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Computer  Architecture (S/W)

Digital Computer Concept and Practice

Contents

Computer Operation
Data Representation
Instruction Representation

CPU Process

Von Neumann architecture
Processing unit

A class of logic machines that 
can execute computer 
programs

Storage unit
Hold data, instructions and 
programs

Execute programs
A CPU reads stored instructions 
in order from storage units and 
decodes and executes actions that 
they indicate.

Process Cycle

Processor

Control Unit

Memory

ALU

Step 1.  Fetch
Obtain program 
instruction or data 
item from memory

Step 2.  Decode
Translate 
instruction into 
commands

Step 4. Store
Write result to 
memory

Step 3. Execute
Carry out command



Pipelining

Pipelining is an implementation technique in which 
multiple instructions are overlapped in execution.
CPU begins fetching second instruction before 
completing machine cycle for first instruction.
A sort of parallel processing
Results in faster processing

Single-Cycle Processor vs. Pipelining

For single-cycle processor it takes 16 nanosecond to 
execute four instructions, while for pipelining processor it 
takes only 7 nanoseconds.

Storage Unit (Memory)

Address Storage values 

…  

16 Store 3 in the variable X 

20 Store 1 in the variable Y 

24 Store X + Y in the variable Z 

…  

32 X : 3 

36 Y : 1 

40 Z : 4 
  

 

 

Program

Data

Data Representation

How do computers represent data?
Digital

Recognize only two electronic states: on or off
Use a binary number system to recognize two states

0 and 1, called bits (short for binary digits)
Word: data processing unit in the computer



Data Representation

Byte
Eight bits grouped together as a unit
Provides enough different combinations of 0s and 1s to 
represent 256 individual characters

8 bits = 1 byte 28=256 information
Numbers, uppercase and lowercase letters, punctuation 
marks etc.

Data Representation

Types of coding systems to represent data
ASCII—American Standard Code for Information 
Interchange

It provides for 256 characters
E.g.) 01000001 – A, 01000010 – B

EBCDIC—Extended Binary Coded Decimal 
Interchange Code
Unicode—coding scheme capable of representing all 
world’s languages

UTF (Unicode Transformation Format) encodings 

UCS (Universal Character Set) encodings

ASCII Table

Data Representation Process

How is a letter converted to binary form and back?

Step 2.
An electronic signal 
for the capital letter 
T is sent to the 
system unit.

Step 3.
The signal for the capital 
letter T is converted to its 
ASCII binary code 
(01010100) and is stored 
in memory for processing.

Step 1.
The user presses 
the capital letter T
on the keyboard.

Step 4.
After processing, the 
binary code for the 
capital letter T is 
converted to an image, 
and displayed on the 
output device.

T



Hangul Character Representation

Combination code (조합형)
The beginning consonant, 
a middle vowel and an 
optional ending consonant 
are represented by each 5 bit.

Completion code (완성형)
A pre-defined set of 
Korean character codes, 
which maps pre-selected 
Hangul into two-byte 
coding space

Number
(Hexadecimal) Character

B0A1 가

B0A2 각

B0A3 간

... ...

1 0 0 0 1 0 0 0 0 1 1 1 0 1 1 1

English = 0
Hangul = 1

Initial 
phoneme
‘ㄱ’

Medial 
phoneme
‘ㅏ’

Final
phoneme
‘ㅏ’

Currently, Unicode is the standard

Binary Arithmetic

The rules for binary arithmetic are:

0 + 0 =  0,  carry = 0

1 + 0 =  1,  carry = 0

0 + 1 =  1,  carry = 0

1 + 1 =  0,  carry = 1

0 1 0 1

0 1 0 1

11
Carry bit

Result         1 0 1 0

Binary Arithmetic Example

00001000

11111111+

000001111

00001000

00000111+

000011110

11000100

01000001+

00000101

00101011

00000001+

001011000

No carry

1

carry

Handling Numbers (Integers)

4 + 3 = 7

4 – 3 = 1  

00000011

00000100

00000111
ADD

00000011

00000100

00000000
SUB

11111101

00000100

00000001
ADD

2’-complement

00000011

11111100

+             1

1’-complement

0 1

1 0

2’-complement

1’-complement + 1

11111101



Logical Operation

AND

OR

NOT

XOR

Input 1 input2 result
0 0 0
0 1 0
1 0 0
1 1 1

input1 input2 result
0 0 0
0 1 1
1 0 1
1 1 1

input result
0 1
1 0

00010001

01010111

10010001AND

11010111

01010111

10010001OR

01101110

10010001NOT

Instruction Representation

Instructions are coded as a sequence of binary digits. 
Instruction: operation code + address
E.g.) A1 A2 + A3

Load A2, 3: (hexadecimal) 05 02 00 03
Load A3, 1: 05 03 00 01
ADD A1, A2, A3: 70 01 02 03


