Il.  Boolean Algebra

George Boole (1854)

Triple [K,s, +] consisting of a finite set of elements K, subject to an equivalence
relation “=" and two binary operators, ‘“+’ and “.”, such that for every element x
and y € K, the operations x+y and xsy are uniquely defined and the following

. postulates are satisfied.

The operations are closed forallxandye K. x+yeKandxye K

1.
2. Commutative laws A-B = B-A A+B=B+A
3. Distributive laws A (B+C)=(AB)+(A'C) A+(B'C)=(A+B)(A+C)
4. Associative laws A:(B-C) = (A-B)-C A+(B+C)=A+B)+C
5. 3 Identity elements IFA=A 0+A=A
6. Inverse elements AA=0 - A+A=1t
“Duality”

Note: When K = {0,1}, it is called ‘switching algebra’.

- Logic variables - true (1) or false (0)
‘e operations
AND OR NOT
( n J ~ )
(. + =)

Boolean expression (Boolean function)

1. 0,1x,Xx are Boolean expression.,

2. If A and B are Boolean expression, then A @) A+B AB are also Boolean
©xpression
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Boolean Operators
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DeMorgan’s Theorem

AB =A+B A+B= AB

Venn Diagram
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Functionally complete set of gates

1. AND, OR, NOT -_
2. AND, NOT AtB= ATE = A B
3. OR,NOT
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Combinational Circuit  output depends on nput enly

(Sequential Circuit) oufpuf deperds on tnpud and post histwy of inpuf Cmenary)

Implementation of Boolean Functions
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Canonical Expression
(1) SOP (sum-of-product) form

f=ABC+ABC+ABC

A B C

= kR

D
D— >
D

(2) POS (product-of-sum) form |
f=ABOABCOWABOABC)(ABCQ)
= (A+B+C) (A+B+C) (A +B+C) (A+B+C) (A+B+0)

"Equivalent”




11.4 Minimization of Circuit

Motivation

xyz

xyz

Y—Pp Xz
Z——p

Note. xyz+xyz = xz(y+y) = Xz

o Algebraic method

o Quine-McCluskeymethod

o Karnaugh Map (K-map) method
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K-map Method

Ex.3 (a) f(x,y,2) = xyz + xyz + Xyz + XyzZ
110 160 011 000

yZ
00 01 11 10 < Gray code
Tale
X -----------------
JoumnG
f(x,y,z) = xz +yz + Xyz
Ex. 4 (b)

f(w,X,y,2) = WXyz + WXyz + WXyZ + WXYZ + WXyZ + WXyz + WXyz

1100 1011 1010 1000 0100 0010 0000

IEIR!
WX --

f(w,x,y,2) = yz +Xz +wxy




Ex.

Table..  Truth Table for the One-Digit Packed Decimal Incrementer

Input _ | _ Output
Number A B C D Number W X Y Z
0 0 (] 0 0 - 1. 0 -0 7 0 1
1 0 ), 0 1 2 0 0 1 0
2 0 0 1 0 3 0 0 1 1
3 0 0 1 1 4 .. 90 1 0 9
4 0 1 o 0 5 0 1 0 .1
5 1] 1 0 1 6 0 1 1 0
6 0 1 1 0 7 0 1 1 1
7 ‘ 1] 1 1 1 8 1 0 G 0
8 1 0 0 0- 9 1 0 0 1
-9 1 0 0 1 0 0 0 0 0
1 0 1 0 d d d d
Don't | 1 0 L L d-. d d d
care ] 1 1 0. 0 d d d d
con- | g 1 0 1 d d d d
dition 1 1 1 0 d d . d d
L1 11 1 d d d d
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(@) W=AD+ BCD : (b)) X=BD +BC +BCD
CD ' CD
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Figuore. . Kamnaugh Maps for the Incrementer




