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Different types of data

Numbers

— Whole number, fractional number, ...
Text

— ASCII code, unicode

Audio
Image and graphics
video

How can they all be represented as binary strings?



* Number systems
— Decimal
— Binary
— Bits
— bytes
— Hexadecimal
— Octal
— Numbers conversion among different systems

e Ascii code



Representing Numbers

 Positive whole numbers

— We already know one way to represent them: i.e., just use base 2
number system

e All integers, i.e., including negative integers

— Set aside a bit for storing the sign
e 1 for+, Ofor—

* Decimal numbers, e.g., 3.1415936, 100.34

— Floating point representation:
* sign * mantissa * 2 &P
— 64 bits: one for sigh, some for mantissa, some for exp.



Number Systems

* Binary numbers
— Digits = {0, 1}
— (11010.11),=1x2%+1x23+0x2?+1x21 +0x 29+ 1x 21+ 1x 22
= (26.75),,
— 1 KByte (kilo) =219=1,024, 1MByta (mega) = 2?° =1,048,576,
1GByte (giga) = 239=1,073,741,824

e Octal numbers
— Digits={0,1, 2,3,4,5,6, 7}
— (127.4),=1x82+2x81+7x8%°+4 x81=(87.5),,

 Hexadecimal numbers
— Digits={0,1, 2,3,4,5,6,7,8,9,A,B,C,D, E, F}
— (B65F),,=11x163+6x 162+ 5x 16 + 15 x 16° = (46,687),



Data Representation in Computer

In modern computers, all information is represented using binary
values.

Each storage location (cell): has two states

— low-voltage signal =>0

— High-voltage signal =>1

— i.e., it can store a binary digit, i.e., bit

Eight bits grouped together to form a byte

Several bytes grouped together to form a word
— Word length of a computer, e.g., 32 bits computer, 64 bits computer



There needs a standard way

 ASCIl code: American Standard Code for Information
Interchange

— ASCII codes represent text in computers, communications
equipment, and other devices that use text.

— 128 characters:

33 are non-printing control characters (now mostly obsolete)!Z! that affect
how text and space is processed

* 94 are printable characters
* space is considered an invisible graphic


http://en.wikipedia.org/wiki/Character_(computing)
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Control_character
http://en.wikipedia.org/wiki/ASCII#cite_note-Maini2007-6
http://en.wikipedia.org/wiki/Space_(punctuation)
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Analog and Binary Signal

* A voltage below the threshold
— off

* A voltage above the threshold
— Oon
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ikili Sinyal- Bit
Ikili sinyal (Binary signal), iki durum sinyali: iki durumlu veriler (0/1).
— off & on
— Elektriksel sinyaller ile tasinir, saklanir. low voltage & high voltage; Ov & 5v

Bit: Sadece matematiksel bir kavram degil, ayni zamanda fiziksel diinyada karsihigi
vardir.

— [kili sayi sistemi O veya 1 degerine sahip olur ve baska hicbir sey olmaz.
— Bir bit, bir bilgisayardaki en kicuk bilgi birimidir

0 1 =0~
3.3V
2.8V
0.5V
_’_,..—-..._____,_.----..___,o‘ \-'\_,_.

0.0V



Noise on Transmission

* When the signal is transferred it will pick up noise from the
environment

Voltage
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Recovery - Filtering

* Even when the noise is present the binary values are transmitted
without error
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Electronic Circuit

A circuit is an inter-connected set of electronic components that
perform a function

* |Integrated Circuits (ICs)

— Combinations of thousands of circuits built on tiny pieces of silicon
called chips



Why Binary Arithmetic?

0011 + 0101

= 1000
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IKILI (BINARY) SAYI SISTEMI

Bilgisayarlar icin sadece ‘var-yok’ ‘evet-hayir’ veya ‘kapali-acik’ ifadeleri gecerlidir.
Bilgisayarlar sadece 0 ve 1 rakamlarindan olusan ikili sayi sistemini kullanirlar.

Bit ismi Binary Digit, ikilik rakamdan turetilmistir.

8 bite bir byte denir.

1 varhgi temsil eder, O ise yoklugu temsil eder. 1 gerilim var (5Volt), O ise gerilim yok demektir.

Klavyeden yazilan rakamlar ve harfler bilgisayarin anlayacagi sekle cevrilirken ikili sayi sistemi
devreye girer.

Binary sayi sistemi, Turkcesi ikili sayi sistemi anlamina gelen kavramdir. ikili sayilar 2 tabaninda
yazilarak elde edilir. Dolayisi ile ikilik sistemdeki tim sayilar 1 ve O‘dan ibarettir.

GUnumuz bilgisayarlarinin neredeyse tamaminda kullaniimaktadir.
Gunlik hayatimizda kullandigimiz rakamlar ise onluk tabanda, bir baska ismiyle decimaldir.
Decimal sistemi olusturan rakamlar bildigimiz gibi 0,1,2,3,4,5,6,7,8,9 seklindedir.



Why Binary Arithmetic?

 Hardware can only deal with binary digits, 0 and 1.

* Must represent all numbers, integers or floating point, positive or
negative, by binary digits, called bits.

e Can devise electronic circuits to perform arithmetic operations:
add, subtract, multiply and divide, on binary numbers.
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Bit
Bir sisteme sorulan, dogru ve yanlis olarak verilen iki yanittan biri olan bilgidir.
Bir bit(0/1) bilginin temel birimidir.
Bit, bilgisayar sistemlerinde kullanilan bilginin temel kavramidir, temel tasidir.

Bitler O veya 1 lerden olusur. Birer matematiksel nesnedirler ve birer fiziksel
durumlara karsilik gelirler.

Bit, bilgisayarlar ile bilginin temsil edilmesinde kullanilir.

Fiziksel gerceklestiriimesi ne olursa olsun, bir bit her zaman, bir 0 ya da bir 1
oldugu anlasiimaktadir.

Buna bir benzetme, bir lamba anahtari ile O temsil kapali konuma ve 1 acik
konumda oldugudur.

Iki tur bit vardir, klasik bir cbit, bit (0,1) ve quantum bit, qubit (|0), |0)).




Bit
Bir bitin alabilecegi degerler 0 ya da 1 dir. Durum sayisi=2*1

Elimizde iki bitlik bir bilgi var ise temel 4 durumu vadir: 00, 01, 10,11. Durum sayisi=2/2
Uc bitin alabilecegi 8 durum vardir: 000, 001, 010, 011, 100, 101, 110, 111. Durum
sayisi=2"3

n bitin alabilecegi durum sayisi=2”n dir. Durum uzayi olarak tanimlanir.

(11001)b: bu bir bilgidir. Tum fiziksel sistemler ve sinyaller bitler ile temsil edilebilir.
Odanin sicakhgi 25derece, bu bir bilgidir. (25)d=(11001)b, (25),0=(11001),

Ikili tabandaki bir say1 onluk tabana nasil déntstiiriilir? Sagdan 0 ile baslanarak
indislenir. 1 olan 2 Gzeri indis degerleri toplanir. (11001),=274+2/3+2/0=25.



Binary

* |n Computer Systems we concentrate on binary (base 2)
— Why?
* Because digital components (from which the computer is built) can be in one of two states : on or off
* We use 1 and 0O to represent these two states
— We want to develop a method for representing information in binary

* numbers (positive, negative, integer, floating point, fraction), strings of characters, booleans, images,
sounds, programming instructions

— For unsigned integer values, we can store them directly using binary
* we convert from one to the other using the conversion algorithms on the previous slide where base = 2

* BITis a unit of information equivalent to the result of a choice between only 2 possible alternatives in the binary
number system.

 BYTE is a sequence of 8 bits (enough to represent one character of alphanumeric data) processed as a single
unit for information.



Byte

Byte: Bellek boyutunu hesaplanirken ya da veri tipini tanimlada kullanilir. Elektronik ve bilgisayar bilimlerinde genellikle 8 bitlik dizilim
boyunca 1 veya 0 degerlerini blinyesine alan ve kaydedilen bilgilerin tartinden bagimsiz bir bellek 6lcim birimidir. Bellegin 8 bitlik bir
degerini isaretleyen ya da tanimlayan en kiguk birimi olarak tanimlanmustir..

Kilobyte Kb 210 Byte
Megabyte Mb 220 Byte
Gigabyte Gb 230 Byte
Terabyte Tb 240 Byte
Petabyte Pb 2°0 Byte
Exabyte Eb 260 Byte
Zettabyte Zb 270 Byte

Yottabyte Yb 280 Byte



Example......

