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Problem Solutions — Chapter 2

CHAPTER 2
© 2016 Pearson Education, Inc.
2-1.*
a) XYZ=X+Y+Z
Verification of DeMorgan’s Theorem
x| v | z | Xz XYZ X+Y+Z
0 0 0 1 1
0 1 0 1 1
0 1 0 0 1 1
0 1 1 0 1 1
1 0 0 0 1 1
1 0 1 0 1 1
1 1 0 0 1 1
1 1 1 1 0 0
b) X+YZ=(X+Y)-(X+2)
The Second Distributive Law
X Y Z Yz X+YZ X+Y X+Z |[X+VHX+2)
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 1 1 1 1
1 0 0 0 1 1 1 1
1 0 1 0 1 1 1 1
1 1 0 0 1 1 1 1
1 1 1 1 1 1 1 1
©) XY+YZ+XZ=XY+YZ+XZ
X | v | z| XY |\YZ|XZ|XY+YZ+XZ| XY | YZ | XZ |XY+YZ+XZ
0 0 0 0 0 0 0 0 0 0
0 0 1 1 0 1 0 0 1 1
0 1 0 1 0 0 1 0 1 0 1
0 1 1 1 0 0 1 0 0 1 1
1 0 0 0 0 1 1 1 0 0 1
1 0 1 0 1 0 1 1 0 0 1
1 1 0 0 0 1 1 1 0 1
1 1 1 0 0 0 0 0 0 0
2-2.*
a) XY+XY+XY = X+Y
=(XY+XY)+ (XY + XY)
=X +Y)+Y(X +X)
=X+Y
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b) AB+BC+AB+BC = 1
=(AB+ AB)+(BC + BC)
=B(A+A)+B(C+C)
B+B=1
¢) Y+XZ+XY = X+Y+Z
=Y+ XY +XZ
=Y +X)Y+Y)+XZ
=Y+X+XZ
=Y+(X+X)X+2)
=X+Y+Z
d) XY +YZ+XZ+XY+YZ = XY +XZ+YZ

=XY+YZ(X+X)+ XZ+ XY +YZ
=XY + XYZ+ XYZ+XZ + XY +YZ
=XY(1+2Z)+XYZ+XZ+ XY +YZ
=XY +XZ(1+Y)+ XY +YZ
=XY+XZ+XY(Z+2Z)+YZ
=XY+XZ+XYZ+YZ(1+X)
=XY +XZ(+Y)+YZ
=XY+XZ+YZ

2-3.*

a) ABC+BCD+BC+CD = B+CD
= ABC + ABC + BC + BCD + BCD + CD
= AB(C+C)+BC(D+ D)+ BC +CD
= AB+BC+BC+CD
=B+AB+CD
=B+CD

b) WY +WYZ + WXZ + WXY = WY +WXZ + XYZ + XYZ
= (WY +WXYZ) + (WXYZ + WXYZ) + (WXYZ + WXYZ) + (WXYZ + WXY Z)
= (WY + WXYZ) + (WXYZ + WXY Z) + (WXYZ + WXYZ) + (WXYZ + WXYZ)
=WY+WXZY +Y)+ XYZW +W)+ XYZ(W +W)
=WY +WXZ + XYZ + XYZ

¢) AD+AB+CD+BC (A+B+C+D)YA+B+C+D)

=AD+ AB+CD+ BC

=(A+D)(A+B)C+D)B+C)

=(AB + AD + BD)(BC + BD + CD)
= ABCD + ABCD
=(A+B+C+D)A+B+C+D)=(A+B+C+D)A+B+C+D)

2

© 2016 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Logic and Computer Design Fundamentals 5th edition Mano Solutions Manual


https://ravanbooks.com/books/9780133760637-solutions

Problem Solutions — Chapter 2

2-4.*
Given: A-B=0,A+B=1
Prove: (A+C)A+B)B+C) = BC
=(AB+AC+BC)B+C)
=AB+AC+BC
=0+C(A+B)
=C(A+B)0)
=C(A+B)A+B)
=C(AB+AB+B
=BC
2-5."
Step 1: Define all elements of the algebra as four bit vectors such as A, B and C:
A = (A3, Az, Ay, Ag)
B = (B3, By, By, By)
c = (G, Gy, Gy, Co)
Step 2: Define OR;, AND, and NOT; so that they conform to the definitions of AND, OR and NOT
presented in Table 2-1.
a) A+ B=Cis defined such that for all i;i =0, ... ,3, C; equals the OR; of A; and B,.
b) A B=Cis defined such that for all.7, i = 0, ...;3, C; equals the AND, of A; and B,.
¢) The element O is defined such that for A =0, forall i, i = 0, ... ,3, A; equals logical 0.
d) The element 1 is defined such that forA =17, foralli i =0, ... ,3, A;equals logical 1.
e) For any element A, A is defined such that for all i, i = 0, ... ,3, ZL equals the NOT of A,.
2-6.

