

2. Decode the bit pattern
in the instruction register.

Execute

3. Perform the action

. .. e . required by the . . . . e e oo
I§Iev dongusunu yerine instruction in the |V||kro|§|emc| ana |§|ev dongusunde,

getiren birimler ayri ayri nstruction register. Fetch Process:
caligir. » Komutu veya veriyi bellek ya da I/0
biriminden Git — Al — Getir.
* Veriyi bellek ya da I/O birimine Al - Gotdr.

Execute process : Uygula, isle
Decode: Bellek ve ilgili g6zlnu secer.



Fetch-Execute Process

m Program Counter (PC) or Instruction Pointer (IP)
* Holds address of next instruction to fetch

m Instruction Register (IR)
* Stores the instruction fetched from memory

m Fetch-Execute process
* Read an instruction from memory addressed by PC
* Increment program counter
* Execute fetched instruction in IR
* Repeat process



Inside x86

Concepts important to the internal operation of x86

* Pipelining: Islevsel dongileri yerine getiren tim
birimlerin ayni anda islem yapmasi, calismasi
icin cok sayida komut parcalarinin ayni anda
manipule edilmesidir.



Inside X86...pipelining
* Pipelining

— Two ways to make CPU process information faster:

* Increase the working frequency — technology dependent
 Change the internal architecture of the CPU

— Pipelining is to allow CPU to fetch and execute at the same time

non-pipelined 8085

letch 1 | exec 1 | feteh 2 | exec 2

time
- >

pipelined 8086

letch 1 | exec 1

fetch 2 | exec 2

feteh 3 | exec 3




Without Pipelining

Pipeline, ardisik dizende, islemcinin
komutlari paralel olarak ytrutmesini
mumkun kilar

S1..S6: Cpu Birimleri

Cycles: Clock peryodlarindan olusur. Herbir
islevin yerine getirildig sueyi tanimlar.

Ayrik asamalara bolinmus komut yiritme

Sagda, ardisik dizenlenmemis bir islemci
ornegi. Bircok bosa giden dongd.

BlIR(R
SIElSlo|o/Njo|a|dwNk
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Pipelined Execution

e Dongllerin (Cycles) daha verimli kullanimi, daha fazla talimat ciktisi:

k durum ve n komut icin
gerekli dongu sayisi:

k+(n-—1)

* Pipelining ugulamasinda tim birimler ayni anda farkli islevlerde (Komutlar) calismaya
baslar.
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Wasted Cycles (pipelined)

« Komut isleme dongusu (Decoding, Fetching, Executing, ...) asamalardan biri, iki veya daha fazla
saat dongusu gerektirdiginde (Clock peryodu), saat dongdlerinin bir kismi bosa harcanir.

For k states and n instructions,

the number of required cycles
iS:
k+(2n—1)

1
2
3
4
5
6
V4
8
9

=
@)

=
=
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Superscalar

Bir stiperskalar islemcinin birden cok yaritme islem hatti vardir. Asagida, Asama S4'ln sol ve sag
boru hatlarina (u ve v) sahip olduguna dikkat edin.

For k states and n instructions,
the number of required cycles
IS:

k+n

1
2
3
4
5
6
V4
8
9

[
o
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Registers



Special-purpose
High-speed
Temporary storage
Located inside CPU

Registers

Mikroislemcinin i¢ yapisinda,
* Veriisleme ve Veriiletisim ara yuzunde kullanilr.

Ozel amacli saklayicidir.

Yiksek hizli veri islemde ve transfer etme hizli rol
oynar.

Gecici depolama alanidir.
CPU icinde bulunur. CPU’nun ana bilesenidir.



Registers

m Registers are used to store information
temporarily

= 8086, 8088, 80286 contains 8-bit, 16-bit
registers

m 30386, 80486, Pentium, Pentium Pro,

and Pentium |l contain 8, 16, and 32-bit
registers.

m How about Pentium 47



Overview

* Registers

— General purpose registers
* Operands for logical and arithmetic operations
* Operands for address calculations
* Memory pointers

— Segment registers

— EFLAGS register

— The instruction pointer register

e The stack



CPU Registers CPU Registers

m Fourteen 16-bit registers m Segment Registers

m Data Registers * CS (Code Segment)
* AX (Accumulator Register): AH and AL * DS (Data Segment)
* BX (Base Register): BH and BL * SS (Stack Segment)
* CX (Count Register): CH and CL * ES (Extra Segment)

* DX (Data Register): DH and DL
m Pointer and Index Registers

s FLAGS Register

€
* Sl (Source Index) . éiero :Ilag
* DI (Destination Index) SANEs
* SP (Stack Pointer) * Parity flag
* BP (Base Pointer) * Carry flag

* |P (Instruction Pointer) * Overflow flag




8086 Microprocessor

Architecture
8086 registers | ax[maTar] | e
ized into 4| oxlemter ] | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
categorize cxperjel |
aroups || oo el | ] o
15 0