* If a family has 3 children, find the probability that all 3 children are girls.

* ing for all 3 girls......

 Sample Space:
BBB
BBG
BGB
GBB
> GGG

GGB
GBG
BGG

P(All 3Girls) =

(23) 2:kisi sayisi, 3: dizilenme sayisi (Cocuk savyisi)

)

—/

ool



Ornekler

16Gbyte kac Byte’'dir? 4KByte kac Byte'dir?
e 16GByte=24 230 =234 Byte e 4KByte=22 210 =212 Byte

16Gbyte kac KByte'dir?

o 16GByte=24 230 =234 /210 =224 KByte
* 16GByte=24 230 =234 /220 =214 MByte
e 16GByte=24 230 =234 /230 =24 GByte

32Tbyte kac¢ byte’dir?

e  32TByte=2> 240 =2%> Byte

e  32TByte=2° 240 =24> /210 =235KByte
e  32TByte=2° 240 =24 /220 =22>MByte

128MByte kag Byte’dir? *  32TByte=2> 2% =2% /230 =21°>GByte
e 128MByte=27 220 =227 Byte . 32TByte=2> 240 = 24> /240 =25 TByte
256MByte kag Byte'dir? 8PByte kac Byte'dir?

* 256MByte=28 220 =228 Byte «  8PByte=23 250 =253 Byte



Multipliers for Measuring Bytes

Byte: Bellek boyutunu hesaplanirken ya da veri tipini tanimlada kullanilir. Elektronik ve bilgisayar
bilimlerinde genellikle 8 bitlik dizilim boyunca 1 veya 0 degerlerini bliinyesine alan ve kaydedilen bilgilerin
tirinden bagimsiz bir bellek 6lcim birimidir. Bellegin 8 bitlik bir degerini isaretleyen ya da tanimlayan en
kticlk birimi olarak tanimlanmistir..

* Kilobyte (K) 2'°=1,024 bytes

* Megabyte (M) 220 =1,048,576 bytes

* Gigabyte (G) 23°=1,073,741,824 bytes

* Terabytes (T) 24°=1,099,511,627,776 bytes

* Petabytes (P) 2°°=1,125,899,906,842,624 bytes

* Exabytes (E) 299=1,152,921,504,606,846,976 bytes

e Zettabytes (Z) 2’°=1,180,591,620,717,411,303,424 bytes

* Yottabytes (Y) 28°=1,208,925,819,614,629,174,706,176 bytes



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)
— 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)



Byte, Baud Rate

Byte: Bellek boyutunu veriri. Elektronik ve bilgisayar bilimlerinde genellikle 8 bitlik dizilim boyunca 1 veya O degerlerini blinyesine alan ve
kaydedilen bilgilerin tlirinden bagimsiz bir bellek 6l¢im birimidir.

Kilobyte Kb 2710 Byte
Mega Byte Mb 2720 Byte
Giga Byte Gb 2730 Byte
TeraByte Tb 2740 Byte
Peta Byte Pb 2750 Byte
Exa Eb 27260 Byte
Zetta Byte Zb 2770 Byte
Yotta Byte Yb 2780 Byte

Bit terimi bellegin 8 bitlik bir degerini isaretleyen ya da tanimlayan en kuguk birimi olarak tanimlanmistir. Daha sonra, 1956'da, 6 Bite'tan 8 Bite
gelistirilmistir. Bite, bit ile karistirlmamasi i¢cin daha sonra Byte'a cevrilmistir. Diger bir kelime aciklamasina gore de, Byte, "by eight"in (Tlrkce'de
sekiz kez veya sekiz ile) kisaltilmis halidir. Byte—>bellekte 8bitlik adres gozii ya da bellek boyutu tanimlar tanimlanir.

Baud Rate: Data iletiminde modiilator cikisinda 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 amac¢ band genisligini daha verimli kullanmak.



Example
In the lab...

=776l | [Tl | 1. Double click on My Computer
=y Labsl | 2. Right click on C:
T L acal Disk 3. Click on Properties
File sp=tem: FAT3Z
l - Uzed space: 1.977. 475 072 bytes 1.34GE
Frese zpace: 83.065. 734 123 byte=s T.51GE

- lzed space: 19774750772 bptes 1.845E

Dirive Dizk Cleanup. .. I g /

Ok I Cancel I S|




Bit, Bit/San

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

e 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
— 1 gigabit (Gbit) =1 x 10° bits = 1,000,000,000 bits

Bit/Saniye: Bit/sec—>1 sn. ye de bir noktadan diger noktaya iletilen bilgi. Ya da bir saniyede islen bit yani bilgi miktaridir. BPS (Bit Per Second);
Saniyede iletilen bit sayisina bps denir.

e Seconds are the units used to measure time
— 1 millisecond (msec) =1 x 1073 seconds = 0.001 seconds
— 1 microsecond (msec) =1 x 10° seconds =0.000001 seconds
— 1 nanosecond (nsec) =1 x 107 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)



Sayisal Mantigin Temelleri



Sayisal Mantigin Temelleri

Sayisal mantik degerlerini temsil etmek icin ikili sayi sistemi kullanilir: 1/0 (Dogru /Yanlis, lyi /K6tQ,
Gece/Gundiz, OV /5V)

Sayisal mantik degerlerinin matematiksel islemleri, Boole cebirinin kurallarinda belirtilen yasalar tabidir.

Boole cebirinin kurallarinda belirtilen yasalarin matematiksel girdileri ve ciktilari ikili sayi (1/0) sistemi ile
temsil edilir.

Bilgisayar sistemlerinin donanimini olusturan mantiksal kapilari
* AND, OR, NOT, NAND, NOR, XOR, ...
Mantik kapilari, transistorler kullanilarak olusturulur.
 NOT gate can be implemented by a single transistor
* AND gate requires 3 transistors
Transistorler bilgisayar sistemlerinin temel devre elemanlaridir.
* Pentium consists of 3 million transistors
e Compag Alpha consists of 9 million transistors
* Now we can build chips with more than 100 million transistors



Gates and Transistors

/oo
Vee = Re * 1o + Vi
= e
R — =
Vg = Ry * 1y, +Vy
#c
I. = * J
Re | g C J c =F B Collector
.—/'l LA e E
"‘-.-"'E-E- -+ _ jr _ VCC Vout
W oBE E C SAT
Vi
Vs -V
I, = % B BaEs Emitter
RB‘

Ve =0V ya dal, =1, sr ; Saturasyon V.. = 0V Ol

I; =04 ise ;Kesmede I, =1, =04 Olur

VCE=VCC kesme durumunda

Transistor elektron akisini kontrol eden, yari iletken teknolojisinde
uretilen bir devre elemanidir.

+VCC

+VCC

Vout

¢ * Vout

(a) A transistor inverter.
(b) A NAND gate.
(c) A NOR gate.



Mantik Kapilari icin semboller ve islevsel davranis

NOT NAND NOR AND OR
A A A A
=Dl e
B B B B
Al X A|B|X A|B|X A|B | X A|B|X
(O I 0101 0101 010]O 01010
110 o 1|1 0O|11]0 01110 o 1|1
1101 1(0(O0 110/(O0 10| 1
110 110 1111 1111

(a) (b) (c) (d) (

D

)

AND Kapisi: Girislerden herhangi biri 0 ise c¢ikis O dir. Girislerin tumu 1 ise cikis 1 dir.
OR Kapisi: Girislerden herhangi biri 1 ise cikis 1 dir. Girislerin timu 0 ise ¢ikis O dir.
NOT Kapisi: girisin evrigini alir.

Mantik kapisi, bir Boole islevini uygulayan ideallestirilmis veya fiziksel bir devredir, yani bir veya daha
fazla mantik girisinde mantiksal bir islem gerceklestirir ve tek bir mantik cikisi tretir.



Giris ve Cikis mantiksal sevilere bakilarak mantik kapisini

belirleme

* Q@iris dalga formlari A ve B bir mantik kapisinin iki girisine uygulandiginda cikis dalga formu belli
ise bu kapinin tlrinu belirleyiniz. (AND Kapisi)

_L_Lu::::.p

- lOo|=|0 |00
|| |O| X




Logic Gates

Toplama Karsilastirma

The EXCLUSIVE OR Truth Table The EXCLUSIVE NOR Truth Table

f= A XOR B f= A XOR B

The XOR Gate

A f= AD@®B

This is called the equivalence gate

Karsilastirma ve Aritmetik toplama islemlerinde XOR kapilari kullanilir.
Girislerin timu birbirine esit (0 ya da 1) cikis sifir ise XOR, cikis 1 ise XNOR kapisidir.