a) - AC +ABC +BC = AC + ABC + (ABC + BC)
= AC+(ABC + ABC +BC
=(AC+AC)+BC=A+BC

b)  (A+B+C)(ABC)
= AABC + ABBC + ABCC
=(AA)BC + A(BB)C + AB(CC)
= ABC + ABC + ABC = ABC

¢) ABC+AC=ABC+C)=AB+C)

d) ABD+ACD+BD
=(AB+B+AC)D
=(A+AC+B)D
=(A+B)D

e) (A+B)A+C)ABC)
= AAABC + ACABC + BAABC + BCABC
= ABC

3
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2-7.%
a) XY +XYZ+XY=X+XYZ=(X+XY)X+2)=(X+X)X+Y)X+2)
=(X+Y)X+2)=X+YZ
b) X+YZ+X+2D)=X+YZ+XZ)=X+Y(Z+X)Z+Z)=X +YZ+XY
=(X+X)X+Y+YZ=X+Y+YZ=X+Y
) WX(Z+YZ)+XW +WYZ) =WXZ +WXYZ +WX +WXYZ
=WXZ +WXZ+WX =WX +WX =X
d) (AB+AB)CD+CD)+AC = ABCD + ABCD + ABCD + ABCD + A +C
=ABCD+A+C=A+C+ABCD)=A+C+C(BD)=A+C+BD
2-8.
a) F=ABC+AC+AB b) F=ABC+AC + AB
=(A+B+C)+(A+C)+(A+B) =(ABC)(AC)(AB)
¢) Same as part b.
2-9.*
a) F=(A+B)A+B)
b) F=(V+W)X+Y)Z
¢) F=W+X+X+Z2)Y +2)IW + X +YZ +YZ]
d) F=ABC+(A+B)C+AB+C)
2-10.*
Truth Tables a, b, ¢
X Y Z|a A B C|b W X Y Z|c
0 0 010 0 0 01 00 0 00
0 0 10 0 0 1 00 0 1/0
01 00 01 010 0 0 1 01
0o 1 1|1 0 1 1 0O 0 1 1|0
1 0 00 1 0 0/0 01 0 00
1 0 111 1 0 11]0 0O 1 0 1|0
1 1 011 1 1 01]0 0 1 1 011
1 1 11 1 1 171 0O 1 1 1|0
1 0 0 0|0
1 00 1]0
1 0 1 011
1 0 1 1]0
1 1 0 011
1 1 0 1]1
1 1 1 011
1 1 1 17]1
4
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Sum of Minterms: XYZ + XYZ + XYZ + XYZ
Product of Maxterms: (X +Y +Z) (X +Y +Z) (X +Y +Z) (X +Y + Z)

Sum of Minterms: ABC + ABC + ABC + ABC

Product of Maxterms: (A+B+C)A+B+C)A+B+C)A+B+C)

Sum of Minterms: WXYZ + WXYZ + WXYZ + WXYZ +WXYZ +WXYZ +WXYZ

Product of Maxterms: (W+X +Y +Z) W +X+Y+Z) W+ X +Y +7)
W+X+Y+Z2)W+X+Y+Z2) W+X +Y +2Z)
WH+X+Y+Z2)W+X+Y+Z2)Y W+ X +Y +2Z)

2-11.
a)
b)
©)
d
e)

E=3m(l, 2, 4, 6)=TIM(0, 3, 5, 7), F=3m(0, 2, 4, 7)=IIM(l, 3, 5, 6)
E=Ym(0, 3, 5, 7), F=3m(, 3,5, 6)

E+F=3m(0, 1, 2, 4, 6, 7), E-F=3m(2, 4)
E=XYZ+XYZ+XYZ+ XYZ, F=XYZ+XYZ+XYZ+XYZ
E=Z(X+Y)+XYZ, F=Z(X+Y)+ XYZ

2-12.*
a)

b)

)

(AB+C)(B+CD) = AB+ ABCD+ BC =AB+ BC s.0.p.

