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Exercise 1.1

(a) Biologists study cells at many levels. The cells are built from organelles
such as the mitochondria, ribosomes, and chloroplasts. Organelles are built of
macromolecules such as proteins, lipids, nucleic acids, and carbohydrates.
These biochemical macromolecules are built simpler molecules such as carbon
chains and amino acids. When studying at one of these levels of abstraction, bi-
ologists are usually interested in the levels above and below: what the structures
at that level are used to build, and how the structures themselves are built.

(b) The fundamental building blocks of chemistry are electrons, protons,
and neutrons (physicists are interested in how the protons and neutrons are
built). These blocks combine to form atoms. Atoms combine to form molecules.
For example, when chemists study molecules, they can abstract away the lower
levels of detail so that they can describe the general properties of a molecule
such as benzene without having to calculate the motion of the individual elec-
trons in the molecule.

Exercise 1.2

(@) Automobile designers use hierarchy to construct a car from major as-
semblies such as the engine, body, and suspension. The assemblies are con-
structed from subassemblies; for example, the engine contains cylinders, fuel
injectors, the ignition system, and the drive shaft. Modularity allows compo-
nents to be swapped without redesigning the rest of the car; for example, the
seats can be cloth, leather, or leather with a built in heater depending on the
model of the vehicle, so long as they all mount to the body in the same place.
Regularity involves the use of interchangeable parts and the sharing of parts be-
tween different vehicles; a 65R14 tire can be used on many different cars.
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(b) Businesses use hierarchy in their organization chart. An employee re-
ports to a manager, who reports to a general manager who reports to a vice pres-
ident who reports to the president. Modularity includes well-defined interfaces
between divisions. The salesperson who spills a coke in his laptop calls a single
number for technical support and does not need to know the detailed organiza-
tion of the information systems department. Regularity includes the use of stan-
dard procedures. Accountants follow a well-defined set of rules to calculate
profit and loss so that the finances of each division can be combined to deter-
mine the finances of the company and so that the finances of the company can
be reported to investors who can make a straightforward comparison with other
companies.

Exercise 1.3

Ben can use a hierarchy to design the house. First, he can decide how many
bedrooms, bathrooms, kitchens, and other rooms he would like. He can then
jump up a level of hierarchy to decide the overall layout and dimensions of the
house. At the top-level of the hierarchy, he material he would like to use, what
kind of roof, etc. He can then jump to an even lower level of hierarchy to decide
the specific layout of each room, where he would like to place the doors, win-
dows, etc. He can use the principle of regularity in planning the framing of the
house. By using the same type of material, he can scale the framing depending
on the dimensions of each room. He can also use regularity to choose the same
(or a small set of) doors and windows for each room. That way, when he places
a new door or window he need not redesign the size, material, layout specifica-
tions from scratch. This is also an example of modularity: once he has designed
the specifications for the windows in one room, for example, he need not re-
specify them when he uses the same windows in another room. This will save
him both design time and, thus, money. He could also save by buying some
items (like windows) in bulk.

Exercise 1.4

An accuracy of +/- 50 mV indicates that the signal can be resolved to 100
mV intervals. There are 50 such intervals in the range of 0-5 volts, so the signal
represents log,50 = 5.64 bits of information.

Exercise 1.5

(a) The hour hand can be resolved to 12 * 4 = 48 positions, which represents
log,48 = 5.58 bits of information. (b) Knowing whether it is before or after noon

adds one more bit.
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Exercise 1.6

Each digit conveys log,60 = 5.91 bits of information. 4000, = 1 6 40¢q (1
in the 3600 column, 6 in the 60’s column, and 40 in the 1’s column).

Exercise 1.7

216 = 65,536 numbers.

Exercise 1.8

232.1 = 4,294,967,295

Exercise 1.9

(a) 216-1 = 65535; (b) 21°-1 = 32767; (c) 21°-1 = 32767

Exercise 1.10

(a) 2%2-1 = 4,294,967,295; (b) 2%1-1 = 2,147,483,647; (c) 2%1-1 =
2,147,483,647

Exercise 1.11

(a) 0; (b) -21° = -32768; (c) -(21°-1) = -32767

Exercise 1.12

(a) 0; (b) -251 = -2,147,483,648; (c) -(231-1) = -2,147,483,647;

