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CHAPTER 2

Exercise 2.1

(@) Y = AB+AB+ AB
(b) ¥ = ABC+ ABC

() Y = ABC+ABC + ABC + ABC + ABC
(d)

Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
(e)

Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

Exercise 2.2

(@) Y = AB+AB+ AB

(b) Y = ABC+ABC + ABC + ABC + ABC

(c) Y = ABC+ ABC+ ABC

(d) Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

(e) Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

Exercise 2.3

@ Y= (4+B)
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(b)

Y= (A+B+C)A+B+C)A+B+C)A+B+C)A+B+C)A+B+C)
€ Y=(4+B+C)(A+B+C)A+B+C)

(d)

Y= (4+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)A+B+C+D)(A+B+C+D)
©)

Y= (4+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)A+B+C+D)

Exercise 2.4

@Y=4+B

(b)Y = (4+B+C)(A+B+C)(A+B+C)

(€)Y =(A+B+C)A+B+C)(A+B+C)(A+B+C)A+B+C)
(d)

Y= (4+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)(A+B+C+D)
(A+B+C+D)

(e)

Y= (4+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)A+B+C+D)
(A+B+C+D)

Exercise 2.5

@ Y=A+B

(b) Y = ABC + ABC
() Y= AC+AB+AC
) Y = AB+BD+ACD
(e)

Y = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
This can also be expressed as:

= (A®B)(C®D)+(4®B)(C®D)

Exercise 2.6
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(@) Y=A4+B

(b)Y = AC+AC+BC or Y = AC+AC+AB

() Y = AB+ ABC

(d) Y = BC+BD

(€) Y = AB+ABC+ACD or Y = AB+ ABC+ BCD

Exercise 2.7

(a)
A Y
B
(b)
A
B
C
i5GE
©
AT y
B
(d)
A B C D
— || 1
Y
—
=,
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(€)

Exercise 2.8

© 2015 Elsevier, Inc.
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(b)

©

(d)
ABCD

(€)

Exercise 2.9

ey

or

ABCD

e
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(a) Same as 2.7(a)
(b)
A R
C L
Y
(©)
A B C

(d)
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(€)

Exercise 2.10
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Exercise 2.11

(@)
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(b)
A
B Y
C
(c)
Ai
c Y
B
(d)
A——(
T Y
D
C
(e)
A
B
B v
——q
C
g
L

Exercise 2.12
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Exercise 2.13
(@) Y=AC + BC

yy=4
(C)Y=A+BC+BD+BD

Exercise 2.14

(a) Y = 4B
(b)Y = A+B+C = ABC
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()Y = A(B+C+D)+BCD = ABCD + BCD

Exercise 2.15

© 2015 Elsevier, Inc.

(@)
e
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(b)
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Exercise 2.16

©

Exercise 2.17
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@ Y = B+AC

O>w

=Dy

I
N
S5

) Y

A
sl

Y =A+BC+DE

,‘ABCDE

Exercise 2.18

(@ Y=B+C
(b)Y = (4+C)D+B
(c) Y = BDE + BD(A® ()

Exercise 2.19

230 232

4 gigarows = 4 x rows =

Exercise 2.20

rows, so the truth table has 32 inputs.
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Exercise 2.21

Ben is correct. For example, the following function, shown as a K-map, has
two possible minimal sum-of-products expressions. Thus, although 4CD and

BCD are both prime implicants, the minimal sum-of-products expression does
not have both of them.

AB AB -
cp\. 00 01 11 10 aep  cp\ 00 o1 11

10
00| 1 0 1 1 00| 1 0 1 1
0
F\
0
0

ABD ABD
01| o 0 1 0 01| © 0 U‘
1‘\

- ABC = ABC

11 0 0 0 0 11 0 0 0

10 1 0 0 0 10 1 0 0

Y =ABD + ABC + ACD Y =ABD + ABC + BCD

Exercise 2.22

(@)

— ol
= ole
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(b)
B C D |(BeC)+(BeD)|Be(Cc+D)
0 0 0 0 0
0 0 1 0 0
0 1 0 0 0
0 1 1 0 0
1 0 0 0 0
1 0 1 1 1
1 1 0 1 1
1 1 1 1 1
(©)

B c|(Bec)+Be0)

0 0 0

0 1 0

1 0 1

1 1 1

Exercise 2.23

B, B, B,|B,*B,*B, | B,+B, +B,
0 0 0 1 1
0 0 1 1 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 0 0