Logic Functions » Logical functions can be expressed
In several ways:

— Dogruluk Tablosu

Truth Table: 3-input majority function — Mantiksal ifade

A B C - — GoOsterim

0 0 0 * Logical expression form

0 0 1 0 F=A'BC+AB’C+ABC'+ABC

0 1 0 0 A B C F=AB+BC+AC

0 1 1 1 1 Jy } . :i/zzggiilskr;rflee?:(r:etr;:)elz:crlrmelkgiiri§ sayisini
1 0 0 0 | — . verir.

1 0 1 |1 L o e T
1 1 0 1 * D

1 1 1 1 m

Giris sayisi, m olursa kac farkli durum vardir? S=2~m durum vardir. 2 tabani
olmasinin nedeni ikili sayi (binary) sisteminden kaynaklanmaktadir: O yada 1, bit



Boolean Algebra

Definition: a logic variable x can have only one of two possible values or states
x = TRUE

x = FALSE
In binary notation, we can say
x=TRUE=1
x=FALSE=0
This is called positive logic or high-true logic. We could also say
x=TRUE=0
x=FALSE =1
This is called negative logic or low-true logic. Usually we use the positive logic convention.
Electrically,

— 1 is represented by a more positive voltage than zero and
— 0 is represented by zero volts

x =TRUE =1 =5 volts

X = FALSE = 0 = 0 volts



Boole Cebirinin Kurallari ve Yasalari

Tek degiskenli temel kurallar:

* Boole Cebirinin Kurallarinin ve Yasalarinin her birinin bir kaniti, A+0=A
degiskenin yalnizca iki bit(0/1) degere sahip olabilecegi A+1=1
gerceginden yararlanilarak kolayca ispat edilebilir. A+A=A

« Not: A=0ya da 1 olur. B

e A +A+A+A+A....+A+ 1 =1; OR kapisinda girislerden herhangi
biri 1 ise cikis birdir. Diger ispat etme yontemi, 1 ve O degerleri
verilerek dogruluk aranir. It should be noted that A = A

o A+A+A+ ...+ A=A (Neden? iki degiskenli 0 ya da 1 girisler
mevcuttur)

A+A=1

e AAA .. A=A Mantiksal matematigi ikili (0/1) sayi sisteminde hesaplama yapilir.
_ fA=0then0O+1=1 Soru: Boole cebrini kullanarak asagidaki islemi yapiniz. A=9, A+1=>
— IfA=1then1+1=1 a) 0b)1c)10d) 8 e)hicbiri

Soru: Boole cebrinde A hangi degerleri alir?a)0b)1c)0/1d)0,1,2, ..., 9
d)Her degeri e)hicbir degeri

Soru: Boole cebrinde A=1 ise, A+A+A+A+A=? A)1 B)0O C)A D)5 D)5A E) Hicbiri
Soru: Boole Cebrinde A*A*A*A=? A)A B) AN



Boole Cebirinin Kurallari ve Yasalari

DeMorgan Yasalari, NAND ve NOR mantigi ile ugrasirken ozellikle yararhdir.




Boole Cebri Teoremleri

1. a) a+b=b+a Degisme Ozelligi
b) a-b=b-a
2. a) a+b+c=a+(b+c) Birlesme Ozelligi
b) a-b-c=a-(b-c)
3. a) a+b-c= (a+b) -(a+c) Dagilma Ozelligi
b) a- (b+c) = a-b +a-c
4. a) a+a=a Degiskende Fazlalik Ozelligi
b) a-a=a
5. a) a+a.b=a Yutma Ozelligi
b) a-(a+b)=a
6. a) (a)*n =a islemde Fazlalik Ozelligi
b) (axn) =a
7.a) (a + b)=a-b De Morgan Kurali
b) (a-b)=@ +b

8. a) a+a =1 Sabit Ozelligi - The 12 Rules of Boolean Algebra

b) a-a =0 cA+0=A
9. a) 0+a=a Etkisizlik Ozelligi *TR A
B Loae *A0=0
) 1-a=a ) cA-1=A
10. a) 1+a=1 Yutan Sabit Ozelligi s A+A=A
b) 0-a=0 *At+A=1
*A-A=A
11. a) (a+b )-b=b c A-E=0
b) a-b +b=b c A=A
- A+AB=A
*A+AB=A+B

* (A+B)(A+C)=A+BC



Mantiksal islemlerin sonucu daima 1 ya da O dir.

a+a+a+a+...+a=a
a*a*a*.... *a=a
1+a+b+c+ ... + z=1

ab’c + ab’c=ab’c; benzer ifadelerin toplami her zaman benzer bir
tanesine esittir.



Gates

A [ =
_: $_ Dogruluk tablosu:
NOT A[B|OR [AND|NOT | NOR | NAND EXOR
MNAMND NOR 4' :3"‘:’_ A+B | A*B A (A+B) | (A*B)Y | (A Y*B+A*(B)

0 1 1 0

0 1 1 1

1 0 1 1

1 0 0 0

VEYA KAPISI DEGIL KAPISI
Ig Yapis
. C
5 Vaolt Girigler ] = Girigler
vl + 1¢Yaps 5 Volt ¢ Y aps
Formiiller 0 Degeri Verildiginde 1 Degeri Verildiginde Sadelestirmeler
4.0=0 A=0i1s5e,0.0=0 A=1lise, 1 . 0=0 (A+B)=(B + A)

A . 1=A A=0ise,0.1=0 A=1lise, 1. 1=1 A+B)+C=A+B+C)=A+B+C
A+0=A A=0ise,0+0=0 A=1lise, 1+0=1
&ﬁA=A A=Gi5E,QﬁD=D A=1i5f,ﬂ1_~;1=1 (A_E)(A'FCZ':A'F{'BCJ
A+A=A A=0ise,0+0=0 A=lise, 1+1=1 e T
A A=0 A=0ise.0.1=0 A=1lise,1,0=0 e
A+A=1 A=0ise, 0+1=1 A=1lise, 1+0=1 (A.B)=(B.A)

. : . . _ 1 . (A'.B)+ (A .B)=(A ©BY
(A" = A A=0ise, A'=1,(AY=0 A=1lise, A'=0,(AY =1 (A By=A +B
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Bits, Bytes and Words

Bilgisayarlar, mevcut elektronik teknolojimizle uygulanmasini kolaylastirdigi icin temel-2 sistemini kullanir.

Taban-2'de calisacak bir bilgisayar insa etmek su anda daha ucuz.

Bit kelimesi, "Binary digit" kelimelerinin kisaltilmis halidir.

Ondalik basamaklarin O ile 9 arasinda degisen 10 olasi degeri vardir, bitlerin yalnizca iki olasi degeri vardir: 0 ve 1. Bu nedenle,
bir ikili sayi, 1011 gibi yalnizca O'lar ve 1'lerden olusur.

We can use the same method as base-10 to determine the value of 1011, but instead of 10 use 2:(1 * 273) + (0 * 222) + (1 *
2M1)+(1*270)=8+0+2+1=11

Bit temelinde 0 ya da 1 ile tanimlanan var/yok mantigiyla calisan isarettir. Bir isaret, farkli sintis dalgalarinin toplamindan olusur.
(Genislik ve frekans) Frekansin temeli titresimdir. Frekans, bir saniyedeki titresim sayisidir. Tersi ise periyottur. Yani periyot bir tek
titresimin slresidir. Analog isaret, cok sayida frekans bilesiminden olustugundan isareti islemek zordur. O nedenle frekans
domaininde islenir. Frekans spektrumunda isaretin basladigi ve bittigi frekans araligi bant genisligini verir.

