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Engr354: Digital Logic 

Number Systems

Dr Curtis Nelson

Number Systems and Their Representations

In this presentation you will learn how numbers are 
represented in computers.
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Numbers in Different Systems

Positional Number Representation

• Decimal
– D = dn-1dn-2...d1d0

– V(D) = dn-1 ´ 10n-1 + d n-2 ´ 10n-2 + ... + d1 ´ 101 + d0 ´ 100

– Example:  43210 = (4x102 + 3x101 + 2x100)10

• Binary
– B = bn-1bn-2...b1b0

– V(B) = bn-1 ´ 2n-1 + b n-2 ´ 2n-2 + ... + b1 ´ 21 + b0 ´ 20

– Example:  11012 = (1x23 + 1x22 + 0x21 + 1x20)10

• Hexadecimal
– H = hn-1hn-2…h1h0

– V(H) = hn-1 ´ 16n-1 + h n-2 ´ 16n-2 + ... + h1 ´ 161 + h0 ´ 160

– Example:  6e2f16 = (6x163 + ex162 + 2x161 + fx160)10
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Conversion: Binary to/from Decimal

• Conversion of binary to decimal
– V = bn-1 ´ 2n-1 + b n-2 ´ 2n-2 + ... + b1 ´ 21 + b0

– (1101)2 =

• Conversion of decimal to binary
– Use power’s of two table or repeated division method.
– (857)10 = 

Decimal to Binary Conversion Example
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Conversion: Binary to/from Hexadecimal

• Conversion of binary to hexadecimal
– Groups of four digits, starting with the LSB.
– (101001101011101)2 =(   )16

• Conversion of hexadecimal to binary
– Reverse of above.
– (3f2a)16 = (   )2

Conversion: Decimal to/from Hexadecimal

• Conversion of decimal to hexadecimal
– Decimal to binary to hexadecimal.
– (61)10 =(   )2 = (   )16

• Conversion of hexadecimal to decimal
– Reverse of above.
– (3f2a)16 = (   )2 = (   )10
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bn 1– b1 b0

Magnitude
MSB

(a) Unsigned number
bn 1– b1 b0

MagnitudeSign

(b) Signed number

bn 2–

0 denotes
1 denotes

+
– MSB

Unsigned Vs. Signed Numbers

abcd Sign and magnitude 1’s complement 2’s complement

0111 +7 +7 +7

0110 +6 +6 +6

0101 +5 +5 +5

0100 +4 +4 +4

0011 +3 +3 +3

0010 +2 +2 +2

0001 +1 +1 +1

0000 +0 +0 0

1000 -0 -7 -8

1001 -1 -6 -7

1010 -2 -5 -6

1011 -3 -4 -5

1100 -4 -3 -4

1101 -5 -2 -3

1110 -6 -1 -2

1111 -7 -0 -1

Interpretation of Four-Bit Signed Integers
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2’s Complement

• n-bit negative number found by subtracting its positive 
form from 2n

– K2 = 2n – P
– K2 = K1 + 1

• Complement each bit and add 1.
• By far the most common form for signed numbers today.
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Graphical Interpretation of Four-bit 2’s 
Complement Numbers 
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2’s Complement Addition Examples

Summary

In this chapter you learned about:
• Representation of numbers in computers;
• Circuits used to perform arithmetic operations;
• Performance issues in large circuits.


