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@(LE S: Prove the \

followmg Identl

ABC + ABC + 4B = =AC+ 45 ty using Boolean algebra,
Solution:
LHS. = ZBC+ ipC+ 45

= ACB+ B) + 45
AC + 4B = R.HS.

owing using Boolean algebra

ABC+ABC+ABC+ABC‘+ABC+ABC A+ BC
Solution:
ABC+ABC+A§C+ABC+ABC+ABC A+ BC
LHS. = ABC+ABC+ABC+ABC+ABC+ABC
= AB(c+c‘)+AB(c+c)+BC(A+A) (~C+C=1,4+4=1)
= AB+ AB + BC
= A(B+B)+BC

Il

A+ BO=RHAS.

EXAMPLE 7: Prove the following Boolean identity,
ABC + ABC + ABC + ABC + ABC = Af + B(4+ C)

Solution:

ABC+ABC+ABC+ABC+ABC AB+ B (4 + C)
L.HS. = ABC+ABC+ABC‘+ABC+ABC
= ABC + ABC + ABC + ABC + ABC + ABC
ABC + ABC + ABC + ABC + ABC + ABC
BC(A+A)+AB(C+C)+AB(C+C)
BC+ AB+ AB
() AB + AB + BC
= AB+ B(4+ C)=R.H.S.

Il

Il

iPLE 8: Simplify the following Boolean expressions.
“(a) AB+ABC(BC + C) + AC
(b) ABC + ABC + ABC + ABC

Solution:
(a) AB +ABC(BC+Q)_+4C
= AB+ABBCC+ABCC+AC

AB+0+ABC+z_4+C
C+AB+A+A-BC
= C+AB+(A+A)- (4+BC)
C+AB+ 1 - (A+BC)
A+A-B+C+B-C
(A + A) - (A+B)+(C+B) (€+ 15
= 1-(A+B)+(C+B)-

A+B+C+B

I

I
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(B+B‘)+Z+€
1 +AC=1 Ans.

I

(b) ABC+ AfC A_-;B g_ic/{; gﬁCZBC + @_5 + ABC
~ B (C+C)+ABC + ABC + ABC
= ZB.1+BC(A +Al-tABC
_ 1.B+BC-1+4BC
_ 4.B+BC+A4BC
- B-(A+C)+4BC Ans.

exAMPLE 9: Simplify the following Boolean expressions,

(@) ABCD+ABCD+ABCD+ ABCD
(b) AB+ ABC+ABC +ABC
(c) AB(ABC + ABC + ABC)

Solution: _

(a) ABCD+ ABCD + ABCD + ABCD _

ABC (D + D) + ABC (D + D)
ABC -1+ ABC -1

ABC + ABC
AB(C+C)=AB-1=A4B Ans.

(.t

i

) AB+ABE+ABC+4BCL
= AB+ ABC + ABC + ABC + ABC
= AB+ ABC + ABC + ABC + ABC
= AB+AB(C+ C)+BC (4 + A4)
= AB+AB-1+BC -1
= AB+ AB + BC = AB + BC
= B: (4+C) Ans.

(c) AB(ABC + ABC + ABC)
= ABABC + ABABC + ABABC
= AA- BC+AB -BC + A4 - BC
=0-BC+4-0-C+0-BC
0+0+0=0 Ans.

Il

EXAMPLE 10: Simplify the followine Bool ;
@ A+B)-(A+ E) = €an expressions,

(b) ABC + 4B+ ABC

Solution: —

@ ({A+B)-(4+5)
= 'E’)) '(ﬁ)
= (4 B)-(4-p)
= AA - BB

= 0.0=0 Ans,
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Solution:
LHS. = (A+B)(4d+C)
= AA+ AC + AB + BC
= 0+AC+AB+ BC (A + A)
= 0+AC+ AB + ABC + ABC
= ACH ABC+ AB+ ABC
= AC(1+B)+AB(1+C)
= AC-1+AB- |
= AC+ AB=R.HS.
O
W‘E 16: Realise or im plement the following Boolean expressions using basic gates.
X Y=A+B+C-D+E-F
(b) Y=U+B)-(C+D)-(E+F)
() Y=(A+B)-C+AB=AB+ BC + CA.

Solution:

(@ Y=4-B+C-D+E-F

The implementation of the above Boolean expression is by the logic diagram of
Fig. 2.13. Three separate AND gates are used to get productterms A . B, C. D and E
. Ffrominputs 4, B, C, D, E, F. Then these three products terms which are outputs of
AND gates are fed to input of an OR gate which gives final output
Y=A4-B+C-D+E-F.,

— .
>_

e Fig. 2.13

() T=(4+B)(C+D)-(E+F) , -
nyrﬁc/abovc Boolean expression can be realised by the logic diagram of Fig. 2.14.

