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1. (10 points) Prove that the following identities are valid using algebraic manipulation.
a. ab’+bc’+ca’=a’b+b’c+c’a
ab’ + bc’ + ca’ = ab’(c+c’)+bc’(at+a’)+ca’(b+b’)
= ab’c+ab’c’+abc’+a’bc’+a’bc+a’b’c
=a’b(c’+c)+b’c(a+a’)+ac’(b’+b)
a’btb’ctc’a
b. ab+a’c+bcd=ab+a’c
ab+a’c+bcd=ab(c+c’)(d+d)+a’c(b’ +Db)(d+d’)+bcd(a +a)
= abc’d’+abc’d+abcd’+abcd+a’b’cd’+a’b’cd+a’bcd’+a’bed+a’bed+abcd
= abc(d’+d)+abc(d’+d)+a’b’c(d’+d) + a’bc(d’+d)
=ab(c’+c)+a’c(b’+b)

=ab+a’c
2. (20 points) Find the complements of the following functions.
a. f=a+bc

fP=(@+bc)y =a’(bc)y=a’(b’+c’)=ab’ +a’c’

b. f=ab+b’c+ca’d
fP=(ab+b’c+ca’d) =(ab)’(b’c)’(ca’d)’ =@ +b’)(b+c’)(c’+a+d)=(a’b+a’c’ +
b’b+b’c’)(c’+a+d)=(a’b+a’c’+b’c’)(c’+a+d’)=abc’ +a’ba+a’bd’ +a’c’c’ +
a’c’a+a’c’d’+b’c’c’ +ab’c’ +b’c’d’ =a’bc’ +a’bd’ +a’c’ +a’c’d’ +b’c’ +ab’c’ +
b’ccd’=ac’(b+1+d)+b’c’Q+a+d)+a’hd’ =a’c’ +b’c’ +a’bd’

3. (15 points) Obtain the truth table of the following functions and express each function in sum of
minterms and product of maxterms,
a. Xyz+xy'z’ b. abc+ab’c’ +a’b’c’
=¥m(4, 7)=IIM(0, 1, 2, 3, 5, 6) =xm(0, 4, 7)=TIM(1, 2, 3, 5, 6)
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¢.YZ +WXY +WXZ +W XZ = £m(1,3,5,9,12,13,14)=ITM(0,2,4,6,7,8,10,11,15)
W X Y Z F 1.0 0 0 0

0 00 0O 100 1 1

0 00 1 1 1.0 1 0 0

0 01 0 0 1.0 1 1 0

00 1 1 1 110 0 1

01 0 0 0 110 1 1

01 0 1 1 111 0 1

01 10 0 111 1 0
01 1 1 0



4. (20 points) Simplify the following expressions by means of a four-variable map.
a. AD+BD+BC+ABD = D+BC
C
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b. XZ+WXY +W (XY + XY) = XZ +W XY + XY
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c. ABC+BCD+ BCD+ ACD+ABC+ ABCD = BD +CD + AC + ABD
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d. ABC+CD+BCD+BC =AC + BD + BC




5. (10 points) Implement the following expression with two-input NOR gates.

(AB + AB)(CD+CD)
A NOR P—
NOR p—
NOR p— NOR
B
NOR P—
C NOR p—
NOR
NOR p—
NOR P—
D
6. (15 points) Design a combinational circuit whose input is a four-bit number and whose
output is the 2’s complement of the input number.
AAADA  FFFF, Fs A F2 A
00000 0000 1 1
0001 1111
SEIE blld | 1]
0011 1101 (1|l lld]a] ITI
0100 1100 A, A,
0101 1011 ILI
0110 1010 A A
0111 1001 3 3 |1_‘l_:|j__1|
1000 1000
1001 0111 Ay Ay
1010 0110
1011 0101
1100 0100 F1 A, Fo A,
1101 0011 — -
1110 0010 1 1 111
1111 0001
1 1 111
A, A,
1 1 111
A3 AS
11 11 11!
Ay Ay
F,= KA+AA+&%+AAA&
F, = AA0+A A+A, AlA0
F=AA +AA,



7. (10 points) Construct a 5-to-32-line decoder with two 4-to-16 decodes with enable input
and one 1-to-2-line decoder.
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8. (10 points) Construct a 5-to1 line multiplexer with as many 2-to-1 line multiplexers as are
needed.
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