Exercise 1.13

(a) 10; (b) 54; (c) 240; (d) 2215

Exercise 1.14

(a) 14; (b) 36; (c) 215; (d) 15,012

Exercise 1.15

(@) A; (b) 36; (c) FO; (d) 8A7
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Exercise 1.16

(@) E; (b) 24; (c) D7; (d) 3AA4

Exercise 1.17

(a) 165; (b) 59; (c) 65535; (d) 3489660928

Exercise 1.18

() 78; (b) 124; () 60,730; (d) 1,077,915, 649

Exercise 1.19

(a) 10100101; (b) 00111011; (c) 1111111111111111;
(d) 11010000000000000000000000000000

Exercise 1.20

(a) 1001110; (b) 1111100; (c) 1110110100111010; (d) 100 0000 0011
1111 1011 0000 0000 0001

Exercise 1.21

(@) -6: (b) -10; (c) 112; (d) -97

Exercise 1.22

(@) -2 (-8+4+2 = -2 or magnitude = 0001+1 = 0010: thus, -2); (b) -29 (-32
+2+1=-29 or magnitude =011100+1 =011101: thus, -29); (c) 78; (d)-75

Exercise 1.23

@) -2; (b) -22; (c) 112; (d) -31

Exercise 1.24

(a) -6; (b) -3; (c) 78; (d) -53

Exercise 1.25

(a) 101010; (b) 111111; (c) 11100101; (d) 1101001101
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Exercise 1.26

(a) 1110; (b) 110100; (c) 101010011; (d) 1011000111

Exercise 1.27

(@) 2A; (b) 3F; () ES5; (d) 34D

Exercise 1.28

(@) E; (b) 34; (c) 153; (d) 2C7;

Exercise 1.29

(a) 00101010; (b) 11000001; (c) 01111100; (d) 10000000; (e) overflow

Exercise 1.30

(a) 00011000; (b) 11000101; (c) overflow; (d) overflow; (e) 01111111\

Exercise 1.31

00101010; (b) 10111111; (c) 01111100; (d) overflow; (e) overflow

Exercise 1.32

(a) 00011000; (b) 10111011; (c) overflow; (d) overflow; (e) 01111111

Exercise 1.33

(a) 00000101; (b) 11111010

Exercise 1.34

(a) 00000111; (b) 11111001

Exercise 1.35

(a) 00000101; (b) 00001010

Exercise 1.36

(a) 00000111; (b) 00001001

Exercise 1.37
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() 52; (b) 77; (c) 345; (d) 1515

Exercise 1.38

(a) 0016; (b) 0064; (c) 00339; (d) 001307

Exercise 1.39

(a) 100010, 2246, 3410; (b) 110011y, 3316, 5150; (C) 010101101,, AD4g,
17340; (d) 0110001001115, 62745, 157540

Exercise 1.40

(a) 0b10011; 0x13; 19; (b) 0b100101; 0x25; 37; (C) Ob11111001; OXF;
249; (d) 0010101110000; 0x570; 1392

Exercise 1.41

15 greater than 0, 16 less than 0; 15 greater and 15 less for sign/magnitude

Exercise 1.42

(26-1) are greater than 0; 26 are less than 0. For sign/magnitude numbers,
(26-1) are still greater than 0, but (26-1) are less than 0.

Exercise 1.43

4,8

Exercise 1.44

8

Exercise 1.45

5,760,000

Exercise 1.46

(5 x 109 bits/second)(60 seconds/minute)(1 byte/8 bits) = 3.75 x 1010
bytes

Exercise 1.47

46.566 gigabytes



Exercise 1.48
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2 billion

Exercise 1.49

128 kbit

Exercise 1.50

S

4 -3 -2 -1 O 1 2 4 5 6 7
Unsigned 000 001 010 011 100 101 110 111
100 101 110 111 000 001 010 011 Two's Complement
000 . .
11 110 101 o 001 010 011 Sign/Magnitude
Exercise 1.51
\ \ \ \ \ \
2 -1 0 1 2 3
Unsigned o0 01 10 11
10 11 00 01 Two's Complement
00 . .
uo, o Sign/Magnitude

Exercise 1.52

(@) 1101; (b) 11000 (overflows)

Exercise 1.53

SOLUTIONS
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(a) 11011101; (b) 110001000 (overflows)

Exercise 1.54

(a) 11012, no overflow; (b) 10002, no overflow

Exercise 1.55

(a) 11011101; (b) 110001000

Exercise 1.56

(a) 010000 + 001001 = 011001;

