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Outline

e Multiplying out and factoring expressions
e Exclusive-OR and equivalence operations
® The consensus theorem

e Simplification of switching expression

¢ Proving the validity of equation
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Multiplying Out and Factoring Expressions (1/2)%%5

X(y+2) = Xy+Xxz ---(a)lDuality Pf: for () x=0 LHS=y RHS=y
x+yz = (x+y)(x+z) --(0)]] x=1 LHS—7 RHS=z

Zx+ y)A(x'+ zj =XZ+ yx'---(C)

Examples

1. (Q+AB)CD+Q)=QC'D+QAB’

2. (A+B+C')Y(A+B+D)(A+B+E)(A+D'+E)(A+C)
=[(A+B)+C'DE](AC + A' D'+ A'E)
= AC + ABC + A'BD'+A'BE + A'C' DE M pying O
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Multiplying Out and Factoring Expressions (2/2)'cfg%:%*‘(?;Qici

3. AC + ABD+A'BE + AC'DE
-~ AC + A'(BD'+BE +C'DE)
-~ (A+BD'+BE +C'DE)(A+C)
= [A+C'DE +B(D'+E)](A+C)

= (A+(X3' DE + Iy3)(AZ+ C'DE+ D'+E)(A+C)
= (A+B+C')(A+B+D)(A+B+E)(A+D'+E)(A+C)
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Exclusive-OR & Equivalence Operations (1/4) §%§

@ : Exclusive—OR +: Inclusive—OR

0D0=0 X Y |[X®Y
0®1=1 0010

0 1 1
100=1 N
1®1=0 1 1 0

X®Y =1 if X =1 or Y =1 not both
X®Y = XY+ X'Y

Properties

X®0=X, X®L=X', X®Y=Y@X| _
(X®Y)DZ=X®KYDZ)=XOYDZ l x®v
X(Y®Z)= XY ® XZ y

(XBY)=X®Y'= XDY = XY + X'Y'
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Exclusive-OR & Equivalence Operations (2/4) <gus

(0=0)=1
(0=1)=0
(1=0)=0
(1=1)=1

X=Y

R O Ol X

P, O Fkr o<

R O O B+

X=Y=1if X=Y=1or X=Y=0
(X =Y)= XY+ XY

X
¥

&) (x®y)

(X®Y)= (XY +X'Y)= (X +Y)X+Y)= XY + X'Y'=(X =Y)
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Exclusive-OR & Equivalence Operations (3/4)

&,ﬂf
;
S
Y ot

Unit 3

Boolean Expression  without @, = :
X®Y = XY "+ X'Y
(X =Y)= XY + X'Y'

F= (AB=C)+(B®AC')
= [(A'B)C + (A'B)'C']+[B(AC")"'+ B'AC']
= AABC+AC'+B'C'+BA'+BC+AB'C
= AC'+B'C'+ BA'+ BC
= C'(A+B)+BA'+C)

s
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Exclusive-OR & Equivalence Operations (4/4) 5%5

(Xy'+x'y)=xy+x'y" or
Xy'+ X'y=(xy+ x'y')’

Ex. A@eB®C

(A'B+AB)®C

- (A'B+AB)C+(A'B+AB)'C
- A'B'C'+ABC'+(AB+A'B)C
- A'B'C+ABC+AB'C + A'BC
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The Consensus Theorem

Unit 3

Consensus Theorem : Xy +xX'z+yz =Xy + X'Z
pf © Xy +X'z+yz
=Xy +X'Z+(X+X')yz
= (Xy + Xyz) + (x'z + X' yz)
=xy(l+2z2)+x'z(1+Yy)
=Xy + X'Z
Dual form:( X + y)( X+ z2)(y+2) =(X+ y)(X'+ 2)

Ex:1.a'b'+ ac+b ¢'+ b'c+ ab =(a'b’'+ac+bc")
2. (a+b+ c')(a+ b +d )b+ cC+d)
=(a+b+c')(b+c+d")




Simplification of Switching Expression (1/5)

1. Combining terms
use xy+xy =x

Examples

1. abc'd'+abcd '=abd"
2. ab'c+abc +a'bc =ab'c+abc+ abc+a'bc = ac + bc
3.(a+bc)d+e)+a'(b+c)d+e)=d+e

