CHAPTER 5

5.1 (a)
D
(b)
R=(D+C)'=D'C
b D+C)
0
c
o
s=(D'+C)'=DC
(©
b S=(DC)'=D'+C
0
cr___ ¢
o
R=((DC)'C)'=DC + C
=(D+C)=DC)
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5.6
4,z
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D Qo
cp
(b) Alt+l) =xy"+xB (c)
B(i+1) = xA + xB'
=4
T
&3 0§ 28 8
4 B xy AB :
00 00 00 0
00 01 00 0
00 10 11 0
00 101 0
01 00 00 0
01 01 00 0
01 10 10 0
01 11 10 0
70 00 00 1
10 01 00 1
10 10 11
L0 11 11
100 00 I
101 00 1
R B R
I R A
5.7
H .. 3 0000 01/0
£3 53 § 01/0 100
B - 10 11
0 0 s
0 00
0 01
0 01
0 L0
1 0 1
1 10
1 10
1 J|
S=x®y®0

QU+ 1) =xy+xQ+y0Q
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5.8 A counter with a repeated sequence of 00, 01, 10.

g

%NNN FF @ °
g B
igig Inputs
ABAB| T, T,
0o 00 0 01
0o 11 0 11
1 00 0 1 0
110 0 1 1
T,=4+B
T,=A4'+B

Repeated sequence: 0 a

|: 00— 01— ](h

5.9

JA:X KA:B
Jp=x Kg=A4'

A(t+1) = J,A'+ KA = xA' + B'A
B(t+1) = JyB' + Ky'B = xB' + AB

xA'+B'A xB'+ AB
0 0
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5.10 (a) J, = Bx + By Jy =A%

K,=B'xy' Kg=A4+xy' z = Axy + Bx"y'
(b) (©)

5. 2 . & |FF X N S

& X S 2R &

£8 F 3% 5 |mw 4B 00 01 11 10

3 8

A B xy 4B z |TiKdd ol ™ 1" ™

00 00 10 011000

00 01 00 0|00 00 " s K o

00 10 11 0|11 11 01 1 1

00 11 01 010010 B
m my3 mis miy

071 00 01 10000 n 0 ] | |

01 01 01 010000

o1 1.0 10 0 |1 010 A 7 S T e

0 1 1 1 1 1 0 1 0 1 0 10 1 1 1

70 00 10 0|10 01

10 01 1.0 0 |00 01

10 1.0 00 0 |11 01

10 11 10 0 |00 01 Y

71 00 10 1 |00 01

A(t+1) = Ax'+ Bx + Ay + A'BY'
1101 10 0|00 01 (t+1) = Ax'+ Bx + Ay Y
11 10 1.0 0 |10 01 y .
11 11 10 1 1001 AB 1
00 01 11 10
my mp m3 my
00 1 1

my ms my me

4 01| 1 1 1

mpy m3 ms myy B
11

mg my myy mo
10

e —|

y
B(t+1) = A'B'x + AB'(' +y)
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5.11 (a)
Present 0000010001 110001 11100001 1110 10

state:

Input: 010110111011 1T1O0
Output: 001 00100O0OT1O0O0O0GO0°1
Next 00010001 110001 11100001 11101000
state:
(b)

State labels: a: 00, b: 10,c:11,d: 01
cisequivalentto b
d is equivalent to ¢

0/0

o0/1 1/0

)

(c
input state nextst output
0 0 0 0
1 0 1 0
0 1 0 0
1 1 1 1

State machine: D-flop with direct input of the input to the original machine;
output logic: y = (linput) && (state == b)