(b) 011011 + 011111 = 111010 (overflowy);
(c) 111100 + 010011 = 001111;

(d) 000011 + 100000 = 100011,

(e) 110000 + 110111 = 100111;

(f) 100101 + 100001 = 000110 (overflow)

Exercise 1.57

(a) 000111 + 001101 = 010100

(b) 010001 + 011001 = 101010, overflow
(c) 100110 + 001000 = 101110

(d) 011111 + 110010 = 010001

(e) 101101 + 101010 = 010111, overflow
(f) 111110 + 100011 = 100001

Exercise 1.58

(a) 10; (b) 3B; (c) E9; (d) 13C (overflow)

Exercise 1.59

(a) 0x2A,; (b) 0x9F; (c) OXFE; (d) 0x66, overflow

Exercise 1.60

(a) 01001 - 00111 = 00010; (b) 01100 - 01111 = 11101; (c) 11010 - 01011
=01111; (d) 00100 - 11000 = 01100

Exercise 1.61

(a) 010010 + 110100 = 000110; (b) 011110 + 110111 = 010101; (c) 100100
+111101 = 100001; (d) 110000 + 101011 = 011011, overflow
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Exercise 1.62

() 3; (b) 01111111; (c) 00000000, = -127;0; 11111111, = 128,

Exercise 1.63

000 001 010 011 100 101 110 111 Biased

Exercise 1.64

(@) 001010001001; (b) 951; (c) 1000101; (d) each 4-bit group represents
one decimal digit, so conversion between binary and decimal is easy. BCD can
also be used to represent decimal fractions exactly.

Exercise 1.65

(a) 0011 0111 0001

(b) 187

(c) 95 =1011111

(d) Addition of BCD numbers doesn't work directly. Also, the representa-
tion doesn't maximize the amount of information that can be stored; for example
2 BCD digits requires 8 bits and can store up to 100 values (0-99) - unsigned 8-
bit binary can store 28 (256) values.

Exercise 1.66

Three on each hand, so that they count in base six.

Exercise 1.67

Both of them are full of it. 42,4 = 101010,, which has 3 1’s in its represen-
tation.

Exercise 1.68

Both are right.

Exercise 1.69

#include <stdio.h>
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void main(void)

char bin[80];
int i = 0, dec = 0;

printf("Enter binary number: ');
scanf(""%s'", bin);

while (bin[i] = 0) {
if (bin[i] == "0") dec = dec * 2;
else if (bin[i] == "1") dec = dec * 2 + 1;
else printf("Bad character %c in the number.\n", bin[i]);
=i+ 1;

¥
printf(""The decimal equivalent is %d\n", dec);

Exercise 1.70

/* This program works for numbers that don"t overflow the
range of an integer. */

#include <stdio.h>
void main(void)

int bl, b2, digitsl = 0, digits2 = 0;
char num1[80], num2[80], tmp, cC;
int digit, num = 0, j;

printf ("Enter base #1: '); scanf('%d", &bl);
printf ("Enter base #2: '); scanf('%d", &b2);
printf (“Enter number in base %d ', bl); scanf("'%s'", numl);

while (numl[digitsl] !'= 0) {
c = numl[digitsl++];
if (c > "a”" && c <= "z") c = c + "A" - "a";
if (c >= "0" && c <= "9%) digit = c - "07;
else if (c >= "A" && c <= "F") digit = c - "A" + 10;
else printf("lllegal character %c\n", c);
if (digit >= bl) printf("lllegal digit %c\n", c);
num = num * bl + digit;

}
while (num > 0) {
digit = num % b2;
num = num / b2;
num2[digits2++] = digit < 10 ? digit + "0 : digit + "A" -
10;

}
num2[digits2] 0;

for (J < digits2/2; j++) { // reverse order of digits
i

= num2[digits2-j-1];

num2[digits2-j-1] = tmp;

printf("'The base %d equivalent is %s\n", b2, num2);

Exercise 1.71
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OR3 XOR3 XNOR4
A A A
8] v B v g5 o
c c S
Y = A+B+C Y=A®B®C Y=A®B®C@D

