T'=BC, T,=4AB T;=4+T,=4+BC,

T,=D@T,=D @(A'B) =A'BD' + D(A + B') = A'BD' + AD + B'D
Fi=Ty+T,=A+ B'C+ A'BD'+ AD +B'D

WithAd +AD =Aand A + A'BD'= A + BD":
Fi=4+B'C+BD'+B'D

Alternative cover: 'y = A4 + CD'+ BD'+ B'D

F,=T,+D'=AB +D'

ABCD

o
N

b cD C
00000 0 0 0 0 1 00 0L 1 '
00010 0 0 1 10 FY PR 77— 77
0010f1 01 0 1 1 00 1 j
00111 01 1 10
01000 1 0 1 1 1 ol ”‘1 i ‘”‘l
ot01fo 1 0 0 0 1
01101 0 1 01 1 1 M, Erm rrm M.
orttfo 1 0 0 01 TR 1 1 1

A
10000 0 1 0 1 1 10 “1 "I BT
10010 o1 1 1 0
0101 01 0 1 1 , :
o1 o1 1 10 D
1oofo o 1 0 1 1
fmot{o o 11 1 0 F,=A+B'C+B'D+BD'
1mofo o1 0 1 1
mfo o1 1 1 0
cD C cD C

4B 00 01 11 4B

10
f M, M; | My M, M; |
00 00 1 1
(M5 (M M, M M
1

01 1 1 1 01 1 1

My; M B My rm rm M,

11 4 11 1 1 1 1

4 ] LY 3 L 7 " 7] " /73
10 10 1 1 1 1

D D

F2=_A'B+D' F|=A+CD‘+B'D+BD‘




4.5

The Truth table of combinational circuit is as shown in Table below.




Determine the Boolean expression for the binary output A:

Clearly from the Table

A=x"yz+xyz'+ xyz
=x'yz+xy(z'+2)
=x"yz+xy(1)

A=y(x'z+x) ..... 1)

Apply distributive law to equation (1).

A=y(x'+x)(z+x)

=y(1)(z+x)

A =Xy+yz ... (2)

Determine the Boolean expression for the binary output B:

Clearly from the Table

B=x'y'z+x'yz'+xy'z'+xy'z
=x'y'z+x'yz+xy'z'+xy'z+x'z ( Since X + X = X)
=(x+x)y'z+x"yz'+xp'(z'+2)
=(1)y'z+x"yz'+xy'(1)

B=xy'+y'z+x'yz'.....(3)



Determine the Boolean expression for the binary output C:
Clearly from the Table
C=x'y'z'+x'yz'+xy'z+xz

=x'z'(y'+ y)+xz(y'+y)

=x'z'(1)+xz(1)

=x'z2'+xz



Use the Boolean expressions of equations (2), (3) and (4), to design the combinational circuit. The
combinational logic circuit is shown below.

X YV z

Ak

i
T

o

®

Alternatively, the simplification of expressions can be done using Karnaugh maps



4.9

From the given numerical designation for display draw a table as

ABCD

.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

bt ek bk ek ek O ek o O =B
— et ot OO et et et et | O

— ek ek ek ek ek ek D e | O

— e N ek ek O e e O =] R

O = O = OO O = O e

— ek N ek ek ek OO O e
._.._.O._.._.._.._-._.OQOQ

Now draw the K-map for a as

D

AB

00

01

1

10

Thus, we get

00

— /l IBIDP

A'C

A'BD

m,

AB'C"

a = AC+ ABD + AB'C'+ A'B'D'




Now draw the K-map for & as

CD
AB 00 0l 11 10
T m, m, n,
00 | |[1] ] [ [ A'B
”4 ms m-; ’"6 4} 'nI);
0] ] | A'C
A'CD
m, mys ms "My
11
10 1 1 )
. 3 vy

Thus, we get
b= AB'+ ACD + B'C'+ ACD!

Now draw the K-map for ¢ as

cD
Ah 00 01 11 10

"ln ”l} m. ”f:
00 1 l | A'D
l”4 m5 ma ”’0
01 | [ [ 1 B
11
my "’!9 myy My
10 | | B'C

Thus, we get
c=AD+ AB+BC




Now draw the K-map for d.

vl o m, m o
00 1 | 1

m, m.g ”,y m
01 [1] I'.
| —
my, ™, m s Mya
11

- L ", mo
10 ||| 1

Thus, we get
d = ABC'D + AB'C'+ A'B'C + ACD + B'C'D’

Now draw the K-map for ¢ as

CD
AB 00 0l 1 10

my, m, m, ",y
00 I_I 1]

AB'C

A'CD’
A'BC'D

AB'C'
B'C'D’

A'CD’

, ™y ™, m
01 1

’”_3 ’”]3 M|.§ "'14
11

mg g m, myy,
10 |

Thus, we get
e = A'CD'+ B'C'D'

B'C'D'



Now draw the K-map for fas

CD
AB 00 0l 11 10
m m, m, M,
00 |1 ACD’
il me m, m, )
o | (AT N s
~ A'BD'
my, m,, ms ms
11
m, m, m, |m,
10| [1 1 ABC'
Thus, we get
f = ABC'+ AB'C'+ ABD'+ A'C'D'
Now draw the K-map for g as
CD
AB 00 0l 11 10
m, m, m, M.
00 | fagH- A
oy e ms ), A'CD’
01 | 1 1] _l 1'BC’
my, m, ms m,
11
my mg m, m,
101 [0 1] AB'C'

Thus, we get
g = A'BC'+ AB'C'+ A'B'C + ACD'




4.21
The truth table of exclusive-NOR satisfies the given condition.

The expression for exclusive-NOR is x = (A® B)’
The truth table of exclusive-NOR 1s shown below.

