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Engr354: Digital Logic Circuits 

Chapter 5: Number Representation 

and Arithmetic Circuits 

Curtis Nelson

Number Systems and Their Representations

In this chapter you will learn about:
• Representation of numbers in computers;
• Circuits used to perform arithmetic operations;
• Performance issues in large circuits.
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7-Bit ASCII Code

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
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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

Sign and Magnitude

• Magnitude of positive and negative numbers represented in 
the same way;

• Sign used to distinguish them;
• Simple to understand;
• Complicates hardware design.
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Sign and Magnitude: Add/Subtract

• If both operands have the same sign, then addition is 
simple
– Add magnitudes and copy the sign.

• If they have opposite signs, then must subtract smaller 
from the larger.

• This is complicated, so sign and magnitude is not used in 
computers anymore.

1’s Complement

• n-bit negative number found by subtracting its positive 
form from 2n-1
– K1 = (2n – 1) – P

• Found by just complementing each bit.
• Used in earlier computers (pre-1970) but made hardware 

difficult with two representations for 0.



Engr354 Chapter 5 5

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.
• Probably the only form for signed numbers used in 

computers today.

0000
0001

0010

0011

0100

0101

0110
0111

1000
1001

1010

1011

1100

1101

1110
1111

1 + 1 –
2 + 

3 + 

4 + 

5 + 
6 + 

7 + 

2 –
3 –

4 –

5 –
6 –

7 – 8 –

0 

Graphical Interpretation of Four-bit 2’s 
Complement Numbers 
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++

1 1 0 1

1 0 1 1
0 0 1 0

0 1 1 1

0 1 0 1
0 0 1 0

++

1 0 0 1

1 0 1 1
1 1 1 0

0 0 1 1

0 1 0 1
1 1 1 0

11

ignore ignore

5+( )
2+( )

7+( )

+

5+( )

3+( )

+ 2–( )

2+( )
5–( )

3–( )

+

5–( )

7–( )

+ 2–( )

2’s Complement Addition Examples

–
0 1 0 1
0 0 1 0

5+( )
2+( )

3+( )

–

1

ignore

+

0 0 1 1

0 1 0 1
1 1 1 0

–
1 0 1 1
0 0 1 0–

1

ignore

+

1 0 0 1

1 0 1 1
1 1 1 0

–
0 1 0 1
1 1 1 0

5+( )

7+( )

– +

0 1 1 1

0 1 0 1
0 0 1 0

5–( )

7–( )

2+( )

2–( )

–
1 0 1 1
1 1 1 0– +

1 1 0 1

1 0 1 1
0 0 1 02–( )

5–( )

3–( )

2’s Complement Subtraction Examples
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Adder Circuits – Half Adder

Sum 

s  

0 

1 

1 

0 

Carry 

c 

0 

0 

0 

1 

0 

0 + 

0 

1 + 

1 0 0 0 

1 

0 + 

1 0 

1 

1 + 

0 1 

x 

y + 

s c 

Sum Carry 

(a) The four possible cases 

x y 

0 

0 

1 

1 

0 

1 

0 

1 

(b) Truth table 

x 

y 
s 

c 

HA
x 

y 

s 

c 

(c) Circuit (d) Graphical symbol

Adder Circuits – Full Adder

0 
0 
0 
1 
0 
1 
1 
1 

c i 1 + 
0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 
0 
1 

c i x i y i 

00 01 11 10
0 
1 

x i y i 
c i 

1 
1 

1 
1 

s i x i y i c i Å Å = 

00 01 11 10
0 
1 

x i y i 
c i 

1 
1 1 1 

c i 1 + x i y i x i c i y i c i + + = 

c i 

x i 
y i s i 

c i 1 + 

(a) Truth table 

(b) Karnaugh maps 

(c) Circuit 

0 
1 
1 
0 
1 
0 
0 
1 

s i 
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Alternative Full Adder

HA
HAs 

c 

s 
c 

c i 
x i 
y i 

c i 1 + 

s i 

c i 

x i 
y i 

c i 1 + 

s i 

(a) Block diagram 

(b) Detailed diagram

N-bit Ripple Carry Adder

FA

x n – 1 

c n c n 1 ” 

y n 1 –

s n 1 –

FA

x 1 

c 2 

y 1 

s 1 

FA
c 1 

x 0 y 0 

s 0 

c 0 

MSB position LSB position

• Major issue – propagation delay.
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Faster Adders – Carry Lookahead
x 1 y 1 

g 1 p 1 

s 1 

x 0 y 0 

s 0 

c 2 

x 0 y 0 

c 0 

c 1 

g 0 p 0 

Adder / Subtractor Circuit

s 0 s 1 s n 1 –

x 0 x 1 x n 1 –

c n n -bit adder

y 0 y 1 y n 1 –

c 0 

Add ⁄ Sub 
control 
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Binary Coded Decimal (BCD) Digits

c out 

Four-bit adder

Two-bit adder 

s 3 s 2 s 1 s 0 

z 3 z 2 z 1 z 0 

x 
3 

x 
2 

x 
1 

x 
0 y 3 y 2 y 1 y 0 

c in

One Digit BCD Adder
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Other Arithmetic Circuits

• Multipliers;
• Dividers;
• Floating-point Processors.

Summary

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


