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CHAPTER 1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Base-10:14 15 16 171819202122232425262728293031 32
Octal: 1617 20 21222324252627303132333435363740
Hex: 10 1112131415161718191A 1BICID 1EI1F20

Base-10:8 9 10 11 12 13141516171819202122232425262728
Base-128 9 0AOB 10 11 12 13 14 15 16 1718 191A 1B 20 21 22 23

24

(@) 32,768 (b) 67,108,864 (c) 6,871,947,674
(4310)s=4*5"+3* 52+ 1 * 5! =580,
(198),=1* 122+ 9 * 12! +8 * 12° =260,
(445)g=4 %82 +4*81+5*80=293,
(345)6=3*62+4*61+5*%60 =137
16-bit binary: 1111 1111 1111 1111
Decimal equivalent: ~ 2'°-1=65,535
Hexadecimal equivalent: FFFF ¢
Let b = base
(a) 142=(b+4)2=5,s0b=6
(b)56/4 = (5*b + 6)/4 =15=1*%b + 5, 50 5*b + 6 = 4*(1*b + 5) =4*b + 20s0 b = 14
(¢) 32+12=28,3%b+2+1*¥b+2=2%b +8
4¥p+4=2%b+8,2*b=4,s0b=2
(x=3)x-6)=x>—(6+3)x+6*%3 =x"-11x +22

Therefore: 6 +3=b+1,s0b=8
AISO, 6*3 = (18)10 = (22)8

64CD;s=0110 0100 1100 1101, =110 010 011 001 101 = (62315 )s
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1.8

1.9

1.10

1.11

1.12

3

(a) Results of repeated division by 2 (quotients are followed by remainders):

43110=215(1); 107(1); 53(1); 26(1); 13(0); 6(1) 3(0) 1(1)
Answer: 1111 1010, =FAj¢

(b) Results of repeated division by 16:

4310 =26(15); 1(10) (Faster)
Answer: FA=1111 1010

(2)10110.0101, = 16 + 4 + 2 + .25 + .0625 = 22.3125
(b) 16.516=16+ 6+ 5%(.0615) = 22.3125

(€)26.245 =2 * 8 + 6 + 2/8 + 4/64 = 22.3125

(d) DABA.Bjs=13*16>+ 10*16° + 11*¥16 + 10 + 11/16 = 55,994.6875

(e)1011.1001, =8 +2 +1+.5+.0625=11.5625

(2)1.10010,=0001.1001, =1.916 =1 + 9/16 = 1.5631
(b) 110.010, =0110.0100, = 6.415 =6 + 4/16 = 6.251¢

Reason: 110.010, is the same as 1.10010; shifted to the left by two places.

1011.11
101|111011.0000
101
01001
101
1001
101
1000
101
0110

The quotient is carried to two decimal places, giving 1011.11
Checking: 111011,/ 1012 =590/ 510 = 1011.11, = 58.751¢

(a) 10000 and 110111

1011 1011
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+101 x101
10000 = 1610 1011
1011
110111 =55

(b) 62, and 958,

2E, 0010 1110 2E,

+34 , 0011_0100 X34y,

62, 0110 0010 =98, B8
8°A

95 8h = 239210

1.13 (a) Convert 27.315 to binary:

Integer Remainder Coefficient
Quotient
272 = 13+ Y ap=1
13/2 6 + Y ar=1
6/2 3 0+ 0 a=0
3/2 1 + VA as = 1
vz 0 + Ve as=1
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2710 =1101 12

Integer Fraction Coefficient
315x2= 0 + .630 a;=0
630x2 = 1 + .26 ar=1
26x2 = 0 + .52 a3=0
S2x2 = 1 + .04 as=1

315190=.0101, = .25+ .0625 = .3125
27.315=11011.0101,

(b) 2/3 = .6666666667

Integer Fraction Coefficient
6666_6666 67x2 = 1 + .3333 3333 34 a;=1
3333333334x2 =0 + .6666666668 ar,=0
6666666668 x2 = 1 + .3333333336 az=1
3333333336x2 =0 + .6666666672 as=0
6666666672 x2 = 1 + .3333333344 as=1
3333333344x2 =0 + .6666666688 ag=0
6666666688 x2 = 1 + .3333333376 az7=1
.3333333376x2 =0 + .6666666752 ag=0

666666666719 = .10101010, =.5 +.125 +.0313 +..0078 = .6641,

1101010102 =.1010 1010, =.AA¢ = 10/16 + 10/256 = .6641;, (Same as (b)).

1.14 (a) 1001 0000  (b) 0000 0000 (c) 1101 1010
Iscomp: 0110 1111 Iscomp: 1111 1111  Iscomp: 0010 0101
2scomp: 0111 0001 2s comp: 0000 0000  2scomp: 0010 0110
(d) 1010 _1011  (e) 1010 _0101 (f) 1111 1111
Iscomp: 0101 0100 Iscomp: 0101 1010  1scomp: 0000 0000
2scomp: 0101 0111 2scomp: 0101 1011  2scomp: 0000 0001
1.15 (a) 25,875,036  (b) 76,325,800
O9s comp: 74,124,963 9s comp: 26,674,199
10s comp: 74,124,964 10s comp: 26,674,200
(c) 25,101,236  (d) 00000000
9s comp: 74,898,763 9s comp: 99999999
10s comp: 74,898,764 10s comp: 100000000
1.16 C3AF C3AF: 1100 0011 1010 1111
15s comp: 3C50 Is comp: 0011 1100 0101 0000
16s comp: 3C51 2s comp: 0011 1100 0101 0001 =3C51
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1.17  (a)6,473 -5297 =1176
5297 — 05297 —94702 (9s comp) — 94703 (10s comp)
6473 — 5297 = 6473 + 94703 = 101,176 (positive)
Magnitude: 1,176
Result: 6,473 —5297 =1176
(b) 1,076 -3,217=-2,141
3,217 — 96,782 (9s comp) — 96,783 (10s comp)
1,076 — 3,217 =1,076 + 96,783 = 97,858 (negative)
Magnitude: 2,141
Result: 1,076 — 3,217 = -2,141
(¢) 4,361 — 04361 — 95638 (9s comp) — 95639 (10s comp)
2043 —4361 = 02043 + 95639 = 97682 (Negative)
Magnitude: 2318
Result: 2043 — 6152 =-2318
(d) 745 — 00745 — 99254 (9s comp) — 99255 (10s comp)
1631 -745=01631 + 99255 = 0886 (Positive)
Result: 1631 — 745 = 886
1.18 (a) 0 10110(22) (b) 0 100110
Iscomp: 1 01001 Iscomp: 1 011001 with sign extension
2scomp: 1 01010 2scomp: 1 011010
0 10111(23) 0 100010
Diff: 0 00001 (Positive) 1 111100 sign bit indicates that the
result is negative
Result: +1 0 000011 1s complement
0 000100 2s complement
0_000100 magnitude
Check:  23-22=+1 Result: -4
Check: 34 -38=-4
(c) 0 110101 (d) 0 010101
Iscomp: 1 001010 Iscomp: 1 101010 with sign extension
2scomp: 1 001011 2scomp: 1 101011
0001001 0 101000
Diff: 1 010100 (negative) 0 010011 sign bit indicates that the
result is positive
0 101011 (1s comp) Result: 199
0 101100 (2s complement) Check: 40 —21 =199
101100 (magnitude)
-444 (result)
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1.20

1.21

1.22
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+9286 — 009286; +801 — 000801; -9286 — 990714; -801 — 999199
(a) (+9286) + (_801)=009286 + 000801 = 010087

(b) (+9286) + (-801) = 009286 + 999199 = 008485

(¢) (-9286) + (+801) = 990714 + 000801 = 991515

(d) (-9286) + (-801) = 990714 + 999199 = 989913

+49 — 0 110001 (Needs leading zero extension to indicate + value);
+29 — 0 011101 (Leading 0 indicates + value)

-49 — 1 001110+ 0_000001— 1 001111
-29 — 1 100011 (sign extension indicates negative value)

(a)(+29) +(-49)=0 011101 +1 001111 =1 101100 (1 indicates negative value.)
Magnitude =0 010011 +0_ 000001 =0 010100 = 20; Result (+29) + (-49) = -20

(b) (-29) +(+49)=1_100011 +0 110001 =0_010100 (0 indicates positive value)
(-29) + (+49) = +20

(¢) Must increase word size by 1 (sign extension) to accomodate overflow of values:
(-29) + (-49) =11 100011+ 11 _001111 =10 110010 (1 indicates negative result)
Magnitude: 01 001110 =789
Result: (-29) + (-49) = -789

+9742 — 009742 — 990257 (9's comp) — 990258 (10s) comp
+641 — 000641 — 999358 (9's comp) — 999359 (10s) comp

(a) (+9742) + (+641) — 010383

(b)(+9742) + (-641) —009742 + 999359 = 009101
Result: (+9742) + (-641) = 9101

(c) -9742) + (+641) = 990258 + 000641 = 990899 (negative)
Magnitude: 009101
Result: (-9742) + (641) = -9101

(d) (-9742) + (-641) = 990258 + 999359 = 989617 (Negative)
Magnitude: 10383
Result: (-9742) + (-641) =-10383

6,514

BCD: 0110 _0101_0001_0100
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ASCI: 0 011 01100 011 0101__1 011 0001 1 011 0100
ASCIL: 0011 01100011 0101 1011 0001 1011 0100

3,274
BCD: 0011 0010 0111 0100
ASCII: 0011 _0011_1011_0010 1011 0111 _1011_0100

1.23

0111 1001 0001 ( 791)
0110 0101 1000 (+658)
1101 1110 1001
0110 0110

0001 0011 0100

0001 0001

0001 0100 0100 1001 (1,449)