=B(A+C) p.os.
X+XX+DY +2)=(X+ X)X+ X +Y)Y +2))
=(X+X+Y)X +Y +Z) p.os.

=(+YYX+Y+Z)=X +Y +Z s.0p.

(A+ BC +CD)(B+ EF) =(A+ B+C)(A+ B+ D)A+C +D)B +EF)
=(A+B+C)A+B+D)A+C+D)B+E)B+F) pos.
(A+BC+CD)B + EF) = A(B+ EF) + BC(B + EF) + CD(B + EF)

= AB +AEF + BCEF + BCD + CDEF s.0.p.

2-13.

a)

W > O W >

b), c) B{%ZDW

N

<

5
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2-14.
B
a) Y b) Y c) B d) —
][]
[ 1 1 1 e
Al R
X 1] x [ 1] 1 NEINEE c ]
_ z __ _ Z_ __ _ C 0O AB +AC+BC
XY +YZ+XYZ XY +XZ+YZ C+AB or 71 BC+AB+AC
2-15.*
a) Y b) B c) B
1] KRN EREIENE 1 1 1
X KN Al |1 INIEIE 1
Z C C
XZ + XY A+CB B+
2-16.
a b c
¢ ’ c ) Y
[1] 1] ] ] K
Kl B 11 1—-B ! X
Al L A wiltl ||
1 1]]1 1]1] 1
D D 1z
§B+XBE‘+ACD ZE‘+ZB+A§C }Z+?E+W§+WXH
2-17.
a) b) c
0] 1] ]
I 106
W A 1041
il 1 [T
z D

F=XZ+YZ+WXY +WXYZ F =BC+ACD + ABD + ABC + (ABD or ACD)

6
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2-18.*
a) b) v c) c
Y 1 1 1
1011 101
! X B
X 1011 W 1011 A 1)1
Z 1 1 1
Z D
sm(@3, 5, 6, 7)  mG3, 4, 5, 7, 9, 13, 14, 15) =m0, 2, 6, 7, 8, 10, 13, 15)
2-19.*
a) Prime=XZ, WX, XZ, WZ b) Prime=CD, AC, BD, ABD, BC ¢) Prime=AB, AC, AD, BC, BD, CD
Essential = XZ, XZ Essential = AC, BD, ABD Essential = AC, BC, BD
2-20.
a) Prime=BD,ACD,ABC,ABC,ACD b) Prime=WY,XY,WXZ,WX,XYZ,WYZ
Essential = ACD, ABC, ABC, ACD Essential =WY, XY
Redundant = BD Redundant = W?, XYZ WYZ
F = ACD + ABC + ABC + ACD F=WY + XY 4+ WXZ
¢) Prime=WZ,XZ,WYZ,XYZ,W XY ,WXZ,WXY
Essential = WZ?E
Redundant =W XY ,WXZ,WXY
F=WZ+XZ+WYZ+XYZ
2-21.
a) F Y b) F c
lo] L0] o]
0l0]o0 0
I 0 0 X I 019 5
0 0 |[o]
W AL |
ol[[o] K l]‘i
Z D
F =%m(3,4,5,6,7,9,11,13) F=3m(, 2, 6,7,8,9, 10, 12, 14, 15)
F=WX +WYZ+XYZ F=BD+BC+ABC + AD
F=W+XW+Y+Z)XX+Y+2Z) F=(B+D)B+C)A+B+C)A+D)
2-22.*
a) so.p. CD+AC+BD b) s.o.p. AC+BD+AD ¢) s.o.p. BD+ABD+(ABC or ACD)
p.os. (C+D)A+D)A+B+C) p.os. (C+D)A+D)A+B+C) p.os. (A+B)B+D)B+C+D)

7
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2-23.
a) s.0.p. ABD + ABC + ABD + ABC b) s.o.p. X+YZ+WZ
or ACD+ BCD + ACD+ BCD pos. (X+Y+Z)YW+X+2Z)
p.os. (A+B+D)YA+B+C)A+B+D)A+B+C)
or (A+C+D)B+C+D)A+C+D)B+C+D)
2-24,
a) . b) c c) v
— ! X 17
XX | ] 1 [ - TXIM . ]
A1 [IX] "B : X
[ ﬂ X
C A w
X X/ | X X |T|
D z |
— F = AD + (ABD + BCD) or i — -
F=A+C _ o F=XYZ+WXY +WYZ + XYZ
(ACD + BCD) or (ABD + ABC)
2-25.*
a) b) . Y. c) C
| B ] X | X
] I 1IX_X -mx1m—B
Al O] w2 LY A ([ X
C _1! I.X 1] X |x
z D