SP 15 0

BP CS

Si ss

[Fiag Register |

EU BlU
General 16 bit AX, BX, CX, DX
purpose
IS SR 8 bit AL, AH, BL, BH,

CL, CH, DL, DH

Pointer 16 bit SP, BP
register
Index 16 bit SI, DI
register
Instruction 16 bit IP
Pointer
Segment 16 bit CS, DS, SS, ES
register
Flag (PSW) 16 bit Flag register
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Inside X86...registers

* Registers

— To store information temporarily

Category Bits Register Names
General 16 AX, BX, CX, DX

8 AH, AL, BH, BL, CH, CL, DH, DL
Pointer 16 SP (stack pointer), BP (base pointer) ; Stack segment
Index 16 SI (source index), DI (destination index), BX: DS, ES
Segment 16 CS (code segment), DS (data segment)

SS (stack segment), ES (extra segment) points to the exception handling chain

Instruction16 IP (instruction pointer, code segment)

Flag 16 FR (flag register)



8086 Microprocessor

Architecture Registers and Special Functions
Name of the Register Special Function
AX 16-bit Stores the 16-bit results of arithmetic
Accumulator and logic operations
AL 8-bit Accumulator Stores the 8-bit results of arithmetic and

logic operations

BX Base register Used to hold base value in
base addressing mode to
access memory data

CX Count Register Used to hold the count value in SHIFT,
ROTATE and LOOP instructions

DX Data Register Used to hold data for multiplication and
division operations

SP Stack Pointer Used to hold the offset address of top
stack memory

BP Base Pointer Used to hold the base value in base
addressing using SS register to access
data from stack memory

SI Source Index Used to hold index value of source
operand (data) for string instructions

DI Data Index Used to hold the index value of
destination operand (data) for string



32 Bit Registers



32 Bit General-Purpose Registers

Named storage locations inside the CPU, optimized for speed.

32-bit General-Purpose Registers

EAX EBP
EBX ESP
ECX ESI
EDX EDI

16-bit Segment Registers

EFLAGS cs ES
ss FS
EIP DS GS

80



Registers

6 Category

General
Pointer
Index
Segment
INnstruction
Flag

EAXN
EBX
ECX
DX
EBP
ESI
Il
ESP
ElP
EFLAGS

NS m}( AL

||3|1 BK B1.

CH C CL
DI D] DL

BP

S1

]

I

1P

FLAGS

S

S

ES

SS

-5

(S




32bit Register Uses

* General-Purpose
— EAX —accumulator
— ECX —loop counter
— ESP —stack pointer
— ESI, EDI — index registers
— EBP — extended frame pointer (stack)

* Segment
— CS — code segment
— DS — data segment
— SS — stack segment
— ES, FS, GS - additional segments



32 bit registers (16 adet)

Intel Pentium processor



Anatomy of a 32 bit Register

Extended Register

Word Register

i

Bits 0-7

N S —

High Byte Low Byte

Register Register
In today’s 32-bit architecture, each register has 32 bits

that can be used. However, some registers can be
accessed as a single byte, and all registers can be
accessed as a 16-bit value, or a 32-bit value. This is
further explained on the next slide.



Accessing Parts of 32bit Registers

e Use 8-bit name, 16-bit name, or 32-bit name
* Applies to EAX, EBX, ECX, and EDX

AH AL
AX
EAX

32-bit 16-bit 8-bit (high) 8-bit (low)
EAX AX AH AL
EBX BX BH BL
BECX CX CH CL
EDX DX DH DL
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General Registers |

EAX — ‘Accumulator’

 accumulator for operands and results data

» usually used to store the return value of a procedure

EBX — ‘Base Register’

* pointer to data in the DS segment

ECX — ‘Counter’

» counter for string and loop operations

EDX — ‘Data Register’

* 1/O pointer



General Registers |

« ESI — ‘Source Index’

* source pointer for string operations

* typically a pointer to data in the segment pointed to by the DS register
« EDI — ‘Destination Index’

» destination pointer for string operations

» typically a pointer to data/destination in the segment pointed to by the ES register



General Registers ll|

« EBP — ‘Base Pointer’
* pointer to data on the stack

* points to the current stack frame of a procedure
« ESP — ‘Stack Pointer’

e pointer to the top address of the stack

» holds the stack pointer and as a general rule should not be used for any other purpose



Index and Base Registers

* Some registers have only a 16-bit name for their lower
half:

32-bit 16-bit
ESI SI
EDI DI
EBP BP
ESP SP




Segment Registers
* CS - ‘Code Segment’

— contains the segment selector for the code segment where the
instructions being executed are stored

* DS (ES,FS,GS) — ‘Data Segment’

— contains the segment selectors for the data segment where data
is stored

e SS - ‘Stack Segment’

— contains the segment selector for the stack segment, where the
procedure stack is stored



Instruction Pointer

 EIP

— ‘Instruction Pointer’
— Contains the offset within the code segment of the next instruction to be executed
— Cannot be accessed directly by software

— The processor fetches instructions from the code segment, using a logical address that consists
of the segment selector in the CS register and the contents of the EIP register. The EIP register
contains the offset within the code segment of the next instruction to be executed.

