CSE 220 Fall 2009

Homework #3 Solutions

Quiz in Recitations on

Monday, November 16, and Wednesday, November 18

Problem 1: Using the postulates of Boolean algebra, prove the following formulae:
a) 'y + 2y 2+ 2y +ayz+ayz =2y + 2

b) ABC' + A'C’'D + AB'C' + BC'D + A'D = AC' + A'D

¢) wry + w'zy + o' (2w + z2y') + z2(2’w + y'x) = 2y + 2

Solution:

a) 'y + 2y 2+ 2y +ay s +ryz =2y + 2
2y + 2y 21+ 1) +a2'yz +ayz+xyz = 2y +2
2y Yz + 2y 2y eyt ay: = 2y +z
2y (2 +z2)+ 2(2y + 2y + 2y + xy) = 2y +2z2
2y +z((x+2")y + (x4 2")y) = 2y +=z
2y +2(y +y) = 2y +=z
'y +z = 2y +z

b) ABC'+ A'C'D + AB'C" + BC'D + A'D = AC' + A'D

ABC'+ A'C'D+ AB'C' + BC'D+A'D = AC'+A'D
ABC'+ AB'C'"+ BC'D+ A'D(C"+1) = AC'+A'D
ABC'+ AB'C'+ BC'D + A'D = AC'+ A'D
AC'(B+B')+BC'D+ A'D = AC'+A'D
AC'"+ BC'D(A+ A"+ A'D = AC'+A'D
AC'+ ABC'D + A'BC'D + A'D = AC'+A'D
AC'(14+ BD) + A'D(1 + BC") = AC'+A'D

AC"+ A'D = AC'+ A'D



¢) wry + w'zy + 2’ (zw + 2y) + z(2'W + y'z) = 2y + 2

(w+w)ey + o' (zw + 2¢) + z(a’w' +y/z) = ay+=z
zy + z(2'w+ 2'y) + 2(2'w' + y'x) = ay+z
xy + z2(2'w + 2y + 2w + ') = wzy+z
zy + z(2'(w+ ') + ¢ (x + 2')) = zy+=z
zy + z(2' + ) = wxy+z
xy + z(zy) = zy+=z
zy(l+ z) + z(zy) = zy+=z
xy + zyz + z(xy)’ = zy+z
zy + z(zy + (vy)") = zy+=z
Ty + 2 = zy+z

Problem 2: Functions F';, G, and H are defined in the following way:

F=AC + ABC
G=AB +AC
H=A'BC +AC +BC

Which of the functions are equivalent?

Solution:
A B C|F|G|H
0O 0 O 1|1]1
O 0 1¢|1]1]1
O 1 Ooy|1]11]1
0 1 1]0]01]O0
1 0 0}0]0]0O0
1 0 101011
1 1 0]0]0]0O
1 1 1]0]0]0

Functions F and G are equivalent.

By Algebra:
F=AC+ ABC 7= AB+AC =G
F=AC+ ABC 7= A'B(C+C)+AC' =G
F=AC'+ABC = ABC+ABC+AC =G
F=AC+ ABC 7= A'BC+AC (B +1)=G
F=AC+ABC == A'BC+AC =G
H=ABC+AC'+BC 7= AC'+ABC=F
H=AC(B+1)+ (A +ABC 7= AC'+ABC=F
H=AC+A'B'C+ AB'C I= AC'+ABC=F

Can not simplify anymore. To ensure that, you can’t simplify anymore, the best way is to write out
each side to minterms or maxterms and compare minterms.



Problem 3: Convert the following truth table to a switching expression (Boolean Algebra) and simplify
the expression as much as possible.

x y z||F

0 0 01

0 0 141

0 1 01

0 1 160

1 0 0|0

1 0 1|1

1 1 010

1 1 1|0

Solution:

z y z | F minterm
0 0 Of 1 x'y'z’
0 0 141 xX'y'z
0 1 01 xX'yz’
0 1 10
1 0 00
1 0 1|1 Xy'z
1 1 010
1 1 10