1.24 (a) See text

[y

ecimal

(b)

[ e Y=l Y = W e W W )
OCOoOR—~R—~,O0OO0O O
R, R —, OO R —0O O &
R ORORORORON

D
0
1
2
3
4
5
6
7
8
9

1.25 (a) 6,428, BCD: 0110 0100 0010 1000
(b) Excess-3: 1001 0111 0101 1011

(©) 2421: 1100 0100 0010 1110
2421: 0110 0100 1000 1110

(d) 6311: 1000 0110 0010 1011
1.26 6,428 9s Comp: 3,571
6 4 2 8
2421 code: 0011 1011 0111 0001

1.25(c): 1100 _0100 0010 1110 (2421 code — alternative #1)
I's comp: 0011 1011 1101 0001 (2421 code - alternative #2)

6 4 2 8
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6,4285421 0110 0100 1000 1110(2421 code alternative #2)
Is comp 1001 1011 0111 _0001Match

5,736 9s Comp: 4,263
2421 code: 0100 0010 1100 0011
Is comp: 1011 1101 0011 _1100

1.27 For a deck with 52 cards, we need 6 bits (2° = 32 < 52 < 64 = 2°). Let the msb's select
the suit (e.g., diamonds, hearts, clubs, spades are encoded respectively as 00, 01, 10, and
11. The remaining four bits select the "number" of the card. Example: 0001 (ace)
through 1011 (9), plus 101 through 1100 (jack, queen, king). This a jack of spades
might be coded as 11_1010. (Note: only 52 out of 64 patterns are used.)

1.28 G (dot)  (space) B 0 0 1 e

11000111 11101111 _01101000 01101110 _00100000 11000100 11101111 11100101
1.29 Steve Jobs

1.30 73 F4 E5 76 ES 4A EF 62 73

73: 0 111 0011 s
F4: 1 111 0100 t
ES: 1110 0101 e
76: 0 111 0110 v
ES: 1110 0101 e
4A: 0100 1010 ]

EF: 1 110 1111 o

62: 0110 0010 b
73: 0 111 0011 s

Even parity
1.31 62 + 32 = 94 printing characters; 34 special characters
1.32 Complement bit 6 (from the right)
1.33  (a) 897 (b) 564 (c) 871 (d) 2,199
1.34 ASCII for decimal digits with even parity:

(0): 00110000 (1): 10110001 (2): 10110010 (3): 00110011
(4): 10110100 (5): 00110101 (6): 00110110 (7): 10110111
(8): 10111000 (9): 00111001

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .

All rights reserved.



© 2018 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.

10

CHAPTER 2

21 ()

Xxyz | x+ty+tz | (x+y+z)| x|y |z | x'yz xyz | (xvz) | (vz)! | x|y | 2 | x+y +z
000 0 1 1|11 1 000| O 1 1|1 |1 1
001 1 0 11110 0 001 0 1 11110 1
010 1 0 1101 0 010 O 1 1101 1
011 1 0 1100 0 011 0 1 1{0}0 1
100 1 0 0111 0 100 O 1 011 1
101 1 0 0110 0 101 0 1 0|10 1
110 1 0 0|01 0 110 0 1 01011 1
111 1 0 0]01]0 0 111 1 0 0]01]0 0
(b) (©)
xyz |x+tyz| (x+y) | x+z2) | k+y(x+z) xyz |\x(v+z)| xy | xz | xy+axz
000 0 0 0 0 000 0 0 0 0
001 0 0 1 0 001 0 0 0 0
010 0 1 0 0 010 0 0 0 0
011 1 1 1 1 011 0 0 0 0
100 1 1 1 1 100 0 0 0 0
101 1 1 1 1 101 1 0 1 1
110 1 1 1 1 110 1 1 0 1
111 1 1 1 1 111 1 1 1 1
(©) (d)
xyz | x |ytzixt(ytz) | (x+ty | (x+y+z xyz | yz | x(vz) | xy| (w)z
000 O 0 0 0 0 000]| 0 0 0 0
001 ] O 1 1 0 1 0010 0 0 0
010 O 1 1 1 1 010] 0 0 0 0
011] 0 1 1 1 1 0111 0 0 0
100 1 0 1 1 1 100 0 0 0 0
101 ] 1 1 1 1 1 1010 0 0 0
110 1 1 1 1 1 110 0 0 1 0
111 1 1 1 1 1 1111 1 1 1

2.2 @ xy+txy'=x@y+ty)=x
(b) (x +))(x +y) =x +yy'=x(x +y) Fy(x +y) =xx +xp Ty +yy'=x
(©) xyz +xly+xyz' =xy(z+z) +xly=xy +xy=y
(d) x+))'("+y)" = &Y)Ey) = &Y)(x) =x'y)x =0

@x+y+tz)xy +tz)=xx'y' +xz+yay' +yz+zx'y'+zz=xz+yz+x'yz’'
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() xlyz +xyz' +xyz +xyz' =xy(z +z) +xy(z +2) =xy txy=(x'+x)y=y

23 @ xyz+xy+xyz'=xy+xy=y
b) xyz+xz=(xy+x)z=zx+x)x+y)=z(x+y)
© (06 ) =xYE YY) =3
(d) xy +x(wz +wz') =x@y twz + wz') =x(w +y)
(€) (yz' +x'w)xy'+zw') = yzxy' + yz'zw’ + x'wxy' + x'wzw' = 0
O +z)x+y' +z)=xx+xy +xZ' +zx tzy' +z2' =xy +x2' +xz'+yz' =2
Y +2)
:Zr_i_yIZ/_Fxfy!:Z!_f_xfyl
2.4 (a) A'C'"+ ABC+ AC'=C'"+ ABC=(C+ C)(C'+ AB) =AB + C'
(b) B'C'"+D)'+D + BC+ AD = (B'C)'D'+ D + BC + AD =[(B + C)D' + D] + BC
+A4D =
=MD+D)YD+B+C)+BC+AD =D +AD +B+BC+ C=D(l +A4) +B(l +
C)+C
=B+C+D
(¢) A'B(D'+ C'D) + B(A+ A'CD) =B(A'D'+ A'C'D + A + A'CD)
=BA'D'+A+A'DC+C)=B(A+A(D'+D)) =BA+A)=8
d A'+C)A'"+C)A+B+CD)=(A"+CC)A+B+CD)=A'(A+B+C'D)
=AA'+ A'B+ A'C'D=A4'(B+ C'D)
(e) ABC'D + A'BD + ABCD = AB(C + C")D + A'BD = ABD + A'BD = BD
2.5 (a)
1 " Fsimpliﬁed
F
(b)
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(c)
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(d)

.
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D_F
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27 (a)
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(e)

37 Fsimp]iﬁet[

2.8 F'=mwx +yz)'=wx)'(vz)' = w' +x)O' +z2)

FF'=wx(w'+x)(y' +z) +yz(w' +x)(y' +z) =0
F+F' =wx+yz+(wx+yz))=A+A"=1withd =wx +yz

2.9 (@) F'=(y'+xy)' =) (xy) = &"+yx+y)=xy+xp

(b) F'=[(atc)(a+b)a+b+c)]" =(a+c)+(@+b) +(a+b+c)
=a'c't+a'b+ab'c

©)F =[z+z0v'w+xy)]' =z[ZOvw +xp)]' =z'[zvw + xpz']’
= 2Ew) (z)] =2z v w) (Y )
=zZz+zv+zw +zx'+ZYy' tZ'z=Zv +w +x"+y)
2.10 (a)F1 +Fg=2m1,~+2m2i=2(m1i+m2i)
(b) FIF2=2Zm;Zmywhere m;m;=01fi= jandm;m;=11if i =j
2.11 (@) Fx,y,z) =2(1,4,5,6,7)

(b)F(a, b, c) =2(0,2,3,4,5,7)

F=ac+bc
F=xy+xy'+yz =300,234357)
xyz | F abc F
000/| 0 000 | 1
001 | 1 001 0
010| 0 010 1
011 | 0 011 1
100 1 100 1
101 1 101 1
110 1 110 0
111 1 111 1
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2.12 A =1011 0001
B=1010 1100

(a) AAND B = 1010 0000
()  AORB=1011 1101
(¢©) AXORB =000 1101
d  NOTA=0100 1110
(&) NOTB=0101 0011

213 (a)
u X y z
?7 ?7 (u+x')
D_L Y=[(u+x)y'+2)]
(b)
u xy
X
| (u xory)'
(0
u x y z
?7 ?7 ?7 DLLEL x!)
- Y= )
' »v+z)
(d)
u xy z
?7 u(x xorz)
w Y=u(x xorz) +y'
y!
(e)
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uxyz

Y=u+yz tuxy

)

) Y=u+x+x'(u+y)

(u+y)

214  (a)

F=xy+xy'+yZz

(b)

) F=xy+xy'+tyz

=YYty @tz

(©)

) I: = )I: F=xy+xy'+y"=
[ D>— =) () ()]’
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(d)

=[()' (x¥)' 2T

—— b-— F=xy+xy' +yz

(e)

J F=xy+xy +y'z

=YY () @tz

2.15 (@)T; =A'B'C'+ A'B'C+ A'BC'=A'B'(C'+ C) +A'C'(B'+ B) = A'B' +A'C' = A'(B' +
C)

(b)T> =T,'= A'BC + AB'C' + AB'C + ABC' + ABC
=BC(A' + A) + AB'(C' + C) + AB(C' + C)
=BC+AB'+AB=BC+AB'+B)=A+ BC

3(,5,6,7)=T1(0,1,2,4)

