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Unit 4

Application of Boolean Algebra / Minterm and 
Maxterm Expansion
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Outline

․Conversion of sentences to Boolean equations 
․Truth table-based logic design 
․Minterm and maxterm expansions 
․Incompletely specified functions 
․Binary adders and subtracters 
․Speeding up integer additions 
․Binary multiplication 
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 By “1's” function
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 By “0's” function
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Minterm & Maxterm Expansions (1/10)
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Minterm & Maxterm Expansions (2/10)
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Minterm & Maxterm Expansions (3/10)
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Minterm & Maxterm Expansions (4/10)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

101111
010111
101011
100011
011101
010101
101001
100001
011110
010110
101010
010010
011100
010100
101000
100000

'

m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m

ggDCBA
Example Another




















)15,13,12,9,8,5,1,0(

)15,13,12,9,8,5,1,0('

]')15,13,12,9,8,5,1,0([

)15,13,12,9,8,5,1,0('

)15,13,12,9,8,5,1,0(

)14,11,10,7,6,4,3,2(

M

m

mg

mg

Mor

mg



Unit 4 10

Minterm & Maxterm Expansions (5/10)

        

0000 0001 0010 0011

f a 'b ' a 'd acd '
   a 'b ' c c ' d d ' a 'd b b ' c c ' acd ' b b '

     a 'b 'c 'd  ' a 'b 'c 'd a 'b 'cd ' a 'b 'cd a 'b 'c 'd a 'b 'cd
        a 'bc 'd a 'bcd abcd ' ab 'cd '
    

  

       

     
   

   

 
 

0101 0111 1110 1010
0 1 2 3 5 7 1 0 14

4 6 8 9 11 12 13 15

     m  ,  ,  ,  ,  ,  ,   , 

    Find Maxterm Expansion  f M  ,  ,  ,  ,  ,  ,  , 

   

 

 



Unit 4 11

Minterm & Maxterm Expansions (6/10)
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Minterm & Maxterm Expansions (7/10)
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Minterm & Maxterm Expansions (8/10)
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Minterm & Maxterm Expansions (9/10)
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Incompletely Specified Functions (1/2)
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Binary Adders & Subtracters (1/9)

․Half Adder:

011
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SumYX

SumHalf
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Binary Adders & Subtracters (2/9)

․Full Adder:

Sum
Full
Adder
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․ The logic equation for the full adder:

Binary Adders & Subtracters (3/9)
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․The logic circuit of full adder:

Binary Adders & Subtracters (4/9)
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Binary Adders & Subtracters (5/9)

․ 4-Bit Parallel Adder (Ripple Carry Adder)
Adds two 4-bit unsigned binary numbers

4-bit parallel adder
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Binary Adders & Subtracters (6/9)

․ 4-Bit Parallel Adder (carries)

1    1              0   0              1    1             1    1
A3 B3 A2 B2 A1 B1 A0 B0

1                   0                   1                   1                  0

C4                       C3                         C2 C1 C0

0                   1                   1                   0
S3                        S2                         S1 S0

Full
Adder

Full
Adder

Full
Adder

Full
Adder

End-around carry for 1’s complement

Parallel  Adder Composed of  Four Full Adders
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Binary Adders & Subtracters (7/9)

․Binary Subtracter Using Full Adders:
Subtraction of binary numbers is most easily accomplished by 
adding the complement of the number to be subtracted

Full
Adder

Full
Adder

Full
Adder

Full
Adder

A3 B3 A2 B2 A1 B1A4 B4

Binary Subtracter Using Full Adder

S4                        S3                       S2 S1

C4                       C3                        C2
C1=1C5

B’1B’2B’3B’4
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Binary Adders & Subtracters (8/9)

․Full Subtracter

xi=0 ，yi=1，bi=1
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Binary Adders & Subtracters (9/9)

․Parallel Subtracter : 
Direct subtraction can be accomplished by employing a subtracter.

Full
Subtracter

Full
Subtracter

Full
Subtracter

Full
Subtracter

Cell i

xi yi x2 y2 x1 y1xn yn

dn                        di                                       d2 d1

b1=0
bn+1                    bn         bi+1 bi            b3 b2
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Speeding Up Integer Additions

․Ripple carry adder 
 Simple, regular
 Long delay

 Last carry out needs 2n delay for n-bit adder

․Carry Lookahead Adder (CLA)

․Carry Select Adder
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Carry Lookahead Adder (1/4)

A3 B3 A2 B2 A1 B1 A0 B0

C4                       C3                         C2 C1 C0
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Carry Lookahead Adder (2/4)

1 1 1 1 1( )i i i i i iC A B A B C      

1 0 0 0C g p C 

1 1 1

1 1 1

;
;

i i i

i i i

g A B
p A B

  

  


 

generate function

propagate function

2 1 1 1 1 1 0 0 0

1 1 0 1 0 0

( )C g p C g p g p C
g p g p p C
    

  

1 1 1i i i iC g p C   



Unit 4 30
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Delay of 4-bit adder: 2+23 =8 (ripple carry adder)
2+3=5 (CLA) 
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Carry Lookahead Adder (4/4)

gn-1

cn

gn-2pn-1 pn-2 gn-3
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Carry Select Adder (1/2)

․Two additions are performed in parallel
 One assumes the carry-in is 0; the other assumes 1

․When the carry-in is finally known, the correct sum is 
selected (has been precomputed)

s7 s6 s5 s4

s3 s2 s1 s0

c0

a3 b3 a2 b2 a1 b1 a0 b0

a4b4

a4b4
a7b7

0

1

c4
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Carry Select Adder (2/2)

0 0 0

111
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Binary Multiplication 
․Performed in the same way as with decimal numbers

 Multiplicand B, multiplier A   
 Partial product
 Shift one bit left 
 Sum of partial products B
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