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Rutgers University

Number Systems

e A standard way to

represent values.

o You are all familiar with the
decimal number system.
o More importantly, we will

discuss positional number
systems.

® Base of a number system

refers to the number of
symbols.

Alborz Jelvani

2,839,239,794
110100010111,

01234567395ABCDEF,

1111111,
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The Decimal Number System

3458,
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The Decimal Number System

3458,

3x103
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The Decimal Number System

3458,

3x10° + 4x10?2
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The Decimal Number System

3458,

<\

3x10° + 4x10?2 + 5x10°
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The Decimal Number System

3458

S

3x10° + 4x10?2 + 5x10°! + 8x10°
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The Decimal Number System

3458

S

3x10° + 4x10?2 + 5x10°! + 8x10°

3000 + 400 + 50 + 8
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Decimal to Binary Example

91,
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Decimal to Binary Example

91,

Just keep dividing by 2
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Decimal to Binary Example

91,

Just keep dividing by 2 ASR 1
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Decimal to Binary Example

91,

45R 1
22R1

Just keep dividing by 2
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Decimal to Binary Example

91,
45R 1
22R1

11RO

Just keep dividing by 2
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Decimal to Binary Example

91,
45R 1
22R1
11RO

5R1

Just keep dividing by 2
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Decimal to Binary Example

91,
45R 1
22R1
11RO
5R1

2R1

Just keep dividing by 2
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Decimal to Binary Example

91,
45R 1
22R1
11RO
5R1
2R1

1RO

Just keep dividing by 2
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Decimal to Binary Example

91,
45R 1
22R1
11RO
5R1
2R1
1RO
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Just keep dividing by 2



Decimal to Binary Example

Just keep dividing by 2

O = N U
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Decimal to Binary Example

Just keep dividing by 2

1011011,

O = N U
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Binary to Decimal Example

10011,
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_ RuteersUnmvesity
Binary to Decimal Example

10011,

1x 24

Alborz Jelvani CS211 - Computer Architecture Spring 2024



_ RuteersUnmvesity
Binary to Decimal Example

10011,

1x2* + 0x23
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Binary to Decimal Example

10011,

7\

+ 0x23 + 0x22
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Binary to Decimal Example

10011,

AN

+ 0x2° + 0x2%2 + 1x2?
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Binary to Decimal Example

10011,

7\

+ 0x23 + Ox2%2 + 1x2Y 4+ 1x2°
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Binary to Decimal Example

10011,

7\

+ 0x23 + Ox2%2 + 1x2Y 4+ 1x2°

16 + 0 + 0 + 2 + 1
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Binary to Decimal Example

10011,

7\

+ 0x23 + Ox2%2 + 1x2Y 4+ 1x2°

16 + 0 + 0 + 2 + 1
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Binary to Decimal Example

Use this method for 10011

any base b tOdeCIm// \
4

+ 0x23 + Ox2%2 + 1x2Y 4+ 1x2°

16 + 0 + 0 + 2 + 1
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Hexadecimal to Decimal Example

2DF_,
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Hexadecimal to Decimal Example

2DF_,
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Hexadecimal to Decimal Example

2DF_,

8|9 10|11 [12|13| 14| 15 2X162
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Hexadecimal to Decimal Example

2DF16
0o|1|2|3|4a|5]|6]7
0o|1|2|3|4|5]|6]7 / \

8 |9 (1011|1213 |14 |15 2X162 + 13X161
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__ RutgesUnvesiy
Hexadecimal to Decimal Example

2DF,,
o112 |3|4 |5 |67
o | 1|12 |3 |4 |5 |6 |7 / \

8191011 12|13 |14 | 15 2X162 + 13X161 + 15X160
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__ RutgesUnvesiy
Hexadecimal to Decimal Example

2DF,,
o112 |3|4 |5 |67
o | 1|12 |3 |4 |5 |6 |7 / \

8191011 12|13 |14 | 15 2X162 + 13X161 + 15X160

512 + 208 + 15
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__ RutgesUnvesiy
Hexadecimal to Decimal Example

2DF,,
o112 |3|4 |5 |67
o | 1|12 |3 |4 |5 |6 |7 / \

8191011 12|13 |14 | 15 2X162 + 13X161 + 15X160

512 + 208 + 15
735
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_ RuteersUnmvesity
Binary to Hexadecimal Example

11010010,
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_ RuteersUnmvesity
Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

11010010,
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Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

|1101|QOlO!
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Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

|1101|QOlO!
/

D
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Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

|1101|QOlO!
/N

D 2
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Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

|1101|QOlO!
/N

D 2

D2 .
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Binary to Hexadecimal Example

1 hex symbol can
represent 4 bits (2%)

|1101|QOlO!
/N

D p) Hex to binary is no

different

D2 .

Alborz Jelvani CS211 - Computer Architecture Spring 2024



Properties of Binary Representation

® Even or odd? 10010111, oOdd: 151
o Look at the LSB.
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Properties of Binary Representation

® Even or odd? 10010111, oOdd: 151
o Look at the LSB.

® Bitwise shifts
o Left = Multiply by 2. 1001011102 302

o Right = Divide by 2. 0010010112 75
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Properties of Binary Representation

® Even or odd? 10010111, oOdd: 151
o Look at the LSB.

® Bitwise shifts
o Left = Multiply by 2. 1001011102 302

o Right = Divide by 2. 0010010112 75
e Multiplying any two n bit
binary values requires to

most 2n bits.
o Adding requires at most n+1
bits.
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Computing in Binary

® The smallest
addressable unit of data
on computer is a byte.
o Thisis precisely 8
bits.
o We can represent 28
(256) values.
e If we want to talk bits,
we need to be a bit
more clever.
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Computing in Binary

® The smallest
addressable unit of data
on computer is a byte.
o Thisis precisely 8
bits.
o We can represent 28
(256) values.
e If we want to talk bits,
we need to be a bit
more clever.

7 bits are
unused...
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The Bitmap

Idea: Each bit of a byte represents a true or false value.
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The Bitmap

Idea: Each bit of a byte represents a true or false value.
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The Bitmap

Idea: Each bit of a byte represents a true or false value.

Wasted
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The Bitmap

Idea: Each bit of a byte represents a true or false value.

Wasted
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The Bitmap

Idea: Each bit of a byte represents a true or false value.

Wasted

o(o0jo0jo0(1]0]0|0O

Now each byte can hold 8

true/false values
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