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Universal Logic

A set of logical operators that can implement any arbitrary
Boolean function

e {AND, OR, NOT}: collectively implement any Boolean
function: universal logic

e ANDs and NOTs implement on-set minterms

e OR of on-set minterms = function

e Example: Majority function f = a'bc + ab’c + abc’ + abc
e Only NAND gates = universal logic [important, PLAS]
e Only NOR gates = universal logic [important, PLAS]

e Only MUXes = universal logic [important FPGAS]

e {AND, XOR} is also universal logic [important, to show off
your mathematical reasoning prowess!]



Boolean functions implemented with
only NAND gates

* Relieson DeMorgan'slaws: X-y=Xx4+y A — E/—f’c
e f=ab+ ac+ bc
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Maxterms and product of
sum (POS) form

Row
number | x; X, X3 Minterm Maxterm M - MD

0 0 0 O | my=xx,x3 | My= x4+ x5+ X3
1 0 0 1 ||m=Xxxx3 | M;y=Xx;+ x4+ X3
2 0 1 0| my=XxXx3 | My= x4+ X, + x5
3 0 1 1 | my=Xxxx3 | My= X+ X, + X3
- I 0 0| my=xx,x3 | My=x;+ X, + x3
5 1 0 1 || mg= xxyx3 | Ms= X+ x5+ X3 }
6 1 1 0 || mg= x(Xx3 | Mg = X+ X, + X3
7 11 1 || my=xxx3 | My= X+ X5+ X3

Figure 2.22  Three-variable minterms and maxterms.
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Maxterms and POS forms

Row —
X1, Xy, X3) = mpy +m m m
number X Xy Xj f(xl’xz’x3) f( 15 A2 3) ()_I_ 2 + 3 + 7
Then f can be expressed as
0 O 0 O 0
1 0 0 1 1 f=mo+mr+ mz+ my
2 o 10 0 = mg - my - M3 - Ny
3 0 1 1 0
=My -M>,  -M; -M
4 1 0 0 1 o S
5 1 0 1 1 = (X1 +x2 +x3)(x1 +x2 +x3)(x1 + X2 +X3)(X1 + X2 +X3)
6 1 1 O 1
/ 11 0 fxr, x2, x3) = (Mo, M, M3, M7)
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MUXes as Universal logic
‘Truth Tables as Decision Trees' @DD@
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Each node in the BDD

(graph) is a Mux
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From a truth-table to a BDD to only MUXes: universal logic!
This is what FPGAs are like....




AND-XOR is universal logic