T, =AB'C'+A'B'C+ A'BC' T,=ABC+AB'C'+ AB'C + ABC'+ ABC
A'B’ A'C’ AC' AC

T, =AB"A'C'=A4'(B"+ ()
BC
T, =AC'+ BC + AC = A+ BC
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2.16 (a)F(4, B, C) = A'B'C' + A'B'C + A'BC' + A'BC + AB'C’' + AB'C + ABC' + ABC
— A'(B'C' + B'C + BC' + BC) + A(B'C' + B'C + BC' + BC)
= (4" + A)(B'C' + B'C + BC'+ BC) = B'C' + B'C + BC' + BC
=B(C'+C)+B(C'+C)=B'+B=1

(b)F(x1, X2, X3, ..., X,) = Zm; has 2"/2 minterms with x; and 2"/2 minterms with x';, which
can be factored and removed as in (a). The remaining 2" product terms will have 2™'/2
minterms with x, and 2"'/2 minterms with x'>, which and be factored to remove x, and
x';. continue this process until the last term is left and x,, + x’, = 1. Alternatively, by
induction, F can be written as ' = x,G + x,G with G=1. So F = (x, + x",)G = 1.
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2.17 (a) F=(b+cd)(c+ bd)=bc+bd+ cd+ bcd
=23(3,56,7 11,13, 14, 15)
F'=2(0,12428 9 10, 12)
F=1I0,1 24289 10, 12)

abced
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

>—‘>—‘>—‘O>—‘OOO>—"—"—‘O>—‘OOO|51

(b) (cd+b'c +bd)(b+d) = bed + bd' + cd + b'ed = cd + bd'
= ¥(3,4,7, 11, 12,14, 15)
~11(0, 1,2,5,6,8,9,10, 13)

abcd| F
0000(0
0001(0
0010(0
0011(1
0100|1
0101(0
0110{0
1
0
0
0
1
1
0
1
1

0111
1000
1001
1010
1011
1100
1101
1110
1111

©)(c'"+d)b+c) =bc'"+c"+bd+c'd=(c'"+ bd)
= 2(0,1,4,5,7,8,12,13,15)
=11(2,3,6,9,10,11, 14)
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(d) bd' + acd' + ab'c +a'c’ = £(0,1,4,5,10,11, 14)
F'=%2(2,3,6,7,8,9,12,13,15)
F=11(0,2,3,6,7,8,12,13,15)

abcd
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

O>—‘O>—‘>—‘>—‘OOOO>—"—‘OO>—‘>—‘|\—”
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2.18 (a)

B

WXYZ F=xyz+xz+whky +wx'y + wxy

F=%(1,5,6,7,9,1011, 13, 14, 15)

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

—_—m e O e = = O = = O OO = O

(b)

5= Three-input AND gates

2 - Three-input OR gates
Alternative: 1 - Five-input OR gate
4 - Inverters

) F=xyz+xyz+whytwxy+twxy=yz+txy+wy=yz+yw+x)

d  F=yz+yw+y)=3(1,5,9 13,10, 11,13, 15,6, 7, 14, 15)
=3(1,5,6,7,9, 10, 11, 13, 14, 15)

(e)

== owwe

1 — Inverter, 2 — Two-input AND gates, 2 — Two-input OR gates
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2.19 F=BD+ A'D + BD
ABCD ABCD ABCD
-B"-D A'--D -B-D

0001 =1 0001 =1 0101 =5
0011 =3 0011 =3 0111 =7
1001 =9 0101 =5 1101 =13
1011 =11 0111 =7 1111 =15

F=3(1,3,57,9,11,13, 15)=11(0, 2, 4, 6, 8, 10, 12, 14)
2.20 (a) F(4, B, C, D) =%(2,4,6,8, 12, 14)
F'4,B, C,D) =%2(0,1,3,5,7,9,10, 11, 13, 15)
FA,B, C, D)=11(0,1,3,5,7,9, 10, 11, 13, 15)
(b) F(x,y,2)=11(3,5,7)
F'=T11(0, 1,2, 4, 6)
F=%2(0,1,2,4,6)
2.21 (@F(x, y, z) =2(1,3,5)=11(0, 2,4, 6, 7)
(b) F(, B C D)=11(3,5,8,11)= £(0,1,2,4,6,7,9, 10, 12, 13, 14, 15)
©) F(x,y,z) =11(0, 2,4, 6) =2(1, 3, 5, 7)
d)Fow, x, y,z) =2(1, 3,5 7,9) =10, 2,4, 6,8, 10, 11, 12, 13, 14, 15)
2.22 (@) (u+xw)(x +uv) =ux +uu'v+xxw+xwu'v=ux +xw+ xwu'v
=ux +xw=xu+w)
=ux + xw (SOP form)
= x(u + w) (POS form)
(b) X"+ x(x + y)(y +z) = x"+x(xy +xz"+yly +yZ)

=x"+xy +xz'+xyz' =x"+ xy +xz' (SOP form)
=x'+y+z)(POS form)

223 (a) BC'+ABC + ACD + BD

BC’

ABC

ACD

BD
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(b) (4+B)(C+D)A'+B+D)

A B C

ks

Wy
y

(¢) (AB + A'B)(CD' + C'D)

A B C D

V1YY Y

%]DJD—F

(d) A+CD+(4+DYB +D)

VIV Y

F

)
) >

2.24 x@y=xy+xy' andx®y) =x+y)x'+y)
Dual of xy +xy'=(x"+y)(x +y) =(x @ )’
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2.25 @x|ly=xy'=y|x=xY Not commutative
x|y)|z=xyz"=x|(v|z) =x(z)' =xy'+ xz Not associative

b)) (x@y) =xy'+xy=y@x=)yx"+yx Commutative

(x®@y) @z=(1,2,4,7)=x ®(y @z) Associative

2.26
NAND NOR
Gate (Positive logic)  (Negative logic)
Xy z Xy z Xy z
LL H 00 1 11 0
LH H 01 1 10 0
HL H 10 1 01 0
HH L 11 0 00 1
NOR NAND
Gate (Positive logic)  (Negative logic)
Xy z Xy z Xy z
LL H 00 1 11 0
LH L 01 0 10 1
HL L 10 0 01 1
HH L 11 0 00 1

227  fi=a'b'c’+a'bc'+a'bc + ab'c' + abc =a'c’'+ bc + a'bc’ + ab'c’

fo=a'b'c'+a'b'c +a'bc + ab'c' + abc = a'b'+ bc + ab'c’
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a'— | ‘'
b
20 o
@ I
b -
CH‘JI: c,_l_ )
a a
b — b
c/{ c'
a F a
b —1 1 b’%l )—
c_l_—>_ c'
a
A
c

a _l_ ,
r— i ] O—
C,{

a b
g D

Ll
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(a)y =a(bcd)'e = a(d'+c'+d)e

yv=a'+c'+d)e=ab’e+ac’e+ad’e
=2(17,19,21,23,25,27,29)
a bcde y a bcde y
00000 | O 1 0000 0
0 0001 0 10001 1
00010 | O 10010 0
00011 0 10011 1
00100 | O 10100 0
00101 0 10101 1
00110 | O 10110 0
00111 0 10111 1
0 0
01000 | O 11000 0
0 1001 0 11001 1
01010 | O 11010 0
01011 0 11011 1
01100 | O 11100 0
01101 0 11101 1
01110 | O 11110 0
01111 0 11111 0

M) y1=a®@(c+d+e)=a(c+d+e) +a(cde)=ac+ad+ae+acde

v =bct+d+e)f=bcf+bdf +bef

yy=a (ctd+e) =a'(c+d+e) +a(cde) =a'c+ad+ae+acde

y,=bc+d+e)f =bef+bdf+ blef

a'-c-—--
001000=8
001001 =9
001010=10
001011 =11

001100 =12
001101 =13
001110=14
001111 =15

011000 =24
011001 =25
011010 =26
011011 =27

011100 =28
011101 =29
011110=30
011111 =31

a'd-
000100 =8
000101 =9
000110 = 10
000111 =11

001100 =12
001101 =13
001110=14
001111 =15

010100 =20
010101 =21
010110=22
010111 =23

011100 =28
011101 =29
011110 =30
011111 =31

a'---e-

000010 =2
000011 =3
000110=16
000111 =7

001010=10
001011 =11
001110=14
001111 =15

010010=18
010011 =19
010110=22
010111 =23

011010 =26
011001 =27
011110=30
011111 =31

a-c'd'e’-

100000 = 32
100001 =33
110000 = 34
110001 = 35

-b'c--f

001001 =9
001011 =11
001101 =13
001111 =15
101001 =41
101011 =43
101101 =45
101111 =47

-b'-d-f

001001 =9
001011 =11
001101 =13
001111=15
101001 =41
101011 =43
101101 =45
101111 =47

-b' --ef

000011 =3
000111 =7
001011 =11
001111 =15
100011 =35
100111 =39
101011 =51
101111 =55
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y,=2(2,3,6,7,8,9,10,11, 12, 13, 14, 15, 18, 19, 22, 23, 24, 25, 26, 27, 28,
Zb, 30,31, 32,33,34,35)

¥, =2(3,7,9,13,15, 35,39, 41, 43, 45,47, 51, 55)

ab cdef Y ¥, abcdef |y, ¥y, ab cdef Yy ¥, abcdef |y, ¥,
000000 |0 O 010000 |0 O 10 0000 10 110000 |0 O
00 0001 00 01 0001 00 10 0001 10 11 0001 00
000010 10 010010 10 100010 10 110010 (0 0
000011 11 010011 10 100011 11 110011 01
000100 |0 O 010100 |0 O 100100 (0 O 110100 (0 0
000101 00 010101 00 100101 00 110101 00
000110 10 010110 10 100110 (0 0 110110 |0 O
000111 11 010111 10 100111 01 110111 01
00 1000 10 01 1000 10 101000 (0 0 111000 |0 O
00 1001 11 01 1001 10 10 1001 01 11 1001 00
00 1010 10 011010 10 101010 (0 O 111010 (0 0O
00 1011 10 011011 10 10 1011 01 111011 00
00 1100 10 01 1100 10 101100 (0 O 111100 |0 O
00 1101 11 011101 10 10 1101 01 111101 00
001110 10 011110 10 101110 (0 0O 111110 |0 0O
001111 11 011111 10 101111 01 111111 00

