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Terminology

A Boolean function
(introduced by George Boole)

A function taking one or multiple binary inputs and producing exactly 
one binary output

𝐹 𝐴, 𝐵 = AND(𝐴, 𝐵)
𝐹 𝐴, 𝐵, 𝐶 = OR(AND 𝐴, 𝐵 , 𝐶)

𝐹 𝐴, 𝐵, 𝐶, 𝐷 = OR(AND 𝐴, OR(𝐵, 𝐶) , 𝐷)

Functions in another notation:

𝐹 𝐴, 𝐵, 𝐶, 𝐷 = 𝐴 ∗ 𝐵 + 𝐶 + 𝐷

𝐹 𝐴, 𝐵 = 𝐴 ∗ 𝐵

𝐹 𝐴, 𝐵, 𝐶 = 𝐴 ∗ 𝐵 + 𝐶

Functions in one notation:

Sample boolean variables:
𝐴, 𝐵, 𝐶, 𝐷, 𝐹 ∈ 0,1

Other notations are used as well
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A Boolean function
(introduced by George Boole)

A function taking one or multiple binary inputs and producing exactly 
one binary output

Truth table A table specifying the output of a Boolean function for every 
combination of input values

A B 𝑭 = 𝑨 ∗ 𝑩
0 0 0
1 0 0
0 1 0
1 1 1

Truth table for function 𝐹 = 𝐴 ∗ 𝐵:

Terminology
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A Boolean function
(introduced by George Boole)

A function taking one or multiple binary inputs and producing exactly 
one binary output

Truth table A table specifying the output of a Boolean function for every 
combination of input values

A logic gate An abstract or physical device implementing a Boolean function

𝐵

𝐴 𝑄
OR

𝑄𝐴

𝐵 AND

Sample logic gates:

𝐴 𝑄
NOT

Terminology
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A Boolean function
(introduced by George Boole)

A function taking one or multiple binary inputs and producing exactly 
one binary output

Truth table A table specifying the output of a Boolean function for every 
combination of input values

A logic gate An abstract or physical device implementing a Boolean function

A logic circuit Composition of logic gates, to implement a certain boolean function

AND AND

AND

AND

AND

OR

OR

OR

𝑨

𝑩

𝑸Sample logic circuit:

Terminology
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Logic Gate Symbolic Representation Truth Table

AND

A B Q=AB
0 0 0
1 0 0
0 1 0
1 1 1

𝑄𝐴

𝐵 AND
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Logic Gate Symbolic Representation Truth Table

AND

OR

A B Q=AB
0 0 0
1 0 0
0 1 0
1 1 1

A B Q=A+B
0 0 0
1 0 1
0 1 1
1 1 1

𝑄𝐴

𝐵 AND

𝐵

𝐴 𝑄
OR



Logic Gate Symbolic Representation Truth Table

AND

OR

NOT 𝐴 𝑄

A B Q=AB
0 0 0
1 0 0
0 1 0
1 1 1

A B Q=A+B
0 0 0
1 0 1
0 1 1
1 1 1

A Q=A’
0 1
1 0
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𝑄𝐴

𝐵 AND

𝐵

𝐴 𝑄
OR

Logic gates correspond to 
physical devices implemented 
by using transistors
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𝐴 𝐵 𝑄
0 0 1
0 1 0
1 0 0
1 1 0

NOR

𝐴
𝐵

𝑄

𝐴 𝐵 𝑄
0 0 0
0 1 1
1 0 1
1 1 1

OR

𝐴
𝐵

𝑄
𝐴
𝐵

𝑄XNOR

𝐴 𝐵 𝑄
0 0 1
0 1 0
1 0 0
1 1 1

𝐴
𝐵

𝑄XOR

𝐴 𝐵 𝑄
0 0 0
0 1 1
1 0 1
1 1 0

𝐴 𝐵 𝑄
0 0 0
0 1 0
1 0 0
1 1 1

𝐴
𝐵

𝑄
AND

𝐴 𝐵 𝑄
0 0 1
0 1 1
1 0 1
1 1 0

𝐴
𝐵

𝑄
NAND

Recap: Basic Logic Gates
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Basic Logic Gates

Image is taken from https://instrumentationtools.com/logic-gates/

A
B

Q
A
B

A
B

A
B

A
B

A
B

Q Q

Q Q Q
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Basic Logic Gates

Image is taken from https://instrumentationtools.com/logic-gates/

A
B

Q
A
B

A
B

A
B

A
B

A
B

Q Q

Q Q Q

XOR = eXclusive OR:
unlike OR, if both 
inputs are “1”s, the 
output is “0”
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Basic Logic Gates
A
B