A B cl|vy A B C|Y A C B D|Y

0 0 00 0 0 00 0 0 0 o1

0 0 1]1 0 0o 1|1 o o o 10

0 1 o012 0 1 o1 0o o 1 oo

0 1 11 o 1 1o 0 0o 1 1|1

1 0 o1 1 0 01 0o 1 0 oo

1 0 1|1 1 0 1]0 0 1 0 1|1

1 1 o1 1 1 oo 0 1 1 o1

1 01 1|1 1 1 1|1 o 1 1 1o

() 1 0 0o oo

1 0 0 1|1

1 0 1 01

1 0 1 1]o0

1 1 0 o1

1 1 0 1]o0

1 1 1 oo

©1 1 1 1]1
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XNOR3

OR4

%)—Y

A
B
C

A
B
C

D

ABCDE

Y =

A®B®C

Y =

A+B+C+D

Y =

T A A A A A A A A A A A A A

T A A A A A A A A A AAAO

OO0 0 1010100

cNeoR_R _NoloR_R_loloR_R_NoNoi_ Rl

OCOO0O0dATAA 1O OO0

OCOO0OO0O0CO0O0O0dATAdAAAAAA

[eNeojolojojoojojojoojooloNoNe]

pieleoR _NoR R Ne)

O-HdOH1OHO

OCOHA—A OO

OCOO0OO A

(b)

Ocrdrddddddddd

OdO0O—dO0—d0 10101010

OO0 dd00d"d00dA—100 -

OCO0O0O0dAddA 10000 ddd

OCO0OO0O0O0O0O0OO0dATAdAAdAAAA

—~

o

~

OO0 -d0 101010 d0d0

[cNoR_ R ololol_R_Nolok_R_NoNok_§_|

OO0O0O0O A A1 00O0OO A

OO00O00O0O0OO0OTdTdAAddAAdAAA

Tl A A A A A A A A A A A AA

—~
&)

~

Exercise 1.73
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A B CJ|Y
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
Exercise 1.74
A B C|Y
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
Exercise 1.75
A B C|Y
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 0

Exercise 1.76
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A BI|Y A B|Y A BJ|Y A BJ|Y
0 0O 0 01 0 0O 0 01
0 1|0 o 1|0 0o 1|1 0o 1|1
1 0]o0 1 010 1 0]o0 1 010
1 110 1 11]0 1 110 1 11]0
Zero ANORB AB NOT A
A BJlY A BJ|Y A BJ|Y A BJ|Y
0O 0O 0 01 0 OO 0 01
0O 1]0 o 1|0 0o 1|1 0o 1|1
1 01 1 01 1 01 1 01
1 110 1 11]0 1 110 1 11]0
AB NOT B XOR NAND
A BJlY A BJ|Y A BJ|Y A BJ|Y
0 0O 0 0|1 0 0O 0 0|1
0 1|0 o 1|0 0o 1|1 0o 1|1
1 0]o0 1 010 1 0O 1 010
1 11 1 1)1 1 1)1 1 1)1
AND XNOR B A+B
A BJlY A BJ|Y A BJ|Y A BJ|Y
0O 0O 0 01 0 OO 0 01
0O 1]0 o 1|0 0o 1|1 0o 1|1
1 01 1 01 1 01 1 01
1 11 1 101 1 1)1 1 101
A A+B OR One

Exercise 1.77

2N

2

Exercise 1.78

V”_ = 25, V|H = 3, VOL = 15, VOH = 4, NML = 1, NMH =1

Exercise 1.79

No, there is no legal set of logic levels. The slope of the transfer character-
istic never is better than -1, so the system never has any gain to compensate for
noise.

Exercise 1.80

V”_ = 2, V|H = 4, VOL = l, VOH = 45, NML = l, NMH =05
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Exercise 1.81

The circuit functions as a buffer with logic levels V, =1.5; V|4 =1.8; Vo
= 1.2; Vgy = 3.0. It can receive inputs from LVCMOS and LVTTL gates be-

cause their output logic levels are compatible with this gate’s input levels. How-
ever, it cannot drive LVCMOS or LVTTL gates because the 1.2 V5 exceeds

the V,,_of LVCMOS and LVTTL.

