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3.8 EXERCISES
1. Plot the following functions on the K arnaugh map

a
*h
c
*d
e

fla, b, o) =2m(1, 2, 3 4 6)

gw x y 2 =2m(l, 356 7 13 14 + =d(8 10, 12)
F=WYZ+ WXYZ+ WXYZ + WXYZ+ WXYZ
g=a'ct+a'bd + bc'd+ ab'd+ ab'cd

h=x+y/ +xz

2. For each of the following, find all minimum sum of products
expressions. (If there is more than one solution, the number of
solutions is given in parentheses.)

a
*h
C
d
*e
f

g

h

*i.

*m

fla, b, ) =2m(1,2 3,6, 7)
gw x y) =2Zm(0, 1,567 (2 solutions)
h(a, b, ) =2m(0, 1,2, 5,6, 7) (2 solutions)
fla, b c,d) =2m(1,2 3 56,7 811,13 15
GWXYZ=2m0,2 572810, 12 13
hla, b c,d) =2m(2,4, 5 6,7 8 10,12, 13,15

(2 solutions)
fla, b, c,d) =2m(l, 3,4 5 6, 11,12, 13,14, 15)

(2 solutions)
gw xy2=2m2 36,7810 11,12 13 15

(2 solutions)
h(p grs) =2Z2m0 2 3 45 811,12 13 14,15

(3 solutions)
FWXYZ =2m(0, 2 3 4,58 10,11,12 13 14, 15)

(4 solutions)
Aw, x 5,2 =2m(0, 1,2 4,5 6 910,11, 13, 14, 15)

(2 solutions)
gla, b ¢ d =2m0,1,23 456891012 15
HWXY2 =3m0,2357810,12 13

(4 solutions)
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*n fla,bcd=2m01,245678910 11,13 14 15)
(6 solutions)
o gwxy2=2m01235867891013 1415
(6 solutions)
*p. fla, b ¢ d) =2m0 356 7 910,11, 12, 13 14)
(32 solutions)

3. For the following functions,
i. Listall prime implicants, indicating which are essential.
ii. Show the minimum sum of products expression(s).
a fla,bc d =2m(0 3 45 811,12 13 14 15
*h glw x5 2 =2m(0, 345678 911,13 14, 15)

4. Map each of the following functions and find the minimum sum of
products expressiorn

a F=AD+ AB+ ACD + BCD+ ABCD
*h g=wyz+xyz+ wy+ wxy'z + wz+ xyz

5. For each of the following, find all minimum sum of products
expressions. (If there is more than one solution, the number of
solutions is given in parentheses.) Label the solutions £, £, . . . .

a Awxy2=3ml,368 11,14 + =d(2 4, 513, 15
(3 solutions)
b fla, b c d) =Zm(0 3,6 9 11,13 14) + =d(5, 7, 10, 12)
*¢ fla, b ¢ d) =2m0 2 3578910 11) + Zd(4, 15
(3 solutions)
d Alwxy 2 =32m0 2 451012 15 + =d(8 14)
(2 solutions)
e fla, b cd =2m517911,13 14 + Zd(2 6,10, 12, 15)
(4 solutions)
*f. fla, b ¢, d) =2m(0,2 4,56 7 8910, 14 + 2d(3,13
(3 solutions)
g Awxy 2 =2ml,2510 12 +2d0, 3 4 8 13 14, 15
(7 solutions)

6. For each of the functions of problem 5, indicate which solutions
are equal.

7. For each of the following functions, find all of the minimum sum
of products expressions and all of the minimum product of sums
expressions.

*a AABCD =2m1,456,7911,13 15
h AWXYZ)=Zm2 4561710, 11, 15)



*d
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AABCD =2m(1,56 78910, 12 13 14, 15

(1 SOP and 2 POS solutions)
fa, b c,d =2m(0, 2 4,6, 7,9 11,12 13 14, 15)

(2SOP and 1 POS solutions)
Aw, x 5,2 =2m(0, 4,6 910,11, 14) + 2d(1, 3,5 7)
fla, bc,d) =2m(0, 1,257 9 + 2d6 8 11,13, 14, 15)

(4SOP and 2 POS solutions)
fiwm, x 5,2 =2m(4, 69 10,11, 13) + Zd(2, 12, 15)

(2SOP and 2 POS solutions)
fla, b c,d =2m(0,1,4,6 10,14 + =d(5 7,8 911,12 15)

(13SOP and 3 POS solutions)

Aw, x 52 =2m(1,3 711,13 14 + £d(0,2, 5,8 10,12, 15)

(6 SOP and 1 POS solutions)
fla, b, c, d) =2m(0, 1, 6,15) + =d(3, 5, 7,11, 14)

(1 SOP and 2 POS solutions)

8. Label the solutions of each part of problem 7 as £, £, . . . and
indicate which solutions are equal.

9. For each of the following five-variable functions, find all minimum
sum of products expressions. (If there is more than one solution,
the number of solutions is given in parentheses.)

a

b

*C

FRABCDE) =3m,1,5 789 10,11, 13,15, 18, 20,
21, 23, 26, 28, 29, 31)

GABCDE =3m(0,1,2 45 6,10,13 14, 18 21, 22,
24, 26, 29, 30)

HABCDE =3m(58 1213 15,17, 19, 21, 23, 24, 28 31)

AV WXYZ =3Sm2 4 56 10,11, 12, 13, 14, 15, 16,
17, 18, 21, 24, 25, 29, 30, 31)

GVWX Y2 =2m01,458910 15 16,18 19, 20,

24, 26, 28, 31)
HYWXY2 =3m0,1,2 35710 11, 14, 15, 16, 18,
24, 25, 28, 29, 31) (2 solutions)