— The EIP register cannot be accessed directly by software; it is controlled implicitly by control
transfer instructions (e.g., procedure calls or jump statements), interrupts, and exceptions.

— The only way to read the EIP register is to execute a CALL instruction and then read the value of
the return instruction pointer from the procedure stack.

— The EIP register can be loaded indirectly by modifying the value of a return instruction pointer
on the procedure stack and executing a return instruction.



The Stack

The stack starts in high memory and grows toward low memoryi
* Inthe Intel architecture, the stack grows toward low memory (i.e., from addresses with larger numbers to addresses with
smaller numbers).

At the beginning of a routine, the base pointer is saved on the stack and then it is set to equal the current stack pointer.
The stack pointer is then adjusted to make room for the subroutine’s local variables. Such an area on the stack is called a

“stack frame”.

ESP - t
stack
EBP -
Caller’s growth
stack
frame




Flags



Flags

The status flags (bits O, 2, 4, 6, 7, and 11) of the EFLAGS register indicate the results of
arithmetic instructions, such as the ADD, SUB, MUL, and DIV instructions. The EFLAGS
register is modified automatically by the CPU after mathematical operations.
Generally you cannot access these registers directly.

We will see that some instructions such as conditional jumps rely on the contents of
the EFLAGS register to make decisions.

The carry flag indicates an overflow condition for unsigned-integer arithmetic. It is
also used in multiple-precision arithmetic.

The adjust flag is used in binary-coded decimal (BCD) arithmetic.

Of the six status flags we define on the slides, only the CF flag can be modified
directly, using the STC, CLC, and CMC instructions. The bit instructions (BT, BTS, BTR,
and BTC) copy a specified bit into the CF flag. See the Intel manual for details.




The EFLAGS Register |
e Carry Flag — CF (bit 0)

— Set if an arithmetic operation generates a carry or a
borrow out of the most-significant bit of the result;
cleared otherwise.

* Parity Flag — PF (bit 2)

— Set if the least-significant byte of the result contains an
even number of 1 bits; cleared otherwise.

* Adjust Flag — AF (bit 4)

— Set if an arithmetic operation generates a carry or a
borrow out of bit 3 of the result; cleared otherwise.



The EFLAGS Register ||

e Zero Flag — ZF (bit 6)
— Set if the result is zero; cleared otherwise
* Sign Flag — SF (bit 7)

— Set equal to the most-significant bit of the result, which is
the sign bit of a signhed integer

* Overflow Flag — OF (bit 11)

— Set if the integer result is too large a positive number or
too small a negative number (excluding the sign-bit) to fit
in the destination operand; cleared otherwise



Flags

With respect to the SF flag, O indicates a positive value and 1 indicates a negative value.

The OF flag indicates an overflow condition for signed-integer (two’s complement) arithmetic.
There are other flags contained in the EFLAGS register are:

Bit 9 — Interrupt enable flag

Bit 10 — Direction flag. This flag determines whether the EDI/ESI registers will be incremented or decremented
during string operations.

Bit 11 — Overflow flag

Bits 12-13 — IOPL I/O Priviledge level

Bit 14 — NT Nested task flag

Bit 16 — RF Resume flag

Bit 17 — VM Virtual 8086 mode flag

Bit 18 — AC Alignment check flag (486+)

Bit 19 — VIF Virtual interrupt flag

Bit 20 — VIP Virtual interrupt pending flag

Bit 21 —ID flag

Bits in the EFLAGS register that we have not listed are reserved by Intel.






What is Parallel Computing ?

* Verileri islemek icin birden fazla islemcinin es zamanl
kullanimi

— Ayni programin bircok islemcide calistirilmasi.
— Her islemcide bircok program calistiriliyor.



Shared/Distributed-Memory Architecture

BUS
NETWORK

Distributed memory - each processor

. Shared memory - single address space. All processors
has it’s own local memory. Must do have access to a pool of shared memory. (examples:
message passing to exchange data Chastity/zephyr, happy/yatta, cedar/cypress, sunny)

between processors. _ Methods of memory access : Bus and Crosshar
(examples: Emerald, Topsail Clusters)




Advantages of Parallelization

Fiyat/Performans Orani Acisindan Daha Ucuz
Esdeger pahali tek islemcili makinelerden daha hizli
Daha buyuk sorunlari ele alin

Daha dlceklenebilir: Belirli bir programin performansi, btyuk bir makinede
calistirilarak gelistirilebilir

Daha guvenilir: Teorik olarak islemciler arizalanirsa baskalarini kullanabiliriz
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Multitasking

Isletim sistemi ayni anda birden fazla programi
calistirabilir.

Ayni program icinde birden cok yuritme is parcacigi.

Zamanlayici yardimci programi, ¢calisan her programa
belirli bir miktarda CPU zamani atar.

Gorevlerin hizli gecisi
— tUm programlarin ayni anda calistigl yanilsamasi verir
— islemci gorev degistirmeyi desteklemelidir.



