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Theorem 10 :
Theorem 11 :

Theorem 12 :
Theorem 13 :

Theorem 14 :
Theorem 15 :

Theorem 16 :

Theorem 17 :
Theorem 18 :

A+B=B+
A.B=B.A

2 +(g3 E)CZ_TAA ;)B)g C} Associative Law

A.B+C)=A.B+A.C }
(A+B). (C+D) A.C+B.C+A.D+B.D Distributive Law

A+A.B=A

A} Commutative Law

B)=A.B
AEE) _A _} De Morgan's Theorems
(A.B)=A+B

—

A
B

A —]

(a) Theorems 10 and 11 obey commutative law. This law states that the order in which the variables are(
or AND makes no difference.

B.
A Y=B+A
B

D—Y B.A

A
ffms vy

(b) Theorems 12 and 13 obey associative law. This law states that in the ORing or ANDing of ¥

variables, the result is the same regardless of the grouping of the variables.

Y=A+(B+4C) A 2 ok

| '-—Y-A(BC) A

ﬁms\ro

Y=(A+B)+C

Y = (A.B).C
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(‘)T *m-by-term just the same as in ordinary algetys ates that a Boolean expression can be expanded by
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Y=(AB+ACQ)
- Y=AM40)
c AC
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@ we will prove Theorem 16 by factoring and using Theorems 2, 7, 10 and 14.

,“A-B =A_|+;;.B ................. Theorem 2
i : ((lB++ l)) ................. Theorem 14
=A.B+1) Theorem 10
=A.1 Theorem 7
=A Theorem 2

© Theorems 17 and 18 are the two most important theorems of Boolean algebra and were contributed by the
mathematician named De Morgan. Therefore, these theorems are called De Morgan's theorems.

pE-d (¥) $ Using Boolean algebraic techniques, simplify’ the following expression :
Y=ABC.D+A.B.C.D+A.B.C.D+A.B.C.D

wm,y:A.B.é.ﬁ+K.B.E.l—)+K.B.C.I3+A,B.CI—)..(i)
step 1 : Take out the common factors as below :

Yy=BCD(A+A)+BCD(A+A)
Step 2 : Apply Theorem 3(A+A=1):
Y =BCD+BCD
Step 3 : Again factorize :
Yy=BD(C+0)
Step 4 : Apply Theorem 3 (C + C=1):
Y=BD.1l= BD
This is the simplified form of exp. 1.
(Y) Using Boolean techniques, simplify the following expression :

Y=AB+A(B+C)+B(B+C)

Solution : Y = AB + A(B + C) + B(B + C)... (1 . .
Step 1 : Apply Theorem 14 (distributive Jaw) to second and third terms :
Y=AB+AB+AC+BB+BC

Sten ) - B.B=B):
‘°P2-APP|yTheor°m6(Y=AB+AB+AC+B+BC

Sip 3 : Apply Theorem 5 (AB + AB = AD) !
pply Theor y = AB + AC+B +BC

Step 4 . t2terms:
P FactorBoutoflaSY=AB+AC+B(l+C)

c=C+ 1=1):
Step 5 : Apply commutative law and Theorem 7 (1 +
y=AB+AC+B.1

sle 6: B-I=B):
P -Appl)’!TheorcmZ(Y=AB+AC+B
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Step 7 : Factor B out of first and third terms :
Y =BA+1)+AC

Step 8¢ Apply Theorem 7 (A + 1= 1):
Y=B.1+AC

Step 9@ Apply Theorem 2 (B, 1 =B):
Y=B+AC

This is the simplified form of exp. 2.

Tty (9) t Simplify the following Boolean expressions to a minimum number of literalg

MY=A+AB()Y=AB+AC4+BC
Solution. (i) : Y =A+AB

=A+AB+AB [ A=A+ AB from Theorem 16]

=A+B(A+A)

=A+B [ A+ A= | from Theorem 3]

SY=A+B
(i) Y =AB+AC+BC
=AB+AC+BC.(A+A)
=AB+AC+ABC+ABC
~ =AB+ABC + AC + ABC
=AB(1+C)+AC(l1+B)
=AB+AC [vA+1=1from theorem 7)
Y =AB+AC
(%) Simplify the following Boolean expression :
Y =(A+B)(A+B)
Solution : Y =(A+B)(A+B)

The expression can be expanded by multiplying out the terms (Theorerh 15].

Y=A.A+A.B+B.A+B.B
Using Theorem 4, A . A =0, Also B. B =B [Theorem'6).
“Y =0+A.B+B.A+B

=A.B+AB+B
Factoring out the variable B [Theorem 14), we have,

Y =B(A+A+1)
Using theorem 7, A+ | = |

~Y=B(A+1)
Again using Theorem 7, A + | = |,
~Y =B.1
Finally, using Theorem 2, we have,
Y =B
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