229 Xy +xz+x7Z=x7+y7 +x'z
Xy +x =x"+y7
x'=x' + 'z FALSE
2.30 (b+d)a'+b'+c)=ab+bb'+bc+a'd+bd+ecd=ab+bc+ad+bd+cd
2.31 a'b +a'c' +abc =a'bc + a'bc' + a'bc' + a'b'c' + abc =X (m3 + mp + my + my7)
(ab+a'c' +abc) = Z (m; + my + ms + mg)
(ab+a'c'+abc) =11 (M; + My + Ms + Mp)
(@b+a'c'tabc)=(a'"+b' +tc)at+tb' +c')a+b +c)at+b+c')
2.32

abc

= e e M

¢ |
jL> 7 |
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2.33

) >—=¢ , —

S S
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Chapter 3
3.1
yz J vz Y
1 1
X 00 01 11 10 * 00 01 11 10
my m; m3 my my m; m; m,
0 1 1 0 1 1
my ms m; me my ms ms mg
X [ 1 1 1 X [ 1 1 1 1
| R
z z
F=xy'+x7Z' F=z'+x'
vz Y yz y
1 1
* 00 01 11 10 * 00 01 11 10
my mj ms my my mj ms m;
0 1 1 1 1 0 1 1 1
my ms ms mg my ms my mg
X [ 1 1 X [ 1 1
L. Ox "0 ¢ |
z z
F=x"+y7% F=xz+yz+xly
3.2
vz J yz Y
1 1
* 00 01 11 10 * 00 01 11 10
m m; ms m, m m; Mg m,
0 1 1 0 1 1 1
m4 m5 m7 n16 m4 ms m7 m6
X 1 1 1 X 1 1 1
N |
z z
(a) F=xy"+xz (b) F=y+x"z
yz Y yz ’y—‘
x 00 01 11 10 x 00 01 11 10
Ty ", ; " my my m; m,
0 1 1 0 1 1 1
my ms m; mg my ms my mg
x [ 1 1 1 x| 1 1 1 1
Ly e
z z
F=x'+xy F=y+z
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(©) (d)

yz y yz
x 00 01 11 10 x 00 01 11 10
my m m; m; my my m3 my
0 1 1 0 1
my ms m;y mg my ms my Mg
X [ 1 1 1 x| 1 1 1 1 1
| e
z z
F=z F=x+yz
(e ®
33
yz B4 yz Y
1
* 00 01 11 10 * 00 01 11 10
mo m] m3 mz mo ml "13 1712
0 1 1 0 1 1 1 1
m4 mJ. m7 m6 m4 m) In7 mﬁ
X 1 1 1 X 1 1
N L
z z
(a) F=xy+xyz' +x%z' (b) F=xYy"+yz+xyz'
F=xy+x'z F=x"+yz
yz y yz
* 00 01 11 10 x 00 01 11 10
my my m; ms my mp ms m;
0 1 1 1 0 1
my ms my mg my ms my meg
X [ 1 1 1 X 1 1 1
| |
z z
F=xy+yz'+yZ F=xyz+xy2z' +xy'z
F==x'y+=z F=xyz+xy'

(© (d)
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yz y
* 00 01 11 10
m{] mI n’lj mz
0 1 1
m4 m5 Wl7 n’l6
X 1 1 1
N
z
(a) F=y
CD C
1
4B 00 01 11 10
m, m, my )
00 of%
. \S‘&
m, ms 7% = [ms
01 l&é
mp, mys 7 mig
11 1 1 1
4 mg my nyy o)
10 1
N
D
() F=CD + ABD + ABC
yz
wx 00 01 11 10
my my ms m;
00
my ms my mg
01
myp ny3 mys mpy
11 1 1 1
w mg my myy mjo
10 1
|
z

36

CD C
1
4B 00 01 1110
m, m; ms m,
00
m, m; m, m,
01 1 1 1
mp, ms mys my B
11 1
A Mg my my My
10
N
D
(b) F=BCD + A'BD’
vz
" 00 01 11 10
m, m ms Z
00 1 1
m, my m, m,
01
mp, Wig g ™y *
11 1 1 1 1
\d mg m, m, m,
10
N
z
() F=wX'y +wx
yz
W 00 01 11 10
my my m3 my
00
my ms my mg
01
o5 mjz mys miq X
11 1 1 1
w mg my mpy Lo
10 1 1
R
z

F=wz"+xy'w

(H)
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TN 00 01 11 ) 10 & ——
wXx
Ty "y sy s 00 01 11 10
00 1 1 my mp msz my
00 1 1
™ " " e m m m m
4 5 7 6
01 1 1 o1 1 1
mp; mp3 mis mpy x* x
11 1 1 miz mis mps myy
11 1 1
w
10 " " mul mml w mg my mj mipg
10 1 1
L |
z |
z
F=wy'+ why' F=wy'+ wYy

(8) (h)
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3.5
yz
1
wr 00 01 11 10
my my ms m;
00 1
my ms m; mg
01 1 1 1
mp mps mjs mpy
11 1 1 1
w mg mg my; mj
10
e |
z
(a) F=xz'+wh'z+ wxy
yz y
.. o, Ca 5l
wx 00 01 11 10
my my m; m;
00 1 1
my ms my me
01 1 1 1 1
mjp mp3 ms mpy
11 1 1
w mg my my mpg
10 1 1
|
z
(¢) F=z+xw
3.6
CD C
4B 00. 01 11 .10
my m; ms LC)
00 1 1
m4 7715 m7 m,}
01 1 1
mp; " mys my
11 1 1
4 g m, m,, myy
10 1 1
|
D
(a) F=B'"D'"+A'BD + ABC'
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CD
1
4B 00 01 1110
my mj m; ny
00 1 1
my ms n; Mg
01 1 1
miz mp3 mis miy B
11 1 1 1
A mg my my; mjg
10
e |
D
(b) F= A'C+ ABC'+ ABD'
CD ¢
1
4B 00 01 11 .10
my m m3 s
00 1 1
iy ms m; mg
01 1 1 1 1
mi; my3 mjs miy B
11 1 1
A mg my mp; myg
10 1
R
D
(d) F=BD+A'B+B'D'
or=BD + B'D'+ A'D’'
yz
wr 00 0Ll 10
m(} ml mj m_,
00 1 1
m4 m5 m7 m6
01 1 1
[ LR ms mpy *
11 1 1
w myg My my; on
10 1 1 1
[ —
z
(b) F=xy"+x'z + wx'y
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CD C CD C
AB 00 0L 11 10 4B 0 01 1110
my my m; m; my my m; m;
00 1 00 1 1
ny s m; mg my ms msy mg
01 1 1 01 1 1
mpz mp3 mips mpy mj; mis mjs mpy
11 1 11 1
4 mg my mp mjo 4 ms my mpy mjo
10 1 1 1 10 1
- | L |
D D
(@ F=CD+ABD + AB'C'
(©) F=A'BC'+B'C'D+ ACD + AB'C
3.7
CD CD
4B 0 01 dderdd 4B 0 01 11 10
my m s m; my ny m; m;
00 1 1 1 00 1
my ms my me my ms my me
01 1 1 01 1 1
mj2 mjs ms mpy mpz mjz mjs mpy
11 1 1 11 1 1 1
4 ms my miy mjp 4 mg my mp; mjo
10 1 1 1 10 1 1 1
L -1 .
D D
(a) F=D+ BC (b) F=A4D'+ C'D + BCD'
CD CD c
1 1
AB 00s 01 11 40 AB 00 01 11 10
my my m; %) my m m; m;
00 1 1 1 00
my s my me my s, m; me
01 1 1 01 1 1 1 1
mjpz ms mys myy my; mis mps miyq
11 1 1 11 1 1 1
A g my my; mg A mg my my; m
10 1 1 1 10
N N
D D
(© F=B'D' +AC + A'BD + CD (or B'C) (d) F=A'B+BD +BC
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3.8 (@ F(x,y,z)=23,5,6,7)
yz y
1
* 00 01 11 10
mn Iﬂ] mj m2
0 1
m4 1715 m7 m6
X 1 1 1 1
Ly
z
F =x'yz + xyz + xy'z +xyz'
() F=2(1,3,5,9,12,13, 14)
CD C
EEE—
AB 00 0l 11 10
I’}'l[7 ml mj m_,
00 1 1
m4 1715 m7 mﬁ
01 1
ny, ms ms mn, B
11 1 1 1
A g ny mp; m
10 1
\_% 0. D
D

F=A'B'C'D+A'BC'D+A'BC'D + ABC'D' + ABC'D + ABCD' + ABC'D

(¢ F=30,1,2,3,11,12,14,15)

yz ’_b‘
" 00 01 11 10
my m; mz m;
00 1 1 1 1
ny ms my mg
01
mp ms mps miy X
11 1 1 1
w mg my my mj
10 1
|
z

[ )