Exercise 2.24

Y = AD+ ABC+ ACD + ABCD
7 = ACD + BD

Exercise 2.25
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Y V4
AB AB
cON. 00 01 11 10 cDN. 00 01 11 10
00 0 0 0 0 00 0 0 1 0
D ACD
01{1 1 1 1 01| o (1 [1 1J“
ABC
11 ‘ 1 1 1 1 11 0 1 1 0
— B - >
10 0 0 0 1 10 0 0 0 0
Y=ABC +D Z=ACD +BD
A B C D
R
—
R
-/
R
L
Y Z
Exercise 2.26
A
B
C
D
E Y

Y=(+B)(C+D)+E
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Exercise 2.27
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A

B

o

D

Y

E

F

G

Y=ABC+D+ (F+G)E
=ABC+D +EF + EG
Exercise 2.28
Two possible options are shown below:
Y Y
AB AB
cD 00 01 11 10 cD 00 01 11 10
SR
00| X 0 1 1 00| X 0 1 1
01| X X 1 0 01| X X 1 0
1| o0 X 1 1 1| o0 X 1 1
10| X 0 X X 10| X 0 X X
(@) Y=AD + AC + BD (b) Y=AB+C+D)

Exercise 2.29

25
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Two possible options are shown below:

—|: Y
T

(@) (b)

o
A
D
B

R

[sReleup 2

Exercise 2.30

Option (a) could have a glitch when A=1, B=1, C=0, and D transitions from
1to 0. The glitch could be removed by instead using the circuit in option (b).

Option (b) does not have a glitch. Only one path exists from any given input
to the output.

Exercise 2.31

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

Exercise 2.32

ABCD

Exercise 2.33

The equation can be written directly from the description:
E =8SA+AL+H



Sarah L. Harris and David Money Harris  Digital Design and Computer Architecture: ARM Edition © 2015 Elsevier, Inc.
SOLUTIONS 27

Exercise 2.34

(@)

N2 00 01 11 10 D 00 01 11 10

Y
00 1 1 0 1 00 1 0 0 1
01 1 1 0 1 01 0 0 0

11 1 1 0 0 11 F 0 0 0
10 0 1 0 0 10 1 1 0 0
N

S, =D,D, +D,D, +D,D, Sy =D3D,D, + D;D,D, +
D.D.D,+ D.D,D,D
Se Sf 27170 3727170
D3:2 D3:2
D 00 01 11 10 D 00 01 11 10

01 0 0 0 0 01 0

o
o
=
o
o
= o [I—‘ -
AN /
o
o

11 0 0 0 0 11 0 0 0
10 1 1
S, =D,D,D, + D,D,D, S,=D,D,D, + D,0,D,+ D,D,D, + D,D,D,
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(b)
Sa Sb
D3'2 D3'2
DO 00 01 11 10 D 00 01 11 10
00 1 0 X [ 1 00 [ 1 1 X 1 ]
01 0 1 X 1 01 1 0 X 1
11 [ 1 1 X X 11 [ 1 1 X X }
10 0 1 X X 10 1 0 X X
Sa = 525150 + DZDU + D3 * DZDl + DlDU Sb = D150 + DlDO + DZ
Sc Sd
D D

32

Do’ 00 @loppld +pA0+p +p, Dy 00 01 11 10

00 1 1 X 1 00 1 0 X 1
01 1 1 X 1 01 0 1 X 0

1] 1 1 X X 1] 1 0 X X
10| © 1 X X 10 [1 1 X x]
S,=D,+D,+D, S,=D,D,D,+ D,Dy+ D,D,+ D,D
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Se
D3'Z

DN>? 00 01 11 10
00| 1 0 X 1
01| o 0 X 0
11| o0 0 X X
10 [1 1 X x]

Se=D2D 1-0

SQ

D D52 00 01 11 10
1:0
00| 0 1 X 1
o1l o 1 X 1
1] 1 0 X X
0] 1 1 X X

01

11

10

¥2 00 o1 11 10
( 1 1 X 1
0 1 X 1

0 0 X X

0 1 X X
S,=D,D, + D,D,+ D,D,+ D,

© 2015 Elsevier, Inc.
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Exercise 2.35