Embedded System



Basic Components of Digital Computer

* CPU
* Memory Memory
1/0
CPU
1/O

Could be a chip, a board, or
several boards




Embedded System
General Block Diagram

Sensor —

— | actuator

Microcontroller

sensor ——
(uC)

— JIndicator

BuIuoIIPUOI J0SUBS
sadeuaul INdinQ

Sensor —

Aktuator ya da eyleyici: Bir mekanizmayi veya sistemi kontrol eden veya hareket ettiren bir tir
motordur. Bir enerji kaynagi tarafindan calistirilir. Bu kaynak genellikle elektrik akimi, hidrolik
akiskan basinci veya pndmatik basinctir ve bazi tir hareketlerle enerjiye donusur.



Mikrodenetleyiciler

Bir mikroislemci cekirdegine ilave olarak, ortak bellek
alanlarini kullanan, 6zellestirilmis gérevler ile
donatilmis cevrebirimlerin eklenmesi ile ortaya cikan
yapiya mikrodenetleyici denir. Denetim teknolojisi
gerektiren uygulamalarda kullaniimak tzere
tasarlanmis olan mikrodenetleyiciler, mikro islemcilere
gore cok daha basit ve ucuzdur.

Mikroislemcili sistemin tasarimi ve kullanimi
mikrodenetleyicili sisteme gore daha karmasik ve
masraflidir.

Mikrodenetleyicili bir sistemin calismasi icin elemanin
kendisi ve bir osilator kaynaginin olmasi yeterlidir.
Mikrodenetleyicilerin kucik ve ucuz olmalari, bunlarin
tim elektronik kontrol devrelerinde kullaniimasini
saglamaktadir.

Memory
CPU ROM RAM
1/O
Subsystems:

Timers, Counters, Analog
Interfaces, 1/O interfaces

A single chip




Mikrodenetleyici Secimi

Mikrodenetleyiciler ile tasarim yapmadan dnce tasarlanan sisteme uygun bir denetleyici secmek icin o
denetleyicinin tasidigi 6zelliklerin bilinmesi gereklidir. Mikrodenetleyicinin hangi 6zelliklere sahip oldugu
kataloglarindan anlasilabilir. Asagida siralanan 6zellikler bunlardan bazilaridir;

* Programlanabilir dijital paralel giris/cikis.

* Programlanabilir analog giris/cikis.

* Serigiris/cikis (senkron, asenkron ve cihaz yonetimi).
 Motor veya servo kontrol icin pals sinyali ¢ikisi.

* Harici giris vasitasiyla kesme.

* Harici bellek arabirimi.

e Harici veri yolu arabirimi.

e Dahili bellek tipi secenekleri (ROM, EPROM, PROM, EEPROM).
 Dahili RAM secenegi.

e Kayan nokta hesaplamasi.



Mikroislemci ve Mikrodenetleyiciler
Arasindaki Farklar

Bir mikroislemci gérevini yerine getirebilmesi icin mutlaka, verilerin saklanacagi bellek
birimine, dis diinyadan veri alisverisinin diizenli yapilmasini saglayan giris/cikis
birimine ihtiyac duyar. Bunlar bir mikroislemcili sistemde ayri ayri birimler (entegreler)
seklinde yerini alir. Bundan dolayi mikroislemcili sistemlere cok entegreli sistemler
denilir.

Bilgisayar gibi mikroislemcili sistemlere verilen bir 6rnekte, bir bilgisayarin bir camasir
makinesinde veya cep telefonunda kullanilmasi elbette mimkutin olmayacaktir.

Bilgisayar ayni anda milyonlarca isi yapabildiginden ve cok yer kapladigindan boyle
verlerde kullaniimasi mantikli olmaz ve maliyetli olur. Bundan dolayi, sistemi meydana
getiren elemanlarin bircok 6zelliklerinden feragat edilerek ve bir entegrede
birlestirilerek mikroislemcilerin yeni tirevleri (mikrodenetleyiciler) olusturulmustur.
Bir saydirma veya PWM sinyali Uretecegimizi dusinursek mikroislemci ile bunu
vazilimsal olarak yapmamiz gerekecektir. Ancak mikrodenetleyicinin 6zellestirilmis
modulleri sayesinde bu islemleri programa paralel olarak moddllerle
yapabiliriz.Boylece ana programdaki yogunluk azalir ve islemcimiz hizlanmis olur.
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Quantum 10jik

Quantum lojik kapisi bir matristir.
Bra (<l ) satir vektor; Ket ( 1>) sutun vektor.

| W) ve | @) birer durum vektori olmak lizere A|W)=| @)
olur, burada A matrisi bir lojik quantum kapisi olmak
uzere, |P) ve| @) kompleks vektor uzayinda birer baz
vektordurler.

Qubit olarak tanimlanan |0) ve |1), quantum durumlari
kompleks vektdr uzayinda birer situn vektor ile

gosterilir. |O)=((1)) ve |1)=((1)) : Bunlara base ketler

denir.




What is a qubit?