Binary Sayilarin Decimal Sayilara Donustulrilmesi: (100011)2= 25 + 21+20=32+2+1=(35)10=(23)16

Ondalikh Binary Sayilarin Decimal Sayilara Dondstirilmesi: (111,101 )2 = 22+21+20+2-1+2-3=4+2+1+1/2+1/8=7,625

Decimal Sayilarin Binary Sayilara Cevrilmesi: (172)10=(128+32+8+4)10=(27+25+23+22)10=(1010 1100)2=(AC)16

Ondalikh Decimal Sayilarin Binary Sayilara Dondstirilmesi: (10, 75)10=? (10)10=(23+21)10=(1010)2 , 2-1=1/2=0,5 2-
2=1/4=0,25, (10, 75)10=(1010,11)2



DATA SIZE

Nibble 4 bit
Nibble = 4 bit (n=0-3) 7
Range 0-15 —
3 0
Byte 8 bit Byte = 8 bit (n = 0-7) |
Range: 0-255 —_—
Sign bit 7 Upper 43 Lower?\libble
MNibble
Word 16 bit
Word = 16 bit (n=0-15)
Range: 0-65,535 —
Sign bit 15 Upperbyte 6 7 Lower byte 0
Long word 32 bit L D
,ijIJHIJHIJIJIUIJIJ
Sign bit 31 Upperword 16 15 Lower word 0
:\:ﬂsogt significant Bif) ;g';g:’gf;gfggg FSQE 0-31) (Least significanl_gig
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Data Types - size

15 87 O

High Low
Byte Byte
31 16 15 0)
High Word Low Word
63 32 31 0]
High Double Word Low Double Word
64 63 0]

High Quad Word

Low Quad Word

Always take care of the type of data an instruction accesses!!!!

Byte

Word

Double Word

Quad Word

Double Quad
Word



16 bitten yani 2 bayttan olusan
sayllara 1 word adi verilir.

/\/\/”\
1100101100011000

Nl ) et

8 bitten olusan sayilara
1 byte adi verilir.

Bir binary sayinin en solundaki bit MSB,
en sagindaki bit de LSB olarak isimlendirilir.

(110010110001 100@
MSBJ B

Most Significant Bit Least Significant Bit



Variables

TYPE

int Stored only Integer

int Sored only Integer

double Stored oaly floating- point numbes
double stored only floating- point number
String Stored only texts

String statusMsg Over Stored only texts

vﬁ-—_-.

A voniehle has 3 name, stores a valuve of the declared type.
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Intrinsic data types

BYTE, SBYTE

— 8-bit unsigned integer; 8-bit signed integer
WORD, SWORD

— 16-bit unsigned & signed integer

DWORD, SDWORD

— 32-bit unsigned & signed integer

QWORD

— 64-bit integer

TBYTE

— 80-bit integer



Variable Declaration

m Each variable has a type and assigned a memory

address.

m Data-defining pseudo-ops

DB
DW
DD
DQ
DT

define byte

define word

define double word (two consecutive words)
define quad word (four consecutive words)
define ten bytes (five consecutive words)

m Each pseudo-op can be used to define one or more
data items of given type.



Byte Variables

m Assembler directive format defining a byte variable

* nhame DB Initial value

® a question mark (“?”) place in initial value leaves variable

uninitialized

m |DB4 define variable | with initial value 4

m JDB ? Define variable J with uninitialized value
m Name DB “Course” allocate 6 bytes for Name

m KDB 5, 3, -1 allocates 3 bytes

K ey

05

03

FF

Degisken taniminda kag
byte? Kac adet 4 bit?

e Hex: 4 bit tanimlar.

e Ornek:
e DW: 16 bit. 2 byte, 4

adet 4 bit.



Word Variables

m Assembler directive format defining a word variable

. s
name DW initial value Degisken taniminda kac

[ m— | 3]
30

= | DW 4 byte? Kag adet 4 bit?
[=— 04 T * Hex: 4 bit tanimlar.
00 * Ovyuzden 4 bir bir hex
_ sayl sistemi ile
= JDW-2 J ey | T tanimlanr.
FF
« Ornek:
s KDW1ABCH I BC « DW: 16 bit. 2 byte, 4
T adet 4 bit.
14
m L DW “01” T « | DW 4: (0004)h




Double Word Variables

m Assembler directive format defining a word variable
®* name DD initial value

= | DD 1FE2AB20H

[ 20 | A
AB
E2
[F

n JDD -4
J ey | EC | A

FF
FF
FF
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Binary addition

0 1 0 1
+ 0 + 0 + 1 + 1
0 1 1 10

* Represent sum of binary numbers as a binary number
decimal addition binary addition
1+1 =2 1+1 =10
1+1+1 =3 1+1+1=10+1=11



Adding binary numbers

Binary addition

0 1
+ 0 +0
0 1

Represent sum of binary numbers as a binary number

decimal addition
1+1 =2
1+1+1 =3

binary addition
1+1 =10
1+1+1=10+1=11

Adding binary numbers

11 <—carry 11
101 111
+ 11 + 110
1000 1101
1 11 < carry
10101010111

+ 110000110

11011011101

< carry
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Arithmetic in Binary

Remember that there are only 2 digit symbols in binary, 0 and 1

1+ 1is O with a carry

1010111

+1001011




Adding binary numbers

Binary addition

0 1
+ 0 +0
0 1

Represent sum of binary numbers as a binary number

decimal addition
1+1 =2
1+1+1 =3

binary addition
1+1 =10
1+1+1=10+1=11

Adding binary numbers

11 <—carry 11
101 111
+ 11 + 110
1000 1101
1 11 < carry
10101010111

+ 110000110

11011011101

< carry



Ikili Sayilarda Toplama

Binary(Ikilik) say! sistemindeki temel toplama kurallart;

0+0 =0 —» EldeO Toplam 0
0+1 =1 —» EldeO Toplam 1
1+0 =1 —» Elde0 Toplam 1
1+1 = 10 —» Elde 1 Toplam O
1+1+1 = 11 —» Elde 1 Toplam 1

Numerical examples for addition follow:

+ 6 00000110 — 6 11111010
+13 00001101 +13 00001101
+19 00010011 + 7 00000111
+ 6 00000110 — 6 11111010
—13 11110011 —13 11110011
— 7 11111001 —19 11101101

* A=(111011100001),=(3809),,=(EE1),, B=(1100 0100 0011),=(3139),,=(C43),¢
« C=A+B
 (C=(1101100100100),=(6948),,=(1B24),,



Binary sayilarda toplama-cikarma islemler;i

Asagida verilen toplama islemlerini gerceklestirin.

a-(11)2 3 b-(100); c- (111)
S (1ip *= 3 * (11h + (A1)
(110)2 6 (111); (1010);

Asagida verilen cikarma islemlerini gerceklestirin.

a-(11) b- (100);
- (10), - (011)>
(01): (001)2

d- (0110), c- (11101);
+(1111) (1001);
(10101); + (111)

(101101),
c- (101); d- (1010),
- (011), - (0011),
(010), (0111),



%R&D
< Binary Conversion
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Binary Numbers

A number in a base-r system
X = X.1Xn2 o+ X1Xg - Xy X5 +oe X (19) Xy

n—1 N

Value(X) =%, ,-r —+XxX_,-r

(234.26), =2-6°+3-6'+4-6°+2-6 1 +6-6° =(94.5),,

(45.4); =4-8'+5-8° +4-.87" = (39.5),,



Radix Number System

e Base — 2 (binary numbers)
—-01

 Base — 8 (octal numbers)
—01234567

* Base — 16 (hexadecimal numbers)
—0123456789ABCDEF



Binary Number System

Base 2

Two Digits: 0, 1

Example: 1010110,
Positional Number System

2n—1 . 2423222120

bn—1° "b4 bs b2 bl bo

Binary Digits are called Bits
Bit b, is the least significant bit (LSB).
Bit b, , is the most significant bit (MSB).

63



Binary Sayilarin Decimal Sayilara Donlisturulmesi:

(100011),= 25 + 214+20=32+2+1=(35),,=(23)h

Ondalikli Binary Sayilarin Decimal Sayilara Donustirilmesi: (111,101 ), = 224+214+2%4214+23=4+2+1+1/2+1/8=7,625
Decimal Sayilarin Binary Sayilara Cevrilmesi: (172),,=(128+32+8+4),,=(27+2°+23+22),,=(1010 1100),=(AC)
Ondalikli Decimal Sayilarin Binary Sayilara Donusturilmesi

(10, 75),0=? (10),=(23+21),,=(1010), 21=1/2=0,5 22=1/4=0,25, (10, 75),,=(1010,11),



A 4-bit binary number

22
(b,)

21
(b,)

4

2

b#

Most Significant Bit Least Significant Bit

Binary number: 0110 = (0x8)+(1x4)+(1x2)+(0x1)=6
Binary number: 1101 = 8+4+1=13
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Binary representation

 What is the value of the binary representation 10107?