F=wX'y'z' + wX'y'z + wX'yz + wX'yz' + wxy'z' + wxyz + wxyz' + wx'yz
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(d) F=33,4,517,11,12)
CD C
1
AB 00 0l 11 10
mu ml l’i’lj ﬂlz
00 1
m4 mj m7 m5
01| 1 1 1
mn, s ms mny B
1] 1
A 7118 mg m” mm
10 1
N |
D
F=A'B'CD + A'BC'D'+ ABC'D + A'BCD + ABC'D' + AB'CD
3.9
yz y CD C
1
wx 00 01 11 10 AB 00 01 11 10
My (M m3 [ ) m; p— 77
00 1 1 00| 1 iy
m His - LA my ms 7\ me -
orf 1 | 1 1.\1;1 01 1 1
[ m - ms mjs ml; X mpz mjz 5 mpy B
11 1 1 11 1 1
w mg my my; My 4 mg my I LN
10 1 1 0] 1 { 1
B N
z D
(a) (b)
Essential: xz, xz' Essential: B'D’, AC, A'BD
Non-essential: w'x, w'z' Non-essential: CD, B'C
F=xz+x7"+Wxorw'z) F =BD"+ AC + A'BD + (CD
OR B'C)
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cD c
1
AB 00 01 11 10
my m; m3 m;
00 1 1

o1 |} 1 1 1 1

mjp; ms mys myy
11 1 1
4 mg mg mj; mjg
10 1 1
L |
D
(©)

Essential: BC' AC, A'B'D
Non-Essential: 4'B
F=BC'"+AC+ A'B'D

CD C
ABN__00 01 11 10
my my mj3 my
00 1 1 1
my ms my mg
01 1 1
mp; my3 mis mpy
11 1 1
A g my my; Myg
10 1 1 1
L |
D

Essential: BD, B'C', C'D
F=BD+B'C'"+(C'D

3.10

42
yz ’_b‘
wx 00 01 11 10
my my ms; m;y
00 1 1
my ms my mg
01 1 1
s m. 1 B ppemeemes, X
1|1 1 1 1
\ J
w mg my mp mjg
10 1 1
N
zZ
(d)
Essential: wy’, xy, w'xz
F=wy'+xy+wk'z
yZ
wx 00 01 11 __10
my my ms m;
00 1 1 1
my ms my me
01 1 1
my; mys mjs mpy
11 1
w mg my my My
10 1 1
N
zZ

Essential: xz', w'y'z, xyz
F=xz"+wh'z + xyz
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yz y CD C
1
wx 00 01 1110 4B 00 01 11 __10
my m; mz my my my ms my
00 1 1 00 1 1 1
my ms my mg my ms my mg
01 1 1 01 1 1
mj> mjs3 mys mpy X mp> ms ms mpy B
11 1 1 1 1 11 1 1
w mg my mp; mijg 4 ms my mp; mio
10 1 1 10 1 1 1
|
z D
F=2(0,2,5,7,8,10, 12, 13, 14, 15) F=2(,2,3,57,8,10,11,
14, 15)
Essential: xz, wx, xz’ Essential: AC, B'D’ CD,
A'BD
F=xz+wx+x'%2 F=AC+B'D'+ CD + A'BD
(@) (b)
CD C vz
1
4B 00 0l 11 10 wx 00 01 11 10
my m; m; m, my m; ms m;
00 1 1 00 1 1
my ms my meg m“, ms msz Mg
01 1 1 01 [ (1 1 1 1
mp mpz mys miy B mi: mis mis miy x
1|1 1 I n 11 1 1
4 mg my mp; myg w mg my mp; mjg
10 1 1 10 1 1
| R
D z

F=2(1,3,4,5,10,11, 12, 13, 14, 15)
14, 15)
Essential: AC, BC', AB'D

Non-essential: AB, A'B'D, B'CD, A'C'D

wwz, wix'z
F=AC+ BC' + A'B'D

Q)

F=3(0,1,4,5,6,7,9, 11,

Essential: w'’, xy, wx'z
Non-essential: wx, x''z,

F=wy"+xy +wx’z

(d)
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CD C
1
ABN 0001 1110
my my ms my
00 1 1 1
my ms my mg
01 1
m> m3 mys miy
11 1 1
4 ms my mpy mjo
10 1 1 1
b |
D

F(A, B, C,D)=95(0, 1,3, 78,9, 10,13,15)

10, 15)
Essential: B'C’ AB'D'

Non-essential: ABD, A'CD, BCD

F=B'C'+AB'D'+A'CD +ABD

(e)

44
vz S
wx 00 01 11 10
my mj ms m;
00| 1 1 1
my ms mz Mg

o1 | {1 1 1 1

mpz mp3 mjs miy x
11 1
mg mg mj; mjg
10 1
|
z

F=5(0,1,2,4,5,6,7,

Essential: w'y', w'z’, xyz, x'yz’
Non-Essential: w'x

F=wy +wZz'+xyz +x'yz’'

)
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3.11 (a) F(w,xy,2z)=3(0,1,2,5,8,10,13)

vz y yz y
1 1
wx 00 01 11 10 wx 00 01 11 10
my m m; m, my my m3 my
00 1 1 1 00 1
my ms my meg my ms my meg
01 1 01 1 1 1
my; mis mys mpy X my; mis mys miy X
11 11 1 1 1 1
w mg my my; mjg w mg my mp mjg
10 1 1 10 1 1
| R
z z
F=xz'+wXy'+wly'z F'=wz+xz'+yz

F=(W+z)x'"+z)(y' +2)
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312 (a)
F=T11(1,3,5,7, 13, 15)
F=(A'+B'+C' +D)(A'+ B'+ C + D)(A' +B +C' + D)(A' + B + C + D)
(A+B+C' +D)(A+B+C+D)
F'=ABCD' + ABC'D' + AB'CD' + AB'C'D' + A'B'CD' + A"B'C'D' = 3(0, 2, 8, 10, 12,

14,)
CcD C
AB 00 01 11 10
ol o | 3 0
01 4 5 7 6
mjz mys mps mpy B
1l o 0
A mg mg my; mj
10| o 0
. ]
D
F'=AD'+B'D'=(A+B")D'
F=AB+D
(b)
F=1II(1, 3,6,9,11, 12, 14)
F'=2(1,3,6,9,11, 12, 14)
F=2(0,2,4,5,7,8,10,13, 15)
F=BD +B'D'+ A'BC' (or A'C'D')
CD C
AB 00 0b.dl 10
0| o o |
01 4 5 7 60
O m; m;s m, B
1| o ‘ 0
4 mg mg ny, m,
10 0 0
|
D
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313 (a) F=A'C'"+B'C'+BC'"+AB=A'C'+C'"+ AB=C'+ 4B

BC B
ANC 00 ol 11 10
m, m; m; m,
ol 1 1
ms ms m; me
A[ 1] 1 1
L ]
c
F'=4'C+B'C

F=(4+C)B+C)

(b)F = ACD' + C'D + AB' + ABCD

CD C
%, 5,0, O]
4B 0 01 11 10
my mj m3 m;
00 1
my ms my mg
01 1
mjp mps mys My B
11 1 1 1
A mg Mmy mij mjo
10 1 1 1 1
L |
D

F=AC+ AB'+ C'D
F'=A'C+A'D'+ BC'D'
F=(4+ C)(A+D)B+C +D)
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(©)

F=A"+B+D)A'+B'+C)A'"+B"+C)(B'+C+D)
F'=AB'D + ABC + ABC' + BC'D

CD C
1
4B 0 0l 11 10
my my ms mj
00 0 0
my ms my mg
01 0
mps myz ms miy B
11 0 0 0 0
A mg my mpy mj
10
L |
D
F'=4B + BC'D
F=(4A'"+B)B +C+D)
F=A4A'D'"+ A'BC + AB'
CD C
4B 0 0l 11 10
mgy my msz my
00 1 0 0 1
my ms my me
01 1 0 1 1
mp; my3 mys miy B
11 0 0 0 0
A mg my mj; myo
10 1 1 1 1
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(d)

F=BCD'+ ABC'+ ACD

CD C CD C
1 1
4B 0 0l 1110 AB N 20000l 11 10
my m ms m; my m 13 m;
00 00 0 0 0 0
my ms my mg my ms my mg
01 1 01 0 0 0
mjz mp3 mjs mpy B mp> mys mys Ny B
11 1 1 1 11 0
4 mg my myp mjo A mg g, myy My
10 1 10 0 0 0
| - |
D D

F'=A'C'+ A'D + B'C'+ A'B'+ ACD"\
F=A+C)(A+D)B+C)(A+B)A'+C'"+D)

3.14

CD C CD C
1 1
AB 00 0l 11 10 A5 00 0ol 1110
my ny m3 m; my my n3 n;
00| 1 1 00 0 0
my ms my Mg my ms msz .. . mg
01 1 01] 0 0] 0
mj; mp3 mis mpy B mp; 3 mys L |Mig B
11 1 1 o 0 |:0:
A mg Mg my mpp A mg Mg my; mpg
10 1 1 10 0 0
N N
D D

SOP form (using 1s): F=A'BC'D + AB'CD + A'B'C' + ACD'
F=AB'C'+A'C'D + AB'C + ACD'

POS form (using 0s): ~ F'=AC'+ A'C + A'C'D' + ABD
F=(A'"+C)(A+C)(A+C+D)A'+B +D)