JUTUUUU

© 2015 Elsevier, Inc.
SOLUTIONS

31



32

SOLUTIONS chapter 2

Decimal
value A A, AL A D P
0 0 0 0 O0]0 o0
1 0 0 0 1|0 o0
2 0 0o 1 0|0 1
3 0 0o 1 1|1 1
4 0 1 0 0|0 o0
5 o 1 0 1|0 1
6 0 1 1 0|1 o0
7 0 1 1 1 0 1
8 1 0 o0 0|0 o0
9 1 0 o0 1|1 o
10 1 0 1 oflo0o o0
11 1 0 1 1|0 1
12 1 1 0 0|1 o0
13 1 1 o0 1|0 1
14 1 1 1 oo o
15 1 1 1 1 1 0
P has two possible minimal solutions:
P
A3:2 A3:2
00 01 11 10 A 00 01 11 10
1.0 1:.0
00| O 0 0 00| O 0 0 0
01| O 0 0 01| o0 1 1 0
11 0 0 11| 1 1 0 1
10| 0 0 0 10/ 1 0 0 0
—/

D=AAAA +AAAA +AAAA
+ A3A2E1;0 + A3A2A1A0

P= ’KaAon + Z3A1Ao + 23’52'41
+AAA,

P= ’ZaAle + ’Ka'azAl + ’Z\zAle
+AAA,

© 2015 Elsevier, Inc.

Hardware implementations are below (implementing the first minimal

equation given for P).
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t%gw%%w

Exercise 2.36

A, A, A, AL AL A, A A|Y, Y, Y, NONE
0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 X 0 0 1 0
0 0 0 0 0 1 X X 0 1 0 0
0 0 0 0 1 X X X 0 1 1 0
0 0 0 1 X X X X 1 0 0 0
0 0 1 X X X X X 1 0 1 0
0 1 X X X X X X|1 1 o 0
1 X X X X X X X|1 1 1 0

Yz = A7+A6+A5+A4

Y| = A+ Ag+ Agd Ay + AgAdys4,

Y0 = A7+A6A5+A6A4Ag+AeA4A2A1

NONE = A74¢AgA,A3A,4, 4,
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JUJ

- NONE

Exercise 2.37

The equations and circuit for Y,.q is the same as in Exercise 2.25, repeated
here for convenience.

A, Ay AL AL AL A A ALY, Y Y,
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 X 0 0 1
0 0 0 0 0 1 X X 0 1 0
0 0 0 0 1 X X X 0 1 1
0 0 0 1 X X X X 1 0 0
0 0 1 X X X X X 1 0 1
0 1 X X X X X X 1 1 0
1 X X X X X X X 1 1 1

Yy = d+dg+dg+d,
Y, = Ag+ A+ AgdyAy + Agdgd,
Yy = A+ Agdg + AgAgdy + AgAAyd,
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j Y2
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The truth table, equations, and circuit for Z,.q are as follows.

OCO0O000O0O0-dTdAAdA10 0000 A ddd100 OO0

0000000000000 TdTddddAddd 100000

OO0O0O000O000O00O0O0O0OO0O0O0O0O0O0O0O0OdAdAAAAA

A A A A A AX XX XXX XXX XXX XXX XXXXXX

AOO0OO0O0O0OdAHAHMHHHXXXXXXXXXXXXXXX

OHOO0OO0OO0OO0OHOO0OO0OOOHAAHAAXXXXXXXXXX

OO0OH10000O0OHOOOOHOOOOdAHAHAXXXXXX

O0O0O-HO0O0O00O0OHOODOOHOOOHAOOO XXX

O00O0O-HO0OO0OO0OO0OO0OHOOOOHOOOHOOHOO HA =X

0O000O0O-HOO0OO0OO0OO0O-HOO0OO0OOHO0OO0OOHO0OOHOHO

O00000OHOOOOOHOOOOHOOOHOOHO A

Ay(Ag+ Ag+ Ag) + Ag(Ag+ A7) + Aghy

Z;

Ay(Ag+ A, +Ag+Ag+As) +

As(Ag+Ag+Ag+Ag) + Aghg

2y

AL(A,+Ag+ A, +Ag+AG+A)+
Ag(Ag+Ag+Ag+Ag)+ Ag(Ag+Ag)

Zo
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2

JUJ U

Fibs
1>

V4
Z

Exercise 2.38
Yo = Apd;d,
Y5 = A4y
Yy = Ay + 454,
Y3 = 4,
Yy = dy+ A4y
Y] = A,+ 4,

Yo =A,+4,+4,
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Y=A+C®D = A+CD+CD

Exercise 2.40

Y = CD(A® B)+AB = ACD +BCD + AB

Exercise 2.41
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ABC A BJ|lY Aly
A B C Y ‘L‘\L 0 0 C 0 | BC
0o 0 o0]1 000 0 1 (0 1 | BC
0o 0 110 001 10710
0 1 o0]o0 010 1 11¢C
0o 1 110 g A
1 0 oo B — dJ
1 0 1 0 C g
1 1 oo Y
101 11 J7 .
(@ ()
Exercise 2.42
ABC A C|lY A Y
A B cly g 0 0|1 o |B+C
o 0o o0]|1 [—000 0o 1|B 1| B
o 0o 110 — 001 1 0|8
0 1 o021 010 1 118
0 1 1|1 011
1 0 o0]o0 1100 [Y AC
1 0 1 0 — 101 00
1 1 0|1 110 B 01
101 11 111 10 Y
11
L
(@ (b) (c)