A bit has two possible states [[ShXelgdsh)

Unlike bits, a qubit can be in a state other than
[0)or|1)

We can form linear combinations of states

ly) =a|0)+ B|1)

A qubit state is a unit vector in a two-dimensional complex vector space
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Quantum Mekaniginin Temel Prensipleri

Quantum mekaniginin temeli atom alti parcaciklarinin davranislarinin ongoriulmesi fikrine
dayanmaktadir. 1901 ile 1932 tarihleri arasinda quantumun 4 temel prensibi calisiimistir:

— Birincisi enerjinin parcaciklar halinde bulunmasi

— Quantum mekaniginin ikinci pensibi enerji ayni zamanda hem parcacik ve hemde dalgadir.

— Quantum mekaniginin Uclincl prensibi ise parcacigin ne oldugunun anlasilabilmesi icin bir olasiliklar
butlinutnden bahsedilmesi gerekmektedir.

— Quantum mekaniginin dordincl prensibi ise Heisenberg’in belirsizlik prensibine gére bir parcacigin
konumunun ve hizinin tespit edilememesidir.

 Quantum hesaplamada kullanilan fiziksel 6zellikler: Quantum sliperpozisyonu, Quantum
dolanikhgi, Belirsizlik ilkesi, Dalga karismasi

* Dolaniklik: Elektron ve foton birbirlerine dolaniktir, Siperpozisyon: Ayni anda paralel
durumlarda olma olasili§l, C6kme: Olcme yapildiginda parelel olma durumlarindan birine
coker.
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Islemci Bellek iliskisi

Islemci icerisinde onbellekte fazla miktarda bilgi saklanamaz ve gecici saklayicilarda
(kayit ediciler) ise veri manipule (Transfer, Kontrol, ALU) islevleri yerine getirilir.

Islemci gerekli verileri RAM’den okur ve islem sonuclarini RAM bellege yazar.

Islemcinin isleyecegi verilerin RAM’in hangi bellek géziinden okunacagi ve islem
sonuclarinin hangi bellek gdztine yazilacagi programda verilmis adreslerle belirlenir.

Ram bellekte herbir veri programlarda belirlenen bir adreste bulunur.

Ram bellek islemcinin hesap defteri gibidir. Devamli buradan bir seyler okur, siler,
yazar...

CPU, hangi verinin hangi RAM bellek ile iliskili oldugu yazilan program tarafindan
verilen adres hatlari tzerinden Address Decoding Unit tarafindan belirler.



Byte - Memory sizes

* Byte: 8bit’lik veriyi temsil eder.
* 8-bitlik bellek goztini refere (isaret) eder.

 We refer to this as a k x n memory.
— There are k address lines, which can specify one of 2X addresses.
— Each address contains an n-bit word.

For example: @ 26 X 16 RAM contains 2% = 64M words, each memory cell is 16 bits long.

— The RAM would need 26 address lines.

— The total bit storage capacity is 2%° x 16 bit= 227 x 8bit= 2%/ byte= 2”30 bits.

— Adres bus hat sayisi=26 adet.

— Hiucresel uzunlugu word (16bit) olan bellegin indislenmesi : A25, A23, A22, ..., Al, AO



Bellek

Bellek: Mikroislemcinin isledigi veya manipule ettigi verileri saklayan transistor devre elemanlarindan olusan
veri saklama 6zelligi olan ardisil lojik kapilardir. Bellekler ikili sayi sisteminde 1 veya O formatlarindan olusan
komut ya da veri gibi bilgileri saklar.

Bellekler: Verileri saklamak i¢in kullanilir. Mikroislemcilere komutlari ya da verileri transfer etmek icin gerekli
devrelerle birlikte bir depolama hiicreleri koleksiyonudur.

Transistor: Farkli bir noktadan elektron akisini kontrol ederek (akim, gerlimi) sinyalleri anahtarlama yada
kuvvetlendirme islevlerini yerine getiren, yari iletken teknolojisinde Uretilen bir devre elemanidir. Transistorler
atomik yapida uretilebilmektedir.

Register: Gecici 6zel amacli saklayicilardir. Mikroislemcinin icinde en temel saklayici birimdir.
ROM bellek: Degistirilmeyen komut ve verileri saklamak icin kullanilir. Sadece okunur bellektir.
RAM bellek: Hem yazilan hem de okunan bellektir.

CMOS bellek

On Bellek (Cache): Mikroislemcinin sonraki adimlarda isleyecegi verilerin dnceden transfer edilip hazirlandig
kendi 6n bellegidir (SRAM).