Q
A
B

A
B

A
B

A
B

A
B

Q Q

Q Q Q

XOR = eXclusive OR:
unlike OR, if both 
inputs are “1”s, the 
output is “0”

NAND = Not AND
Widely used in 
practice
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NAND Logic Gate

𝑄
𝐴

𝐵 AND

NOTNAND = AND  +  
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NAND and NOR Logic Gates

𝑄
𝐴

𝐵

NAND = AND  +   NOT

AND 𝐵

𝐴
𝑄

OR

NOR =  OR  +  NOT

These logic gates are “universal”:
Any other logic gate can be implemented through one of these!
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Universal Logic Gates: Implementation of AND Through NAND

𝑄
𝐴

𝐵

𝑄
𝐴

𝐵Original
Gate

Universal
Gate

AND

NAND
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𝑄!
𝐴

𝐵 AND
𝑄

AND𝑄
𝐴

𝐵

𝑄
𝐴

𝐵Original
Gate

Universal
Gate

Universal Logic Gates: Implementation of AND Through NAND

AND

NAND
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𝑄
𝐴

𝐵

𝑄
𝐴

𝐵Original
Gate

Universal
Gate

Universal Logic Gates: Implementation of AND Through NAND

AND

NAND

To proof circuits equivalence,
we compare truth tables

A B Q=AB
0 0 0
1 0 0
0 1 0
1 1 1

A B 𝑸𝟏 𝑸𝟏 𝑸
0 0 1 1 0
1 0 1 1 0
0 1 1 1 0
1 1 0 0 1

𝑄!
𝐴

𝐵 AND
𝑄

AND
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𝑄
𝐴

𝐵

𝑄
𝐴

𝐵Original
Gate

Universal
Gate

Universal Logic Gates: Implementation of AND Through NAND

AND

NAND

To proof circuits equivalence,
we compare truth tables

A B Q=AB
0 0 0
1 0 0
0 1 0
1 1 1

A B 𝑸𝟏 𝑸𝟏 𝑸
0 0 1 1 0
1 0 1 1 0
0 1 1 1 0
1 1 0 0 1

𝑄!
𝐴

𝐵 AND
𝑄

AND
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𝑄
𝐴

𝐵

𝐵

𝐴 𝑄

𝐴 𝑄!

𝐵 𝑄"

𝑄
AND

AND

AND

𝑄
𝐴

𝐵Original
Gate

Universal
Gate

Universal Logic Gates: Sample Use Cases

AND

OR

NAND

𝑄!
𝐴

𝐵 AND
𝑄

AND
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𝑄
𝐴

𝐵

𝐴 𝑄!OR

𝐵 𝑄"OR

𝑄
OR

𝐵

𝐴 𝑄

𝐴
𝑄!OR

𝑄
OR𝐵

𝐴 𝑄!

𝐵 𝑄"

𝑄
AND

AND

AND

𝑄
𝐴

𝐵 𝐵

𝐴 𝑄
Original
Gate

Universal
Gate

Universal Logic Gates: Sample Use Cases

AND

OR

NAND NOR

𝑄!
𝐴

𝐵 AND
𝑄

AND
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Universal Logic Gates: NAND and NOR

08.09.2021, 17:14Logic gate - Wikipedia

Page 8 of 12https://en.wikipedia.org/wiki/Logic_gate

type NAND construction NOR construction

NOT

AND

NAND

OR

NOR

XOR

XNOR

By use of De Morgan's laws, an AND function is identical to an OR function with negated inputs and outputs.
Likewise, an OR function is identical to an AND function with negated inputs and outputs. A NAND gate is
equivalent to an OR gate with negated inputs, and a NOR gate is equivalent to an AND gate with negated
inputs.

This leads to an alternative set of symbols for basic gates that use the opposite core symbol (AND or OR) but
with the inputs and outputs negated. Use of these alternative symbols can make logic circuit diagrams much
clearer and help to show accidental connection of an active high output to an active low input or vice versa.

De Morgan equivalent symbols

Any other logic gate can be implemented
through one of the universal logic gates
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Boolean Function Implementation

Any Boolean function can be implemented by using one of these sets of logic gates:

1) AND, OR, NOT

2) NAND – universal logic gate

3) NOR – universal logic gate

4) XOR and boolean constant “1”
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Boolean Function Implementation

Any Boolean function can be implemented by using one of these sets of logic gates:

1) AND, OR, NOT

2) NAND – universal logic gate

3) NOR – universal logic gate

4) XOR and boolean constant “1”
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Boolean Function Implementation

Any Boolean function can be implemented by using one of these sets of logic gates:

1) AND, OR, NOT

2) NAND – universal logic gate

3) NOR – universal logic gate

4) XOR and boolean constant “1”
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