=Ae A+ AB
= A+ AB

= A(1+ B)
=Ael

=A

e Rule 12 Redundancy:

A+ AB = (A+ B)

0 0 35

4] 1 1

i 0 1%

| l 0

The proof:

Left side = A+ AB
= A+ AB+ AB
= A+ B(A+ A)
=A4+Bel
=A+B
= Right side

" — C.
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Rule 13:

(A+B)(A+C)=A+ BC

A | B c | A+8 | A+c | (a+B)fa+Q) BC A +BC
0 0 0 0 0 0 0 0
0 0 1 0 I 0 0 0
0 1 0 ! 0 0 0 0
0 ! | | I 1 1 1
| 0 [} | 1 1 1] |
| 0 ! 1 [ | 0 I
I 1 0 1 1 ] 0 I
1 | I I 1 | 1 !
T equal 1.

The proof:
Left side = (A+ B)(A+ C)

= AA+ AC+ AB + BC

= A+ AC+ AB+ BC

= A(1+C+ B)+ BC

=Ael+ BC
= A+ BC
= Right side

14



B DeMorgan’s Theorem ( First Theorem)

e The complement of a product of variables is equal to the sum of comple-
mented variables.

AB=A+B

e Applying DeMorgan’s First Theorem to gates:

NAND Negatwe-OR
A[B|~A|~B|~AB|~A+~B
0/0 1|1 1 1
o/1| 1|0 1 1
1/o0/ 0 |1 1 1
11 0 | 0 0 0

B DeMorgan’s Theorem ( Second Theorem)

e The complement of a sum of variables is equal to the product of comple-
mented variables.

A+B=AeB

e Applying DeMorgan’s Second Theorem to gates:

15



A A — —=
:D_,w = 7B
B B—q

NOR N egative-AND

I E=lR=1
= ol~=ol W
OO = =
Ol= O k=
oo Oo=
(el Nen]Naliy

Example:

Apply DeMorgan’s theorem to simplify the following expression.

X=C+D
To apply DeMorgan’s theorem to the above expression, we can break the
over-bar that covering both terms and change the sign between them as
follows:

I
Q  Ql
S

S

X
X

Example:

Simplify the following expression:

Y = (A+ B)(A + B)
= AA+ AB+ AB + BB
= A+ A(B+ B)
—A+A
=A

16



Y = AA+ AB+ AB + BB
= AA+ AB + AB

= A+ AB + AB

= A(l1+ B+ B)

=Ael

=A

Example:

Y = ABC + ABC + ABC
= AB(C +C) + ABC
= AB + ABC
= A(B + BC)

— A(B+C)

Example:

Y = ABC + AB (A O)
— ABC +AB (A+0)
— ABC + AB (A +C)
= ABC + AB + ABC
= AC(B+ B) + AB
= AC + AB
= A (C+ B)

17



e Determine if the following equation is valid ( Derived from the truth table)

1 X3+X2 X3+X1 X2=X1 X2+X1 X3+X2 X3

Left-Hand Side (LHS)

Row L

number | 21 2o 23 || x123 223 A i
0 0 0 0 1 0 0 1
1 o o0 1 0 0 0 0
2 0O 1 0 1 0 0 1
3 Wl 0 1 0 1
4 1 0 0 0 0 1 1
53 1 0 1 0 0 1 1
6 1L 1 0 0 0 0 0
7 il 0 1 0 1

Right-Hand Side (RHS)
Row i .

number | 1 x> 3 || X122 123 T I3 f
0 0O 0 0 0 0 1 1
1 0 O 1 0 0 0 0
2 0 1 0 1 0 0 1
3 0 1 1 1 0 0 1
4 1 0 0 0 0 1 1
5 1 0 1 0 1 0 1
6 i il 0 0 0 0
7 il il 0 1 0 1

18



. _
X1X3 + XXy XX = XX XX 410N

I

I—l::-I—'—*I—'I—'C?I—'l"-r. E
w2

_ O = e O = |
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B Sum of Product (SOP) and Product of Sum (POS) forms

e Sum of Product (SOP)

minterm

001 011 101 110 / 111

F=AB'C+ABC +AB'C + ABC' + ABC

el el el = == W s Nan] =

OO OOIm

HOFOFORFOIN

HHEEHEFOFORFO™mM

OO D O DT

F'=A'B'C'+ A'BC' + AB'C’

e Product of Sum (POS)

000 010 100
F=m1?+CHA+F+CHN+B+C)

== =0 00 O

OO =O O

—OrRORO~OlN

== O O~ Om

maxterm

OOOHOH O WM

F' = (A+B+C')(A+B'+C')(A'+B+C')(A'+B'+C)(A'+B'+C’)

20



Example:

Simplify the following expression, then draw the logic circuit after sim-
plification.

Y =A+ B+ ABC + AB

B+A+B+C+A+B

I
SN

(B+1+1)+(B+B)+C
+C

I
|

A

21



Example:

For the given truth table simplify and draw the circuit before and after

simplification.

I—‘l—‘l—\l—‘oooo>
HEQO R RO O T
HoOIFQO R oO~OO
HEO O K Koo

Y = ABC + ABC + ABC + ABC
= AB(C+ C)+ AB(C + C)
— AB+ AB

e The circuit after simplification:

o

22



e The circuit before simplification:

N
1>
C —MT>

aﬁuu

- n
|

Exercise:
Design a logic circuit with three inputs variables (A, B, C) that will pro-
duce a HIGH (”17”) output if the input is Odd number?

Exercise:
Write the equation (s) of the following logic circuit:

Owm>
L

Y1

Y2 Y

Y4

Y3
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