Memory

ROM

— read-only memory
EPROM

— erasable programmable read-only memory
Dynamic RAM (DRAM)

— inexpensive; must be refreshed constantly
Static RAM (SRAM)

— expensive; used for cache memory; no refresh required
Video RAM (VRAM)

— dual ported; optimized for constant video refresh
CMOS RAM

— complimentary metal-oxide semiconductor

— system setup information



Ram Bellekler

RAM Bellekler : Mikro islemcinin calismasi esnasinda her tirli
degiskenin Gzerinde yer aldigi ve

* Gegcici islemlerin yapildigi birimi RAM belleklerdir. Ozel bir sira
takip etmeden herhangi bir adrese erisildigi icin rastgele erisimli
bellek (Random Access Memory)—RAM olarak isimlendirilir. RAM
tipi entegreler hem yazmada hem okumada kullanildiklarindan

CPU, bu entegreleri kontrol ederken okuma R (Okuma) ve W Entegre Sﬁﬁm—)
(yazma) sinyalleri gdndermesi gerekir. Ayrica entegrenin istendigi Okuma |
zaman aktif duruma gecmesinin saglayacak entegre secimi (CS ——p RAM €~ Veriyols
=Chip Select) pini bulunmaktadir ve active low (aktif distk, O Ya&)‘
Volt) ile calisir. Her bir biti bir flip-flop devresi olan bu bellekler, Adres Yolu / >

veni bir tetikleme isareti gelinceye kadar icindeki bilgiyi (O veya
1’i) saklayabilme 6zelligi sebebiyle ¢ok diislik gii¢ tiiketimi ile
calismaktadir. Disardan devreye baglanan bir pil yardimiyla
icindeki bilgileri cok uzun sureler boyunca saklayabilme imkani
vardir. Yuksek maliyetli olmalari sebebiyle cok yiksek
kapasitelerde uretilmez.



Rom Bellekler

1)ROM Bellekler : Yalniz okunabilenbirimlere ROM (Read Only Memory) bellekler denir. Bu bellek elemanlarinin en blylk 6zelligi
enerjisi kesildiginde icindeki bilgilerin silinmemesidir. ROM belleklere bilgiler Gretim asamasinda yiklenir. Kullanicilarin bellek icindeki
bilgileri degistirmesi mimkun degildir.

2)PROM (Programlanabilir ROM) Bellekler : PROM’lar bir kez programlanabilir. Bu bellek elemani entegre seklindedir. Kaydedilen
bilgiler eneriji kesildiginde silinmez. Uzerine program kodlarini veya verileri yazmak icin PROM programlayici cihazlara ihtiyac vardir. Bu
bellek elemaninin yapisinda kiicuk sigorta telleri bulunur. Bellek hicrelerinde hepsi saglam durumda bulunan sigortalar “1”i temsil
eder. Yazilacak olan bilginin bit diizeninde “0”lara karsilik gelen hiicredeki sigorta, kliclik bir elektrik akimi ile aktarilir. Bu sekilde PROM
programlanir.

3)EPROM (Silinebilir Programlanabilir ROM) Bellekler : “EPROM”lar bellek hiicrelerine elektrik sinyali uygulanarak programlama islemi
yapilir. Kaydedilen bilgiler enerji kesildiginde silinmez. “EPROM” icindeki programin silinmemesi icin cam pencereli kisim 151k
gecirmeyen bantla ortulmelidir. EPROM bellege yeniden yazma islemi yapmak icin “EPROM” Ulzerindeki bant kaldirilip ultraviyole
altinda belirli bir sire tutmak gerekir. Bu sekilde icindeki bilgiler silinebilir. Boylece tekrar programlanabilir hale gelen Grin tekrar
tekrar farkli programlarin denenmesi ve cihazin ¢alistirilmasi icin kullanilabilir.

4)EEPROM (Elektriksel Yolla Degistirilebilen ROM) Bellekler : Uzerindeki bilgiler, elektriksel olarak yazilabilen ve silinebilenbellek
elemanlandir. “EEPROM”u besleyen enerji kesildiginde tzerindeki bilgiler kaybolmaz. “EEPROM”daki bilgilerin silinmesi ve yazilmasi
icin Ozel silme ve yazma cihazlarina gerek yoktur. Programlayicilar Gizerinden gonderilen elektriksel sinyalle programlanir. “EEPROM”|a
ayni ozellikleri tasiyan fakat yapisal olarak farkl ve daha hizli olan, elektriksel olarak degistirilebilir "ROM"lara Flash Bellek denir.



Comparison of Memory Types

DRAM

- very high density = cheap data cache in computers
- must be periodically refreshed = slower than SRAM
- volatile: no good for program (long term) storage

SRAM (basically a Latch)

- fastest type of memory

- low density > more expensive
generally used in small amounts (L2 cache) or expensive servers

EEPROM

- slow/complex to write = not good for fast cache
- non-volatile: best choice for program memory
ROM
- hardware coded data; rarely used except for bootup code
Register (flip flop)
- functionally similar to SRAM but less dense (and thus more expensive)
- reserved for data manipulation applications



CPU - Bellek erisim ozelligine gore belleklerin siralanmasi

T
_CPU cache (6nlbellek)

@ e [arger capacity

Main Memory |
@ e l[ower speed

Secondary Storage e [ower cost

[ Server (or INTERNET) } v




Memory Hierarchy

R

Level 1 Level 2 '
Cache ¢:> Cache <:> Main

| : MemUWIC:::> Hard Disk

CPU 501




Cache Memory

* High-speed, expensive, static RAM both inside and outside of
the CPU.

