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Outline
• Numeral Systems

• Computer Data Storage Units

• Numeral Systems Conversion

• Calculations in Number Systems

• Signed Integer Representation

• Fractional and Real Numbers

• ASCII Codes
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Numeral Systems
• Decimal number system (base 10) 

• Binary number system (base 2)
– Computers are built using digital circuits
– Inputs and outputs can have only two values: 0 and 1

• 1  or  True  (high voltage) 
• 0  or  false  (low voltage)

– Writing out a binary number such as  1001001101 is tedious, and 
prone to errors

• Octal and hex are a convenient way to represent binary numbers, as 
used by computers
– Octal number system (base 8)
– Hexadecimal number system (base 16)
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Numeral Systems
Hexadecimal OctalBinaryDecimal 

0000

1111

222

333

444

555

666

777

88

99

A   (decimal value of 10) 

B   (decimal value of 11) 

C   (decimal value of 12) 

D   (decimal value of 13) 

E   (decimal value of 14) 

F   (decimal value of 15) 

Base  B  :  0 ≤ digit ≤ B -1
--------------------------------------------
Base 10 :  0 ≤ digit ≤ 9 (10 -1)
Base 2   :  0 ≤ digit ≤ 1 (2-1)
Base 8   :  0 ≤ digit ≤ 7 (8 -1)
Base 16 :  0 ≤ digit ≤ 15 (16 -1)
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Computer Data Storage Units
• Bit

– Each bit can only have a binary digit value: 1 or 0

– basic capacity of information in computer

– A single bit must represent one of two states: 21=2

• How many state can encode by N bit?

0 1OR
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Binary Encoding

01

000

101

012

113

012

0000

1001

0102

1103

0014

1015

0116

1117

0123

00000

10001

01002

11003

00104

10105

01106

11107

00018

10019

010110

110111

001112

101113

011114

111115

0

00

11
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Computer Data Storage Units
• Byte: A sequence of eight bits or binary digits

– 28 = 256 (0..255)

– smallest addressable memory unit

01234567

000000000

100000001

010000002

110000003

………………………

Bit Order

One Bit

MemoryAddress

0

1

2

3

…
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Computer Data Storage Units
• Kilo byte: 2 10 = 1024 

– 2 11 = 2 K = 2048 

– 2 16 = 64 K = 65536

• Mega byte: 2 20 = 1024 × 1024

– 2 21 = 2 M

• Giga byte: 2 30
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Numeral Systems Conversion
• Covert from Base-B to Base-10:

– (A) B =   (?) 10
• (4173)10 = (4173)10

• (11001011.0101)2 = (?)10

• (0756)8 = (?)10

• (3b2)16 = (?)10

• Convert from Base-10 to Base-B:
– (N) 10 =   (?) B

• (4173) 10 =  (?)2

• (494) 10 =  (?)8

• (946) 10 =  (?)16
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Covert from Base-B to Base-10
1. Define bit order

• Example : Base-2 to Base-10

...3-2-1-01234567..

.

-43-2-1-01234567

1010.11010011
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Covert from Base-B to Base-10
2. Calculate Position Weight

– B bit order

• Example : Base-2 to Base-10

2-42-32-22 1-2021222324252627

-43-2-1-01234567

1010.11010011

B = 2

…

Position Weight

Decimal Point

102 101 100 10-1 10-2

100s 10s 1s 1/10s 1/100s

9 8 7 . 5 6
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Covert from Base-B to Base-10
3. Multiplies the value of each digit by the value 

of its position weight

0.06250.1250.250.51248163264128

-43-2-1-01234567

1010.11010011

0.0625
*
1

0.125
*
0

0.25
*
1

0.5
*
0

1
*
1

2
*
1

4
*
0

8
*
1

16
*
0

32
*
0

64
*
1

127 
* 
1

0.062500.250.12080064128

*
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Covert from Base-B to Base-10
4. Adds the results of each section

0.06250.1250.250.51248163264128

-43-2-1-01234567

1010.11010011

0.0625
*
1

0.125
*
0

0.25
*
1

0.5
*
0

1
*
1

2
*
1

4
*
0

8
*
1

16
*
0

32
*
0

64
*
1

128 
* 
1

0.062500.250.12080064128

203 + 0.3125203.3125
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Covert from Base-B to Base-10
• Examples:

