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Course Plan

* Number Systems

* Boolean Algebra
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Why Digital Systems?

e Computer Hardware

» Softwares that require performance can
be only written by who have a deep
understanding of hardware.

* Almost all electronic devices are digital

* Audio recorders, cameras, vehicles
phls, medical devices...

* Developing equipment needed in
almost every industry

* |tis an area thatis highly needed both in
our country and abroad. It could be a
different career goal for you.
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What Does Digital Mean?

* It has infinite possible value. — Finite possible values
* For example, the vibration « For example : Pressing a
created by a microphl on the button on a keypad
line.
1 p 3 4
Analog Signal
2 Digital
Likely Values signal

) 1.00, 1.01, 20000009,
T:; ... endless possibilities
>
4 Possible values :
g 0,1,2,3,or4.
Time =3
=2 There are no other possible values
1
0]

Time

diaphragm  DC voltage source

5/21 Dr. V. E. Levent Digital Systems



Digital Signals with Only Two Values

* Binary digital signals have only two
possible values
* These are shown as0and 1
e A binary digit is expressed as a "bit".
* Within the scope of the course, binary
digital systems will be considered.

* Binary is popular because:

* Transistors , the most basic digital
electrical complnt, operate at two
voltage values (0 and 1)
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Advantages of Digitization

+
o 3
>
* Analogue signal is very 2 N )
sensitive to noise 1 / Original Signal
. : . 0]
During transmission, voltage tire

levels may change due to

many factors. 01 10 11tHO 11th

* Digital signals are more ADC

resistant to degradation during =
. . >
transmission. . D/gltal Slgnal
* Voltage levels still may not
transmit perfectly 0
» However, some distorted 1s time
and Os can be recovered.
01 10 11tHO 11th
DAC
i)
é 3
2
1
0]
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time
How can it be fixed???

5
>
0]
time
Distorted 1s and Os can be
easily fixed
time



Digitized Content, Compression Benefits

* Digitized Audios can be

compressed
* eg. MP3 Example Compression Table
00 --> 0000000000
01-->11111111111
 Compression can also be d1 1X > X
on photos (jpeg) or videos
0000000000 0000000000 00000011121 1172172171211

(mpeg)

00 00 10000001111 01

* Digitization has many
different advantages.
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Binary Data Encode

Analogue World Data

Sensors

Electrical Signal Digital Data

ADC
Digital Data

Digital System
Processing Unit

Digital Data Digital Data

DAC
Electrical Signal

Analog Outputs
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If button is not pressed (0), if
pressed (1)

Multi-button : coding
1st button =001, 2nd button
=010, ...

Some inputs are analog

* Requires an analog-to-digital
converter to switch to digital.

ADC (Analog to Digital Converter):

Converts analog signal to digital

DAC (Digital to Analog Converter):

Converts digital signal to analog
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ASCIlI Encoding

* ASCII: 8 bits of each character - gt b Ot bl Ghr|Det b Qet byl C
and symbol. It is a table with 0 oGO0 WL (el | 3 20 0d0 a3t syoce 64 40 100 chés: ¢
the corresponding - e L '

Symbol Mastding

1010010 1110010
1010011 1110011
1010100 1110100
1001100 1101100

1001110 1101110
1000101 1100101
0110000 0111001
0101110 l 0100001
0001001 <space> | 0100000
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Numbers Encoding

e Decimal base ( decimal )
* There are 10 symbols:0, 1, 2, ..., 8,and 9 AR R
e After 9 comes a new digit

e So each digit is a power of 10.
* Base of 10 is used as it is suitable for daily life

512 256 128 64 32 16 8 4 2 1

operations. s 5 3
 Binary Base ( binary ) 102 10! 10°
* There are two symbols :0and 1
* New power comes after 1
1 0] 1

* So each digit is a power of 2.
raP e A
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Moore 's Rule

Transistor Count Trends
10E+12

10E+11

A
10€+10 L

xo < o
. ® @
10E+9 iad - C ¢

 The rule is that the number of transistorson
chips doubles every 18 months.

10E+8

10E+7

® DRAM
B NAND Flash (3D)

1.0E+6

1.0E+5

2
o
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o
-
-2
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e
-

@ Appie APU
10E+4 @ intel PC MPU
® Intel S MPU

10E+3 A Nvidia GPU

10E+2
717375777981 83858789919395979901030507091113151719

Sources; Intel, SIA, Wikichip, IC Insghts
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Boolean Algebra

NHE
Symbol  x }' F
* Logic Gates are built with Truth Table
1* 0 0
. y - .y
Transistor - E X *® F
circuit F y
0 " Y oox
1" 1"
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NOT/OR/AND Logic Gates Time Diagram

1 y 1 1
X X
0 0 0
1
y y 1
2 0
1
F 1 |
0 F F
0 0
time
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Boolean Algebra Example

e a=1, b=1, c=1, d=0
F=(aAND b) OR (c AND d)

Answer : F = (1 AND 1) OR (1 AND 0)
=10R0=1.
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Boolean Algebra Example

* boolean equation

given below F =a AND NOT( b OR NOT(c))

c;’.);’.F
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Boolean Algebra Properties

* Relational
e (a+b)+c=a+(b+c)
e (@*b)*c=a*(b*c)

* Change ( Commutative )
* atb=b+a
* a*b=b*a

* Complementary
e a+a'=1
e a*a'=0

e Distribution
e a*(b+c)=a*b+a*c
e a+(b*c)=(a+b)*(a+c)
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Boolean Algebra Properties

Example

e abc +abc'=ab

e Distribution Feature
* abc+abc'=ab(c+c').

* Association Feature
e c+c ' has been replaced by 1:ab( c+c') =ab(1).

e ab(1) =ab*1 =ab.
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Boolean Algebra

Operations with constants
e a+l1=1
* a+0=a
e a*l=a
e a*0=0

Ineffective Transactions
* ata=a
* a*a=a

Get the inverse
* (@) =

DeMorgan's Rule
e (a+b)'=a'b"’
* (ab)'=a'+Db'
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Staring circuit
S=a+b'+c

Transformation
e a+b'+c
((a+b+c'))
S=(abc)

Circuit

}.
> P
}.
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Circuit

d
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Truth Tables

* F indicates output.

O 1 O 1 O 1 O 1 O «1 O «1 O

O O 1 11 O O 1 1 O O 1 1 O O

O O O O vf 1 1 1 O O O O i

O O O O O O O O v " A A A -

Input : 4 lines
Input : 8 lines
Input : 16 lines

o ).
o 3-
o /-

Digital Systems
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Circuit Common Use

(@] (on
. '
==
(e} T o

(b)

(a)
Example 1: Separate Use Example 2: Common Use
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