— Level-1 cache: inside the CPU
— Level-2 cache: outside the CPU

* Cache hit: when data to be read is already in cache memory
* Cache miss: when data to be read is not in cache memory.




Latch

Yazma aninda Clock sinyalini yliksel kenar (Tetikleme) gelmedigi slirece ¢ikis degerini korur.

Bir elektronik devreye calisma gerilimi uygulandigi sirece durumunu ve buna bagli olarak ¢ikisindaki degeri devamli
olarak koruyan multivibrator cesidi Flip Flop olarak isimlendirilir. FF olarak sembolize edilir. Lojik kapilar ile
olusturdugumuz flip floplar lojik devrelerde en 6nemli bellek elemanlaridir.

FF'ler icin cift kararli multivibrator (bistable multivibrator) terimi de kullanilir. FF'lerin tetikleme girisine uygulanan
kare veya dikdortgen seklindeki sinyaller, tetikleme sinyali/palsi olarak adlandirilir. FF devresi tetikleme sinyalinin
pozitif kenarinda tetikleniyorsa pozitif kenar tetikleme negatif kenar tetiklemeli devre olarak tanimlanir.

Bircok FF tlrl vardir. Bunlardan en cok kullanilanlari:

R-S(reset-set) tipi FF
Tetiklemeli(clocked) R-S FF
J-K Tipi FF

Master Slave tipi FF

D (data) tipi FF

T(Toggle) tipi FF'dir



Memory Management

Real-address mode
Calculating linear addresses
Protected mode
Multi-segment model
Paging

Gercek adres modu

Dogrusal adresleri
nesaplama

Korumali mod
Cok segmentli model
Sayfalama




Memory Types

Ana Bellek: Ram, Rom, CMOS (BIOS) S
* Belleklerin G¢ gorevi vardir:

Cache — Islenecek veriyi depolar.
Dynamic ram — Veriyi isleyen komutlari (programlari)
Stati depolar.
tatic ram — Islenmis, iletisim veY<a ctkis aygitlarina
Flash memory gonderilmek icin bekleyen veriyi
depolar.

Memory sticks
Virtual memory
Video memory
Bios

Hard Disk



Storage Systems

Units of Storage:
— 1bit
— 8 bits =1 byte
— 1kbyte = 2710 = 1024 bytes
— 1Mbyte = 2220= 1048576 bytes
Memory (RAM, ROM)
Optical Disks
CD ROM
Magnetic Disk
Floppy Disk
Flash Bellek
Hard Disk

SSD



Paging



Paging

Supported directly by the CPU

Divides each segment into 4096-byte blocks called pages
Sum of all programs can be larger than physical memory
Part of running program is in memory, part is on disk

Virtual memory manager (VMM) — OS utility that manages
the loading and unloading of pages

Page fault —issued by CPU when a page must be loaded
from disk
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Address Decoding Unit
(Bellek Segment Secme)
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Memory Segmentation

m A memory segment is a block of 2'° (64K) bytes.

m Each segment is identified by a segment number
* Segment number is 16 bits .

x A memory location is specified by an offset within a
segment.

m Logical address: segment:offset
* A000:4872h means offset 4872h within segment A0QQOh.

m Physical address: seament * 10H + offset
* AOOOh*10h +4872h = A4872h (20-bit address)



CPU — Address Decoding Unit

Memory-N

Address

Decoding
Circuit
Memory-0

CPU
16-bit

/| \| Address Bus CsS
/

— >
/ 20
Data Bus Memory
< /’ >
16
Control Bus I

 The address bus consists of lines that carry data from the CPU

to the memory and to the address decoding circuit. Address
bus lines are parallel and work in groups; each line has a
binary state (bit) of 0 or 1 as an electrical signal. The number
of address bus lines leaving the CPU determines the maximum
memory capacity the CPU can access. If there are 20 address
bus lines (n=20), the maximum memory capacity that can be
addressed is 220 = 1 Mbyte. The address decoding circuit
selects the memory to be accessed.

Address bus lines that go directly to the memory determine
the memory capacity and select the memory location.

Since the memory locations are selected via the address
decoding circuit, conflicts between memory locations and
memory locations are impossible.



o Address Decoding Unit

| n Address Bus (output)

Data Bus (Input/Output)

