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Terminology

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

(introduced by George Boole) one binary output

Sample boolean variables:
A,B,C,D,F € {0,1}

Functions in one notation: Functions in another notation:

F(A,B) = A*B F(A,B) = AND(4, B)
F(A,B,C) = OR(AND(4, B), C)

F(A,B,C,D) = OR(AND(4, OR(B, C)),D)

F(A,B,C)=A*B+C
F(A,B,C,D)=A*(B+C)+D

Other notations are used as well



Terminology

A Boolean function

(introduced by George Boole)

Truth table

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

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

Truth table for function F = A = B:
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Terminology

A Boolean function
(introduced by George Boole)

Truth table

A logic gate

Sample logic gates:

A
g | AND

Q

A

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

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

An abstract or physical device implementing a Boolean function

— NOT




Terminology

A Boolean function
(introduced by George Boole)

Truth table

A logic gate

A logic circuit

Sample logic circuit:

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

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

An abstract or physical device implementing a Boolean function

Composition of logic gates, to implement a certain boolean function
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Logic Gate Symbolic Representation Truth Table
A B Q=AB
A 0 0 0
AND B AND Q 1 0 0
] 0 1 0
1 1 1




Logic Gate Symbolic Representation Truth Table
A B Q=AB
A 0 0 0
AND 1 0 0
B AND
0 1 0
1 1 1
A B Q=A+B
0 0 0)
A
OR 1 0) 1
B 0o 1 1
1 1 1




Logic Gate Symbolic Representation Truth Table
A B Q=AB
A 0 | 0 0
AND AND Q 1 0 0
B
0 1 0
1 1 1
A B Q=A+B
0 0 0)
A
OR Q 1 0 1
B 0o 1 1
1 1 1
Q=A’
NOT A Q 1
0

Logic gates correspond to
physical devices implemented
by using transistors



Recap: Basic Logic Gates
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Basic Logic Gates

A

sl )

AND OR XOR
A | B| Output A [ B[ Output A [ B[ Output
010 0 010 0 010 0
011 0 011 1 011 1
110 0 110 1 110 1
1]1 1 111 1 111 0
albe o] % D
B | B B

NAND NOR XNOR
A | B | Output A | B | Output A | B | Output
010 1 010 1 010 1
011 1 011 0 011 0
110 1 110 0 110 0
1]1 0 111 0 1|1 1

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

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

A
0
0
1
1

— o= O™

0
0
0

X

OR

Output

0

ol|lr|r

(EEEEE

)

A
B

e

XNOR

Output

1

»—-n—-oo>

— o= || T

0
0
1

XOR = eXclusive OR:

unlike OR, if both
inputs are “1”s, the
output is “0”
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Basic Logic Gates

NAND = Not AN

Widely used in
practice
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011 1
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XOR = eXclusive OR:

unlike OR, if both
inputs are “1”s, the
output is “0”
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NAND Logic Gate

a
g | AND

NAND = AND + NOT



NAND and NOR Logic Gates

A A

] Q Q

B | AND 5
NAND = AND + NOT 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

Universal NAND
Gate

A
ilbs
Original B
Gate
AND

A
nibs
_B |




Universal Logic Gates: Implementation of AND Through NAND

Universal NAND
Gate
A
ol
Original B
Gate
AND
A A |
B D& B | AND % AND |-




Universal Logic Gates: Implementation of AND Through NAND

Universal NAND
Gate
A Q

Original B_}
Gate
AND
A A |
’ Di ) 5 | avo P | anp
A B | Q=AB A B|Qi 0| 0 To proof circuits equivalence,
0 0 0 0l o 1 1 0 we compare truth tables
1| 0| 0 |gm)| 1|01 1|0
0 1 0 0 1 1 1 0
1 1 1 1 1 0 0 1




Universal Logic Gates: Implementation of AND Through NAND

Universal NAND
Gate
A Q

Original B_}
Gate
AND
A A |
’ Di ) 5 | avo P | anp
A B | Q=AB A B|Qi 0| 0 To proof circuits equivalence,
0 0 0 o o 1 1 0 we compare truth tables
1/0 | 0 (¢gm)| 1|01 |1 0
0 1 0 0 1 1 1 0
1 1 1 1 1 0 0 1




Universal Logic Gates: Sample Use Cases

Universal NAND
Gate A
Q
Original B
Gate
AND

A A 0

AND L
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Universal Logic Gates: Sample Use Cases

Universal NAND NOR
Gate
A 0 A 0
Original B B
Gate
AND

A
DS
B |

A
1
| o

o
@ > 3
S
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Q
ND
AND
o)

AND

Q
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Universal Logic Gates: NAND and NOR

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

type

NOT

AND

NAND

OR

NOR

XOR

XNOR

T
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Y

Y
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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
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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
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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
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