Exercise 1.82

(a) AND gate; (b) V||_ =1.5; V|H =2.25; VOL =0; VOH =3

Exercise 1.83

(a) XOR gate; (b) V||_ =1.25; V|H =2; VOL =0; VOH =3

Exercise 1.84

O W
J;A(LA(LJ;
TTUTTU Y
:
<
0O o >
o
|
L J_
L L
-

@ (b) ©

Exercise 1.86
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Exercise 1.87

XOR

Exercise 1.88

PRPRRPRPRPROOOO>
RPFRPOORRF OO
RPORORFROPFR O
OQO0OOrROoOrOoRrK

Exercise 1.89

Y
weak Ag{ Ag{
2 y B B
R S

Exercise 1.90




David Money Harris and Sarah L. Harris, Digital Design and Computer Architecture, 2nd Edition © 2012 by Elsevier Inc.

Question 1.1
D :
c g
B i
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Question 1.2

4 times. Place 22 coins on one side and 22 on the other. If one side rises,
the fake is on that side. Otherwise, the fake is among the 20 remaining. From
the group containing the fake, place 8 on one side and 8 on the other. Again,
identify which group contains the fake. From that group, place 3 on one side and
3 on the other. Again, identify which group contains the fake. Finally, place 1
coin on each side. Now the fake coin is apparent.

Question 1.3

17 minutes: (1) designer and freshman cross (2 minutes); (2) freshman re-
turns (1 minute); (3) professor and TA cross (10 minutes); (4) designer returns
(2 minutes); (5) designer and freshman cross (2 minutes).

SOLUTIONS
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CHAPTER 2

Exercise 2.1

() Y = AB+AB +AB

(b) Y = 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

(a) 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 = (A+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= (A+B+C)(A+B+C)(A+B+C)
(d)
Y = (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)A+B+C+D)
(e)
Y = (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 2.4
(@Y =A+B
(b)Y = (A+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 = (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)
(A+B+C+D)

(€)

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

Exercise 2.5

@@ Y =A+B

(b) Y = ABC + ABC

(©) Y = AC+AB+AC
(d) Y = AB+BD +ACD
(e)

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

Y = (A@B)(C@®D)+(A®B)(C®D)

Exercise 2.6
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() Y=A+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 Y
B
(b)
A
B
C
@%?DY
(c)
Ai
AT
Y
B
(d)
A B C D
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(€)

Exercise 2.8

@)

(b)

]

©

(d)
ABCD

<

ey

(€)

Exercise 2.9

or

or
A—
B

ABCD

e
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(a) Same as 2.7(a)

(b)
A R
C L
Y
(c)
A B C
[—1 L [
Y
(d)
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(€)

Exercise 2.10




David Money Harris and Sarah L. Harris, Digital Design and Computer Architecture, 2nd Edition © 2012 by Elsevier Inc.
Exercise Solutions

SOLUTIONS 17

=7
oQJO

Y

%%} Y or Y
(b)

)y

Y
(c)
C
= Y
B
(d) P
ABCD
e
= =
(e) 73

Exercise 2.11

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

Exercise 2.12
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(b)

Y
© D
Cc
Je
B
(d) °
ABCD
il
==
(e) 73/9
Exercise 2.13
(@ Y=AC+BC

o)y=A
()Y=A+BC+BD+BD

Exercise 2.14

(@ Y
(b) Y

I
> >
+
@I
+
Ol
Il
>
@)
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()Y = AB+C+D)+BCD = ABCD +BCD

Exercise 2.15

(@)
e
B Y
C
(b)
A-{>o—Y
(©
A >@
5 v
C

Exercise 2.16

@
A
D
(b)
A‘BCD
= >
(©

Exercise 2.17
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@ Y = B+AC
B
A Y
C
() Y = AB
A
o L )
(Y = A+BC+DE
ABCDE
v
Exercise 2.18
(@Y =B+C
(b)Y = (A+C)D+B
(c) Y = BDE+BD(A®C)

Exercise 2.19

4 gigarows = 4 x 239 rows = 232 rows, so the truth table has 32 inputs.