— O

1 0 1
1 1 T
position: 3 2 1 0

1010 =1x23+0x22 + 1x21 + 0x20
=1x8 + 0x4 + 1x2 + 0x1

=8+0+2+0 =10



From Base 10 to Base 2: using table

e Tnput : a decimal humber
e QOutput: the equivalent number in base 2
® Procedure:

e Write a table as follows

1. Find the largest two's power that is smaller than the number
1. Decimal humber 234 => largest two's power is 128

2. Fillin 1 in corresponding digit, subtract 128 from the number => 106
3. Repeat 1-2, until the number is O
4. Fill in empty digits with O

. |512 1256 128 |64 132 116 |8 |4 12 |1
1 1 1 0 1 0 1 0

e Result is 11101010
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= Binary is exacily the same, only instead of ten
digits/states (O to ?) we have just two, so the base

becomes 2:

Bilgisayar sistemlerinde 2 tzeri indeksleme 0,1,2,3,.. Bicimindedir.
indeksleme sagdan baslar.

1x2%+ 0x2°+ 1x2°4+ 1x2'+4+ 0x2°

vy
10110, = 22

b
| |

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




" Most computers count in binary, which we can easily
understand from the decimal so ingrained in us

3x10%4+5x10°+4x10°+ 6x10*+2x10°

‘ ‘ th l ‘

35462




Decimal to Binary

* Technique
— Divide by two, keep track of the remainder
— First remainder is bit O (LSB, least-significant bit)
— Second remainder is bit 1
— Etc.

125, = 2, 125, = 1111101,



From Base 10 to Base 2: using table

e Tnput : a decimal humber
e QOutput: the equivalent number in base 2
® Procedure:

e Write a table as follows

1. Find the largest two's power that is smaller than the number
1. Decimal humber 234 => largest two's power is 128

2. Fillin 1 in corresponding digit, subtract 128 from the number => 106
3. Repeat 1-2, until the number is O
4. Fill in empty digits with O

. |512 1256 128 |64 132 116 |8 |4 12 |1
1 1 1 0 1 0 1 0

e Result is 11101010
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Converting Binary to Decimal

Binary number system is base 2

> 0,1
> Uses 2 numbers

10010001 = 145

Base 2 representation

20 | 286 2> 24 23 22 | 2t | 20
Decimal representation 198 64 37 16 g 4 2 1
Base 2 representation 1 0 0 1 0 0 0 1




Binary and Decimal Conversion

(7)

(G)

(5)

(4)

(3)

(2)

(Q)

128

64

32

16

192.57.30.224

11000000.00111001.00011110.11100000




Binary to Decimal

Technique 101011, => 1 x 20 = 1
— Multiply each bit by 2", where n is the 1 x 21 2
“weight” of the bit 0 x 27 0
— The weight is the position of the bit, starting 1 x 23 8
from 0 on the right 0 x 24 0
— Add the results 1 x 2° = 32
Pt 43

position: 2 1 0

111 =1x22 + 1x21 + 1x20
=1x4 + 1x2 + 1x1

=4+2+1 =7

Decimal Sayilarin Binary Sayilara Cevrilmesi:
(172),,=(128+32+8+4),,=(27+2°+23+22),,=(1010 1100),=(AC),



Binary to Decimal

Decimal

—3 —3 conversion — —

0x20

1x20

1x21 + 0x20

1x21+ 1x20

1x22+ 0x21+ 0x20

1x22+ 0x21+ 1x20

1x22 + 1x21 + 0x20

1x22 + 1x21+ 1x20

1x23 + 0x22+ 0x21 + 0x20

Binary

n 1
- O

10
11
100
101
110
111
1000




Binary sayi sisteminden decimal’a cevirme

-

9876543210 Hane Sayisi

Ox2'=
1x22=
0x2°=
0x24=
1x2%=
1x2°=
Ox2'=
Ox28=

1001100101 ikili sistemdeki say:

|— 1x20=

(1x1)
(0x2)
(1x2x2)
(0x2x2x2)
(Ox2x2x2x2)
(1x2x2x2x2x2)

64 (1x2x2x2x2x2x2)

0 (Ox2x2x2x2x2x2x2)

0 (0x2x2x2x2x2x2x2x2)

1
0
4
0
0
32

1x29+= 512 (1x2x2x2x2x2x2x2x2x2)

613 Onlu sistemdeki say

Balinen

1316 :
658 :
329 :
164 :

82 :
41 :
20 :
10 :

NN MNM M MNDN

Bélim Kalan

2 = 658

(L | | I | I |
—
o

Ikili sistemdeki sayt 10100100100

o

Q=200 =2 00-=0

=l

1




Binary’den decimal’a cevirme drnekleri

* Ornek: * Ornek:

* (1010)2 =(? )10 * (11001)2=(7?)10

¢ (1010)2 = 1x23+ 0x 22 + 1 x21 x  *(11001)2 = 1x2%+ 1x23+0 x 2% +
0x2° 0x21 + 1x2°

* (1010)2=8+0+2+0 * (11001)2=16+8+0+0+1

* (1010)2 = 10 * (11001)2 = 25



Decimal sayi sisteminden binary sayi sistemine cevirme
ornekleri

* (217)10=(?)2
 (217)10=(11011001)2
e Saglamasi:

e 128+64+16+8+1=217

. (54)10=(?)2
e 32+16+4+2
* (54)10=(110110)2



Hexa Numbering System



Heksa desimal Sayi Sistemi Nedir ?

Binary ve desimal sistemden sonra mantik olarak ayni ancak fark olarak 16
liktabana sahip sayilar hexa desimal sayilardir.

Heksa desimal sistemde kullanabilecegimiz rakamlar benzer mantikla yine
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 seklindedir.

Ancak hexa desimal sisteme gore yazilan sayilar 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F,
seklindedir.

Dijital Elektronikte binary sayilarin heksa desimala cevrilip bellekte kodlanmasi
saglanir.

Sayilar binary'den heksadesimale cevrilirken sagdan sola dogru dorder
basamak olmak tzere gruplandirilir.

Cunkd heksa decimal sayi sisteminin tabani 16 dir ve binary sayi sisteminde O-
15 savyilari, 4 bit ile ifade edilebilmektedir.



Binary Sayinin Hexa decimal'e Cevrilmesi

1/0/1|1/1/0/0/1]/1]|0/1|0|1]|0|1|1 Binary

1/0/1]1] [1]0/0[1] |1/0[1/0| [|Oj1]1] 40

v v v v gruplama
B 9 A B Hex




Binary/Hexidecimal

Decimal Binary Hexidecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
3) 0101 3)
6 0110 6
7 0111 7
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:

« Ox8E
« 8Eh
* 8E

:Hexadecimal Binary Decimal :
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
A 1010 10
B 1011 11
C 1100 12
D 1101 13
E 1110 14
F 1111 15




Binary — Hexa Numbering System

:Hexadecimal Binary Decimal :
* Short-hand for all these 1s and Os
0 0000 0 .
1 0001 1 * HEX notation
2 0010 2 * Each group of 4 bits represents a
3 0011 3 number in the range 0 — 15
4 0100 4 ) .
5 0101 5 * Hex is used as a notation for any
6 0110 6 sequence of bits (e.g. ASCII
7 0111 7 characters require just two hex
8 1000 8 digits)
9 1001 9
A 1010 10
B 1011 11
(o 1100 12
D 1101 13
E 1110 14
F 1111 15




Binary to Hexadecimal

Technique
— Group bits in fours, starting on right
— Convert to hexadecimal digits

1010111011, = 2.,
10 1011 1011

Vol

2 B B
1010111011, = 2BB,,

Ornek: (100011),= 25 + 21420=32+2+1=(35),,=(23) ¢



Decimal to Binary to Hexadecimal

* Technique
— Divide by 16
— Keep track of the remainder

1234,, = 24, 16 1234
16 77 2
16 4 13 =D
0 4

1234,, = 4D2,,



Hexadecimal to Binary to Decimal

* Technique
— Multiply each bit by 16", where n is the “weight” of the bit
— The weight is the position of the bit, starting from 0 on the right
— Add the results

ABC,, => C x 169 = 12 x 1 = 12
B x 16 = 11 x 16 = 176
A x 162 = 10 x 256 = 2560

2748,



Hexadecimal to Binary

* Technique
— Convert each hexadecimal digit to a 4-bit equivalent binary representation

