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Chapter 2

Machine Level Representation of data

Bits, bytes, and words

Numeric data representation and number bases

Fixed- and floating-point systems

Signed and twos-complement representations
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Learning outcomes

Able to perform operation on numbering system :

binary, decimal and hexadecimal

Able to perform operation on sign magnitude, 1's

complement and 2's complement representation.
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Bits, Bytes and Words       

Bits - A computer’s world is a binary world and communication of  
instruction and data by the devices that process them is always in 
binary (bit 0 or bit 1)

Bytes

• A collection of  8 bits 

• used represent a character such as a letter, number, or 
typographic symbol (“Q”,”4”,”&”) 

• ASCII Encoding

EXAMPLE: 

1 BIT EXAMPLE:   0

1 BYTE = 8 BITS
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Bits, Bytes and Words       

Word

• 2 bytes form a word

• to represent the bigger number or 
characters.

• Unicode encoding

EXAMPLE:   00001111

1 WORD = 2 BYTES = 16 BITS

EXAMPLE:   11110000 00001111
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Numeric data representation and number bases

Egyptian

Number data representation

Roman

Source: http://static.wixstatic.com
Source: https://nicholasacademy.com/
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Numeric data representation and number bases

• Fundamental to understand how computers work is

understanding the number system that computer use to

store data and communicate with each other

• Number system has been used to understand computer
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Numeric data representation and number bases

• BASE 10 (DECIMAL) 

• E.G.: 394510 / 3945D

• BASE 2 (BINARY)

• E.G.: 101010112 / 10101011B

• BASE 16 (HEXADECIMAL)

• E.G.: 0A3E16 / 0A3EH

• BASE 8 (OCTAL)

• E.G.: 178

Number bases
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Numeric data representation and number bases

Decimal Binary Hexadecimal

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

10 1010 A

11 1011 B

12 1100 C

13 1101 D

14 1110 E

15 1111 F

ASCIINumber Systems

Source: http://docplayer.hu
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Decimal system   - Base or Radix 10     

• Used everyday

• E.g. 4728

• Four Thousands, Seven hundreds,

Two tens and 8

• 4728 = (4 X 1000) + (7 X 100) + (2X10) + 8

• Each digit is multiplied by 10 raised by the power
of  digit position

• 4728 = (4 X 103) + (7 X 102) + (2 X 101) + (8 X 100)
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Decimal system   - Base or Radix 10     

Power Preface Symbol

10-12 pico p

10-9 nano n

10-6 micro 

10-3 milli m

103 kilo k

106 mega M

109 giga G

1012 tera T

Value

.000000000001

.000000001

.000001

.001

1000

1000000

1000000000

1000000000000

Common powers of  10
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Binary system - Base or Radix 2     

• Only Two Digits 

• 1 and 0

• Represent Base 2

• Each digit is multiplied by 2 raised by the power of  
digit position

• 1002 = (1 x 22 ) + (0 x 21 ) + 

(0  x20 ) 

= 410

• 101011B = (1 x 25) + (0 x 24) + 

(1 x 23) + (0 x 22) + 

(1 x 21) + (1 x 20) 

= 43D
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Binary system - Base or Radix 2     

Power Preface Symbol

210 kilo k

220 mega M

230 Giga G

Value

1024

1048576

1073741824

Common powers of  2
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Binary system - Base or Radix 2     

• Binary is very difficult to human to read all the digits and to 
understand [with lot of  digits]

• Human being are comfortable to decimal number system

• However… Conversion between binary and decimal occurs
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Binary system - Base or Radix 2     
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Hexadecimal system - Base or Radix 16     

• In most computers, binary data occupy some multiple of  4 bits, and 
hence some multiple of  a single hexadecimal digit

• Binary digits are grouped into sets of  four

• Each possible combination of  four binary digits is given a symbol -
16 hexadecimal digits

• Each digit is multiplied by 16 raised by the power of  digit position
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Hexadecimal system - Base or Radix 16     

Example

2C16  = (2 X 161)+ (C X 160)

= (2 X 161)+ (12 X 160)  

= 4410

Binary Hexadecimal

0000 0

0001 1

0010 2

0011 3

0100 4

0101 5

0110 6

0111 7

1000 8

1001 9

1010 A

1011 B

1100 C

1101 D

1110 E

1111 F
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Chapter 2 will continue!

Chapter 2
Machine Level Representation of data