> °© Y=(A+B)x(C+D)x(E+F)

Fig. 2.14
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three sum terms of (4 + B), C+

ive the
Three OR gates are used to g1Ve - give the final o
which are fed as input (0 an AND gafe & utput ¥'= ( :‘gd (8,
(E + F) as shown above. ) (Q*'.
|
_ 4 g+BC+CA
y=(4+B) C+A4B A :
Sl?l)lc abose Boolean expression can be implemented by the logic :
Fig. 2.15(a) shown below. lagfan,'
A A+B
(A+B) - C
B C
( Y
— = A'I'B
Fig. 2.15 (a)
An AND gate is used t give output of 4 -.B a'nd an OR gate to give outpy 4
output 4 + B of OR gate is fed along with input C to the second AND +3
gives output 4+ B)C. This output and output of first AND gate are fegatr: Wi
Y=(A+B)C+AB. toang

gate, which gives final output
The above Boolean expressl
and one OR gate as shown in the

on can also be implemented using three AND

logic diagram of Fig. 2.15(b) B

C-A

@
@

—V oY = AB+BC+
- ) = (A+B)-C+M

wiwiw

Fig. 2.15 (b)

exampLE 17: Implement the following Boolean expression using NANDQE“EW“&

Y = ABC + DEF

Solution:
The above Boolean expression can be i
Fig.2.16(a). n be implemented by |

e T hov!
ogic diagra™ $
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(db) Y=4+BC : -

The above Boolean expression can be implemented by logic diagrap, sh

b s 0'0\1]
in Fig. 2,18

|
o

e ey ’D-\qy,_we?

i

Co BC

Fig. 2.18

Input B after passing through the inverier is fed alongwith input ¢ to Apr
which gives output BC. The output of AND gate and Input 4 are feq 10 an ;{D o

give the final output 4 + B - C. mh
& 4 ing Boolean expressi i |
[\ Examite20: Implement the following Boolean expression using N"\NDgat
N\(@§#7 = 4 + BC+ 4C Suy

(b) Y=(4+B) - (4+C) |
Solution; -
(@) HereY = A+ BC+AC

*Y = A+BC+AC
= A-BC-AC (using De Morgan’s Theorem)
SY = Ymg4+BC+AC

Thus it can be casily realised using NAND gates as shown below in Fig 2 19

(a). '

A B C -
}A
1
Biones B =
BC
T— Y
o
AC

| et Fig. 2.19 (a)
(b) Y:({TB)__L:!__*C)
= (4 + B L _
= ‘(4‘ : ﬁ?{ui% +~C) (USIPg De Morgan’s Theorem)
1 45 ©) (using De Morgan’s Theorem)

—

I'hus it can be easily realiseq using NAND gates as | Bl 2 19(b).
’ 10own in Fig. 2.
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b
v}

|

O

M

Fig. 2.19 (b)

gkfp LEEL: Implemem the following Boolean expression using basic gates.

Solution: = =
Y=AC+ BC + BC + AC
ghle above Boolean expression can be realised by logic diagram of Fig. 2.20, shown
elow.

- >0
S G DO

Q] @[>

L s
[

ue)
-
~L—l—

B
C
C

AC
e
Fig. 2.20

Three inverters (NOT gates) are used to give outputs of A4, B and C. Then AND
gates | and 2 are used to give output of BCand AC respectively. AND gates 3 and 4
are used to give outputs of BC and AC. Finally an OR gate is used to give a final
output of Y= BC + AC + BC + AC as shown above in the logic diagram.

9 EXCLUSIVE OR GATE

Exclusive OR gate is abbreviated as XOR gate. Figure 2.21 (a) shows the logic dia-
gram and Fig. 2.21(b) shows its standard symbol.
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i

Y:A'B+A'

o}

(b) Standard Symbol of XOR gate
Fig. 2.21

. d. The upper
Two inverters give outputs of A and B. Then two AND gates are l:;fjuct AR us
AND gate pives the product A5 and lower AND gate gives the p

T , R gate and the
Showq n Fig. 2.21(a). Finally A8 and AB are given as input to an S
resulting output is

Y=AB+ A J

The operator symbol for XOR is &)
Both inputs 4 and B, ow means that both AND gates give low outputs, 50 m,# e
final output is low. If input A is low and # is high, then the upper AND gate BIv cs a
high output but the Jower AND gate gives low output and thus the final output 1s
high. 1f input A is high and B is low, then upper AND gate gives lou'-outpu!. but
lower AND gate gives high output and the resulting final output is high. If lzolh
inputs A and B are high, then both AND gates will give low outputs and the final
output is low. The final output of XOR gate is high when either A or B is high, but
not both, that is why it is called Exclusive OR gate. Thus the output is high or * 17 only
when the two inputs are different. The output 1s low or ‘0" when the two inputs arc
both low or both high. In Boolean algebra the operator or sign & stands for XOR
operation.

