I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center
GATE ECE&EE Coaching By IlITians GATE CLASSES

Contents
BOOIEaAN AIZEDIa: ........ ..o e e e e s e e e e e e ta e e e e araeeeearaeeeennraeas 2
USEFUI PrOPEITIES ...t e e e et e e e et e e e e e bteeeeebteeeesbaeeesenstaeeesnstesasansseeeseanes 3
Property 1: Special aw of 0 and 1 ...........coooiiiiiiiiiiiiiciee et e e e s a s sEoe e e e b 3
Property 2: COmMPIemMent LAW ..........cooviiiiiiiiiiiiinieee et eree et e e ssree e s sree s s adae e s s i b e s e e 3
Property 2: Idempotency LAW...........ooociiiiiiiiiieecieee e ecreeeestve e e e ave e e e e fr e e e aae e e s abbe s adonnraeeeeenreeas 4
Property 4: AJACENCY LAW.........cc.uviiiiiiiiie ettt e et e e e ette e e e sssen s e s e e ennbeeesasnteeeeennseeeeennrenas 4
Property 5: ADSOrPiON LaW ............oooiiiiiiiiiiiie ettt e a st e s e b te e e e e ateeeeeenbeeeeennneeas 5
Property 6: Second law of AbSOrption. ...........cccooviiiiiiiiiiii e B i e 5
Property 7: CONSENSUS [aW. .......ccccuuiiiiiiiiiiiciiiee e etee et e st e e e saae s e s et te e e e sabeeeesanbaeeesanbeeeeensseeeeennseens 6
Property 8: DeMOrZan’s JaW. ............ooocuiiiiiiiiiei e e e edo et e e et e e et e e e e te e e e e earee e e e enreeas 6
[0 TUF 11 AV I 0 T=To T =Ty o O S o SRR 7
SOIVEA EXAMIPIE:-..... .ot fr ettt e e e s e e e e st e e e s b e e e e s b be e e e e abeeeeenabaeeeeareaeeenaraeas 7
EXEICISE ....ooniiiiiiiiiiiiiiciticiiccce et b 8
ANSWET ...ttt s a e s a e s s a e s s a s 8



I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center
GATE ECE&EE Coaching By IlITians GATE CLASSES

Boolean Algebra:
Due to historical reasons, digital circuits are called switching circuits, digital circuit functions are

called switching functions and the algebra is called switching algebra. The algebraic system known
as Boolean algebra named after the mathematician George Boole. George Boole Invented multi-
valued discrete algebra (1854) and E. V. Huntington developed its postulates and theorems (1904).
Examples of Huntington 's postulates are given below:
Postulatel.
If Xand Y are in set (0, 1) then operations X + Y and X - Y are also in set (0, 1)
Postulate 2.
For each operation there exists an identity element.

X+0=0 and X-1=X
Postulate 3.

The operations are commutative

For all xand y € {0,1},

X+y=y+X
X.Yy=y.X

Postulate 4.

The operations are distributive

For all x, yand z € {0,1},

X+(y.2)=(x+y).(x+2)
X.(y+2)=(x.y)+(x.2)

Postulate 5.

For every element x € {0,1} there exists an element € {0,1} (called the complement of x) such that
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X+X=1
e X-X=0

Postulate 6.
There exist at least two elements x and y € {0,1} such thatX # Y.

Useful properties

Property 1: Special law of 0 and 1
For all X € {0,1}

a. X-0=0
b. X+1=1
Proof:-

X-0=(X-0)+0
=X-0)+X-X
=X-(0+X)
=X-X
=0

X+1=X+1-1
=X+1D-X+X)

=X+1-X)
=X+X
=1
Property 2: Complement Law
a.The Complement of O is 1
b. The complementof 1is0
Proof:-
X+0=X..oteiioii v vee e ve e e .. (By Postulet 2)
By replacing X with 0
0+0=0
But,
0+0=1..ccoceceeves et eev ee ers eur eev oo (By Postulate 5)
~0=1
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X-1=X.uiiiiie v vrver vee vee wee .. (By Postulet 2)
By replacing X with 0

1-1=1

But,

1:1=0.ccuieeieeee eeree e oo .. (By Postulate 5)
~1=0

Property 2: Idempotency Law
For all X € {0,1}
a. X+X=X
b. X- X=X
Proof:-
X+X=X+X)-1.uiivei e veveee e we v .. (By Postulate 2)
=X 4+X) (X+X) oo ceeeee e e ee evr e e o (By Postulate 5)
=X+ (X X) oo oo oot e ee et ee e e ev ee eev eee - (BY Postulate 4)
=X F0 o e et e v vt e e e e e e (BY Postulate 5)
S X e et s e et v et e e et et e een et e e e e (BY Postulate 2)

X X=X-"X)+0.uev i iei v ver eev eve vee e o (By Postulate 2)
=X-X)+ (X X) oo ot ceecee ee ee e ee ee e e o (By Postulate 5)
=X+ (X X) oo et eee et e eee e e e e oo (By Postulate 4)
S X 40 e et v e et v et e e et et v e e o e (BY Postulate 5)
= X e et e et et v et e e et e e een et e e e ees (BY Postulate 2)

Property 4: Adjacency Law

For all Xand Y € {0, 1}

a. X'Y+Xx-vy=Xx

b. X+Y)-X+YV)=X
Proof:-

X Y+X-V=X-(Y+V) oo e e e e eev eee e .. (By Postulate 4)
S X L e s i et e e e e et e e et et e eve e e e e (BY Postulate 5)
I X e et e e e e et e e et e e s e s e e e e e e (BY PoStulate 2)
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XAY) XA =X+ 7)o oo

=X+0.

