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Basic Operations (1/3) %

Unit 2

Boolean Variables: X, Y, Z ... takes “0”, “1”
HL11’ l(H)!
F ‘£F11, ‘lT’!

Switching
network

X
Y
Z

Complement (NOT or Inverter):
01 XX (orxe>X)

>




Basic Operations (2/3) G

AND 0.-0=0 0:1=0 1-0=0 1-1=1

X Y
- Truth Table
L O X Y |Z=X.Y
0 0 0
X
D—Z:XY 0 1 0
T 1 0| 0
AN
AND Gate 1 1 1
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Basic Operations (3/3) gi%f

OR 0+0=0 0+1=1 1+0=1 1+1=1

0 Truth Table
Il X Y |Z=X4+Y
0 O 0
XD 7 = X+Y 0 1 1
’ N\ 1 O 1
OR gate 1 1 1



| N
Boolean Expression and Truth Table (1/2) “%u®

Boolean Expressionn F,=A'B+C F,=[A(C+D)]+BE

3 . 2 1

C

C C+D
P A j ‘ > ) — F,=[A(C+D)]’ + BE

s
.

If A=B=C=1D=E=0
= FK=01+1=1
F, =[11+0)]+1-0=0
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Boolean Expression and Truth Table (2/2)

Truth table size = 23 = 2"

‘.ﬂo%
' ps

$

AB' AB+C A+C B+C (A+C)(B+C)

R B P P O O O O >
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Basic Theorems

— F=1

X+0 = X [ X1 =
X+1 = 1] |[x-0 =
X+X = X| [X:X =
(x) = X

X+x = 1] [x-x' =
= (AB+D)E+1 =

(AB'+D)(AB'+D)
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Advanced Theorems (1/4) $ L

Commutative Law

Associative Law {

(X+y)+zZ=X+(y+2Z)=X+Yy+1Z

Xy = yX X+Y=Yy+X

(xy)z = x(yz) = xyz

DO

[ 1
N <> N~ <
w [

— XyZ =1
X+y+z=0
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Advanced Theorems (2/4)

X(y+2)
X+yz = (X+Vy) - (X+2)

+ XZ
Xy } Distributive Law

Only valid for Boolean Algebra

pf : RHS (Xx+Vy)-(X+2) = X-(X+2)+Y(X+2) = X-X+XZ+YX+Yyz
= X+XZ+Xy+YzZ = X(Q+z+y)+yz
= X+VzZ
P o >

e g e yd
y y z
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Advanced Theorems (3/4)

Unit 2

Xy + Xy'= X (X+y)(x+y')=x---2
X+ Xy =X---1 X(X+Yy)=X
(X+y)y=xy Xy'+y=X+y

pf 1) x+xy =x1A+Yy)

= X

2) (X+y)x+y')=Xx+yy’
=Xx+0

11



Advanced Theorems (4/4)

e Ex1: Z=A'BC+A’=A’(1+BC)=A’

e Ex2: Z=[A+B’C+(D+EF)][A+B’C+ (D +EF)’]

= [X+Y][X+Y]
=A+B’C

* Ex3: Z= (AB + C)(B’D + C’E’) + (AB + C)’

Unit 2

= (X)(Y) + (Y)’
=X+Y’
=(B’'D+C’E’)+ (AB +C)’
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Multiplying Out and Factoring (1/5)

Unit 2

@f*ﬁvi

&

Sum of Product form:

AB’ + CDE + AC'FE’
A+B+C +DFE
ABC + AB'C+ AB'C’
AB + DEFG + H

L=

(A+B)CD+EF is not a sum of product (SOP) form
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Multiplying Out and Factoring (2/5)

Multiplying Out: Get expressions to be SOP form

When multiplying out:
Use (A+B)(A+C) =A+BC

A + BCYA + D+E
EX. - | = A+Xy

= A+BC(D+E)
= A+BCD+BCE
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Multiplying Out and Factoring (3/5)

Product of Sum form (POS)

1. AB'C(D'+E)
2.(A+B)C+D+E)F
3.(A+B')(C+D+E)(A+C'+E")

Factoring: Get expression to be POS form

Use X+ yz=(X+y)(x+2)
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Multiplying Out and Factoring (4/5)

POS form: Example

Ex:1.A+BCD' = (A+B)(A+C)(A+D")
2. AB+C'D = (AB'+C')(AB'+D)
= (A+C")(B+C')(A+D)(B'+D)
3.C'D+C'E+G'H=C'(D+E")+G'H
=(C'+G'H)(D+E+G'H)

=(C+G")(C+H)(D+E+G")(D+E'+H)
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Multiplying Out and Factoring (5/5) iy 8O

2-level realization

POS SOP

(A+B')(A+C+E')(C+D+E) AB'+ AC 'E'+CD'E

=1 B

(A’, B’, C’ use inverter)
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DeMorgan’s Law and Duality (1/3) BTy

A'C'E+BC'E+DE

(X+y) = XYy (xy) = X4y
(X+y+z+--) = Xx'y'z... (xyz--)' = X+y+z2'+---
e & + , A o A
Proved by Truth table
1. [(A+B)C'T = (A+B)+C = AB+C
2. [(AB+C)D'+E'l = [(AB+C)D']eE - [(AB+C)+D]E
= [(AB')'C'+D]E = [(A+B)C'+D]E

Unit 2
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DeMorgan’s Law and Duality (2/3)

General Form: (one-step rule)

[f(X11 X21 Ty Xn1 01 1; +, .)]I
— f(Xl', XZI, "ty an; 11 01 °, +)
Example

[(@'b+c')(d"+ef ')+ gh+w]
=[(a+b')c+d(e'+f)](g+h" )W
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DeMorgan’s Law and Duality (3/3) 3
General Form [f(x X - X, 0, L 4, o))
=f(X, X,, =+, X,, 1, 0, o +)
AND < OR 0 & 1
Ex. F = ab+c+0-d'(1+e)
F° = (a+b)c(@+d+0-¢e)
1. form F' 2. avoa'
F'=(a+b)c(1+d +0-¢')
F° =(a+b')c(1+d'+0-e)
Property ||[F=G = F°=G"

Ex. (X+Vy')y=xy

Duality N

X-Y+Yy=X+Y
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