NI

0001 0000 1010 1111

10AF,, = 2,

10AF,, = 0001000010101111,



Hexa decimal sayilarin toplanmasi

Ornek: (21A)16+ ( 452)16=(?)16
e A+2=C

e 1+5=6

e 2+44=6

e (21A)16+ (452)16= (66C)16

Ornek: (73C)16+ (A2F)16= (?)16
e C+F=(1B)h
e 3+2+1=6
e 7+A=(11)h
e (73C)16+ (A2F)16= (116B)16



Octal to Hexadecimal

* Technique

— Use binary as an intermediary

1076, = 2., 1

001

0

O

1076, = 23E,,



Hexadecimal to Octal

* Technique
— Use binary as an intermediary

1F0C,, = 24

gool 111fd 00,00 1100

1F0C,, = 17414,



Binary to Octal

* Technique
— Group bits in threes, starting on right
— Convert to octal digits

()
—
—
(@)
[
(D)
[
—
—

1011010111, = 2,

I—‘hl—‘
wh

1011010111, = 1327,



Octal to Binary

* Technique
— Convert each octal digit to a 3-bit equivalent binary representation
7 0 0

bl

111 000 101

7054 = 111000101,



Fractions



Virgulll ondalik sayiyi binarysayiya cevirme

= 10 tabaninda verilen sayinin tamsayi kismi sirekli olarak istenen tabana bélinerek
kalanlar sagdan sola dogru yazilir.
- 10 tabaminda verilen sayinin kesir kismi igin ise, bu kisim sirekli olarak istenen taban ile

garpilir ve garpimin sonucu istenen basamadga erigene kadar (ya da 0 gikana kadar)
iglemin tamsay) kismi alinir.

Omek: (121.125)10 sayisini 2 tabanina dénudstirindz.

Kalan
« 121/2=60 1
- 60/2=30 0
. 30/2=15 0 » Kesirli kismi donistirelim.
- 15/2=7 1
. 7/2=3 4 « 0.125*2=0.250 0
. 3/2=1 1 - 0.250*2=0.500 0
- 1/2=0 1 « 0.500* 2 =1.000 1

- Sonug = 1111001.001



Here are some handy facts: N Binary
0 0

1 1

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

27 001 125 4 100

- 01 25 5 101

27! 1 5 6 110

2° 1 1 7 111

2! 10 2 8 1000

27 100 4 9 1001

2° 1000 8 10 1010

2* 10000 16 11 1011

2 100000 3 12 1100

2° 1000000 64 13 1101

2" 10000000 128 14 1110

2% 100000000 256 15 1111




Fractions

 We can extend our unsigned representational system of binary to
include a decimal point

— After the decimal point, the i exponent, in 2!, becomes negative

* So, we now have the % column, the % column, etc
— 1011.1001 =
— 1*%2340*22 + 1%21 4+ 1*20 4 1%2-1 4 0*22 4 0*23 4+ 1*24 =
—8+2+1+%+1/16=
— 119/16 =11.5625

e What is .43047? Use 8-bits with 4 fraction bits

— .4304 has a .25, .125, .03125, .015625, and more fractions, but this exceeds the number of fraction
bits so the number is 0000.0110

— But 0000.0110=.125+0.3125 =.375, we have a loss in precision!

* In the fraction representation, our decimal point is typically fixed, so this is often known
as fixed point representation

* We will cover a floating point representation later



Fractions

* Decimal to decimal (just for fun)

3.14 => 4 x 1072 = 0.04
1 x 107t = 0.1
3 x 100 = 3
3.14

* Binary to decimal

10.1011 =>

H O R O
XXX X XX



3x10'4+ 5x10°4+ 4x101'+6x107°%+2x10°°

‘ l v”h l ‘

35.462

1x2'4+ Ox2°4+ 1x2'+ 1x27%+ 0x2°

i

10.110, = 2.75,




1x214+ 1x2°4+ Ox2'4 1x22+ 1x2°3

‘ ‘ H“i l ‘

11.011 = 3.375,




Binary’den decimal’a cevirme ornekleri

* Ornek: * Ornek:
* (111,101)2 = (?)10 * (100111,01)2=( )10
*(111,101)2=
o 1x22+ 1x214+1x2% + 1x27 1 40x272 +1x273 . (100111,01)2:(3925)10
*(111,101)2 =
¢ Ix4+1x2+1x1+1x % +0X i +1x %
*(111,101)2=
4+2+1+0,5+0+0,125
* (111,101)2 = (7,625)10



Twos Complement Representation



Isaretli binary sayilar

ikili sayi sistemlerinde 1 byteile (8 bit) 0-255 arasi pozitif Isaret biti

sayilari ifade edebiliriz, fakat /

enegatif sayilari ifade etmek icin kullanildiginda en soldaki 1 1 001 01 1

bit isaret bitidir.

eEger isaret biti 1 ise sayl negatif, O ise sayi pozitiftir. (signed char olarak tanimlamalarda)

/MSB

11001011

(unsigned char olarak tanimlamalarda)

11001011 01001011




Isaretli (signed) binary sayilarin bir gdsterim sekli de
isaret-buyuklik biciminde gosterimdir.

ORNEK: +19 ve -19 decimalsayilarini isaret-biiyiiklik formunda 1 bytebinarysayi ile ifade ediniz.
e COzim:

 (19)10=(10011)2

e +19=00010011

« -19=10010011

ORNEK: +35 ve -35 decimalsayilarini isaret-biyiklik formunda 1 bytebinarysayi ile ifade ediniz.
e Cozim:

* (35)10=(100011)2

 +35=00100011

 -35=10100011



Complements of Binary Numbers

 2’scomplement
* Find 1’s complement and then add 1

1’s complement

2’s complement 0 1 0 1 0 1 1 0

104



Negatif Sayilarin ikil sayi sistemine cevrilmesi

Once negatif isareti olmadan ondalik sayiyi ikili sayi sistemine cevirin.
En sagdan baslayarak dorterli gruplara ayirin.

En soldaki bit 1 ise O'lar ilave ederek dortli gruba tamamlayin ya da
sifirlardan olusan yeni bir dortli grup ilave edin.

Elde ettiginiz ikili say1 sisteminde 1 yerine O; O yerine 1 yazin.
Son olarak yeni ikili sayi sistemini +1 ile toplayin.

+18 = 0001 0010 (twos complement)
bitwise complement =1110 1101
+ 1
11101110=-18

-18 = 1110 1110 (twos complement)
bitwise complement = 0001 0001
+ 1
0001 0010 = +18



Negatif sayilar

* Byte: 8 bit data tanimlar; 8 bitlik bellek gézunu isaret eder.
* Ornekdb -4

(4)d= (0000 0100)b

(-4)d= Binary (4) Tersi +1 :

(-4)d =1111 1011 +1 =1111 1100=FC

e Ornek dW -4
(4)d= 0000 0000 0000 0100
(-4)d=Word(4) Tersi +1
(-4)d=1111111111111011+1=11111111 1111 1100=FFFC



Negatif sayinin ikili sistemde gosterimi

» Data tipine gore (byte, word,...), once sayi pozitif olark ikili sayi sistemine ceuvrilir.
* Bitsel tersi alinir
 1iletoplanr.

Ornek: -5
0000 0101
1111 1010 +1 =1111 1011= (FB)h



Overflow
* Tasma, toplamdaki bit sayisi, toplanan ve artirilan bitlerin sayisini
astiginda meydana gelir.

 Tasma, yanlis isaret ile gosterilir. Yalnizca her iki sayi da pozitif
oldugunda veya her iki sayi da negatif oldugunda olusur

01111101 126
+ 00111010 + 58
10110111 183

Sign Incorrect T
Magnitude Incorrect




=\2 -
A
%/X\\\D

Coding



Kodlama

* Genel olarak kodlama, gorulebilen, okunabilen,
yazi, sayl ve isaretlerin degistirilmesi olarak

tanimlanir.

e Binary Coded Decimal Kodlamasi(BCD) sisteminde
her desimalsayi karakteri icin, dort bit kullanilir.

Decimal
25
32
679

2571

BCD

0110

0010 0101

0010

0011

0111

0111

0101

o010

1001

0001

[Decimal Sayilar

BCD Kodnu

0000
0001
0010
0011
0100
0101
0110
0111
1000

1001



Characters and Other Codes

* To represent information as strings of alpha-numeric characters.

* Binary Coded Decimal (BCD)
— Used to represent the decimal digits O - 9.
— 4 bits are used.
— Each bit position has a weight associated with it (weighted code).
— Weights are: 8, 4, 2, and 1 from MSB to LSB (called 8-4-2-1 code).

