4.1 Find the minimum-cost SOP and POS forms foffuhetionf (xt, x2, x3) = Y m(1, 2, 3, 5).
Solution:

f (%, %, %) =D m (1,235)

X1X2
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0 0 1 0 0
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1 3 7 y L

v
F (%% %) T X061 XX

Mapping the 1's from the K-map as follows
f (X, X5, X;) = XX, + X,X;- This is the minimum-cost SOP form.

f (%, %, %) =D m (1,235)

X1X2
X3 00 01 11 10
0 0 1 0 0
0 2 6 N
1
1 1 0 1
1 3] 7 5

|
(% %,%) = (% 3006 %) |

Mapping the 0’s from the K-map as follows
f (X, %, %) = (X +X,)(X, +X%;) - This is the minimum-cost POS form.

4.2 Repeat problem 4.1 for the functiofxy, x2, x3) = Ym(1, 4, 7) + D(2, 5).
Solution:



f (X, %, %) =Y M@A7)+D(25)

X1X2
X3 00 01 11 10
0 0 d 0 1
0 2 6 4
1
1 0 1 |d
1 3 7 5

—v _
F 0% %6) = X% + X6 + X%
Mapping the 1's from the K-map as follows
f (X, X5, X3) = X, X5 + X, X5 + X, X, -This is the minimum-cost SOP form.

f (X, %, %) =Y M{@A47)+D(25)

X1X2
X3 00 01 11 10
0 0 d 0 1
0 2 6 4
1
1 0 1 d
1 3 7 5

(X X0 Xa) = (% %) (% + %) (% +X,)

Mapping the 0’s from the K-map as follows
f (X0 Xy, %) = (X, + X5) (X, + X, )(X, +X,) This is the minimum-cost POS form.

4.5 Repeat problem 4.1 for the functib(xy, . . ., xs) = [IM(1, 4, 6, 7,9, 12,15, 17, 20, 21,

22,23, 28, 31
Solution:



f (XXX X0 %) = [TM (14,6,7.9,12,151720,21,22,232831)

> X1X2 X4X5

X1Xo . X1X2
X4 00 01 11 10 XaXa 00 01 11 10
00 1 1 1 1 00 0 0 u/) 0
0 8 24 16 1 9 25 17|
o1 1 _ | 1 1 o1 1 1 1 1
2 1 26 18 3 1] 27 19
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1 6 1. 30 2| 1t 7 15 31 23
| o 0 0 0 ol [ 1 ﬂ— \ 0
4 12 28 20 5 13 29 21
v % = 0 v — _ % =1
_ XX v —
Xo X 2% XX XX,
or
F (%o X0 X %) = [TM (146,79,12,151720,21,22,232831)
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X = 0 T X =1 T
v — XX, X v
- — %X 2% XXpXaXs
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XX,

Mapping the 1's from the K-map as follows
F (X X0 X5, Xy Xg) = XguXs + XX, X + XX, + XXX, X + XX, X, X% This is the minimum-cost

SOP form.



f (XX XX %) = [TM (14,6,7.9,12,151720,21,22,232831)

Koo X2 gy 01 11 10 XX X2 oo 01 11 10
00 1 1 1 1 00 0 0 1 b j
0 8 24 16 1 9 25 17,
o1 1 1 1 1 o1 1 1 1 1
2 1d 26 19 3 11 27 19
1 0 6 R ' ——f 1 —— ¢ 19 ¢ 31 q 22
w| [0 [ 0 | o 0] | | 1 1| 1 ﬂ\
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A 4 v (X1+)%+X4+XS)7 | (— v —
b +x,+x) b+ +x, (e +x,+) [+t +)
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(><3|+x4 +x)
XoXg 00 01 v 11 10 2X3 00 o1 v 11 10
XX XX
00| 4 | 0 gl 1 o 1 [ 0 n] 1
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0 0 l 1 1
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(X1+X3+X4+Xs) (X1+X2+X4+Xs)

Mapping the 0’s from the K-map as follows

PO X0 X0 X0 X5) = (% X, + X ) (X + X5+ X, ) (X + Xy + %) (X + X5+ X, + %) (4 + % + X, + %)
This is the minimum-cost POS form

4.9 A four-variable logic function that is equal toflany three or all four of its variables are

equal to 1 is called majority function. Design a minimum-cost SOPcircuit that iempents

this majority function.
Solution:

Truth table: f (X, X,, X3, X,) = > m (711131415)



F (X%, %) =D m (71131419

X1 | x2 | x3| x4 |f
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Mapping the 1's from the K-map as follows
f (X, X5, X3) = XX, X5 + X XX, + XXX, + XXX, -This is the minimum-cost SOP form.

