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Ex) Simplify and draw the Boolean function ', = x'y'z + x'yz + xy’
X >c
y >0

>

Al

(a) Fo=x"y'z +x'yz +xy
Fr=x"y'z +x'yz + xy'
= x'z(y" +y) + 1y’

=x'z + xy’

The function is reduced to only two terms and can be implemented with
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(b) F, =xy' +x'z

Ex) Simplify and draw the Boolean function F=(A+B)(A+B+C)C
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Extension to Multiple Inputs

A gate can be extended to have multiple inputs if its binary operation is commutative
and associative. AND & OR gates are both commutative and associative.

For the AND function, AB = BA -commutative
and

(AB)C = A(BC) = ABC. -associative
For the OR function, A+ B =B + A -commutative
and

A+B)+ C=A+ (B + C). -associative
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The NAND and NOR are commutative, but not associative. So these functions cannot
be extended to multiple input.

For NAND function, (AB)Y = (BA)Y. -commutative
But, ((ABYCY = (A(BCYY. -does not follow associative property.

As ((ABY CY =(AB) + C* and
(A(BCYY = A" + BC.

for NOR function, ((A + B)Y + CY 2z (A + (B + C)YY.
As, (A+BY +CY =(A + B) C" = AC’ + BC".
And A+ (B+Cyy =AB +C)=AB + AC.

The Exclusive-OR gates and equivalence gates both possess commutative and
associative properties.
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The function F5 = x'v'z + x'yvzZ + Xy’ can be exteneded as follow:
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Universal Gates

NAND and NOR gates are called Universal Gates because any type of gates or logic
functions can be implemented by using these gates. The advantage of using the
universal gates for implementation of logic functions is that it reduces the number of
varieties of gates.

Implementing NOT gate using NAND and NOR gates

A_—_ b F=A AD—D—F:A'

NOT function: F = A’ NOT function: F = A’

Implementing AND gate using NAND and NOR gates

F={A'+B)'=AB
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AND function: F = AB

AND function: F = AB

Implementing OR gate using NAND and NOR gates

HO—C}—‘E}

OR function: F=A + B
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Implementing XOR gate using NAND and NOR gates
D

Ex-OR function: F= ((ABY(A'BYY =AB" + A'B

BI

Ex-OR function: F = [(A” + EY + (A + BY] = AB’ + AB

H.W: Implement XNOR using NAND and NOR gates only.

Implementation of Logic Functions by NAND Gates
To achieve the realization of logic functions by NAND gates, the first step is to express
the function in NAND form Using Boolean algebra and Demorgan’s theorems as follow:

Ex) considering the logic expression F = AB + CD.
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Or we can use the logic diagram of AND, OR, and NOT Gates constructed using
NAND gates then remove any two cascaded inverters from the diagram:

F =AB + CD

After removing every two cascaded inverters
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Ex) Realize the following function by NAND gates only:

F=B(A+CD)+AC

Realization of Logic Functions by NOR Gates

To achieve the realization of logic functions by NOR gates, the first step is to express
the function in NOR form Using Boolean algebra and Demorgan’s theorems as follow:

Ex) considering the logic expression F = (A + B) (C + D)

A
F = (A+B)(C +D) B
= (((A + B) (C + DYY

- (A + BY + (C + DYy Ez:DD_

Similarly, we can use the logic diagram of AND, OR, and NOT Gates constructed
using NOR gates then remove any two cascaded inverters from the diagram
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