
Digital Logic Design
ENEE 244-020x

Lecture 10



Announcements

• Midterms back at the end of class
• Median: 83.5
• Solutions posted on Canvas/ELMS



Agenda

• Last time
• Minimal expressions for incomplete Boolean functions (3.5)
• 5 and 6 variable K-Maps 
• Gate Properties (2.8)

• This time
• Quine-McCluskey method 
• Verilog Intro (3.9)



Quine-McCluskey method



Tabular Representations
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Prime Implicants

• 𝑓𝑓 𝑤𝑤, 𝑥𝑥,𝑦𝑦, 𝑧𝑧 = 𝑥𝑥𝑥𝑥 + 𝑤𝑤𝑦𝑦𝑧𝑧 + 𝑤𝑤𝑦𝑦𝑧𝑧 + 𝑤𝑤𝑥𝑥
• Each product term is an implicant.
• Prime implicant:  A product term that cannot have any of its literals 

removed and still imply the function.



Prime Implicants
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Prime Implicants
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Finding Prime Implicants
Step 1

2 0 1 0

4 1 0 0

5 1 0 1

6 1 1 0

7 1 1 1

Step 2

(2,6) − 1 0

(4,5) 1 0 −
(4,6) 1 − 0

(5,7) 1 − 1

(6,7) 1 1 −

Step 3

(4,5,6,7) 1 − −
(4,6,5,7) 1 − −

All unchecked entries are Prime Implicants
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Prime Implicants
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Essential Prime Implicants
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Find the Essential 
Prime Implicants

using Quine-
McClusky



Essential Prime Implicants
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7 0 1 1 1

14 1 1 1 0
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Finding Prime Implicants
0 0 0 0 0

1 0 0 0 1

2 0 0 1 0

8 1 0 0 0

3 0 0 1 1

5 0 1 0 1

10 1 0 1 0

7 0 1 1 1

14 1 1 1 0

15 1 1 1 1

(0,1) 0 0 0 −
(0,2) 0 0 − 0

(0,8) − 0 0 0

(1,3) 0 0 − 1

(1,5) 0 − 0 1

(2,3) 0 0 1 −
(2,10) − 0 1 0

(8,10) 1 0 − 0

(3,7) 0 − 1 1

(5,7) 0 1 − 1

(10,14) 1 − 1 0

(7,15) − 1 1 1

(14,15) 1 1 1 −

(0,1,2,3) 0 0 − −
(0,2,1,3) 0 0 − −

(0,2,8,10) − 0 − 0

(0,8,2,10) − 0 − 0

(1,3,5,7) 0 − − 1

(1,5,3,7) 0 − − 1

6 Prime Implicants

1 − 10 00 − −
−111 −1 − 1
111 − 0 − −1



Find Essential Prime Implicants
Prime Implicant Table

Prime 
Implicant

Covered 
Minterms 0 1 2 3 5 7 8 10 14 15

1−10 10,14 X X

−111 7,15 X X

111− 14,15 X X

00− − 0,1,2,3 X X X X

−0−0 0,2,8,10 X X X X

0− −1 1,3,5,7 X X X X

Minterms



3 Prime Implicants
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3 Prime Implicants
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𝑓𝑓 𝑤𝑤, 𝑥𝑥,𝑦𝑦, 𝑧𝑧 = 𝑤𝑤𝑧𝑧 + 𝑥𝑥 𝑧𝑧 + 𝑤𝑤𝑤𝑤𝑤𝑤



Verilog Intro

Simulator: https://ecrionix.org/tools/verilog-simulator/

https://ecrionix.org/tools/verilog-simulator/


module…endmodule

--basic building block
--defines a circuit's 

inputs, outputs, and 
internal logic

assign keyword

defines a continuous 
assignment. 

Continuously updates a 
signal whenever the 

inputs change.

&&--logical AND
||--logical OR
!—logical NOT











Primitive gates have 
keyword names: and, 

nand, or, nor, xor, xnor, 
but, not

Wire keyword

Gate instances and 
corresponding 

propagation delays



Module Unit 
Under Test 
(M_UUT)

initial keyword
Statements begin executing when 

simulation is initialized

begin…end block
block statement, executed 

sequentially

1’b0: 1 binary digit set to 0
1’b1: 1 binary digit set to 1

$finish: system task to 
terminate the simulation
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