Control Bus (output)
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: i E i — Parallel or Serial Displays §
™ if eettek | | Belek [i i ijo [Commmenen o [
' " i . P o Devices  |Scanners |
i | CS CS Lo (S Disk drives !
e ; f - 1 ADC/DAC !
I B k " Nemery Ot | i i '
| Address 2L
1| Decoder 2—1  Address decoding devresinin gikislari bellek secger. Secilen bellegin gézline
+  TS: Chip Select, low active input CPU’dan gelen adres hatlari yardimiyla erisilir.
. e Bir bellek secilirken adres decoding devresinin girisine CPU’dan gelen adres
S hatlari baglanir. Boylece adres decoding devresinin cikislari bellekleri
secmede kullantlir.
 Secilecek bellek sayisi=Address decoding devresi ¢ikis sayisi=2™ dir. Burada m
A?icti?ezs CPU’dan address decoding devresinin girisine gelen adres hatti sayisidir.
cpU E'l> Decoding "\ Bellekler *  Herbir bellegin kapasitesini belirleyen (Kapasite=2" ) n adet hat CPU’dan gelir.
Circuit ==/ Amag ayni anda bir bellegin ilgili veri goziiniin secilmesidir.
% 5 h=2° E‘%  Adres decoding devresinin ¢ikis sayisi bellek sayisina esit ya da buyik olmak
25 3 % olmak zorundadir. (2’nin Gssiline esit olmayan bellek sayilarinda)
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Address Bus: Memory and

Memory Cell Selection



Ornek:

CPU’dan adres dekoding devresine 4 adet adres bus hatti, maksimum bellege ise 16 adet adres bus hatti gitmektedir.

CPU’dan ¢ikan toplam adres hatti sayisi nedir? 4+16=20
CPU’nun maksimum adresleme kapasitesi ka¢ byte’dir? 2420 byte=1Mbyte

CPU’dan adres dekoding devresine 4 adet adres hatti gidiyorsa adres dekoding devresi tUzerinden kac¢ adet bellek ya da
1/O birimi secilir? 224=16; Belleklerin ya da I/O birimleri indisleri: U0, U1, U2, ..., U14, U15

Maksimum bellek kapasitesi olan bellegin adres bus hat sayisi nedir? 16; indis: A15, Al14, ..., A1, AO
Maksimum bellek kapasitesi olan bellegin kapasitesi ka¢ byte’dir? 22016=64Kbyte
11. bellegin 1047. gozunin adres bus hat durum nedir?

U11=(1011) - A19, A18, A17, A16 Not: maksimum belleginden maksimum indisinden sonraki indisinden
devam eder.

1047=27104+274+272+271+270

secilen bellek g6ziintin adres indisi: (0100 0001 0111)b; indis:A11, A10, AOQ, ..., A1, AO
CPU’'nun bellek ve bellek gozini secmede kullanacagi adres bus indisi:

A19,A18,A17,A16, A15,A14,A13, A12, A11, A10, A9,A8,A7,A6,A5,A4,A3, A2, Al, AO

(1011 0000 0100 0001 0111)b = (B0417)h
DS degeri nedir? (BO00)h; fiziksel adres hesaplanirken, segment adresin sonuna Oh konur. BOOOO elde dilir.
Data transfer komutunu yaziniz,

Mov Ax, BOOOh

Mov Ds, Ax; Data segmente dogrudan veri aktarilmaz.

Mov AL, DS: [417h]; bellek gozinln fiziksel adresi= DS+417h= B0000+417h=B0417h



Or

nek

|/O sayisi: 21, Bellek sayisi: 32, Maksimum bellek kapasitesi: 37Gbyte ise CPU’dan cikacak adres hatti sayisi
nedir?

Toplam birim sayisi, N=21+32=53, UQ, ..., U52

Bir anda 1/O ve Belleklerden birini secmek icin CPU’dan cikacak Adres Hatti Sayisi m ise, toplam birim sayisi,
N=2~m dir. Bu ifadeden m=6 bulunur.

Maksimum Bellek Kapasitesi=37Gbyte, 64Gbyte alinir.
64Gbyte=276 * 2230=2"36 Byte
Maksimum bellege bellek gézlerini secmek icin gidecek adres hatti sayisi, k=36 dir.

Indisleme: A35, A34, ..., Al, AO. Not: Diger bellekler ne kadar adres hattina ihtiya¢c duyarlarsa o kadar adres
hatti parelel gider.

Toplam adreshatti sayisi = Maksimum bellege bellek gézlerini secmek icin gidecek adres hatti sayisi + Bir
anda I/O ve Belleklerden birini secmek icin CPU’dan cikacak Adres Hatti Sayisi

Toplam adres hatti sayisi = k+m=36 + 6 =42
indisleme: A41, A40, ..., Al, AO




8086 Microprocessor

Addressing Modes : Memory,

Offset Value (16 bits)

Segment Register (16 bits) ’

Physical Address (20 Bits)

AX
BX

CX | CH CL
DX

15 0o

CLCESS,

0
P |
15 0
(93]
DS
BIU

138



Ornek:

Indis ve Gosterge:
— CS:IP

— DS, ES: BX, SI, DI
— SS: SP, BP

0AB234h fiziksel adresi olan bellek goziine 55h degeri yazilacaktir. DS 16 bittir, 20bit’lik
fiziksel adresin anlamli 4 bit’i alinacaktir.

DS’in icerigi nedir? DS: AOOOh
Indis ya da ofset adresi BX register’in icerigi nedir? BX: B234h

Adresleme yazilimi nedir?
— Mov AX, 0A000h
— Mov DS, Ax
— Mov Bx, 0B234h
— Mov [Bx], 55h
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