(a n-1 a n-2 … a 0 . a -1 … a -m ) B = (N)10 

N = (a n-1 * B n-1) + (a n-2 * B n-2) + … + (a 0 * B 0) + (a -1 * B -1) + … + (a -m * B –m)

• (4173)10 = (4 * 103) + (1 * 102) + (7*101) + (3*100) = (4173)10

• (0756)8 = (0 * 83) + (7 * 82) + (5*81) + (6*80) = (494)10

• (3b2)16 = (3 * 162) + (11*161) + (2*160) = (946)10

• (2E6.A3)16 = (2 * 162) + (14*161) + (6*160) + 
(10 * (1 / 16)) + (3 * (1 / (16 * 16))) = (?)10

16 -1 16 -2
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Convert from Base-10 to Base-B

• (N)10 = ( a n-1 a n-2 …  a 0 . a -1 …  a -m ) B 

Integer part Fraction part

1. Convert integer part to Base-B

– Consecutive divisions

2. Convert fraction part to Base-B

– Consecutive multiplication

25.125

25 0.125
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Convert Integer Part to Base-B
• Repeat until the quotient reaches 0

• Write the reminders in the reverse order

– Last to first

• Examples:
225

21224

26121

2360

2120

001

1

( 25 )10 = (11001) 2



Number Systems – Lecture 2

Sharif University of TechnologyDepartment of Computer Engineering 17

Convert Integer Part to Base-B
• Examples:

8494

861488

87566

005

7

(494)10 = (756)8

16946

1659944

163482

0011

3

(946)10 = (3B2)16
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Convert Fraction Part to Base-B
• Do

• multiply fraction part by B (the result)

• drop the integer part of the result (new fraction) 

• While 
• (result = 0) OR (reach to specific precision)

• the integral parts from top to bottom are
arranged from left to right after the decimal
point
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Convert Fraction Part to Base-B
• Example:

– 0.125  * 2 = 0.25

– 0.25  * 2 = 0.50            (0.125)10 = (0.001)2

– 0.50  * 2 = 1.00

– 0.00    * 2 = 0.00         

1.00
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Convert Fraction Part to Base-B
• Example:

– 0.6  * 2 = 1.2

– 0.2  * 2 = 0.4            (0.6)10 = (0.1001)2

– 0.4  * 2 = 0.8

– 0.8  * 2 = 1.6

– 0.6  * 2 = …
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Conversion binary and octal
• Binary to Octal

– 23 = 8

– Each digit in octal format: 3 digits in binary format

– If the number of digits is not dividable by 3, add
additional zeros:

0 0

• 43 = 043 = 000043 = 043.0 = 043.000

• (10011.1101) 2 = (010011.110100) 2 = (23.64) 8

2   3   6   4

a3 a2 a1 a0 . a-1 a-2

Octal 0 1 2 3 4 5 6 7

Binary 000 001 010 011 100 101 110 111
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Conversion binary and octal
• Octal to Binary

– Substitute each digit with 3 binary digits

• (5)8 = (101)2

• (1)8 = (001)2

• (51)8 = (101 001)2

• (23.61) 8 = (010 011.110 001) 2
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Conversion binary and Hexadecimal

• Binary to Hexadecimal

– 24 = 16

– Each digit in octal format: 4 digits in binary format

– If the number of digits is not dividable by 4, add
additional zeros:

0 0

• (1111101.0110) 16 = (01111101.0110) 16 = (7D.6) 2

7      D        6

a3 a2 a1 a0 . a-1 a-2
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Conversion binary and Hexadecimal

• Hexadecimal to Binary

– Substitute each digit with 4 binary digits

• (F25.03) 16 = (1111 0010 0101.0000 0011) 2 

1111 0010 0101 .  0000 0011
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Conversion
• Octal             binary            Hexadecimal