Alternative POS: F'=AC'"+4A'C+A'C'D'+ BCD
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F=A"+C)A+C)A+C+D)B' +C'"+D)
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3.15
CD C
1
4B 0 01 1110
my m ms ny
00 1 X
my ms my mg
yz E A 01| x 1
TN_00 o1 11 10 B
my m ms my mp> mys mps miy
0 1 1 X X 11 1 1
my ms my Mg 4 mg my myy mjg
X [ 1 1 1 X 1 10 1 X
L |
L |
‘ D
F=1 F=A4'D"+ B'D'+ BCD'+ ABC'D
F=20,1,2,3,4,5,6,7) F=2(0,2,4,6,8,10, 13, 14)
(@ (b)
CD C CD C
IZIEZEN 1
4B 00 0l 11 10 4B 00 01 11 ___10
my m ms m; my my ms m;
00 X 00 X 1
my ms m; 1 my ms m; mg
01 1 1 1 01 1 1 X
mpz mjs ms mpy B mjp> mjs mys mpy B
11 1 1 1 11 1
4 mg my my; mp 4 mg my mpy myg
10 X X 10 X 1
L | L |
D D
F=BC+ CD+ ABD'+ A'BD F=B'D'+CD"+ A'BC
F=2@3,56,7,11,12, 14, 15) F= F=20,2,4,6,7,8, 10,
12)
(©) (©)
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3.16 (a)
CD C
4B 0 01 11 10
my my m; m F=C+D'
o0 1 1 1 F= (C'D)’
my ms my mg
01 1 1 1
mp; mp3 mys mpy B D 3)— F
1l 1 1 ¢
A mg my myy Mo
10 1 1 1
|
D
(b)
CD C
I . L O, ]
4B 00 0l dl. 10
my m m% m; F=AD + B'D + CD
00 1 | F= ((4D)'(B'D)' (CD))’
my ms niz g ]
01 1 D -
mjp mps mys mpy B B' -]
11 1 1 D —_>’_ > F
A mg my myy mj C 4
10 1 1 D —
|
D

() F=(d'+C'+D)A +C)C +D)
F'=("+C'+D)' + (A +C) +(C'+D)’
F'=ACD + AC + CD

cD c
1
AB 00 01 11 10 F=C'+A4D'
my m; ms my F= (C(A +D))'
00| 1 1o |1 F = (C(A'D))’
my ms m; mg

o1 1 1 0 1 ¢ —\
mp> mj3 mys mpy B
1| 1 1 0 0 F

mg my mpp mp A"
10 1 1 0 0 D' —
L |
D
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(d)

cD c
1
AB 0 01 11 10 F=A'+B+D'
= = = T= F = (A(B)D)’
ool 1 | 1|1 |1 (AEID)
y
B B’ —] P F
4 D
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3.17 (a)
CD C
AB 00 0l 11 10
mgj mj m; m; A" ]
00| I'1 1 1 1 J” _3—
01 B R 7 I
mp; mp3 mjs mjy B C _3___} F’
11 1
A ms my my; mio ¢
10 1 1 D'_}
|
D
F=AB'+B'C+CD'
F=(A+B)B+C)(C+D)
F=((4'B)'(B'C)'(CD)')’
F'=(4'B)(B'C)(CD")’
F=A'B"+B'C+CD'
F=((A+B)(B+C)(C'+D))’
F=[(A'B)'(B'C)’'(CD’)']" (nand gates)
(b)

F'=ma4+ ms + m7 + miz + miz + Mis + mg+ mo + mi1
F'=BC'+BD + AC’

F= (BC')'(BD)' (AC')’

F=@B+C)(B' +D)A'+C)
F'=B+C)+ @B +D)+A4A"+(C)
F=[B"+C)'+@B +D)'+A4"+C)]' (nor gates)

B/
C

) > —
5 >
) o—

A!
C

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .

All rights reserved.



© 2018 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.

55

(3.18) (a)
F(A, B, C,D) = (AXORB)'(C XOR D)
=(A'B+ AB')' (C'D + CD")
=((A'B+ AB') + (C'D + CD"))’
=((A+B)+(A'+B))+((C+D)'+(C'+D)) "' (nor gates)

4
BI
AI
B :I>T F'
C
D!
Cl
D

(b)

F(A, B, C, D) = (A XOR B)'(C XOR D)
= (A'B+AB")' (C'D +CD)
= (A'B)' (AB')' ((C'D)' (CD')")' (nand gates)

Ar —]
B —]
A -
B' —

: :Dpf

D!

Dﬁ F

319 (a) F=(w+2)& +2)Ww +x' +)

yZ
wx 00 01 11 10
m0 m, mj n12
0] 1 1 y
z
m4 m5 m7 m6
o] 1 1 w
X X
m, m; m;s mg, F
1| 1
w
w Wl(‘K m9 m” lﬂw z
0]l 1 1 1 1

z

F=yZ'+wx"+w?Z'
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F=[(y+2) + (W )"+ (w+2)]
FI=[ly+2)"+ (0 + )"+ (0 +2)

(b)
yz
" 00 01 11 10
my my ms m; y
00 1 1 z'
my ms my mg y’
01 z
F/

mp mis mjs miy X
1| 1 1 é
w mg my mp; mp ,
10 0

e |

F=2(0,3,12,15)
F'=yz+yz' + wx +wx'=[(y + 2)(w + x)(w + x)(W' + x)]'
F= (y+ZQ'+(y'+Z)'+(w+x9'+ w' +x)

©F = [(x + P+ 2)]'= (x +3)' + (' +2)'
F'=[(x+y)'+@+2)]

y

’

X
z
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3.20 Multi-level NOR:

F=ACD(B + C) + (BC' + DE)
F'=[ACD(B + C) + (BC' + DE)]’
F'=[(A"+C'+D)(B+C)+(B'+C)'+ D' +E)]
F'=[(A"+C'+D)+@B+C)')'+B"+C)'+ (D' +E)]
F'=[(A'+C'+D'+B+C)) + (@B +C)+ D +E)]

Ar
Cr
DI

B
C

¢ > 2 >
=

Multi-level NAND:

F=CD(B + C)A + (BC' + DE))
F'=[CD(B + C)A4]' [BC' + DE]'
F'=[CD(B'C!)'A]' [BC' + DE"]'
F'=[CD(B'C)4]" [[ (BC)' (DE)]']’

L
Y

q

1

MO A% 5arQ

3.21 F=wkx+y+z) +xyz
F'=[wx +y+2)][xyz]" = [wxyZz))]'(xvz)’
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3.23
CD C
1
4B 20, 01 1110
my mp ms ms
00 X X 1
My ms n; ms A
01 1 X B'
mp2 mj3 mjs mpy B C’ F
11 1 1 D
A ms my mp mijg
10 X 1
N
D
F=BD'"+AD'+ C'D'
F'=D + A'BC
F=[D+ABC]'=[D+((A+B" +C)7]'
3.24 F(A,B,C,D) =S(0, 4,89, 10,11, 12, 14)
CD C
1
4B 00 0L 11 10
n, m, m, m,
00 1
m, m; m, m,
01 1
g mps mys My B
11 1 1
4 iy 27 "y 0
10 1 1 1 1

(a)F = C'D' + AB' + AD’
F'=(C'D)'(4B")'(AD")’

|
D
AND-NAND:
S D
P
—

4
D" —

(b) F'=[C'D'+ AB' + AD']'
AND-NOR:
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C/
D/

A
Bv

A
D'

W@V

(¢) F=CD'+AB'+ AD'=(C + D)’ + (A' + B)' + (A’ + D)’
F'= (C'D")'(AB")'(AD")' = (C + D)(A' + B)(A' + D)
F=[(C+D)A'+B)A'+D)]'

OR-NAND:

oA

Y99

D

SES

(d) F=C'D'+AB"+ AD' = (C + D)’ + (A'+ B)' + (4’ + D)’

NOR-OR:
c
D
A F
5 A >——0) >
5T
D
3.25
5 10, 4
B
c )~ aBcD A+B+C+D
= ¢
D
AND-AND — AND OR-OR — OR
10, /
, B
c p- (4B CD) (A+B+C+D)
=i ¢
D
AND-NAND — NAND OR-NOR — NOR
5 DL: =
15 allaV Vi B —
D :Z>°f A+B+C+D . ABCD
NOR-NAND — OR NAND-NOR — AND
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y A'B’ p
B —
Y alip i B
c A'B'C'D A +B' +C'+ D'
' C — ’
D cp A+B+C+D) D (A+B+C+D)
NOR-AND — NOR NAND-OR — NAND

The degenerate forms use 2-input gates to implement the functionality of 4-input gates.

3.26
g=(a+tb+c'+d)b'+c' +d)a+c+d)
f=abc'+c'd+a'ed+ b'ed' g'=a'b'ed + bed' + ac'd
cd c cd c
1 1
b N_00 011110 ab 0 011110
m{) mI mj mz I‘I‘lU ml ”‘13 mz
00 1 1 00 1 1 0 1
m4 mj ﬂ’l7 I’Vl(S m4 m5 ”‘17 I716
01 1 1 01 1 1 1 0
ZE) m; ms My b Eip) mpz m;s my b
11 1 1 11 1 0 1 0
a mg my m m a mg my m, My
10 1 1 10 1 0 1 1
| |
d d
feg =ac'd + abc'd + b'cd’
3.27 x@y =x'y +xy; Dual = (x' + y)(x +y') = (xDy)’
3.28
X
y
x
- z
P
(a) 3-bit odd parity generator (b) 4-bit odd parity generator
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3.29 D=4® B®C
E=A'BC+AB'C =(A® B)C
F=ABC'+ (A'+ B)C=ABC'+ (AB)'C = (AB) ®C
G =A4BC
A ®B
4 — S > S—> D=4®BaC
Half-Adder c Half-Adder
B — C = C— E=(@AoB)C
S+ F=(4B) o C
Half-Adder
Cr— G=4BC
AB
3.30 F=AB'CD'+ A'BCD' + AB'C'D + A'BC'D
F=(A®B)CD'+ (4 ®B)C'D=(A®B)(C®D)
5 @1
B
[ -~
s
D
3.31 Note: It is assumed that a complemented input is generated by another circuit that

is not part of the circuit that is to be described.