Property 5: Absorption Law
Forall Xand Y € {0, 1}

a. X+X-Y)=

b. X-(X+VY)=
Proof:-

X+@Yy{xn+uy)mmmwmmm

_X(1+m
=X-1.

.xa+n_@+m(Xquwmmmwm

=X+(0- m
=X+0.

Property 6: Second law of Absorption.
For all Xand Y € {0,1}

a X+X-V)=X+Y

b. X-(X+Y)=
Proof:-

X+a'n_4x+m @+Y)mmmmmmmm

—1(X+n
=X+Y.

X@+D_MXH4XD.MWWWWW

_0+a'n
=X-Y.

... (By Postulate 4)
...(By Postulate 5)
... (By Postulate 2)

... (By Postulate 2)
... .. (By Postulate 4)

... (By Postulate 2)
..(By Postulate 2)

... (By Postulate 2)
«.. ... (By Postulate 4)

... (By Postulate 2)
..(By Postulate 2)

... (By Postulate 2)
.....(By Postulate 4)
... (By Postulate 2)

... (By Postulate 2)
w. ... (By Postulate 4)
... (By Postulate 2)
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Property 7: Consensus law.
Forall X, Y, Z € {0,1}

a. X' Y+X-Z+Y-Z=X-Y+X-Z

b. X+Y) - X+2) - Y+2)=X+Y)-(X+2)
Proof:-

X-Y+X-Z+Y-Z

=X Y4HXZ+1 Y Z oo ieeee e e et e ee eeteee ee wu e e o (By Postulate 2)
=X Y4+X-Z+X+X) Y "Z oo cee s et eev cre e ewr wevenen e . (By Postulate 5)
=XY4+X Y Z+X-Z+XY"Z oo es e eev eve ve eur wen.. (By Postulate 4)
=XV -(142)+X-Z-(14Y) oo cee e et cev ee ee evr eev ee e e onn. (By Postulate 4)
SX Y 14X Z 1 oot ces et oot e s et et e et eat ent ee e een enn e o« (BY Postulate 2)

S X Y H X Z st e s et et e et et et e e et aet e e o - (BY Postulate 2)

X+Y)-X+2)-(Y+2)

=SX4Y) (X +2Z) (04 Y 4+ 2Z) o oot cer et et et et e et et et et evn een oon o0 (BY Postulate 2)
=X+Y) X+2) ((X-X)+Y +Z) et vt e eeecere ces cvs e e . (By Postulate 5)
=X+Y)- X+Y+2)- X+2) X+Y+2Z)eooee e ee e eere e oo (By Postulate 4)
=X +Y)+O0-2) - (X+Z)+(0:Y) ceice et et eercev eev et ee ve e env een e . (BY Postulate 4)
=X 4AY)H 0 (X +Z)F0 e ee e cee e e e et eeteet eet eev ee ee ee e e een enn .. (By Postulate 2)

S (X AY) (X H2Z) e ee e eee e e e et et eet eet et et ee ee ee e see e ee e e oo (BY Postulate 2)

Property 8: DeMorgan’s law.
Forall X, Y € {0,1}
a. X+Y=X-Y
Y

X+Y)-(X-Y)
=X X V) 4+ (Y X V) oot s e vt et e et eet ee e et ene eee e o (BYy Postulate 2)
=040 =0 ot ot e e e e e e s s e e e e (BY Postulate 5)

X+YV)+X-Y)
SXHX V) HV+XY) ot e cee e v eetvee e et et vee e e oo o0 (BY Postulate 3)
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SX4AX)F 4 e e e et et et e e et et eev e n . (BY Postulate 2)
S 11 =1 it et e e e e e e e e e e e e e e e e s (BY PoStulate 5)

Therefore, (X - Y) is the complement of (X+Y)

=(X-X+D) (Y- (X4Y)) e et vt eee e v v v eve eee eee . (BY Postulate 3)
=X Y X Y e et e e e e et et et et et e et e e e s e e e (BY Postulate 2)
070 = 0 et ces e et v e e e et et e vt e et e e s e s e e e oe2 (BY Postulate 2)

X-VN+X+Y)

=X +X4+Y) (Y +X+Y) i i i vt e e e s e et ews een o (By Postulate 3)
S(14Y) 4 (1 4+X) ot oot ee e e e cee et et ee e ett evtees eet eev e e . (BY Postulate 2)
S 141 =1 it e e e e e e e e e e e e e e e e (BY PoStulate 5)

Therefore, (X + Y) is the complement of (X - Y)

Duality Theorem:-
To find the dual replace " + " with "-" , " - " with "+ ", 1 with O and O with 1.

Solved Example:-
1. Findthe dualofthe A-(B+C)=A-B+A-C

Answer:-

To find the dual replace + with -, - with +, 1 with 0 and O with 1.
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i.e replacing AND with OR, OR with AND, 1 with 0 and 0 with 1.
A+(B-C)=(A+B)-(A+0)

2. Finddualofthed+1=A4
Answer:-

To find the dual replace + with -, - with +, 1 with 0 and O with 1.
i.e replacing AND with OR, OR with AND, 1 with 0 and 0 with 1.

A-0=A
3. Reduce the expression AB + A + AB

Answer:-
AB+ A+ AB
=AB-A-AB
=(A+B)-A-(A+B)
=A-(A+B)
=A-B

Exercise

1. Reduce the expression AB + AC + ABC(AB + C)
Reduce the expression (AB + A+ B)AB

Reduce the expression ABC + ABC + ABC + ABC
Reduce the expression AB + ABC + A(B + AB)
Reduce the expression ABC + ABC + A + BC

og A~ wWwN

Answer
1. AB+C
AB
AB + BC + AC
0
1

SRSy
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