EE 2010

Fall 2010

EE 231 — Homework 3 Solutions

Due September 17, 2010

1. Find the truth table for the following functions:

(a) F=vy2 +y2+ 2

(b) F=xzy+a'7

~

~

x oy z |y |y |xd | YLy
0 0 0 1 0 0 1
0 0 1 0 1 0 1
0 1 0] O 0 0 0
0 1 1 0 0 0 0
1 0 0 1 0 1 1
1 0 1 0 1 0 1
1 1 0 0 0 1 1
1 1 1 0 0 0 0

x oy z|zy |22 | vy+ad

0 0 0] 0 1 1

0 0 1|0 0 0

0 1 0] 0 1 1

0O 1 1] 0 0 0

1 0 00 0 0

1 0 1,0 0 0

1 1 01 0 1

1 1 1|1 0 1
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2. Implement the Boolean function

F=yz+y +722

This can be reduced to F = yz + /2.

(a) with AND, OR and inverter gates,

y

Z

yz

(b) with NAND and inverter gates,

y

zZ
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(c) with NOR and inverter gates.
Convert from sum of products to product of sums: (y+2')(y'+2) = ((y+2")+ (' +2)")

y z

(y+z'y

3. Obtain the truth table of the following functions, and express each function as a sum-of-
minterms and a product-of-maxterms:

(a) (x4 yz)(z + x2)

x oy z|(x+yz)| (z4+22) | (2yz)(z + z2)

0/]0 0 O 0 0 0
110 0 1 0 1 0
210 1 0 0 0 0
3110 1 1 1 1 1
411 0 0 1 0 0
511 0 1 1 1 1
61 1 0 1 0 0
711 1 1 1 1 1

The minterms are the ones with 1’s:

3(3,5,7)

The maxterms are the ones with the 0’s

11(0,1,2,4,6)
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(b) (zy +yz+2'y)(z +y)

r oy z|(wy +yz+ay) |z+y | (@ +yz+2'y)(z+y)
00 0 0 0 0 0
110 0 1 0 0 0
210 1 0 1 1 1
310 1 1 1 1 1
411 0 0 1 1 1
501 0 1 1 1 1
6|1 1 0 0 1 0
71101 1 1 1 1

The minterms are where there are 1’s:
F =1%(2,3,4,5,7)

The maxterms are where there are 0’s:
F =T1(0,1,6)

4. Express the following function as a sum of minterms and as a product of maxterms:

F(A,B,C,D) = AC + BD' + BC' + BD

F(A,B,C,D) = AC + BD' + BC' + BD
= AC + B(D' + D) + BC'

= AC + B + BC'’
=AC+ B
Truth table:
A B C D|AC+B
0O 0 0 O 0
0O 0 0 1 0
0O 0 1 0 0
0O o0 1 1 0
0O 1 0 0 1
0O 1 0 1 1
0O 1 1 0 1
o 1 1 1 1
1 0 0 0 0
1 0 0 1 0
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

F(A,B,C,D) =%(4,5,6,7,10,11,12, 13, 14, 15)
F(A,B,C,D) =11(0,1,2,3,8,9)
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5. Convert each of the following to the other canonical form:
(a) F(z,y,z) = %(1,3,6)
F(x,y,z) =11(0,2,4,5,7)
(b) F(A,B,C,D)=11(0,2,4,7,9,13)
F(A,B,C,D) =%(1,3,5,6,8,10,11,12,14,15)

6. Convert each of the following expressions into sum of products and products of sums:

(a) (BC + D)(C + AD')
F = (BC+ D)(C + AD)

= BC + ABCD'+CD + ADD'

= BC(1+ AD')+CD

=BC+CD (Sum of Products form)
=(B+ D)C (Product of Sums form)

(b) ¥ +yly+ )" +2)
Note: Below we use
YV4yz=y (z4+2)tyz =y (z+2+2)+yz =y z+2)+yz+yz =y + (Y +y)z =y +2
in two places.
Fo=y +yly+2)a +2)
=y + 2y +yz+ 2y +yz2
=y +2'y(1+2) +yz
=y +a'y+yz
=y +ya' +y +yz
— y/ + m/ _|_ y/ _|_ z
=y +a2' +z (SOP and POS)
7. Simplify the following Boolean functions using three-variable maps:

(a) F(CB7 y’ z) = 2(07 37 4’ 57 67 7)
yz
XU 00 01 11 10

0 Oﬁ 10 :rT 20
1 4t1)51 ] 01]

N/

F=z+yz+1vy'7
(b) F(x,y,z) =11(3,5,7)

vz
U 00 01 11 10

o [0 [

1 [*1]° 07091
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(¢) F(x,y,z) =%(0,2,5,7)
yZz

N 00 01 11 10
o _["1'0 o1
0T %

F=2x72 42z

8. Simplify the followin Boolean expressions using three-variable maps:

/

(a) F(x,y,z) =2'y2' +yz+2'y'z
yz
X 00 o1 11 10

0 OEE 3m 2

1 *0%0 "1

F =2y +yz
(b) F(z,y,2) =zy+y'2' +2'yz
yz
x 00 01 11 10

o "0 0

t e D

yz
N 00 01 11 10

0 “@’0 0
IR0

Two ways:
F=xy+ay +y
or

F=zxy+ay +x
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(c) Flw,y,2) =a'y+y/z+a'7
yz
x 00 O1 11 10

o a1
1 4 |5 7 6

0O 1y 0|0
F=2+4+y9y=2
(d) F(x,y,z) =zyz + zy' 2 + 2y
yz

00 01 11 10
0 %0l'o’0 1)
1 4@507®60

Cannot reduce

F(z,y,2) = zyz + ay'2 + 2'y2'
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9. Simplify the following Boolean functions, using Karnaugh maps:

(a) F(A,B,C,D)=%(1,5,6,7,11,12,13, 15)
CD
Ap. 00 01 11 10

00 “0/{1) 0 "0
01 40 m 7[\ 01]
11 12_| lfh 15_T 140

8 19 |11 |10
10 "o/ 0/l1)| 0O

—/

—t

F=BD+AC'D+ ACD + ABC' + A'BC
(b) F(w,z,y,2)=3%(0,1,2,4,5,8,9,10,11,13)

yz
w00 01 11 10

00 ‘ﬁ_ﬁ 30 171

01 Ah 51J 7 |6
TR

10 119 11" ™)

F=wr'+yz+w'y + 2’2
(¢) F(w,z,y,z) =11(0,2,3,8,10)

yZz
LS. 00 01 11 10

00 00 V_T 30 20
U EREIERE

15 1%]

13
11 '[21 11
8 9 11 10
10 Foll1) 1) 0

F=B+CD+ AD