4.12 A circuit with two outputs has to implement theldeling functions
f(x,...,x) =m0, 24,679 + D(10, 11)

g(xy, ..., x4 =Yym(2, 4,9, 10, 15) + D(0, 13, 14)

Design the minimum-cost circuit and compare its @gth combined costs of two circuits
that implement andg separately. Assume that the input variables argad@ in both
uncomplemented and complemented forms.

Solution:

The Karnaugh Map for getting the minimum cost S@nffor the function f is:

f (%, %5 %5 %,) = > m (024679)+D (LQLY)

X1X2 00 01 11 10
X3X4
00 1 1 0 0
0 4 12 8
01 0 0 0 1 XXXy
1 5 13 o
XX T 0 1 0 d
3 7 15 11
A 4
10 1 1 0 d
2 6 14 14
X1X2X3

From the Karnaugh map the minimum cost SOP exmessi

FOX X0, X5, X,) = XX, + X XoXg + Xy XXy
The realization of function requires,
Two 3-input AND gate.

One 2-input AND gate.
One 3-input OR gate.



The number of gates needed to implementation thetifan is:
The cost of f=total no. of gates+ total no of irg(2+1+1)+{(2)(3)+(2)(1)+(3)(1)}=15

00X % %) =2 M (249105 +D (01319

X1X2 00 01 11 10
X3Xg
00 [ 1] 0 0
0 4 12 8
01 0 0 d 1
1 5 13 9
11 0 0 1| | 0 XXX
3 7 15 i
10 7 1], 0 d J1
T 2 6 14 10
_y_
Xy Xg Xy v X X5X,
X Xg X,

From the Karnaugh map the minimum cost SOP exmessi

g(xr X210 X3 X4) = XXXy T XXg Xy X XgXy F XXX

The realization of this function requires,

Four 3-input AND gate.

One 4-input OR gate.

The number of gates needed to implementation thetifan is:

The cost of g=total no. of gates+ total no of irgt+1)+{(3)(4)+(4)(1)}=21

The total cost of realization of function f andsg15+21=36

In order to find the combined cost of implementimaih the function f and g, we draw the
Karnaugh map of f and g and groped the elementsthiat both the function have as
many common groping as they possibly can have. éldreresultant modified

Karnaugh maps



f (%, %50 %5 %,) = > m (024679)+D (LQLY)

X1X2 00 01 11 10
X3X4

00 [1 1] 0 0
0 4 12 8

01 0 0 0 1
1 5 13 9

11 0 1 0 d
3 7 15 11

10 1k 1 0 ofd]
2 6 w T
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X XX, XiXoXg !
X2X3 X4 -

Xy Xp- XX,

Modified minimum cost SOP forms are

(K0 X X Xy) = XX Xy XXX, + XX XXy + XXX
00K, X X X) = X0 X Xy + XXX, XX XX, + XXXy

9% X, X5, %) = > M (2491019 +D (01314

X1X2 00 01 11 10
X3Xg
00 [d 1] 0 0
0 4 12| 8
01 0 0 d 1
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3 7 15 11
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N 6 14 10
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Xl.X:,,.X4 v xlx )(3 —
XXX, 2 Xy X XX,

Hence the first three terms are shared betweetwthéunctions.
The implementation of both the functions require:
Four 3-input AND gate

One 4-input AND gate
Two 4-input OR gate

Now the combine cost of the system is
The cost of system=total no. of gates+ total no of
inputs=(4+1+2)+{(3)(4)+(4)(1)+(4)(2)}=31

4.14 Implement the logic circuit in Figure 4.23 using NB gates only.
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Figure 4.23

Logic circuit for Example 4.6.
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Solution: the followings are the logic functiors f) and f:

90X, %) = X, %, + XX,
f (X5, X%,,9) = %0+ 09X,

Now implementing the logic using only NAND gate dandone by considering the
following relationships

A=(AMN=(A1 A)
A+B=AB=(A1 A)1 (B1 B)

AB=2B=(A1B)t (A1 B)
Implementation of given logic function using onhAND gate is:

90%,%) = X, + X% = %% + X% = g o)
X1;2 = Xl'XZ'XZ = X:L 1 (X2 T X2)

XX, = %%, = (% 1 %) 1 %,

0=[be 1 be r )t ffa 1 )1 %]

f (%%, ) = %0+ 9, = [0 + 0%, )= (g)(ox,)
(x9)=x14

(ox)=01x=(g10)1 %

f=[X3T g]T [(gT g)T x4]
o
e

g
X3
f
Xa

T o—T




