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Boolean Algebra

Postulates of Boolean Algebra

1.x+0=x Duality Prineiple
2.x+x =1 +(OR)> . (AND)

dxty =yt .(AND) - + (OR)

1-0

4, =
x(W+2) =xy + xz 01




Boolean Algebra
Applying Duality

1.x+0=x x.1=x

2.x+x' =1 xa\\%(a



Boolean Algebra

Some important Theorems

l.x+x =x X.X =X
2. (x) =x
3.x+ (v+2) = (x ) ¥z x.(y.z) = (x.y).z

@)' = %'y’  DeMorgan’sTh. (x.y)’ =E

4.x +xy =x x.(x+y)=x




Boolean Algebra

Theorems can be proved in two ways

-using Postulates

X+ XxXy=Xx
LHS =x.1+ xy
=x.(1+y)
=\ %

= X




Boolean Algebra

Theorems can be proved in two ways

-using Truth tables

X+Xxy=x

Xy X+XY

Y -

LHS RHS




Boolean Functions

Consists of binary variables, constants and Logic symbols
F1=x+yz F2 =(x+yz")

Single variable in normal or complemeéntéed'form - literal

Can be transformed into circait

X

77
v : ] - F1 F2?"
Z%J




Boolean Functions

Boolean function can be represented by truth table in
only one way

_
N

F1 =x+yz

F2 =(x+yz")’

R R R R O O O O R
R R, O O kr R O O A
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Boolean Functions

Boolean function can be represented in many ways in
algebraic form

F2 = (x +yz')'
Both represent same function ?

F2 =x"yz' + x'yz + xz
Impleémentation of both same ? Try it out

Need for simplification




Boolean Functions
Ways of simplification
-Algebraic manipulation

-K Maps

-QM(Quine-McElyskeyViethod




Boolean Functions

Algebraic manipulation done using postulates and
theorems

Forexample:  F1 =x(x"+y) 1MNot\1LOR,1AND

F1 = xx. ¥£%y
F1\= xy IAND




Boolean Functions

Canonical Forms-Typel

Fl=xy -+ F2

F3 =77

2
=
I_I
=
=
|
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Boolean Functions

Each input entry will be represented by a term

Designation
shet
—> mO 1
— my 0
F3=x"y' +xy" +xy
Minterms F3 =my+m, + m,
Standard Product F3 =>(0,2,3)

Sum of Products
(Canonical form-Typel)




Boolean Functions

Canonical Forms-Type2

Fl=x+y.F2=x"+y'

F3 =77

F3=(0(x+y).(x'"+y")




Boolean Functions

Each input entry will be represented by a term

Designation
F3
v, 3
M,
M,
M;

Maxterms F8=0x+y). &' +y).(x"+y)
F3 = MO' MZ'M3
Standard Sums F3 =m(0,2,3)

Product of Sums
(Canonical form-Type2)




Boolean Algebra

Some important Theorems

l.x+x =x X.X =X
2. (x) =x
3.x+ (v+2) = (x ) ¥z x.(y.z) = (x.y).z

@)' = %'y’  DeMorgan’sTh. (x.y)’ =E




Boolean Algebra

Theorems can be proved in two ways

-using Truth tables

X+Xxy=x

Xy X+XY

Y -

LHS RHS




Boolean Functions

Consists of binary variables, constants and Logic symbols
F1=x+yz F2 =(x+yz")

Single variable in normal or complemeéntéed'form - literal

Can be transformed into circait
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Boolean Functions

Boolean function can be represented by truth table in
only one way

_
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F1 =x+yz

F2 =(x+yz")’

R R R R O O O O R
R R, O O kr R O O A
R O L O rr O +rr O ~&KY
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Boolean Functions

Boolean function can be represented in many ways in
algebraic form

F2 = (x +yz')'
Both represemt same function

F2=x"y'z' + x'y'z,+-x2

Impleémentation of both same? Try it out

Need for simplification




Boolean Functions

Algebraic manipulation done using postulates and
theorems

Forexample:  F1 =x(x"+y) 1Nof\1L.OR, 1AND

F1 = xx. ¥£%y
F1\= xy IAND




Boolean Functions

Before learning

-K Maps

-QM(Quine-McCluskey) Methed

Canonicaland standard forms of Boolean functions




Boolean Functions

Canonical Forms-Typel

Fl=xy -+ F2

F3 =77
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Boolean Functions

Each input entry will be represented by a term

Designation

— " 1
— my 0
—_> mZ 1
—_> m3 1
F3=xy +xy"+ xy
Minterms F3 =my+m, + m,
Standard Product F3 =>(0,2,3)

Sum of Products
(Canonical form-Typel)




Boolean Functions

Canonical Forms-Type2

Fl=x+y.F2=x"+y'

F3 =77

F3=(0(x+y).(x'"+y")




Boolean Functions

Each input entry will be represented by a term

Designation
M,
M,
M,
M,

0
1
0
0

Maxterms F8=0x+y). &' +y).(x"+y)
F3 = MO' MZ'M3
Standard Sums F3 =m(0,2,3)

Product of Sums
(Canonical form-Type2)




Boolean Functions

Canonical forms from Truth table

Sum of Products Representation ?

Product of Sums Representation ?

R B R, », O o o o E
R, B, O O rr r o o BS
R O »r O r O rr oK
R O O kr O F »r O R




Boolean Functions

Can we convert from one canonical form to another ?

Using Truth Table
F=m;+mtm,+m,
(Threewamanles — 0,1,2,3,4,5,6,7)

F =M, MMM,

R B, », o o o o E;
R, B, O O rr r o o B
R, O r O r O r»r oK
R O O Fkr O »r »r O R

Minterm and Maxterm are Complementary to each other




Boolean Functions

F=my+m,+m,+m,
F'=my+m;+ms+mg
Fr=x'y'z +x'yz + xy'z 4/xyz’

F = (E')

F=(x'y e Nz + xy'z+ xyz')

R, B, Rk, R, O O O O E
R R O O Rk Rk O O B
R O r O +r O r oK
m O O B O r »r O R
O r B O +r O O +

Fis (Fy'z). (x'yz)'. (xy'z)". (xyz')’

F=(o¥X¥\WzY.(x+y +2).(x'+y+2).(x" +y +2)

F=MyM; M. M,




Boolean Functions

EXxpress in minterms:
Example 1: F = y + x'yZ’
F=yx+x)(z+2z)+ x'yz.~(Simplify

F =xyz+xyz' +x'yz + x yz'\k W9z

F= M, £me+ m; + m,




Boolean Functions

EXxpress in minterms:

Example 1: F = y + x'yZ’

F="m, + m; + m,+m,

F= My.M,. .M,. M,

R, B P, P, O O o o Ej
B R O O B KRB O O B
~ O P O r O r oK
O O o o o +» o o B

0
0
1
1
0
0
1
1




Boolean Functions

Standard Form — Terms that form the function may contain one,
two or many literals

F1=vy"+xy+x'yz Sum of Products

F2 =x(y' 4+ z).(x +y + z)) ) \Product of Sums

How is it'different from canonical form ??




NS < £ = x

Boolean Functions

What form ??

F=xy+w(y+2z)

)

) -

)

Some times standard forms result in better implementation

T

0 >

—

F=xy+wy+wz

Standard Form

SPOT THE DIFF ??