Thus Y= A4 XOR Bmeans Y= A®B.

The truth table of exclusive OR gate i.e., XOR gate is given below in 1T able 2.10.

Table 2.10
A B Y=A®DB=AB+ A-B T
0 0 0
0 1 1
] 0 1
l | 0

= el o
PEELTEVES 1 Lo 3 F o Uil o
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ODD and EVEN Parity By odd parity it is meant that a particular binary number
has odd nu

dd number of 1’s for instance binary number 101001 has an odd parity becase it
contains three 1’s i.e. an odd

DR A
B%DDO_"Y B:DO—” '
@) ®)

Fig. 2.22

Due to the NOT gate on the output side in Fig. 2.21(a), the truth table of an XNOR
gate is the complement of truth table of XOR gate. The output of XNOR gate is high
only when all the inputs are same i.e., either all inputs are low or all the inputs are
high. Thus the two input XNOR gate is most suitable and ideal for bit comparison.

Table 2.11

Y=A0OB=A-B+ A-B
1

—— o Ol
—_ O — Oty

0
0
1

XNOR gate gives high input or recognises only when the two inputs are identical i.c.,
either both inputs are low or both inputs are high. Due to NOT gate (Inverter) on the
output side of Fig. 2.21(a), the XNOR gate performs the complementary operation of
XOR gate i.e., gives an output =4 ® B, which is represented symbolically by 4 ®B.
Thus operator ® stands for XNOR operation. Instead of recognising the odd parity
words, the Exclusive NOR gate recognises the even parity words. In case of two

input XNOR gate, both inputs high or both inputs low, give a high output as is
shown in the first and last entry of Truth Table 2.11. Output of XNOR gate is

Y = A®B=AB+AB=AB - AB e B
= (A+B) (A+B)=(A+B)- (A+B)=AA + AB + AB + BB
= AOB=AB+ AB
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EXAMPLE 22: (a) Implement the following Boolean €Xpression using 4 | ic

8agg
only. Y =A4AD + BCD + BCD. . using 3 logic gates only y _ - N
: ression Y-¥ = 359

(b) ll}lplement the given Boolean €Xp AR !
ABCD + ABCD + ABCD |
Solution: TG
(@ Y= AD+BCD+ BCD

= AD + C(BD + BD)

Yo id - D+E=(EOD) i ing 2 AND gates
Thus this Boolean expression can be realised by using gates, 1 XOR Late 2
one OR gate as shown in Fig. 2.23 ()

™
i b )

tp—p

Fig. 2.23 (a)

(b)  Here Y=ABCD + ABCD + ABCD + ABCD
= CD (4B + AB) + CD (4B + AB)
CD (AB + AB) + CD (4B + AB)
(AB + AB) (CD + CD)
(A©B) (C ®D)

Il

i

Which can be easily implemented using two XN OR .I
shown in Fig. 2.23 (b). g gates and one AND gate 5

) >—
s::)D‘ D\QY

EXAMPLE 23: P Fig. 2.23 (b)

LE £3: Prove the followi .

() A0 B=40p ollowing Boolean identities.
(i) A®B®A.-B=44p

er 1999/
So!uﬂcii::: [AMIE Summ _:_
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(d NOR

() XOR

(6] XNOR

; i follo
ExAMPLE 25: Realise the
(a) NOT (b) AND (c) OR (d) N

Solution:
(a) NOT

(b) AND

C}‘ﬂ:uﬂi i -

Fig. 2.29

wing

L)

Fig. 2.30

Fig. 2.31

X

logic operations using only NOR gates:
-
AND (¢) XOR () XNOR.

(c)

(d)

(e)

Boolean Algep, :
gebra—Logic Gales—Karnaugh Map and Minimization

OR %
Y XY = X+Y

Fig.2.32
NAND
X
Y.
Fig. 2.33
XOR
Xo—
Y o—
Fig. 2.34
XNOR
X o—
Y O—
Fig. 2.35

51

XY

XY+ XY
=X @Y

XY +XY
- X @Y

EXAMPLE 26: Write the functionally equivalent gate for the following figure.

A

b

Fig. 2.36

[AMILE Summer 1994]