— BCD Codes:
0:0000 1:0001 2:0010 3:0011 4:0100
5.0101 6:0110 7:0111 8:1000 9:1001

— Used to encode numbers for output to numerical displays
— Used in processors that perform decimal arithmetic.

— Example: (9750),,=(1001011101010000)4,



BCD kodlama ornekleri

Ornek: (10100110)2sayisini BCD koduna ceviriniz.
* Binary saylyi ilk olarak desimale cevirelim;

e 2+4+32+128=166

 (10100110)2=(166)10

 BCD koduna cevirirsek

e (000101100110)BCD

Ornek: (1010110101)2sayisini BCD koduna ceviriniz.
* Binarysayyi ilk olarak desimalecevirelim;

e 1+4+16+32+128+512=693

e (1010110101)2=(693)10

 BCD koduna cevirirsek
 (011010010011)BCDbulunur.



Gray Kodu

Gray kodunun, stitun taramasi esasina gore calisan cihazlarda oldukca
genis bir kullanim alani vardir.

Gegisler sirasinda hatayr minimuma indirmek igin gelistirilmig bir
koddur. Ismini mucidi Frank GRAY'den alir.

Ozelligi, Ardarda iki sayi arasinda sadece tek bit degisikligidir.

Normal Binary kodunda ardisik sayilarda ¢cogu kez birden fazla bit
degisikligi s6z konusudur. Devrelerde 0-1 durumlari arasindaki degisim
sirasinda okuyucu farkl degerler okuyabilir.

Gray kodunda sadece tek bit degistiginden, ve binary sayi oldugundan,
gray kodunda bu hata ortadan kaldiriimistir.




0 -12 Decimal sayilari icin Gray kodlamasi

Birinci bit aynen asagiya indirilir, Decimal | Binary @ Gray
ikinci bit asagiya indirilen bit ile toplanir ve sonu¢ hemen asagiya indirilen birinci bitin sagina yazilir.

« Uciinci bit, asagiya yazilan ikinci bit ile toplanir ve ikinci bit 'in yanina yazilir. ° 0000 0000
* son bite kadar islem boyle devam ettirilir. 1 0001 0001
2 Q010 0011
C')rne.k:(011010111101)25ay|5|n| graykoduna ceviriniz. 3 0011 0010
e llk rakam aynen alinir,
Q100 0110
* Diger basamaklarda sayi degisiyorsa 1, sayl degismiyorsa 0 alinarak sonuca ulasllir. 4
e (011010111101)2 &) o101 o
 (010111100011)gray 6 0110 0101
7 0111 0100
Ornek:(1110001101101)2sayisini graykoduna ceviriniz.
i 8 1000 1100
e llk rakam aynen alinir,
* Diger basamaklarda sayi degisiyorsa 1, sayl degismiyorsa 0 alinarak sonuca ulasllir. 9 1001 1101
 (1110001101101)2 10 1010 1111
* (1001001011011)gray 11 1011 1110
12 1100 1010

Ornek: 297 decimalsayisini graykodu ile kodlayiniz?
(297)10= (100101001)2
(100101001)2=(110111101)gray



Graykodu ile kodlanmis sayiyi tekrar elde etme
ornekleri

Ornek: (01011101)gray graykodlu sayiyi binary’e cevirelim.
 (01011101)gray

 (01101001)2

* |lk say1 aynen asagi alinir,

e Sagindaki diger sayilar

e vyukaridaki sayir 1 oldugunda rakamin degistigine,

* 0 oldugunda degismedigine alamet olarak degerlendirilir.

Ornek: (10101100111)gray

e graykodlu sayiyi binary’ecevirelim.
 (10101100111)gray

e (11001000101)2



Characters and Other Codes

* Gray Code

— Cyclic code: A circular shifting of a code word produces another code
word.

— Gray code: A cyclic code with the property that two consecutive code
words differ in only 1 bit (the distance between the two code words is 1).

— Gray code for decimal numbers O - 15: See Table 1.12
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Karekod(barkod)

Karekod, kare veya dikdortgen bicimlerde basilabilen 2 boyutlu barkodun ismidir. Kare veya
dikdortgen seklinde olan bu yapinin genel adi ise Data Matrixtir.

Karekodkelimesi ilk olarak, Beseri Tibbi Uriinler Barkod Uygulama Kilavuzunda kullanilmistir.

Ulkemizdeki ilk uygulama alani, ilac sektéraddr.
Karekodbarkodlarin baslicalari; QR Kod, Data MatrixKod, AztekKod

i) || ]
ol ol

Trillcode Quickmark
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ASCII Coding

Bilgisayarda O ve 1'lerle karakterleri ifade etmek icin ikili kodlama sistemleri kullanilir.
ASCII, karakterleri gostermek icin sekiz bit (bir bayt) kullanir. Yeni gelistirilen Unicode ise karakterleri géstermek icin onalti bit kullanir:
ASCIl (American Standard Code for Information Interchange - bilgi degisimi icin Amerikan standart kodlamasi)

EBCDIC (Extended Binary Coded Decimal Interchange Code - genisletilmis ikili kodlamali onluk sistem degistirme kodlamasi): IBM sirketi
tarafindan ana bilgisayarlarda kullanilmak icin gelistirilmistir.

Unicode: Cince ve Japonca gibi dilleri desteklemek icin tasarlanmis onalti bit kullanan kodlamadir. Bu diller sekiz bit kullanan ASCIl ve EBCDIC
kodlamalari ile gosterilemeyecek kadar cok sayida karakter kullanirlar. Unicode kodlamasi, IBM, Apple ve Microsoft sirketlerinin destekledigi
Unicode sirketi tarafindan gelistirilmistir.

Kodlama Kullanimi

ASCI| Kisisel bilgisayarlar
EBCDIC Anabilgisayarlar
Unicode Uluslararasi diller

Klavyede bir tusa bastiginiz zaman, tusa karsilik gelen karakter, bilgisayarin anlayabilecegi bir dizi bite cevirilir. Ornegin, klavyede
A harfine basmak bilgisayar bunu (41)h=(01000001)b ASCII koduna gevirir.

Dokiumanlar degisik bilgisayarlar veya uygulama programlari tarafindan paylasildigi zaman, ayni kodlama sistemi kullaniimahdir.



Bits as Codes

Asciikodu bizim bilgisayarda gorsel olarak girdigimiz karakter,harfve
rakamlarin bilgisayar dilindeki temsil edilme seklidir diyebiliriz.

Yani bilgisayarimizin o karakteri, harfi veya rakami belleginde saklama
bicimidir,

Acilimi ASCIl (AmericanStandard Codeforinformation Interchange)olan
Bu kodlama sistemi ilk olarak telgraf kodlarinda kullaniimistir
Klavyedeki her tusun 8 bitlik bir karsihgi vardir.

ikili Kodlar her harf, rakam ve 6zel karakteri temsil eder.

ASCII: Her karakter benzersiz bir 8 bitlik koddur

AsClIl: 26 harf, 10 hane, ozel karakterler icin 256 benzersiz kod
Unicode: 100.000'den fazla benzersiz karakteri destekler.

Klavyeden girilen her karakter bilgisayara ASCII kodu ile giris yapar.

AsSClI

00110000
00110001
00110010
00110011
00110100
00110101
00110110
00110111
00111000
00111001
01000001
01000010
01000011
01000100
01000101
01000110
01000111
01001000
01001001
01001010
01001011
01001100
01001101

SYMBOL

ASCll

01001110
01001111
01010000
01010001
01010010
01010011
01010100
01010101
01010110
01010111
01011000
01011001
01011010
00100001
00100010
00100011
00100100
00100101
00100110
00101000
00101001
00101010
00101011

SYMBOL
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ASCII Character Codes (1)

Hex Name Meaning Hex MName Meaning

0 NUL Null 10 DLE Data Link Escape

1 SOH  Start Of Heading 11 DCAH Device Control 1

2 STX Start Of Text 12 DC2 Device Control 2

3 ETX End Of Text 13 DC3 Device Control 3

4 EOT End Of Transmission, 14 DC4 Device Control 4

5 ENQ Enquiry 15 NAK Negative AcKnowledgement
6 ACK ACKnowledgement | 16 SYN SYNchronous idle

7 BEL BELI 17 ETB End of Transmission Block
8 BS BackSpace 18 CAN CANCcel

9 HT Horizontal Tab 19 EM End of Medium

A LF Line Feed 1A SUB SUBstitute

B VT Vertical Tab 1B ESC ESCape

C FF Form Feed 1C FS File Separator

D CR Carriage Return 1D GS Group Separator

E SO Shift Out 1E RS Record Separator

F Sl Shift In 1F us Unit Separator

The ASCI| Character set: characters 0 — 31.