-—A'—'Ooh
- O = Oty

— O O =M

AND gate output 1s 1 when all inputs are 1, 1.e AND gate output 1s 1 when all
corresponding bits are same (given four bit numbers are equal).
AND gate truth table 1s:

-—l'—‘OO:h
"'DHOQ‘.I

—_ O O O XN




=

At

oo oo
=

- -

L] [3%]

by o Gy

()

x=(4,®B)'(4,® B,)'(4,® B,)(4,® B,)’
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DO =Al'A0'= (Al + AO) (NOR) DO =(AI'A0') (NAND)
DI =AlI'A0= (Al + A0'Y (NOR) DI'=(A1'A0) (NAND)
D2 =AlAQ' = (Al'+ A0) (NOR) D2 =(A1A0) (NAND)
D3=AIA0=(Al'+ A0') (NOR) D3'=(A1A0) (NAND)

A4,

s
—-

Dy= (A + Ay + E')' =A"ALWE

Dy = (A + A% + E')' = A" AE

Dy=(A"\+ Ay + E')'= A\ A'E

YYYY

Dy=(A"'+ A+ E')' = 4|A\E

<
<
<

Dy'= (4, + Ap + E') = (A" AWE)'
Dy
Dy'= (4, + A’ + E') = (A" AE)'
D,
D2 =(A4,'+A4y+E') =(4,A/'E)'
D,
Dy'= (4)' + Ay + E') = (A|AoE)'
Ds

%

$

%

;
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The implemented decoder circuit constructed with NAND gates is shown below
3 x 8 Decoder

@
A -9
o | D
®
B ——T—[>c D,
® [ &
[ W—
D,
C +o—{o-T+¢
I ? D,
E :>o—I

ple]e

A




4.28
a)

The Boolean functions that defines the combinational circuit are,

F (x,y,z)=x"yz'+ xz
F,(x,y,2)=xy"z"+x"'y

F(x,y,z2)=x"y'z"+xy
Express the Boolean function F1 in terms of sum of min terms.
F (x,y,2)=x"yz'+ xz

=x'yz'+xz(y+y')

=x"'yz'+xy'z+xyz

=m, +mg+m,

F;(.r,y,z)=2(2, - 1 ) Jo— (1)

Express the Boolean function F> in terms of sum of min terms.

F,(x,y,z2)=xp'z"+x'y

=xp'z'+x'y(z+2")
=xy'z'+x'yz'+x'yz

=mg +m, +m,

R(xyz)=2 (2 3 4) ....()
Express the Boolean function F3 in terms of sum of min terms.
F(x,y,z)=x"y'z'+xy

=x"y'z'+xy(z+2'")

=x'y'z'+xyz'+ xyz
= m, +mg +m,

F(x»z2)=2 (0,6, 7) ...... (3)



4.28 (b)

The Boolean functions that defines the combinational circuit are,
F (x,y,2)=(y'+x)z

F,(x,y,z)=y'z'+x'y+)z'

F(x,y,z2)=(x+y)z

Express the Boolean function F in terms of sum of min terms.

F(x,y,z)=(y"+x)z
=y'z+xz
=(x+x")y'z+x(y+y')z
=xp'z+x'y'z+xyz+xy'z

= mg +m, +m, +m

The Boolean function F1 in terms of sum of min terms is,

F(x0.2)=X(1, 5, 7) o @

Express the Boolean function F» in terms of sum of min terms.

F‘z(.t,y,;)=y'z'+x'y+yz'
o (e 2 e

=xp'z'+x'y'z'+x' yz+ x"'yz'+ xyz'+ x'yz'

=m, +m, +m, +m, +m, +m,
Fy(x5,2)=(0, 2, 3, 4,6) ...... (5)
Express the Boolean function F» in terms of sum of min terms.
Fy(x,y,z)=(x+y)z

=XZ+ )z

=x(y+y')z+(x+x"))z

=xyz+xy'z+xyz+x'yz
=m, +mg +m, +m,

F;(x,y,z)=2(3, W ) P (6)



4.33

Sx,y,z) =2(1,2,4,7)
Ctx, y,z) =2(3,5,6,7)

Io 11 "1 "3 C ‘(u "I 12 13

0 EED 3 x!

0 1
45 6 7 x |4 5
0 x

x xF ixtx

b b~

w ko ~ O

Dual
4x1
MUX

Y