Exercise 2.20
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Ben is correct. For example, the following function, shown as a K-map, has

two possible minimal sum-of-products expressions. Thus, although ACD and

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

22 SOLUTIONS chapter 2
Exercise 2.21
Y
AB
coN. 00 01 11 10 Agp
00 1 0 1 1
ABD
01 0 0 1 < 0
1 amc
11 0 0 0 0
10 1 0 0 0

Y = ABD + ABC + ACD

Exercise 2.22

Y
AB
co\_ 00 01 11 10
ool 1 0 1 1
ABD
o1l o0 0 U‘ 0
F\
11| o 0 0 0
10]] 1 0 0 0

BCD

~ ABC

Y = ABD + ABC + BCD

(@)

= O|m

w
R ole
w
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(b)
B C D |[(BeC)+(BsD)|Be(C+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|@ec)+@e0)

0O O 0

0 1 0

1 0 1

1 1 1

Exercise 2.23

B, B, By,|B,*B,*B, | B,+B,+B,
0 0 0 1 1
0O O 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
Z = ACD+BD

Exercise 2.25
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Y z
AB AB
cD 00 01 11 10 cD 00 01 11 10
00| o0 0 0 0 00| o 0 1 0
D ACD
01{1 1 1 1 o1| o (1 [1 1J“
ABC
11 ‘ 1 1 1 1 11| o 1 1 0
1 T &D
10| o 0 0 1 10| o 0 0 0
Y =ABC +D Z=ACD + BD
AB C D
R
—
R
-/
R
./
Y z
Exercise 2.26
A
B
c
D
£ Y

Y=(A+B)(C+D)+E
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Exercise 2.27
A
B
C
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 cb 00 01 11 10

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

10| X 0 X X 10| X 0 X X
(@) Y =AD + AC + BD (b) Y=AB+C+D)

Exercise 2.29
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Two possible options are shown below:

C
A
D
B

R

O 0Ow >

L ,
g
(@) (b)

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 =SA+AL+H
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Exercise 2.34
(@)
S, Sy
D3'2 D3'2
D1~o “ 00 01 11 10 D1-o “ 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 1 0 0 0
10 0 1 0 0 10 1 1 0 0
S.=D,D, +D,D, + D,D, Sy = 5391:D07+ 53152D17+
D.D.D.+ D.,D.D.D
Se Sf 2-1-0 3=2¥1~0
D,, Ds,

D “ 00 01 11 10 D 00 01 11 10

1:0 1:0
N
00 1 0 0 1 00 E 1 1 0 1
] { y
01 0 0 0 0 01 0 1 0 1
11 0 0 0 0 11 0 0 0 0
10 1 1 0 0 10 0 1 0 0
S, =D,D,D, + D,D,D, S, = b,D,D, + D,D,D,+ D,D,D, + D,D,D.
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32 00

11 10
1.0

00 0

m
‘Bans
B

11 1
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(b)
Sa Sb
D3'2 D3'2
D.\*? 00 01 11 10 D.\ %% 00 01 11 10
1:0 1:0
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
S, = I525150 +D,D, + Dy + D,D, + D,D, S, = 5150 +D,D, + 52
Sc Sd
Os2 00 1 0 D32 00 01 11 10
D1~o g“ = Dan'lj’n + D,,é,‘ + D3 + Dl Dl'O

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/ o0 1 X X 10 [ 1 1 X X ]
SC = 51 + DO + D2 Sd = DZBZLDO + 6270+ 62Dl+ D160
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Se Sf
D3'2 D3'2
“ 00 01 11 10 “ 00 01 11 10
1.0 1.0
00 1 0 X 1 00 ( 1 1 X 1
01 0 0 X 0 01 0 1 X 1
11 0 0 X X 11 0 0 X X
10 [ 1 1 X X ] 10 0 1 X X
S.= 6250 + Dli0 S = 6160 +D, 71+ D, 7o+ D,
S
[¢]
D312
D 00 01 11 10
1:0
00 0 1 X 1
01 0 1 X 1

1| 1 || o || x || x
10 1 ||| 1 X ||l x
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©
D3 D2 Dl DO
YIVIVIY
)
=4
)
-
)
-,
)
)
H
)
-
)
H
|
)
H
)
H
)
-,
éa/isyb] R[Sc] Sd RSL] Sf Sg

Exercise 2.35
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Decimal
value As A, AL AlD P
0 0 0 O O|O O
1 0O 0 0 1|0 O
2 0O 0 1 o0 1
3 0O 0 1 1|1 1
4 0O 1 0 0|0 O
5 0 1 0 1|0 1
6 0O 1 1 o1 o
7 0 1 1 1|0 1
8 1 0 0 0|0 O
9 1 0 0 1|1 0O
10 1 0 1 0|0 O
11 1 0 1 1|0 1
12 1 1 0 0|1 0O
13 1 1 0 1|0 1
14 1 1 1 0|0 O
15 1 1 1 1|1 o0
P has two possible minimal solutions:
D P
A3:2 A3:2
AL 00 01 11 10 A 00 01 11 10

