Functional Completeness

A set of operator is functionally complete iff any Boolean function can be realized by using the operators from the set

1. AND, OR, NOT is a functionally complete set.

2. NOR is functionally complete.

3. NAND is functionally complete.

               Inverter using NOR                                         Inverter using NAND
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So NAND and NOR gates are called Universal gates.

Since


     
is NOR


     
is NAND

So the SOP or POS 2-level AND-OR  or OR-AND implementation respectively can be easily converted to a NAND gate only or NOR gate only implementation.

Algebraic Examples:

Ex1: Given F = C + B’D’ + A’BD

         Obtain a NAND gate only realization.

Ans:  F = ((C + B’D + A’BD)’)’

            = (C’. (B’D’)’ . (A’BD)’)’

            = (C’ . F1 . F2)’


     


A’, B’, C’ and D’ can be obtained by using 4 NAND gates as inverters .

Ex. 2

F= C + B’D’ + A’BD

Obtain a NOR gate only implementation

B’D’ = ((B’D’)’)’

         = (B + D)’

         = F1 
A’BD = ((A’BD)’)’

          = (A + B’ + D’)’

          = F2
F = C + F1 +F2 

F’ =  (C + F1 + F2)’



B’, D’ and F’ can be obtained from B, D and F respectively, by using 3 NOR gates as inverters.

Ex3:

Given F = (B + C + D’) (B’ + C + D) (A’ + B’ + C)

Obtain a NOR gate only realization.

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

   = ( ( B + C + D’)’ + (B’ + C + D)’ + ( A’ + B’ + C)’ )’

   = ( F1 + F2 + F3 )’


A’, B’ and D’ can be obtained by using 3 NOR gates as inverters.

Ex 4:

Given F =  ( B + C + D’ ) ( B’ + C + D ) ( A’ + B’ + C)

Obtain a NAND gate only realization.

B + C + D’ = ( ( B + C + D’ )’ )’

                   = ( B’ . C’ . D )’

                   = F1

( B’ + C + D) = ( ( B’ + C + D )’)’

                      = ( B . C’ . D’)’

                      = F2
A’ + B’ + C = ( ( A’ + B’ + C )’)’

                       = ( A . B . C’)’

                       = F3
 Therefore  F  = F1 . F2 . F3      

                  F’ = ( F1 . F2 . F3 )’



F3

F’, B’, C’ and D’ can be obtained by using 4 NAND gates as inverters.

Multi-stage Logic Circuits


N1 and N2: Two logic circuits.

w, x, y, z, A, B, C logic variables.

For each of the 16 possible combinations of values for w, x, y and z some specific values of A, B and C would be the output.

Three variables, normally, have 8 possible values. However in the above circuit N1 may constrain the values to a smaller set. The remaining set of values for A, B and C would not affect the output of N2. Thus for N2, the non-available inputs are called ‘don’t care’ inputs, since these inputs do not have any effect on F.

F = ( ( 0, 3, 7 ), d ( A, B, C) = (1, 6)

   = ( ( 2, 4, 5 ), D ( A, B, C) = (1, 6)
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