From Fig. 3.20a:

C Wi

G
D Wy
B G,

w3

A Gs F
B G \ W4 GS
o L/

(a)Verilog/SystemVerilog

module Fig_3 20a_gates (F, A, B, C, C_bar, D);

output F;

input A, B, C, C_bar, D;
wire w1, w2, w3, w4;
and (w1, C, D);

or (w2, w1, B);

and (w3, w2, A);
and (w4, B, C_bar);

or (F, w3, w4);
endmodule
VHDL

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.

M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

64

entity Fig_3_20a_gates is
port (F: out Std_Logic; A, B, B_bar, C, C_bar, D: in Std_Logic);
end Fig_3_20a_gates;

architecture Gates of Fig_3_20a_gates is
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component or2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
signal C: Std_Logic;
begin -- Instantiate components
G1: and2_gate port map (w1 =>y, C =>xin1 =. C, D => xin2);
G2: or2_gate port map (w2 =>y, w1 =>xin1, B => xin2);
G3: and2_gate port map (w3 =>y, w2 => xin1, A => xin2);
G4: and2_gate port map (w4=>y, B => xin1, C_bar => xin2);
G5: or2_gate port map (F =>y, w3 => xin1, w4 => xin2);
end Gates;

entity and2_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic);
end and2_gate;

architecture Behavioral of and2_gate is
begin

y <= xin1 and xin2;
end and2_gate;

entity or2_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic);
end or2_gate;

architecture Behavioral of or2_gate is
begin

y <= xin1 or xin2;
end or2_gate;

From Fig. 3.20b:

C
D —— G "
W

w3

G;

B

A

B —

et Gy P

(b) Verilog/SystemVerilog

module Fig_3 20b_gates (F, A, B, B_Bar, C, C_bar, D);

output F;

input A, B, B_bar, C, C_bar, D;
wire w1, w2, w3, w4;

not (w1_bar, w1);

not (w3_bar, w3);

not (w4_bar, wé);

nand (w1, C, D);

or (w2, w1_bar, B_bar);
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nand (w3, w2, A);

nand (w4, B, C_bar);

or (F, w3_bar, w4_bar);
endmodule
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entity Fig_3_20b_gates is
port (F: out Std_Logic; A, B, B_bar, C, C_bar, D: in Std_Logic);
end Fig_3_20b_gates;

architecture Gates of Fig_3_20b_gates is
component nand2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component inv_or2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);

begin
G1: nand2_gate port map (w1 =>y, C => xin1, D => cin2);
G2: inv_or2_gate port map (w2 =>y, w1 =>xin1, B => xin2);
G3: nand2_gate port map w3 =>y, w2 => xin1, A => xin2);
G4: nand2_gate port map (w4 =>y, B => xin1, C_bar => xin2);
G5: inv_or2_gate port map (F =>y, w3 => xin1, w4 => xin2);
end Gates;

entity inv_or2_gate is
port (y: out Std_logic; xin1, xin2: in Std_Logic);
end nand2_gate;

architecture Behavior of inv_or2_gate is

begin

y <=

not (not(xin1) and not(xin2));

end Behavioral;

entity nand2_gate is
port (y: out Std_logic; xin1, xin2: in Std_Logic);
end nand2_gate;

architecture Behavior of nand2_gate is

begin

y <= not (xin1 and xin2);
end Behavioral;
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Std_Logic);

Std_Logic);

(d)

67

Verilog

module Fig_3 21a_gates (F, A, A_bar, B, B_bar, C, D_bar);
output F;
input A, A _bar, B, B _bar, C, D_bar;

wire w1, w2, w3, w4;
and (w1, A, B_bar);
and (w2, A _bar, B);
or (W3, w1, w2);
or (w4, C, D_bar);
and (F, w3, w4);
endmodule
VHDL

entity Fig_3 21a_gates is
port (F: out Std_Logic; A, S_bar, B, B_bar, C, D_bar: in Std_Logic);
end Fig_3_

architecture Gates of Fig_3 24 is
component and2_gate port (y: out Std_Logic; xin1, xin2: in

component or2_gate port (y: out Std_Logic; xin1, xin2: in

signal w1, w2, w3, w4: Std_Logic
begin
G1: and2_gate port map( w1 =>y, A =>xin1, B_bar => xin2);
G2: and2_gate port map( w2 =>y; A bar => xin1, B => xin2);
G3: or2_gate port map( w3 =>y, w1 =>xin1, w2 => xin2);
G4: or2_gate port map( w4 =>vy, C => xin1, D_bar => xin2);
G5: and2_gate port map( F =>y, w3 => xin1, w4 => xin2);
end Gates;

Verilog
module Fig_3 21b_gates (output F, input A, A_bar, B, B_bar, C_bair,

wire w1, w2, w3, w4, F_bar;
nand (w1, A, B_bar);

nand (w2, A_bar, B);

inv_or2 (w3, w1, w2);

inv_or2 (w4, C_bar, D);

nand (F_bar, w3, w4);

not (F, F_bar);
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(e)

68

endmodule

module inv_or2 (y, xin1, xin2);
assign y = (Ixin1) || (!xin2);
endmodule

VHDL
entity Fig_3 21b_gates is

port (F: out Std_Logic; A, A_bar, B, B_bar, C_bar, D: in Std_Logic);
end Fig_3_21b;

architecture Gates of Fig_3 21b is
component nand2_gate port (y: out: xin1, xin2: in Std_Logic);
component inv_or2 port (y: out Std_Logic; xin1: xin2: in

component inv_gate port (y: out Std_Logic; x: in Std_logic);
signal w1, w2, w3, w4, F_bar: Std_Logic;

begin
G1: nand2_gate port map (w1 =>y, A =>xin1, B_bar => xin2);
G2: nand2_gate port map (w2 =>y, A_bar => xin1, B => xin2);
G3: inv_or2 port map (w3 =>y, w1 => xin1, w2 => xin2);
G4: inv_or2 port map (w4 =>y, C_ba =>x_in1, D => xin2);
G5: nand2_gate port map (F_bar =>y; =>w3 xin1, w4 => xin2);
G6: inv_gate port map (F =>y; F_bar => x);

end Gates;

Verilog
module Fig_3 24 gates (F, A, A_bar, B, B_bar, C, D, E_bar);
output F;
input A, B, C, D, E_bar;
wire w1, w2;
nor (w1, A, B);
nor (w2, C, D);
inv3_and MO (F, w1, w2, w3);

endmodule

module inv3_and (output y, input xin1, xin2, xin3);
assign y = (Ixin1) && (!xin2) && (!xin3);
endmodule

VHDL

entity Fig_3 24 gatesis

port (F: out Std_Logic; A, A_bar, B, B_bar, C, D, E_bar: in
Std_Logic);
end Fig_3 24 gates;
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architecture Gates of Fig_3 24 is

component nor2_gate part (y: out Std_Logic; xin1, xin2: in
Std_Logic);

component inv3_and_gate (y: out Std_Logic; xin1, xin2, xin3: in
Std_Logic);

signal w1, w2: Std_Logic;
begin

G1: nor2_gate port map (w1 =>y; A => xin1, B => xin2);

G2: nor2_gate port map (w2=>y, C =>xin1, D => xin2);

G3: inv3_and_gate port map (F =>y, w1 => xin1, w2 => xin2, E_bar
=> xin3););
end Gates;

entity inv3_and_gate is
port (xin1, xin2, xin3: in Std_Logic; y: out Std_Logic);
end inv3_and_gate;

architecture Operators of inv3_and_gate is
begin

y <= (not xin1) and (not(xin2)) and (not(xin3));
end Operators;

(f) Verilog
module Fig_3 25 gates (F, A, A_bar, B, B_bar, C, D_bar);
output F;
input A, A _bar, B, B_bar, C, D_bar;
wire w1, w2, w3, w4;
and (w1,!A_bar, IB); // alternative would use inverters
and (w2, A, IB_bar);
nor (w4, C, D _bar);
nor (w3, w1, w2);
and (F, w3, 'W4)
endmodule
VHDL

entity Fig_3 25is
port (F: out Std_Logic; A, A_bar, B, B_bar, C, D_bar: in Std_logic);
end Fig_3_25;

architecture Gates of Fig_3 25is
component inv2_and_gate port (y: out Std_Logic, xin1, xin2: in
Std_Logic);
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component nor2_gate port (y: out Std_Logic; xin1, xin2: in
Std_Logic);
signal w1, w2, w3, w4: Std_Logic;
begin
G1:inv_or2 port map (w1 =>y, A_bar => xin1, B => xin2);
G2: inv_or2 port map (W2 =>y, A =>xin1, B_bar => xin2);
G3: nor2_gate port map (w4 =>y, C =>xin1, D_bar => xin2);
G4: nor2_gate (w3 =>y, w1 =>xin1, w2 => xin2);
G5: inv_and2 port map (F =>y, w3 => xin1, w4 => xin2);
end Gates;

entity inv2_and_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic;);
end inv3_and_gate;

architecture Operators of inv3_and_gate is
begin

y <= (not xin1) and (not xin2);
end Operators;

Note: It is assumed that a complemented input is generated by another circuit that
is not part of the circuit that is to be described.

Note: Because the signals here are all scalar-valued, the logical operators (!, &&,
and ||) are equivalent to the bitwise operators (~, &, |). If the operands are
vectors the bitwise operators produce a vector result; the logical operators
would produce a scalar result (i.e., true or false).

