EE 2000 Logic Circuit Design
Semester A 2013

Tutorial 4

Consider a 4-variable Boolean function. Using K-map, list the cells adjacent to cell mys.

Ans:
XX
X3xy 00 01 11 10
00 v’
01 v’ mys; v’
11 v
10

Adjacent cells to cell 13 1s cell 5,9, 12, 15

Plot the following functions on the K-map.

@ f(x,y,z2)=Xm (0,1, 3,5)

(b) f(a,b,c,d)=2m(2,4,6,7,15)

(c) Identify the prime implicants and the essential prime implicants for the answers (a)
and (b).

(d) Find the simplest SOP from of the above functions from the K-maps.

(e) Find the simplest POS from of the above functions from the K-maps.

Ans:
(@), (b) and (c):

f(x,y,2)=Xm (0,1, 3,5)

W
z — 01 11 10
1 9 1D (1*
\"‘"'--

3 prime implicants (x v, vz, x 2)
3 essential prime implicants (x v, vz, x 2)

f(a,b,c,d)==m (2, 4, 6, 7, 15)

. ab
cd T——_ 00 | 01 ) 11 10
00 Y
01 P i E——
11 - xJ
10 <k I

— |
4 prime implicants (a 'bd’, bed, a’ed’, a’be)
3 essential prime implicants (¢ 'bd”’, bed, a’ed”)

(d)
f(x,y,2) =Xy +yz+xz
f(a,b,c,d)=a’bd’ + bcd + a’cd’




(€)

For (a)
Y
z — 00 01 [2n8 0
0 0 | <o V| o*
1 | Vo /|
fix vy, z)=yz" +xy+xz2’ S
Sy, 2)=0"+z)x" +y)x +z)
For (b)
ab
cd T 00 01 \ 11 10 )
0 | 0™ N Q |
01 02| 0F 0 T —
11 o =T
10 | {,af \o\\ \

fila, b e, d=bc’+b'd+cd+ad
fla, b, e, d)=(b +c)b+d)c+d)a +d)




(a) Plot the following function on the K-map.
f(A, B, C, D) = (A’+B ’+C+D)(A+B +C+D)(A+B+C+D’ )(A+B+C +D’ )(A+B+C+D’ )(A+B+C '+D)

(b) Convert the standard POS expression in part (a) into
(i) Minimum POS expression.
(if) Standard SOP expression.
(iii) Minimum SOP expression.

Ans:
(a) Assign 0s to the K-map for those maxterms indicated in function f
~ AB
cD T—_ 00 01 11 10
00 __ | ~0F | 0T~ ]
0o | 2] I [<o*
11 [ o)
10 [\oY

(i) Group the 0s to produce the complement of 'in SOP form
f(4,B,C,D)=A'B'C+BC'D'+B'C'D

Obtain by applying De Morgan’s theorem to
fid,B,C,D)=(A+B+C)(B"+C+D)B+C+D)

4B
cD T 00 01 11 10
0 | IFo| o |I*
o1 T (1% T |
u YL | X | TN
10 N T\ | 1Y

(i) Assign 1s to the K-map. we obtain
fi4, B, C, D) = Zm(0.5.6.7.8.10. 11. 13, 14, 15)

(iii) By grouping the 1s. we have
.ﬁ‘_i- 'BJ CD)=AC+BC+BD+B'C’'D’




4, Given a truth table:

a b ¢ d]|f (a) Express f as product of maxterms function
0o 0 o0 o01]oO in numeric form.
o o o 1]o
00 1 0}X (b) Find its MPS form using K-map.
o o 1 1]o
0o 1 0 o]1 .
(c) From the answer of (b), please design a

o 1 o 1]o L
0 1 1 ol x logic circuit by NAND gates only.
0 1 1 1 X
1 0 0 o]o
1 0 0 1 X
| 0 1 0 1
1 0 1 11]0
| 1 0 0 X
1 1 0 11]0
| 1 1 0 X
1 1 1 11]0

Ans:

(b) __ab
ecd T 00 01 11 10
00 | 0 X 0
01 0 0 X
11 X 0
10 X X X

fa.b.c.d)=d +bc
f(a.b.c.d)y=d +bc
=(d)-(b+0)

(© g=f(ab.c.dy=d+b-c

o

g )5




5. Simplify the following function to SOP form using Q-M method:
f(a,b,c,d) =X m(4,5, 6, 8, 11, 13, 15)

Ans:
minterms abced List the
M 0100 minterms
s 0101
ms 0110
Mg 1000
mi 1011
ms 1101
Mmis 1111
: - Partition
minterms abcd | minterms abed and
M v 0100 Ma, Ms PI, 010- Combine
Mg Pl | 1000 ny, Mg PI, 01-0 the
ms v 0101 ms, M3 PI; -101 minterms
mg v 0110 myp. Mis Pl, I1-11 from
mi v 1011 M3, M5 PI; 11-1 neigboring
M3 v 1101 group.
Mmis v | 1111 Find the PI.
v v v v v Create Pl
Pls abed] my ms Mg mg My M3 s chart.
) 2' 8 i 06 : Find the
: N > ) EPI.
P13 — 1 0 1 X
v PL, 1-11 <) . u Reduce the
PI. 11-1 X X chart.
v Pls 1000 )
Further
PIs abed| ms my reduce the
y PTy 010-1— PI; covers PI; and PIs. chart .by
PI; = 10 1 X X PI, and PIs can be eliminated CO_Ve“ng
PI; 11-1 X minterms.
Write the
EPIs are PI., PI; and Pl;. final
Select PI; to cover the remaming minterms ms and 13- answer
So the selected PIs are PI., PIs, PI; and Pls '
fta, b, ¢, d)=a’bd’ + bc’d+acd +ab’c’d’