Exercise 2.43

tpa = 31,4 NAND2 = 60 ps
lea = tea NAND2 = 15 ps
Exercise 2.44

tyd = tpd AND2 * 2lpq NOR2 + pd NAND2
=[30 + 2 (30) + 20] ps
=110 ps
fed = 2t NAND2 T Lcd NOR?2
=[2 (15) + 25] ps
=55ps
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Exercise 2.45

© 2015 Elsevier, Inc.

tpa = tpa NOT + tpa AND3
=15ps + 40 ps
=55 ps

Ied = tcd AND3
=30 ps

X<

X

o<

=<

=<

<

JIJUUUUL

<

Exercise 2.46
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A3 Ay AlA,

fen ool

|

Ipd = tpd NOR2 t Ipd AND3 T Ipd NOR3 + Ipd NAND2
=[30 + 40 + 45 + 20] ps
=135 ps
led = 2tcqg NAND2 * fed OR2
=[2 (15) + 30] ps
=60 ps

Exercise 2.47
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A AAAAAAA

77767 57 747 737 27 "17 70

=
D,

o

o
D D NONE
B

tpd = tha INV + 31 NAND2 * 1pd NAND3
=[15 + 3 (20) + 30] ps
=105 ps
fed = e NOT T Lcd NAND2
=[10 + 15] ps
=25ps

Exercise 2.48
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bpd dy = tpd TRI_AY
=50 ps

Note: the propagation delay from the control (select) input to the output is
the circuit’s critical path:
Ipd sy = tpd NOT * Ipa AND3 t Ipd TRI_SY
=[30 + 80 + 35] ps
=145 ps
However, the problem specified to minimize the delay from data inputs to
output, tpdﬁdy'
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Question 2.1

A
B Y
Question 2.2
Y
A,

%2 00 01 11 10
Month A, A, A A/l Y 1o
Jan 0 0 0 1 1 00 X 0 1 1
Feb 0 0 1 o]0 { J
Mar 0 0 1 1 1
Apr 0 1 0 0 0
May 0 1 o0 11 011 1 1 X 0 A
Jun o 1 1 o0]o A3 jD Y
Jul 0 1 1 111 o
Aug 1 0 0 o0 [1 1] 1 1 X 0
Sep 1 0 0 1]0
Oct 1 0 1 0|1
Nov 1 0 1 1 0
Dec 1 1 0 o0]1 10| © 0 X 1

Y=AA +AA, =A®A,
Question 2.3

A tristate buffer has two inputs and three possible outputs: 0, 1, and Z. One
of the inputs is the data input and the other input is a control input, often called
the enable input. When the enable input is 1, the tristate buffer transfers the data
input to the output; otherwise, the output is high impedance, Z. Tristate buffers
are used when multiple sources drive a single output at different times. One and
only one tristate buffer is enabled at any given time.
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Question 2.4

(@ An AND gate is not universal, because it cannot perform inversion
(NOT).

(b) The set {OR, NOT?} is universal. It can construct any Boolean function.
For example, an OR gate with NOT gates on all of its inputs and output per-
forms the AND operation. Thus, the set {OR, NOT} is equivalent to the set
{AND, OR, NOT} and is universal.

(c) The NAND gate by itself is universal. A NAND gate with its inputs tied
together performs the NOT operation. A NAND gate with a NOT gate on its
output performs AND. And a NAND gate with NOT gates on its inputs per-
forms OR. Thus, a NAND gate is equivalent to the set {AND, OR, NOT} and
is universal.

Question 2.5

A circuit’s contamination delay might be less than its propagation delay be-
cause the circuit may operate over a range of temperatures and supply voltages,
for example, 3-3.6 V for LVCMOS (low voltage CMOS) chips. As temperature
increases and voltage decreases, circuit delay increases. Also, the circuit may
have different paths (critical and short paths) from the input to the output. A gate
itself may have varying delays between different inputs and the output, affect-
ing the gate’s critical and short paths. For example, for a two-input NAND gate,
a HIGH to LOW transition requires two nMOS transistor delays, whereas a
LOW to HIGH transition requires a single pMOS transistor delay.





