Unit3. Inversion: Formed by DeMorgen’s Law I
DeMorgen’s Law I

(x+y) = XY (xy) = X4y
(X+y+z+--) = xyz'--- (Xyz--)' = X4y+z'+---
o & + , A o A
Prove by truth table
Examples I
1. [(A+B)C'T = (A+B)+C = AB+C
2. [(AB+C)D'+E'l = [(AB'+C)D']'sE = [(AB'+C)+D]E
= [(AB")'C'+D]E = [(A+B)C'+D]E
= AC'E+BC'E+DE




General Form: (one-step rule) |

[f(X, X,, -+, X, 0, 1, +, )]

n

=f(x,', x,', -+, x',' 1 0, o +)

n

Example: I

[(@'b+c')(d"+ef ')+ gh+w]
=[(a+b’)c+d(e'+f)](g+h" )W




Duality of a Boolean function I AND & OR 0 o 1
General Form: I [f(4 X o X, 00 L 4 o))

=f(X1, XZ’ Tty Xn, 11 01 o, +)

Ex. F = ab+c+0-d'(1+e)

(a+b")c(l+d'+0-e)

1. Firstly, form F' 2. a<—>a'I

F'=(a'+b)c (1+d+0-¢')
F° =(a+b')c(1+d'+0-e)

Property IF:G = FDzGDI

Duality N

X-Y+y=X+Yy .

Ex. (X+Vy')y=xy




Multiplying Out and Factoring Expressions I

X(Y+2) = Xy+Xz ..-(a)]
X+ Yz = (X+y)(x+z) ---(b)]

-Duality

ix+ y)A(x'+ 25 = XZ + yXx'---(C)

—

Examples I

1. (Q+AB)(C'D+Q")=QC'D+Q"AB'
2. (A+B+C')A+B+D)(A+B+E)(A+D'+E)(A+C)
=[(A+B)+C'DE]J(AC+ A'D'+A'E)

= AC+ ABC+ A'BD'+A'BE+ A'C'DE

Multiplying Out




Exam[:_)le cont’d. |

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)I(A+C)

= (A+CX3' DE + Ié)(AZ+ C'DE+D+E)(A+C)
(A+B+C")Y(A+B+D)(A+B+E)(A+ D+E)(A+C)




Exclusive-OR & Equivalence Operations I

@®: Exclusive—OR +: Inclusive—OR

020=0 0®1=1
1©0=1 1®1=0

XDY =1 if X=1 or Y=1 Not Both
X®Y = XY'+X'Y

Properties :
X®@0=X, X®P1l=X', XBY=YDX
(XBY)DZ=XDYPZL)=XBYDZ
XY DZ)=XY D XZ

(XBY)=XDY'=X'DY = XY + X'Y'




=: Equivalence I

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

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

X=Y=1if X=Y=1or X=Y=0 .
XD
(X =Y)= XY + XY Y ® —(XDY)

(X ®Y)'=(XY+X'Y)=(X +Y)(X+Y)= XY + X'Y'=(X =Y)




@ﬁﬁ?@%“ Boolean Expression [[1F] &>=> ]
X®Y = XY+X'Y (X=Y)=XY+X'Y' R

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

= AC'+B'C+BA'+BC =C'(A+B")+ (A'+C)




A®B®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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Positive & Negative Logic I

Positive Logic 5V (H)
OV (L)
Negative Logic 5V (H)

OV (L)

R, o o k-

Duality

Positive Logic <

> Negative Logic
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+: Positive Logic -:Negative Logic

+

X { Y |AND XY OR

| +
|
|
|

OR X+Y AND

oL1 0L1I| LO
OL1:1HO| LO
1HO0:0L1| LO
1H O0i1HO

1

1

0
0
0

Ex. Positive Logic s Negative Logic

5 Postive Lo o> Negaie Lo

S\ ]
B
C—

Network [ G

if  Network
G

If  Network
G

+ Logic

ABC'+A'B'C

— Logic
(A+B+C")(A+B'+C)




Concensus Theorem : XY+ X' Z+ YZ= Xy + X'z
pf © Xy +Xx'z+yz
=xy +X'z+ (x+x')yz
= (xy + xyz )+ (x'z + xyz)
=xy(l+z)+x'z(L+y)

=Xy + X'Z
Dual form: (x+y)x'+z)y+z)=(x+y)x +2)

Ex :1. a'b' +ac+bc' +bc+ab=(ab +ac +bc )
2. (@a+b+c' )Na+b+d )b+ c+d)
—(a+b+c)b+c+d)
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Algebraic Simplification
Multiplying
Factoring

1. Combining terms

use Xy + Xy = X

Examples I

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'

Y X Y! X
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2. Eliminating terms

Use (a) x+xy =X

(b) Concensus Th's

Xy +X'Z+Yyz=Xy+X'Z
Examples I

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

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




3. Eliminating literals

Use X + x'y=Xx+Y

Examples I

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

4. Adding redundant terms
Add xx',yz to xy + X'z, xy to x, Multiply (x + x')

Examples I

WX + XY + X' Z'+Wy'Z'= WX + Xy + X 'Z'+ wy' 2'+wz'

=WX+ XY +X'Z'+wWz'=WX+ Xy + X'Z'
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Use all 4 methods |
Example:® SOP I

A'B'C'D'+ABC'D'+ ABD+ A'BC'D + ABCD + ACD'+B'CD'
1) 0

- AC'D'+BD (V+YC) + ACD'+B'CD'
%K_J
9A‘+C

= A'C'D'+A'BD + BCD+ ACD' + B'CD'
+A\\,BC
9 Concensjtds ACD'

= A'C'D'+ \BD + BZD + AZD'+B'CD'+NBC

Concen;as BCD

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




Example:@ POS I

(A'+B'+C')(A'+B'+ C)(B'+C )(A+C )(A+ B +C)
o D

Use duals of the theorem

= (A + B')(_B;tg)(A+ C)

- (A'+B ')A )

1" Concensus Th.
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SISEE

||

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

RES
1. ;ﬁéi—FﬁTruth Table,for =35 *F[Eg{
2[5 Tl VAT
A'BD'+BCD + ABC'+AB'D + BC'D'+A'BC + ABD
ABD' A'BD' BCD

ABC' BCD ABC'
AD+ ABD' +BEZD + AKC' +BC D'+ A'BC
— BC'D'+AD + A'BC
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Il [_[k\

Example 2.
prove A'BC'D +(A'+BC A+C'D')+ BC'D + A'BC'

= ABCD + A'C'D'+ABD + ABCD +BC'D

# =(A+BC )Y A+C'D')+ A'BC'D +BC'D + ABC"

(A'+BC (A+C'D')+BC'D + A'BC"
= ABC + A'C'D'+BC'D + A'BC"

= ABC + A'C'D'+BC 'D

F 1% =ABC+AC'D+ABD+BC'D
—
concensus

=ABC+AC'D+BCD
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= &i: In Boolean algebra

—

True for ordinary algebra, but
X+Yy=X+z 26 y=z hotirue for Boolean algebra

* x=1, y=0, z=1 = 1+0=1+1 =0=1
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Homework I

3.6 3.11

3.7 3.19

3.8 3.22 (a) (d) (9)

3.10  3.25(b) (e)
3.28 (a)
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Supplement for p. 17 examples

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))
- —_——— :A’

= A’C’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’)

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

23