5.12 Present Next state Output
state 0 1 0 1
a f b 00
b d a 0 0
d g a 1 0
f f b 1 1
g g d 0 1
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5.13 (a) State: afbcedghggha
Input: 01110010011
Output: 01000111010
(b) State: afbabdgdggda
Input: 01110010011
Output: 010001 11010
5.14
Present Next
state state Output
ABCDE x=0 x=1 x=1x=0
a 00001 00001 00010 O O
b 00010 00100 01000 O O
¢ 00100 00001 01000 O O
d 01000 10000 01000 0 1
e 10000 00001 01000 O 1
5.15 Dy =0Q'J+ QK
Present Inputs Next
State state JK J
Q I K Q 00 0l _11__10
0 00 0  No change 0 e m31 mzl
0 01 0 Reset to 0
0 10 1 Setto 1 | "’41 s " ”’61
0 11 1 Complement 0
1 00 1 No change
1 01 0 Reset to 0 K
1 10 1 Setto 1
1 11 0  Complement Q(t+1) =D, + Q'J + OK'
J D 0 Q
K
clk 0 o
5.16 (a) Dy = Ax' + Bx
Dy =A'x + Bx'
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Bx B
Present Next —
state Input state A 00 01 11 10
my m = m,
A B X A B 0 1
00 0 00 R e - e
00 1 01 A [ 1 1 1 1
01 0 01
01 1 11 ‘f‘
10 0 10 ,
1o 1 00 D, = Ax'+ Bx
11 0 11 Bx B
11 1 0 AN o 1110
Vﬂo m‘ m3 mz
0 1 1 1
fﬂ4 Iﬂ5 m7 m6
Al 1 1
L
X
Dy = Ax + Bx'
(b) Dy=A + Ax'
Dy =AB + Bx'
B
Present Next Bx —
state  PU sare ANCo0 o 1110
m“ ﬂll m3 /ﬂ:
A B X A B 0 1 1
0 0 O O O m4 ”‘l5 I117 ”16
00 1 11 A [ 1 1 1
01 0 01
01 1 10 —
10 0 10 . ,
10 I 00 D, = A% + Ax
11 0 11 Bx B
11 1 01 AN o1 1110
m“ In] m; '”z
0 1 1
'”4 Wls Wl7 m(
A [ 1 1 1
L
X
Dy = AB + Bx'
5.17 The output is 0 for all 0 inputs until the first 1 occurs, at which time the output is 1. Thereafter, the output

is the complement of the input. The state diagram has two states. In state 0: output = input; in state 1:
output = input'.
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6.6 First stage of register:

shift __‘>.,_
load {>°—

serial input |

clk
6.7 First stage of register:
S — 5
Sp———— 2
2 4xi 4
0 Mux Y D o0 !
> ] o A’
0 - 2 [
hi * 3 clk
6.8 A4 =0010, 0001, 1000, 1100. Carry =1,1,1,0
6.9 (a) In Fig. 6.5, complement the serial output of shift register B (with an inverter), and set the initial
value of the carry to 1.
(b)
Present Next FF 4 i
state Inputs state Output inputs @\ _00 01 11 10
mo 'nl )713 ”‘l2
Q Xy Q D JQ KQ 0 1
0 00 0 0 0 x Ty s iy g
0 00 1 1 1 x Q[ 1 X X X X
0 01 0 1 0 x
0 01 0 0 0 x e
1 10 1 1 x0 P
1 10 1 0 x0 o= Y
1 11 0 0 x 1 Xy X
1 11 1 1 x0 ON_00 01 11 10
My m s m
0 X X X X
mA ms ”77 ms
Q[ 1 1
(I
X
K,=w6 o
D= Qexey
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6.16 Q8Q4Q2Q1: 1010 1100 1110  Self correcting
Next state: 1011 1101 1111
Next state: 0100 0100 0000

1010 — 1011 — 0100
1100 — 1101 — 0100
1110 = 1111 — 0000

6.17 With E denoting the count enable in Fig. 6.12 and D-flip-flops replacing the J-K flip-flops, the toggling
action of the bits of the counter is determined by: Ty = E, T, = A)E, T, = A)A\E, T5 = A)A|A,E. Since D, =
A @ T, the inputs of the flip-flops of the counter are determined by: D, = A®E; D, = A/ ®(AE); Dy, =
AD(AAE); Dy = A;D(AGA ALE).

6.18 When up = down = 1 the circuit counts up.
up down  x y Operation
up N 0 0 0 0 No change
Combinational Circuit 0 1 0 0 Count down
y 1 0 1 0 Count up
own y
1 1 0 0 No change
Add this to Fig. 6.13
w x X =up (down)'
v = (up)'down
down Y

6.19 (b) From the state table in Table 6.5:

Do =0

DQZ:E(LZ, 5,6)

DQ4:2 (3, 4,5, 6)

Doy =3 (7, 8)

Don't care: d =Y (10, 11, 12, 13, 14, 15)

Simplifying with maps:

Doy = 0,01 + 05001

Dos= 0401 + Q402 + 040,01
Dos = 030" + 040,Qi

Digital Design With An Introduction to the Verilog HDL - Solution Manual. M. Mano. M.D. Ciletti, Copyright 2012,
All rights reserved.