 \o

4

Y X M X
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Simplification of Switching Expression (2/5)

2. Eliminating terms

use (a). x+xy=x
(b).Consensus Th's
Xy + X'Z+yzZ =Xy + XZ

Examples

1. a'b+a'bc =a'b

2. a'bc'+ bcd + a'bd

a'bc '+ bcd

Unit 3
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Simplification of Switching Expression (3/5) <S¢

3. Eliminating literals  use x + x'y=x+y

Example

A'B+ A'B'C'D'+ABCD '= A'(B+B'C'D')+ ABCD '= A'(B+C'D')+ ABCD °
= B(A'+ACD')+ A'C'D'=B(A+CD')+ A'C'D'= A'B + BCD '+ A'C'D"

4. Adding redundant terms
add xx',yz toxy + x'z,xy to x, multiply (x + x")

Example

WX + XY + X' Z'4+WYy' Z'=WX + Xy + X Z'+Wy'Z'+wz'
=WX+ Xy +XZ'+Wz'= WX+ Xy + X'Z'
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Simplification of Switching Expression (4/5) <gu

Use all 4 methods

Example: SOP

A'B'C'D+A'BC'D'+A'BD+A'BCD +ABCD +ACD'+B'CD’
Vo $
=A'C'D'+BD (A' +AC) + ACD'+B'CD"
) g ALC
=A'C'D'+A'BD+BCD + ACD' +B'CD'

+ABC @
Consensju\s ACD '

=A'C'D'+ ABD+BCD+ ACD'+ B'CD'+ ABC
Consengfus BCD

=A'C'D+A'BD+B'CD'+ ABC

Unit 3
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Simplification of Switching Expression (5/5)

Unit 3

Example: POS

(A+B'+C’ )(A +B'+ C)(B'+C J(A+C)(A+ B

+C)

0

o

Use duals of the theorem
- (A + B )(B '+ C )(A+ C)

- (A'+B" )(A C)

TConsensus Th.
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Proving the Validity of Equation (1/2)

Unit 3

Example 1.
prove A'BD'+BCD + ABC'+AB'D
= BC'D'+AD + A'BC isvalid

Methods:
1. Construct Truth Table for LHS and RHS

2. Simplify LHS and RHS

A'BD'+BCD + ABC'+AB'D + BC' D'+ A'BC + ABD
ABD' A'BD' BCD
ABC' BCD ABC'

AD+ ABD' +BZD + ARC'+ BCD'+ A'BC

— BC'D'+AD + A'BC

15



Proving the Validity of Equation (2/2) Sy

Unit 3

Example 2.
prove A'BC'D +(A+BC JA+C'D')+BC'D + A'BC'
= ABCD + A'C'D'+ABD + ABCD '+BC'D

LHS = (A'+BC)(A+C'D')+ A'BC'D + BC'D + A'BC"
- (A+BC)(A+C'D')+BC'D+ A'BC"

- ABC+A'C'D'+BC'D+A'BC"

- ABC+A'C'D'+BC'D

RHS = ABC + AC'D'+ ABD +BC'D
——

consensus

=ABC + AC'D'+ BC'D
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Note

X+Y=X+7Z 75 Yy=17
'wXx=1y=0,z=1=1+0=1+1 = 0=1

XYy=XZ %> y=12
'+ Xx=0, y=1, z=0,
= 0-1=0-0 = 0=1

True for ordinary algebra,

but not true for Boolean algebra
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Supplement for P.13 Example Sy

A'B'C’'D'+A'BC’'D'+A’'BD+A’BC’'D+ABCD+ACD'+B’CD’
------------------ (get common term A'C'D’, A’C’'D’(B'+B))
---------------------- (Get common term BD, BD (A'+A’C’+AC))
- e = A

= AC'D'+BD(A'+AC)+ACD’'+B’CD’
------------ (expand)

= A'C'D'+A'BD+ABCD+ACD’'+B’CD’
= A'C'D'+A'BD+(ABCD+ACD’'+ABC)+B’CD’

------------ AN (Consensus theorem, take D, then combine ABCD+ABC)
= A'C'D'+A'BD+(ACD’+ABC+B'CD’)

A (Consensus ACD’, take B)
= A'C'D'+A'BD+ABC+B’'CD’
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