ASCI| Character Codes (2)

Hex Char Hex Char | Hex Char | Hex Char | Hex Char | Hex Char
20  (Space) | 30 0 |40 @ |50 P |60 « 170 p
21 ! 31 1 |41 A |51 Q |61 a |71 q
22 " 32 2 |42 B |52 R |62 b |72 r
23 # |33 3 |43 c |53 s |63 c |73 s
24 $ |34 4 |44 D |54 T |64 d |74 t
25 % |35 5 |45 E |55 U |65 e |75 u
26 & |36 6 |46 F |56 vV |66 f |76 v
27 ’ 37 7 |a7 G |57 W |67 g |77 w
28 ( 38 8 |48 H |58 X |68 h |78 X
29 ) 39 9 |49 | |59 Y |69 i |79 y
2A . 3A . | 4A J |5A Z |6A i | 7A z
2B + |3B . | 4B K |5B [ |eB k |78 {
2C , 3C < |ac L |5C \ | 8C I | 7C |
2D - 3D = |4D M |5D ] |6D m |7D }
2E . 3E > |4E N |5E * | BE n | 7E ~
2F / 3F 7 | aF O |5F _ | 6F o |7F  DEL

The ASCI| Character set: characters 32 — 127.




American Standard Code for Information Interchange (ASCII)

bsbgbs

bsbsbb;, 000 001 010 011 100 101 110 111
0000 NUL DLE  SP 0 @ P ) P
0001 SOH DCI ! 1 A Q a q
0010 STX DC2 “ 2 B R b r
0011 ETX DC3 # 3 C S c s
0100 EOT DC4 $ 4 D T d t
0101 ENQ NAK % 5 E U e u
0110 ACK SYN & 6 3 \% f v
0111 BEL ETB : 7 G W g W
1000 BS  CAN ( 8 H X h X
1001 HT  EM ) 9 I Y i y
1010 LF  SUB . : ] z i z
1011 VT  ESC + : K [ k {
1100 FF FS , < L \ 1 |
1101 CR GS - = M ] m !
1110 SO RS . > N A n -
1111 S1 Us / ? 8 - o DEL




Characters and Other Codes

e ASCII (American Standard Code for Information Interchange)
— Most widely used character code.
— See Table 1.11 for 7-bit ASCII code.
— The eighth bit is often used for error detection (parity bit)
— Example: ASCII code representation of the word Digital

Character Binary Code Hexadecimal Code

D 1000100 44
i 1101001 69
g 1100111 67
i 1101001 69
t 1110100 74
a 1100001 61
I

1101100 6C



Error Detection Codes and
Correction Codes
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Error Detection Codes and Correction Codes

An error: An incorrect value in one or more bits.

Single error: An incorrect value in only one bit.

Multiple error: One or more bits are incorrect.

Errors are introduced by hardware failures, external interference (noise), or other unwanted events.

Error detection/correction code: Information is encoded in such a way that a particular class of errors can
be detected and/or corrected.

Let / and J be n-bit binary information words

— w(/): the number of 1’s in | (weight)

— d(/, J): the number of bit positions in which / and J differ (distance)
Example: | = (01101100) and J = (11000100)

— w(l)=4andw(J) =3

— d(l,J)=3.



Error Detection Codes and Correction Codes

* General Properties

— Minimum distance, d
dil,J)=d,_..
— A code provides t error correction plus detection of s additional errors if and
only if the following inequality is satisfied.
2t+s+1<d

— Example:
* Single-error detection (SED):s=1,t=0,d, ., = 2.
* Single-error correction (SEC):s=0,t=1,d,,, = 3.
 Single-error correction and double-error detection (SEC and DED):
s=t=1,d_,, =4.

of a code C: for any two code words / and Jin C,

min’

(1.25)

min



Error Detection Codes and Correction Codes

° Relationship between the minimum distance between code words and the ability to detect
and correct errors:

rror word

Ialid code word

Era SRS

dmirn= 2 dmirn= 3

(a) SED (b)) SEC or DED

(©) (SEC and DED) or TED (d DEC, (SEC and 3ED), or 4E

Chapter 1 129



Error Detection Codes and Correction Codes

* Simple Parity Code

— Concatenate (|) a parity bit, P, to each code-word-of-C.

r Information bits

Pal bit

— Odd-parity code: w(P|C) is odd.
— Even-parity -~ P &oiges T~

\ ? // I

\ Q \

\ . \ Information

. . // 1 \\ tracks
— Parity codii{ 0 \ 1
(1) | Parity track




Error Detection Codes and Correction Codes

— Example: Odd-parity code for ASCII code characters:

Character ASCII Code Odd-parity Code
O 0110000 10110000
X 1011000 01011000
= 0111100 1111100
BEL 0000111 00000111

— Error detection: Check whether a code word has the correct parity.
— Single-error detection code (d,.,;, = 2).
* Two-out-of-Five Code

— Each code word has exactly two 1’s and three O’s.

— Detects single errors and multiple errors in adjacent bits.
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Hamming Codes (1)

Multiple check bits are employed.

Each check bit is defined over (or covers) a subset of the information bits.
Subsets overlap so that each information bit is in at least two subsets.

d .. is equal to the weight of the minimum-weight nonzero code word.

Hamming Code 1
— d, .. =3, single error correction code.

— Let the set of all code words: C

an error word with single error: c,

the correct code word for the error word: ¢
then, d(c,,c) =1 and d(c,, w) > 1 for all otherw € C

— So, a single error can be detected and corrected by finding out the code word which differs in
1 bit position from the error word.



Hamming Codes (2)

— A code word consists of 4 information bits and 3 check bits:
c=(iziyijiyc, €y Cp)

— Each check bit covers:
Cyilz, iy Iy Cpiis, Iy, Iy Coliz, 0y, g

— This relationship is specified by the generating matrix, G:

(10001117 [1000p,,P:s Pys |
0100110 0100 p,; P.s P2s
0010101 0010 P, Pss Pas

| 0001011 | |0001p,; P, Pas

— Encoding of an information word i to produce a code word, c:
c=iG



Hamming Codes (3)

Decoding can be done using the parity-check matrix, H:

| P11 P21 P51 P4y 100 | 1110100
H =| P> P P3s P4, 010 | =(1101010
| P13 P23 P33 P4 001 | 1011001

* H matrix is can be derived from G matrix.
An n-tuple c is a code word generated by G if and only if
Hc" =0

Let d be a data word corresponding to a code word ¢, which has been corrupted by an error pattern e.
Then

d=c+e
Decoding:
 Compute the syndrome, s, of d using H matrix.
» stells the position of the erroneous bit.



Hamming Codes (4)

— Computation of the syndrome:
s=Hd"
=H(c+e)"
= Hc™ + HeT
=0+ He'
= He’

* Note: All computations are performed using modulo-2 arithmetic.



Hamming Codes (5)

Hamming Code 2)
— d, .. =4, single error correction and double-error detection.
— The generator and parity-check matrices are:

(10000111 701111000
01001110 11100100
S =1 00101101 H'=\11010010
| 00011011 10110001

Odd-weight-column code:
* H matrix has an odd number of ones in each column.
* Example: Hamming Code 2.

* Has many properties; single-error correction, double-error detection, multiple-error detection, low cost
encoding and decoding, etc.



Hamming Codes (6)

Hamming codes are most easily designed by specifying the H matrix.
For any positive integer m > 3, there exists an (n, k) SEC Hamming code with the
following properties:
— Code length:n=2m-1
— Number of information bits: k=2"-m-1
— Number of check bits: n-k=m
— Minimum distance: d,_;, =3
The H matrix is an n x m matrix with all nonzero m-tuples as its column.
A possible H matrix for a (15, 11) Hamming code, when m = 4:

1111101110001000 |
111011001100100
110110100110010
1101110011010001




Hamming Codes (7)

Example: A Hamming code for encoding five (k = 5)
information bits.

— Four check bits are required (m =4). So, n = 9.

— A (9, 5) code can be obtained by deleting six columns from the
(15,11) code shown above.

— The H and G matrices are:

(111101000 | 100001111
010001110
111010100
o G — | 001001101
110110010 000101011
101110001
- — | 000010111 |
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