Primes = AB, AC, BC, ABC
Essential = AB, AC, BC
F=AB+AC+ BC

Primes =XZ, XZ, WXY, WXY, WYZ, WYZ
Essential = X7,
F= X7 +WXY +WXY

Primes = AB, C, AD, BD
Essential =C, AD
F =C+AD(BD or AB)

2-26.
aj(1) y A2 0y b)(1) c b . C,
x [[X] o [[X | X [[o]/[x] x| x| 0lx T x| olxT
ol1] ol 0/[1[[o]1 X
190 X 01, o[1]X]o] ol[ 1 of .
1] o|[X wit el x| x| NI EETN A LO[1[1]0
0| x|[1]x o]lx]| 1{[x] x| x[o[x IXTx]o M|
z Z "I b |
F=WY+YZ+  F_ (XY or X2)+ WYZ+WYZ+(WXZ or WYZ)  F=BD F=B+D
WYZ+WXZ F =BD

F = ((X+Y) or (X+Z))(W+Y+Z)(W+Y+Z)
(W+X+Z) or (W+Y+Z))

8
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2-27.F
X®Y =XY + XY
Dual(X ®Y) = Dual( XY + XY)
=(X+Y)X +Y)
= XY + XY
= XY + XY
=X®Y

2-28.

ABCD + AD + AD = ABCD +(A@® D)
Note that X +Y =(X @Y)+ XY
Letting X = ABCD and Y = A® D,

We can observe from the map below or determine algebraically that XY is equal to 0.

C

T
ARG (T (6

For this situation,
X+Y =(X®Y)+XY
=(X®Y)+0
=X @Y
So, we can write F(A, B, C, D)= X @Y = ABCD ®(A® D)

2-29.*

The longest path is from input C or D.
0.073 ns + 0.073 ns + 0.048 ns + 0.073 ns = 0.267 ns

9
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2-30.
OB S N R I O
b) L LI LT 1
c) L L ] [ ]
b 1o 20 ab ab 50 b 7o 8o Jons
2-31.
) tom cpor = 2ty +2 tyy, = 2(0.36) +2(0.20) =1.12 ns
tore por = 2tppr + 2tpy = 2(0.20) +2(0.36) =1.12 ns
t,=1.12ns
tor 5or = 2tpm T Loy = 2(0.20) +(0.36) =0.76 ns
tngor = 2tpm T oy = 2(0.36) +(0.20) = 0.92 ns
ty5or =0.76+0.92=0.84 ns
ot b Cror = toun T tpu, = 0.36+0.20 = 0.56 ns
Cora s cor = tea T tpy = 0.20+0.36 = 0.56 ns
L 0.56 ns
b) tucpwr =4t =4028)=1.12ns
tBor =93 e =3(0.28)=0.78 ns
tansc 0F=2t,=2(0.28)=0.56ns
c¢) For paths through an odd number of inverting gates with unequal gate tpy, and tp y, path tpyy, tery, and tyq are different.
For paths through an even number of inverting gates, path tpy, tpu, and tyq are equal.
2-32.

If the rejection time for inertial delays is greater than the propagation delay, then an output change can occur before it

can be predicted whether or not it is to occur due to the rejection time.
For example, with a delay of 2 ns and a rejection time of 3 ns, for a 2.5 ns pulse, the initial edge will have already
appeared at the output before the 3 ns has elapsed at which whether to reject or not is to be determined.

10
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2-33.%
a) The propagation delay is 7,y = max(fpy, =0.05, ; =0.10) =0.10 ns.
Assuming that the gate is an inverter, for a positive output pulse, the following actually occurs:
0.10 0.05 nl“
o]
If the input pulse is narrower than 0.05 ns, no output pulse occurs so the rejection time is 0.05 ns. The resulting model
predicts the following results, which differ from the actual delay behavior, but models the rejection behavior: :
0.10 ns
0.10 nj—l
b) For a negative output pulse, the following actually occurs:
0. %5 ns
| 0.15 ns 0.10F|s
The model predicts the following results, which differs from the actual delay behavior and from the actual rejection
behavior:
0.10 n%0.10 nF
Overall, the model is inaccurate for both cases a and b, and provides a faulty rejection model for case b. Using an
average of tpyy, and tpry for tg would improve the delay accuracy of the model for circuit applications, but the rejection
model still fails.
2-34.F
X1 Ni N2
X2
N3 NG f
N4
X3
N5
X4
2-35.
-- Figure 4-40: Structural VHDL Description
library ieee;
use ieee.std_logic_1164.all;
entity nand2 is
port(inl, in2: in std_logic;
outl : out std_logic);
end nand2;
11
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architecture concurrent of nand2 is
begin

