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Another Example

f = w1w3 +w1w2 +w1w3

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 17 / 51



Another Example

f = w1w3 +w1w2 +w1w3

= w1(w3)+w1(w2 +w3)

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 17 / 51



Another Example

f = w1w3 +w1w2 +w1w3

= w1(w3)+w1(w2 +w3)

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 17 / 51



Another Example

f = w1w3 +w1w2 +w1w3

= w1(w3)+w1(w2 +w3)

= w1w2(w3)+w1w2(w3)+w1w2(w3)+w1w2(1)

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 17 / 51



Another Example

f = w1w3 +w1w2 +w1w3

= w1(w3)+w1(w2 +w3)

= w1w2(w3)+w1w2(w3)+w1w2(w3)+w1w2(1)

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 17 / 51



A 2-to-4 Decoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 18 / 51



A Binary Decoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 19 / 51



A 3-to-8 Decoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 20 / 51



A 4-to-16 Decoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 21 / 51
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Demultiplexers

A demultiplexer is a circuit which places the value of a single data input
onto multiple data outputs is a demultiplexer.
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A 2n-to-n Binary Encoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 24 / 51



A 4-to-2 Binary Encoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 25 / 51



A 4-to-2 Priority Encoder

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 26 / 51



A Hex-to-7 Segment Display Code Converter

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 27 / 51



A Four-Bit Comparator Circuit

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 28 / 51



2-to-1 Multiplexer
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2-to-1 Multiplexer: Conditional Statement
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4-to-1 Multiplexer: Case Statement
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A 16-to-1 Multiplexer: Tasks
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A 16-to-1 Multiplexer: Functions
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A 4-to-2 Priority Encoder
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74381 ALU
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Verilog for the 74381 ALU

Chris J. Myers (Lecture 4: Combinational Circuits) ECE/CS 3700: Digital System Design 40 / 51



Bitwise Operators

C = ~A
Result is:
c0 = a0

c1 = a1

c2 = a2

. . .

C = A & B
Result is:

c0 = a0 ·b0

c1 = a1 ·b1

c2 = a2 ·b2

. . .

C = A | B
Result is:

c0 = a0 +b0

c1 = a1 +b1

c2 = a2 +b2

. . .

C = A ^ B
Result is:

c0 = a0⊕b0

c1 = a1⊕b1

c2 = a2⊕b2

. . .

C = A ~^ B or C = A ^~ B
Result is:

c0 = a0⊕b0

c1 = a1⊕b1

c2 = a2⊕b2

. . .

If operands are unequal size pads 0s to the left.
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Truth Tables for Bitwise Operators
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Logical Operators

f = !A ⇐⇒ f = a2 +a1 +a0

f = A && B ⇐⇒ f = (a2 +a1 +a0) · (b2 +b1 +b0)

f = A || B ⇐⇒ f = (a2 +a1 +a0)+(b2 +b1 +b0)
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Reduction Operators

f = &A ⇐⇒ f = a2 ·a1 ·a0

f = ~&A ⇐⇒ f = a2 ·a1 ·a0

f = |A ⇐⇒ f = a2 +a1 +a0

f = ~|A ⇐⇒ f = a2 +a1 +a0

f = ^A ⇐⇒ f = a2⊕a1⊕a0

f = ~^A ⇐⇒ f = a2⊕a1⊕a0
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Arithmetic Operators

C = A+B Addition
C = A−B Subtraction
C = −A 2’s Complement
C = A∗B Multiplication
C = A/B Division

Synthesis selects appropriate module from a library.

Division not often supported by synthesis.
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Relational and Equality Operators

A > B Greater than
A < B Less than
A >= B Greater than or equal to
A <= B Less than or equal to
A == B Logical equality
A ! = B Logical inequality

Typically used in if-else and for statements.

Results are x when any operand contains an x .
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Miscellaneous Operators

C = A >> n Right shift
C = A << n Left shift
C = {A,B} Concatenation
C = {n{A}} Replication
C = e ? A : B Conditional
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Verilog Operators
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Verilog Operators (cont)
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Operator Precedence
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Concluding Remarks

Introduced a number of circuit building blocks.
Described several Verilog constructs:

if-else statement.
case statement.
for loop.

Statement choice is often a personal preference.

Care must be taken to remember Verilog is not a programming language.

Circuits should be constructed from well-defined modules.
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