00 0 0 0 00 0 0 0 0

01 0 0 0 01 0 1 \ ﬂ 0

11 0 0 11 1 1 0 E

10 0 0 0 10 1 0 0 0
/)

D = AAAA, + AAAA, + AAAA, P = AAA, +AA A+ AAA
+ A3A2A1A0 + A3A2A1A0 + AZAIAO
P=AAA +AAA +AAA
+ AZAlAO

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 0O O O o 0 0 0 0 0 O 1
0 0 0 0 O 0 0 1 0 0O O 0
0 0 0 0 O 0 1 X 0 0 1 0
0O 0 0 0 0 1 X x|o 1 o 0
0 0 0 0 1 X X X 0 1 1 0
0 0 0 1 X X X X 1 0 O 0
0O 0 1 X X X X X]1 o0 1 0
0 1 X X X X X X 1 1 0 0
1 X X X X X X x|l1 1 1 0

Yo = ArtAgtAgtA,

Y, = A+ A6 + A5A4A3 + A5A4A2

Y0 = A7 + AGA5 + A6A4A3 + A6A4A2A1

NONE = A;A AA,ALAA A,
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<
N

<

%L ¥
J U UL

NONE

Exercise 2.37

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

A A A AA A A ALY, Y, Y,
0 0 000 00 00 0 0
© 0 000 0O 10 00
©O 0 000 0 1 X|0 0 1
©O 0 000 1 X X0 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
10X X X X X X x|1 1 1

Yo = ArtAgtAgtA,

Yy = A+ Ag+ AAA, +AAA,

Yo = A+ AgAg + AALA + AAA A,
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SOLUTIONS

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) +

2y

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

Af(Ay+Ag+ Ay +Ag+As+A)+

Zo

Ag(Ag+Ag+Ag+Ag)+ Ag(Ag+Ag)
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JUJ U

EIDE
Oz

1

Exercise 2.38
Yo = AxA1A
Y5 = AxA
Yq = AAp+ AxAg
Y3 = Ay
Yo = Ayt AjAg
Y, = A+ A

Yo = Agt AL+ A,
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Exercise 2.39

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|Y AlY
A B cly ‘L‘\L 0 of|cC 0 | BC
0 0 0|1 TF—oo00 0 1(0 1 |BC
o0 o 1o 001 1 0|0
0o 1 oo 010 1 11C¢C
o 1 1]o0 B A
1 0 o0]o0 B——(
1 0 1]o0 Cc +-+9
1 1 o]o Y
b .
() (©)
Exercise 2.42
ABC A cly Al Y
A B cCclvy ‘LLL 0O 0] 1 0 |B+C
0O 0O 0|1 [—o00 0 1|8 1| B
0 0 11/o0 — 001 1 0B
0 1 01 010 1 118
0o 1 1|1 011
1 0 o]o 1100 [ AC
1 0 110 101 00
1 1 01 110 B o1
1 1 101 111 10 Y
11
L
(@ (b) ()

Exercise 2.43

tod = 3tpd_NAND2 = 60 ps
ted = ted NAND2 =15 PS

Exercise 2.44

tod = thd_AND2 * 2thd NOR2 * thd NAND2
= [30 + 2 (30) + 20] ps
=110 ps
ted = 2teg_ NAND2 T ted NOR2
=[2 (15) + 25] ps
=55ps
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Exercise 2.45

thd = tod NOT T tpd_AND3
=15ps + 40 ps
=55 ps

ted = ted_AND3
=30 ps

<
~

<
o

=<
o

<
I

<
N

<

<
o

JIJUUUUY

Exercise 2.46
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Az Ay A

fen ool

|

tod = thd_NOR2 * Tpd AND3 * tpd NOR3 * Tpd_NAND2
=[30 + 40 + 45 + 20] ps
=135 ps
ted = 2ty NAND2 T ted OR2
=[2 (15) + 30] ps
=60 ps

Exercise 2.47
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AAAAAA

A7A6543210

=
D

[>o

o
) B
B

tod = tod_INv t 3tpd_ NAND2 * tod_NAND3
=[15 + 3 (20) + 30] ps
=105 ps
ted = teg NOT * ted_NAND2
=[10 + 15] ps
=25ps

Exercise 2.48
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