outl <=not (inl and in2);
end architecture;

library ieee;
use ieee.std_logic_1164.all;
entity nand3 is
port(inl, in2, in3 : in std_logic;
outl : out std_logic);
end nand3;

architecture concurrent of nand3 is
begin

outl <=not (inl and in2 and in3);
end concurrent;

library ieee;
use ieee.std_logic_1164.all;
entity nand4 is
port(inl, in2, in3, in4: in std_logic;
outl : out std_logic);
end nand4;
-- The code above this point could be eliminated by using the library, func_prims.

library ieee;
use ieee.std_logic_1164.all;
entity figd440 is
port(X: in std_logic_vector(2 to 0);
f: out std_logic);
end fig440;
architecture structural_2 of fig440 is

component NAND2
port(inl, in2: in std_logic;
outl: out std_logic);
end component;

component NAND3
port(inl, in2, in3: in std_logic;
outl: out std_logic);
end component;

signal T: std_logic_vector(0 to 4);
begin
20: NAND?2 port map (X(2),X(1),T(0));
g1: NAND?2 port map (X(2),T(0),T(1));
g2: NAND?2 port map (X(1),T(0),T(2));
¢3: NAND3 port map (X(1),T(1),T(2),T(3));
g4: NAND2 port map (X(1),T(2),T(4));
g5: NAND?2 port map (T(3),T(4),0);
end structural_2;

F=X,X, + XX,

100ns Z00ns S00ns
|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
iz [
i1 | -
Wl — 1 1 I 1
t ! L
12
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2-36.
begin
20: NOT_1 port map (D, x1); X=D+BC
g1: AND_2 port map (B, C, x2); Y = ABCD
g2: NOR_2 port map (A, x1, x3);
g3: NAND_2 port map (x1, x3, x4);
g4: OR_2 port map (x1, x2, x5);
g5: AND_2 port map (x4, x5, X);
g6: AND_2 port map (x3, x5, Y);
end structural_1;
0.0 100ns= Z00ns 200ns
IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII 11
A |
E | | |
C [ [ [
] | | | | | | | | | | | | | | |
X | | | | | | | | | | | |
¥
2-37.
a-
b
a f
b
C
b g
g
d
2-38.*
begin
F <= (X and Z) or ((not Y) and Z);
end;
2-39.*
X1 N1 N2
X2
N3 NG f
N4
X3
N5
X4
13
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2-40.
module circuit_4 _50(A, B, C, D, X, Y);
input A, B, C, D;
output X, Y;

wire nl, n2, n3, n4, n5;

not

go(nl, D);

nand
gl(n4, nl, n3);

and
g2(n2, B, C),
23(X, n4, n9),
g4(Y, n3, nd);

or
g5(n5, nl, n2);
nor

g6(n3, nl, A);

endmodule
0.0 100mn= z00ns 200mns
IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIIIIIII|IIII|IIII|IIIIIIII|IIII|IIII|IIIIII
A |
E | | |
cpr . I 1 LT
D | | | | | [ | | | | | | | | |
X | | | | | | | | | | | |
ki 1
14
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Problem Solutions — Chapter 2

2-41.

module circuit_4_51(X, F);
module circuil PH1E:H.X;
input [2:@wput F;
output F;
wire [0:4pire [0:4] T;
nand

oo

92(R2(X[ 21 Xq]).1. T[0]),

93 ﬁ%
g4
95(

X RIAP11,T(2]),
}ﬁ%%mzu
endmodule g5 F, 3],T[4]);

endmaodule

|lI:II:Ins Z00ns |3I:II:Ins
|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII
X2 I
X1 | -
ol /1 1
£ | [ R
2-42.
a
b
a f
b
C
b ¢]
8
d
2-43.*
module circuit_4_53(X, Y, Z, F);
input X, Y, Z;
output F;
assignF=(X&Z) | (Z & ~Y);
endmodule
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