F=avy7 +a2yz+ 2y +ay'z
F=22(y +y) +yz(2" +2)
F=ad2+4y>

Problem 4: Find all minterms and maxterms of the following functions:
a) f=(A"+B)+C")Y+DC'+ AB’
b) g = a(y + w'z) + (W +a' + 2')

Solution:

a)

f=(A+B)+C)+DC + AB’
f=(A"+B)C+DC"+ AB’
f=AC+BC+DC'+ AB’



A B C D|f

(1,2,3,5,6,7, 8,9, 10, 11, 13, 14, 15)

(0, 4, 12)

Minterms: Y. m
Maxterms: [[ M

)

g = oly+w'z)+ (W + o + Y
g =1y +wrz+wrz
g=zy+ (W +w)xz
g=xy+xz

g=a(y+2z)

b

0
0

0

0

0

w T Yy =z
0 0 0 O

1

0 0 O

1 0 0

0

0 0 O

1

1 0 0

1

(0,1,2,3,4,8,9, 10, 11, 12)

(5,6, 7, 13, 14, 15)

Minterms: Y m
Maxterms: [[ M



Problem 5: For each of the following functions, F' &

e == ] ]
-0 O = = O O
= O = O = O = Ol
RO oo~ Ol

a) Name the minterms (>°m(?)) and maxterms ([[ M (7)) of f and g.

b) Give the boolean expressions in the sum of products form for f and g. Simplify.

¢) Name the minterms (3~ m(?)) and maxterms ([T M(?)) for f" and ¢'.

d) Give the boolean expressions for f’ and ¢’ in product of sums form for f and g. DON’T Simplify.

Solution:

a)

F:Y>m=(1,5,6,7) [IM = (0,2, 3,4)
G:>m=(0,1,4,5,6) [IM=(237)
b)

F=2vz+zyz+ 2y +xyz

F=("+2)y2+ay(z+2)

F=vy2z+uzy

2y + 2y 2+ ayd + ay 2+ ay

2y 2y +ay 2+ xy (1 + 1) + 2y

(@y 2 + a2y z+xy 2+ 2y 2) + (xy'2 + 2y

=y (' + 2’2+ 2 +x2)+ 2 (y+ )

=y (z+2)(z+72)+x
Yy

F=(@+y+2)@" +y+2)0@" +y +2)@ +y +7)

G=@+y+2)z+y+2)@ +y+2)@" +y+2)" +y +2)



Problem 6: For the following diagrams, give boolean expressions. Simplify and redraw the system.

Aj ’ ~
B :)—»F
W

Solution:

Circuit Function:

A AB AB +C (AB+C) D(AB + C)’

B

B

A AB AB+C D+ (AB+C)

A A AA” AA’+B G =

B (AA’ +B) + (B + B)
>

Simplified Circuits:

A
D

B ——» G=8B

Problem 7: Show that the operation (gates) # described by the following table is universal. Use, if
needed, either constant 0 or constant 1.




Solution:

Xty = Xy
NOT Gate: set y = 1, x#1 = x’(1)
AND Gate: set x = X’ xX'#y = (x))y = xy

{#} is a universal set.

Problem 8: Obtain the truth table for the circuit shown. Give the proper minimal boolean expression
for this circuit (either sum of products or products of sums). Draw an equivalent circuit for F with
fewer NAND gates.

D

[ > BN
_>_“‘_DI

Solution:

fAe ZX+Y) (Y +X)] =
[Z'+ (X+Y) + (X+Y')] =
[Z + XY +XY]

=([Z + XY][Z + XY'+XY] )’
(1Z'+ XYT+[Z + XY'+XY])
= [ZXY)]+ [Z(XY') (XYY
= Z(Y'+X) + Z(X+Y)(Y'+X)

= Z(+X) [1+ (X+Y)]
=Z(Y+X) = Y'Z + XZ = ((Y'Z)(X2)"?

Z+(Y +X)] =
[z +YX]

N

x



Problem 9: Implement the following expression using multiplexers: f = X'y X'> + X'3Xo X'y + X1 X'2
Solution: f = X', (X's + X1) + X'3 X2 X'y

f = x5+ X'3% X"

f=x2(1) + Xz (X'3 X'1)

MUX 0 MUX

0 —1 MUX 1

X3 X1 X2



