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Overview
• Focus: Boolean Algebra, Basic Logic Circuits


• Architecture: Combinatory Logic Circuits


• Textbook v4: Ch2; v5: Ch2


• Core Ideas:


1. Assignment 2


2. Prepare for Quiz 2



Prove The Following Boolean 
Equations

A. Truth Table: �ABCD = A + B + C + D

Solut
ion

P1 
Prove!

A B C D
0 0 0 0 1 1
0 0 0 1 1 1
0 0 1 0 1 1
0 0 1 1 1 1
0 1 0 0 1 1
0 1 0 1 1 1
0 1 1 0 1 1
0 1 1 1 1 1

A + B + C + D ABCD A B C D
1 0 0 0 1 1
1 0 0 1 1 1
1 0 1 0 1 1
1 0 1 1 1 1
1 1 0 0 1 1
1 1 0 1 1 1
1 1 1 0 1 1
1 1 1 1 0 0

A + B + C + D ABCD



Prove The Following Boolean 
Equations

A. Truth Table: �ABCD = A + B + C + D

Solut
ion

P1 
Prove!

A B C D

X X X 0 1 1

X X 0 X 1 1

X 0 X X 1 1

0 X X X 1 1

1 1 1 1 0 0

A + B + C + D ABCD



Prove The Following Boolean 
Equations

B. Algebraic Manipulation: �A(A + B)(AB + C)(ABC + D) = ABCD

Solut
ion

P1 
Prove!

= AB(AB + C)(ABC + D)

= ABC(ABC + D)

= ABCD

Rule F

Rule F

Rule F



Prove The Following Boolean 
Equations

C. Algebraic Manipulation: �XY + YZ + XZ = XY + YZ + XZ

Solut
ion

P1 
Prove!

= (XYZ + XYZ) + (XYZ + XYZ) + (XYZ + XYZ)

= (XYZ + XYZ) + (XYZ + XYZ) + (XYZ + XYZ)

= XY + YZ + XZ

Rule B

Rule 10

Rule B



Optimise The Following 
Boolean Functions using K-map

A. �F(A, B, C, D) = Σm(2,3,8,9,10,12,13,14)

Solut
ion

P2 
K-Map
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than  sum-  of-  products and  product-  of-  sums, the  gate-  input count must be deter-
mined directly from the implementation.

Regardless of the cost criteria used, we see later that the simplest expression is 
not necessarily unique. It is sometimes possible to find two or more expressions that 
satisfy the cost criterion applied. In that case, either solution is satisfactory from the 
cost standpoint.

Map Structures

We will consider maps for two, three, and four variables as shown in Figure 2-12. The 
number of squares in each map is equal to the number of minterms in the corre-
sponding function. In our discussion of minterms, we defined a minterm mi to go with 
the row of the truth table with i in binary as the variable values. This use of i to 
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Map Structures
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Optimise The Following 
Boolean Functions using K-map

B. �F(A, B, C, D) = Σm(1,3,6,7,9,11,12,13,15)

Solut
ion

P2 
K-Map
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than  sum-  of-  products and  product-  of-  sums, the  gate-  input count must be deter-
mined directly from the implementation.

Regardless of the cost criteria used, we see later that the simplest expression is 
not necessarily unique. It is sometimes possible to find two or more expressions that 
satisfy the cost criterion applied. In that case, either solution is satisfactory from the 
cost standpoint.

Map Structures

We will consider maps for two, three, and four variables as shown in Figure 2-12. The 
number of squares in each map is equal to the number of minterms in the corre-
sponding function. In our discussion of minterms, we defined a minterm mi to go with 
the row of the truth table with i in binary as the variable values. This use of i to 
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Optimise The Following Boolean 
Expressions in Product-of-Sums Form

A. � 


• �  
                      �  
                      �

F(A, B, C, D) = Σm(0,2,3,4,8,10,11,15)

F(A, B, C, D) = Σm(1,5,6,7,9,12,13,14)
= CD + ABD + ABC
= (C + D)(A + B + D)(A + B + C)

Solut
ion

P3 
Product of Sums
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than  sum-  of-  products and  product-  of-  sums, the  gate-  input count must be deter-
mined directly from the implementation.

Regardless of the cost criteria used, we see later that the simplest expression is 
not necessarily unique. It is sometimes possible to find two or more expressions that 
satisfy the cost criterion applied. In that case, either solution is satisfactory from the 
cost standpoint.

Map Structures

We will consider maps for two, three, and four variables as shown in Figure 2-12. The 
number of squares in each map is equal to the number of minterms in the corre-
sponding function. In our discussion of minterms, we defined a minterm mi to go with 
the row of the truth table with i in binary as the variable values. This use of i to 
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Optimise The Following Boolean 
Expressions in Product-of-Sums Form

B. � 


• �  
                      �  
                      �

F(W, X, Y, Z) = ΠM(0,2,4,5,8,10,11,12,13,14)

F(W, X, Y, Z) = Σm(0,2,4,5,8,10,11,12,13,14)
= XY + XZ + WY + WXY
= (X + Y)(X + Z)(W + Y)(W + X + Y)

Solut
ion

P3 
Product of Sums
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than  sum-  of-  products and  product-  of-  sums, the  gate-  input count must be deter-
mined directly from the implementation.

Regardless of the cost criteria used, we see later that the simplest expression is 
not necessarily unique. It is sometimes possible to find two or more expressions that 
satisfy the cost criterion applied. In that case, either solution is satisfactory from the 
cost standpoint.

Map Structures

We will consider maps for two, three, and four variables as shown in Figure 2-12. The 
number of squares in each map is equal to the number of minterms in the corre-
sponding function. In our discussion of minterms, we defined a minterm mi to go with 
the row of the truth table with i in binary as the variable values. This use of i to 
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Optimise The Following Boolean 
Expressions with Don’t Care Conditions

A. � , �F(A, B, C, D) = Σm(0,1,7,13,15) d(A, B, C, D) = Σm(2,4,6,8,9,10)

Solut
ion

P4 
Don’t Care
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than  sum-  of-  products and  product-  of-  sums, the  gate-  input count must be deter-
mined directly from the implementation.

Regardless of the cost criteria used, we see later that the simplest expression is 
not necessarily unique. It is sometimes possible to find two or more expressions that 
satisfy the cost criterion applied. In that case, either solution is satisfactory from the 
cost standpoint.

Map Structures

We will consider maps for two, three, and four variables as shown in Figure 2-12. The 
number of squares in each map is equal to the number of minterms in the corre-
sponding function. In our discussion of minterms, we defined a minterm mi to go with 
the row of the truth table with i in binary as the variable values. This use of i to 
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Optimise The Following Boolean 
Expressions with Don’t Care Conditions

B. � , �F(A, B, C) = Σm(1,2,4) d(A, B, C) = Σm(0,3,6,7)

Solut
ion

P4 
Don’t Care
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Optimise The Following Boolean 
Expressions with Don’t Care Conditions

B. � , �F(A, B, C) = Σm(1,2,4) d(A, B, C) = Σm(0,3,6,7)

Solut
ion

P4 
Don’t Care
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XOR
A. Write down the boolean expression of XOR in sum-

of-products and product-of-sums


• � 


B. Draw the circuit diagram implementation with AND, 
OR, NOT gates for XOR


X ⊕ Y = XY + XY = (X + Y)(X + Y)

Solut
ion

P5 
XOR

X Y X      Y

0 0 0

0 1 1

1 0 1

1 1 0

⊕