– (345) 8 = (E5) 16

– (345) 8 = (011100101) 2 = (011100101) 2 = (E5) 16

3     4     5                   E       5

– (3FA5) 16 = (0011111110100101) 2 = 
(0011111110100101) 2 = (037645) 8

=  (37645) 8
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Calculations in Numeral Systems

• Addition

– Binary 

1 1 1 1 carried digits

(13)10 1 1 0 1

(23)10 1 0 1 1 1

(36)10 1 0 0 1 0 0

1 + 1 →  1    0 

1 + 1 + 1 →  1    1 

1

1 1 0 0

1 0 1 0

1 0 1 1 0(1 + 1 ) 10 → (2) 10 = (10) 2
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Calculations in Numeral Systems

• Addition

– Hexadecimal

– Octal

4 5 6

7 8 4

B D A

1 1

7 8 4

B D A

1 B 5 E

(8 + D ) 16 → (8 + 13) 10 = (21) 2 = (15) 16

1 1 1 1 1

7 7 7 1 4

7 6

1 0 0 0 1 2

(4 + 6 ) 10 → (10) 10 = (12) 8
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Calculations in Numeral Systems

• Subtraction

– Binary 

2

0 0 2 Borrowed digits

(13)10 1 1 0 1

(7)10 1 1 1

(6)10 0 1 1 0

(2) 10 = (10) 2

1 1 0 0

1 0 1 0

0 1 1 0

Borrowed digit
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Calculations in Numeral Systems

• subtraction

– Hexadecimal

– Octal

16 + 0 = 16 16 + 3 = 19

2 0 3 5 + 16 =21

3 1 4 5

1 9 7 6

1 7 C F

3 6+ 8 = 14

4 6

7

3 7
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Signed Integer Representation
• Negative numbers must be encode in binary

number systems

• Well-known methods
– Sign-magnitude

– One’s Complement

– Two’s Complement

• Which one is better?
– Calculation speed

– Complexity of the computation circuit
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Sign-magnitude
• One sign bit + magnitude bits

– Positive: s = 0
– Negative: s= 1
– Range = {(-127)10 .. (+127) 10}
– Two ways to represent zero:

• 00000000 (+0)
• 10000000 (−0)

– Examples:
• (+ 43)10 = 00101011
• (- 43)10 = 10101011

• How many positive and negative integers can be represented using
N bits?
– Positive: 2 N-1 - 1
– Negative: 2 N-1 - 1

01234567

s

MagnitudeSign
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Two’s Complement
• Negative numbers:

1. Invert all the bits through the number
• ~(0) = 1              ~(1) = 0

2. Add one

• Example:
• +1 = 00000001
• - 1 = ? 

– ~(00000001) → 11111110
– 11111110 + 1 → 11111111

• Only one zero (00000000)

• Range = {127 .. −128}

-1 1 1 1 1 1 1 1 1

-2 1 1 1 1 1 1 1 0

1 1 1 1 1 1 0 1

Negative

two's complement (11111101)

-(00000011) = -3

~(11111101) + 1
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ASCII Codes
• American Standard Code for Information Interchange

– First decision: 7 bits for representation

– Final decision: 8 bits for representation
• 256 characters

• ASCII (“P”) = (50) 16 ASCII (“=”) = (3D) 16

FEDCBA9876543210Hexadecimal

SISOCRFFVTLFTABBSBELACKENQEOTETXSTXSOHNUL0

USRSGSFSESCSUBEMCANETBSYNNAKDC4DC3DC2DC1DLE1

/.-,+*()'&%$#"!2

?<=>;:98765432103

ONMLKJIHGFEDCBA@4

_^[\]ZYXWVUTSRQP5

onmlkjihgfedcba`6

~{|}zyxwvutsrqp7

row number    column number
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Summary
• Numeral Systems

– Decimal, Binary, Octal, Hexadecimal

• Computer Data Storage Units
– Bit, Byte, Kilo byte, Giga byte,

• Numeral Systems Conversion
– Convert  between different bases

• Calculations in Number Systems
– Addition and subtraction

• Signed Integer Representation
– Sing-magnitude:  one sign bit + magnitude bits
– Two’s complement : (-N) = ~(N) + 1

• Fractional and Real Numbers
• ASCII Codes