FABCDE =2m046 8121314 15/16,17, 18
21, 24, 25, 26, 28, 29, 31) (6 solutions)
GIAB CDE) =2m(035 71213 14, 15,19, 20, 21,

22, 23, 25, 26, 29, 30) (3 solutions)
HABCDE) =2m0,1,506,78 9 14,17, 20, 21, 22,
23, 25, 28, 29, 30) (3 solutions)

HVWXYZ =2m0 4,5 710, 11, 14,15, 16, 18, 20,
21, 23, 24, 25, 26, 29, 31) (4 solutions)
GV WXYZ =3m0, 256 810,11,13 14,1516, 17,
18,19, 20, 21, 22, 24, 26, 29, 31)
(3 solutions)
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I HVWXYZ=3m01,2358910,13 17 18 19
20, 21, 26, 28, 29)
(3 solutions)
m FABCDE =3ml,258910,12 13 14,15, 16, 18,
21, 22, 23, 24, 26, 29, 30, 31)
(18 solutions)
s QVWXYZ =3m0,1,578 13 24, 25 29, 31)
+ 2d(9, 15,16, 17, 23 26, 27, 30)
(2 solutions)
o HABCGCDE)=2m(0, 4 12 15, 27 29, 30) + 2d(1, 5, 9,
10, 14, 16, 20, 28, 31)
(4 solutions)
p FIABCDE) =32Zm8 911,14, 28 30 + d0, 34,6, 7,
12,13, 15, 20, 22, 27, 29, 31)
(8 solutions)

10. For each of the following six-variable functions, find all minimum
sum of products expressions. (T he number of terms and literals,
and, if there is more than one solution, the number of solutions is
given in parentheses.)

a GABCDEF =2Zm(456,7 810, 13,15, 18 20, 21,
22, 23, 26, 29, 30, 31, 33, 36, 37, 38,
39, 40, 42, 49, 52, 53, 54, 55, 60, 61)
(6 terms, 21 literals)
*h GIABCDEF) =2m2 367812 14,1719, 21, 23,
25, 27, 28, 29, 30, 32, 33, 34, 35, 40, 44,
46, 49, 51, 53, 55, 57, 59, 61, 62, 63)
(8 terms, 30 literals)
¢ GABCDEF =2m0,1,245670913 1517 19,
21, 23, 26, 27, 29, 30, 31, 33, 37, 39,
40, 42, 44, 45, 46, 47, 49, 53, 55, 57,
59, 60, 61, 62, 63)
(8 terms, 28 literals, 2 solutions)

11. Find a minimum two-level circuit (corresponding to sum of

products expressions) using AND and one OR gate per function for
each of the following sets of functions.

*a fla, b c,d) =2m(1,3, 5 8910, 13 14)
gla, b ¢ d) =Zm(4 56,710 13 14 (7 gates 21 inputs)
b Aa b c d) =2m0 1,2 345 810,13
gla, b ¢ d =2Zm0 1,238 910 11,13
(6 gates, 16 inputs)
c¢ fla, b ¢ d =Zmb5 80912 13 14)

gla, b ¢ d) =2Zm(1, 3 5 89 10
(3 solutions, 8 gates, 25 inputs)



d Aa,

gla,

e WX Y2 =Zm
GWXYZ =Zm
. AWXYZ=32m
GWX Y2 =Zm

g fla,

gla,
h(a,

*h  Ala,

gla,
h(a,

i fla,
gla,
h(a,
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b c d =2m(l, 3 4,510 11,12 14, 15
b ¢ d) =3m0,1,2 810, 11,12 15)
(9 gates, 28 inputs)
1,57 810 11,12 14,15
01,46 7812  (8gates 23 inputs
0237891315
02891012 13 14
(2 solutions, 8 gates, 23 inputs)
b ¢ d) =3m,3 5178910
b d =2m0 2 4,56 810 11,12
b d =3m,2 3571012 13 14,15)
(2 solutions, 12 gates, 33 inputs)
b ¢ d)=2m0, 3 4,57 81213 15
b d =3ml,578 910 11,13 14, 15)
b d =3m,2 45 71013 14, 15)
(2 solutions, 11 gates, 33 inputs)
b ¢ d) =2m0 2 3 46,7911,13
b d =2m2 35678910 13

b, ¢, d) =2m(0, 4 8 910,13, 15)
(2 solutions for fand g, 10 gates, 32 inputs)

= s =

,¢o b d) =2m0 1,2 349 + 2d10, 11, 12,13, 14, 15)
,¢ b d =2m(1,2 6 9 + 2d(10,11, 12, 13 14, 15)

(3 solutions for £ 6 gates, 15 inputs)

,¢ b d) =2m5 6 11) + 2d(0, 1, 2 4 8
,¢ b d) =2m6 9 11,12 14 + 2d0 1, 2 4, 9

(2 solutions for g, 7 gates, 18 inputs)

12. Ineach of the following sets, the functions have been minimized
individually. Find a minimum two-level circuit (corresponding to
sum of products expressions) using AND and one OR gate per
function for each

a F=
G=
xh F=
G=
H=

BD +CD + ABC

BC+ ACD (6 gates, 15 inputs)
ABCD+ BC+ ACD+ ACD

ABCD + ABC+ BCD

BCD + BCD+ AC + AD
(2 solutions for H 10 gates, 35 inputs)

¢ f=ab +ad+bcd

g:

b'c’d + bd+ acd + abc

h=a'd +ab+ bcd+ bc'd (10 gates, 31 inputs)
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