(a) Verilog/SystemVerilog

module Fig_3 20a_CA (F, A, B, C, C_bar, D);

output F;
input A, B, C, C_bar, D;
wire w1, w2, w3, w4;

assign w1 =C &&D;

assign w2 =w1 || B;

assign w3 = (w2 && A);

assign w4 = (B && C_bar);

assign F =w3 || w4);
endmodule

VHDL
entity Fig_3 20a_SA s

port (A, B_bar, C, D: in Std_Logic);
end
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architecture Sig_Assign of Fig_3 20a_SA'is
signal w1, w2,w3, w4: Std_Logic;
begin
w1 <=C and D;
w2 <=B or wi;
w3 <=BandA;
w4 <= B and C_bar;
F <= w3 or w4;
end Sig_Assign;

Verilog
module Fig_3 20b_CA (F, A, B, C, C_bar, D);
output F;
input A, B, B bar, C, C bar, D;
wire w2 = lw1;
wire w3 =B bar;
wire w4, wb, wb_bar, w6, wb_bar;
assign w1 =(C && D);
assign w4 =w2 || w3;
assign w5 = (w4 && A);
assign w5 _bar = w5;
assign w6 =!(B && C_bar);
assign w6 _bar = IwG;
assign F =w5_bar || w6_bar;
endmodule
VHDL

entity Fig_3 20b_SA'is
port (F: out Std_Logic; A, B, B_bar, C, C_bar, D: in Std_Logic);
end

architecture Sig_Assign of Fig_3 _20b_SA'is
signal w1, w2, w3, w4, w5, w5 _bar, w6, w6_bar: Std_Logic;
begin
w1 <= not (C and D);
w2 <= not w1;
w3 <= not B_bar;
w4 <= w2 or w3;
w5 <= not (w4 and A);
w5 _bar <= not w5;
w6 <= not (B and C_bar);
w6_bar <= not w6;
F <= wb5_bar or w6_bar;
end Sig_Assign;
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Verilog
module Fig_3 21a_CA (F, A, A_bar, B, B_bar, C, D_bar);
output F;
input A, A bar, B, B bar, C, D_bar;
wire w1, w2, w3, w4;
assign w1 =A && B_bar;
assign w2 =A_bar && B;
assign w3 =w1 || w2);
assign w4 =C || D_bar;
assign F =w3 || w4;
endmodule

VHDL

entity Fig_3 21a_SAis
port (F: out Std_Logic; A, A_bar, B, B_bar, C, D_bar: in Std_Logic);
end
architecture Sig_Assign of Fig_3 21a_SA'is
signal w1, w2, w3, w4: Std_Logic);
begin
w1 <= Aand B _bar;
w2 <= A_bar and B;
w3 <= w1 or w2;
w4 <= C or D_bar;
F <= w3 or w4,
end Sig_Assign;

module Fig_3 21b_CA (F, A, A_bar, B, B_bar, C_bar, D);
output F;
input A, A bar, B, B _bar, C_bar, D;
wire w1, w2, wl_bar, w2_bar, w3, w4, w5, w6, F_bar;
assign w1 =!(A && B_bar);
assign w2 =!(A_bar && B);
assign w1_bar = lw1;
assign w2_bar = lw2;
assign w3 =w1_bar || w2_bar;
assign w4 =!C_bar;
assign w5 =1D;
assign w6 =w4 || w5;
assign F_bar = (w3 && wb);
assign F =!F_bar;
endmodule
VHDL
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entity Fig_ 3 21b_SA'is

port (F: out Std_Logic; A, A_bar, B, B_bar, C, D: in Std_Logic);

end

architecture Sig_Assign of Fig_3 21b_SA'is
signal w1, w1_bar, w2, w2_bar, w3, w4, w5, w6, F_bar: Std_Logic);

begin

w1 <= not (A and B_bar);
w2 <= not (A_bar and B);
w2_bar <= lw2;
w1_bar <= not w1;
w3 <= w1_bar or w2_bar;
w4 <= not C_bair;
w5 <= not D;
w6 <= w4 or w5;
F_bar <= not (w3 and wb6);
F <= not F_bar;

end Sig_Assign;

(e) Verilog

module Fig_3 24 CA (F, A, B, C, D, E_bar);

output F;

input A, B, C, D, E bar;

wire w1, w2, w1_bar, w2_bar, w3 _bar;

assign w1 =1(A|| B);

assign w1_bar = lw1;

assign w2 =1(C|| D);

assign w2_bar = lw2;

assign w3 =!E_bar;

assign F =w1_bar && w2_bar && w3;
endmodule
VHDL

entity Fig_ 3 24 SAis
port (F: out Std_Logic; A, B, C, D, E_bar: in Std_Logic);
end Fig_3 24 SA;

architecture Sig_Assign of Fig_3 24 SA'is
signal w1, w2, w1_bar, w2_bar, w3_bar: Std_Logic;
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begin

w1 <= not (A or B);

w1 _bar <= not w1;

w2 <= not (C or D);

w2_bar <= not w2;

w3 <= not E_bar;

F <=w1_bar and w2_bar and w3;
endmodule

Verilog
module Fig 3 25 CA (F, A, A_bar, B, B_bar, C, D_bar);
output F;
input A, A _bar, B, B_bar, C, D_bar;
wire w1, w2, w3, w4, wh, we, w7, w8, w9, w10;
assign w1 =!A _bar;
assign w2 =1B;
assign w3 =w1 && w2;
assign w4 =IA;
assign w5 =B _bar;
assign w6 = w4 && w5;
assign w7 =1(C || D_bar);
assign w8 =!(w3 || wb);
assign w9 =1w§;
assign w10 = w7;
assign F =w9 && w10;
endmodule

VHDL
entity Fig_ 3 25 CAis

port (F: out Std_Logic; A, A_bar, B, B_bar, C, D_bar: in Std_Logic);
end Fig_3_25_CA;

architecture Sig_Assign of Fig_3 25 SA'is
signal w1, w2, w3, w4, w5, w6, w7, w8, w9, w10: Std_Logic;
w1 <=not A bar;
w2 <= not B;
w3 <=w1 and w2;
w4 <= not A;
w5 <= not B_bar;
w6 <= w4 and w5;
w7 <= not (C or D_bar);
w8 <= not (w3 or w6);
w9 <= not w8;
w10 <= not w7;
F <= w9 and w10;
endmodule
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Initially, with xy = 00, wl =w2 =1, w3 =w4 =0 and F = 0. wl should change to 0
3ns after xy changes to 01. w4 should change to 1 6ns after xy changes to 01.
should change from 0 to 1 8ns after w4 changes from 0 to 1, i.e., 14 ns after xy

changes from 00 to 01.

6
3 w2
T : B

6

(b) Verilog

‘timescale 1ns/1ps

module Prob_3_33 (F, x, y);
wire w1, w2, w3, w4;

and #6 (w3, x, w1);
not #3 (w1, y);
and #6 (w4, y, w2);
not #3 (w2, x);

or #8 (F, w3, w4);

endmodule

module t Prob_3_33 ();

reg x, y;
wire F;

Prob_3_33 MO (F, x, y);

initial #200 $finish;
initial fork
x=0;
y=0;
#10y=1;
join
endmodule

VHDL
entity Prob_3 33 is
port (F: out Std_Logic; x, y: in Std_Logic);
end Prob_3 33;

architecture Gates of Fig_3 33 is

B

i:_,_sz @y

8

I

component and2_gate port (y: out Std_Logic; x, y: in Std_Logic);
component inv_gate port (y: out Std_logic; x: in Std_Logic);

signal w1, w2, w3, w4: Std_Logic;
begin
G1:inv_gate port map (w1 =>y; y =>x);
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G2: inv_gate port map (w2=>y; x => X);

G3: and2_gate port_map (w3 =>y; x => xin1; w1 => xin2);

G4: and2_gate port_map (w4 => x; y => xin1; w2 => xin2);

G5: or2_gate port_map (F => y; w3 => xin1; w4 => xin2);
end Gates;

entity t prob_3 33 is
endt Prob_3 33;

architecture Behaviorlal of t Prob 3 33 is
component Prob_3 33 port (x, y: in Std_Logic; F: out Std_Logic);
signalt_x,t y,t F: Std_Logic;

begin
GO: Prob_3 33 portmap (t F=>F;t x=>x;t y=>y),

process ()

end process;

begin
t x<="04
t_y <= Iol;

t y <="'"1"after 10 ns;
end Behavioral;

(¢) To simulate the circuit, it is assumed that the inputs xy = 00 have been applied
sufficiently long for the circuit to be stable before xy = 01 is applied. The testbench sets
xy =00 att=0ns, and xy = 01 at t = 10 ns. The simulator assumes that xy = 00 has
been applied long enough for the circuit to be in a stable state at t = 0 ns, and shows F =
0 as the value of the output at t = 0. For illustration, the waveforms show the response to

xy =01 applied at t = 10 ns.

X
y
wl
w2
w3
w4 \
F
t=10ns \
T t=24ns
8 Note: input change occurs at t = 10 ns.
2
I
<«~— — >
A= 14ns
3.34 module Prob_3_34 (Out_1, Out_2, Out_3, A, B, C, D);
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output Out 1, Out 2, Out_3;

input A, B, C,D;

wire A _bar, B_bar, C_bar, D_bar;

assign A_bar =1A;

assign B_Bar =1IB;

assign C_bar =1C;

assign D_bar =1D;

assign Out_1= (A +B_bar) && C_bar && ( C || D);

assign Out 2 =((C_bar&&D)|| (B && C && D) || (C && D_bar) ) && (A_bar || B);
assign Out_3 = (((A && B) || C) && D) || (B_bar && C);

endmodule
3.35

module Exmpl-3(A, B, C, D, F) // Line 1
inputs A, B, C, Output D, F, /l Line 2
output B /I Line 3
and g1(A, B, B); /I Line 4
not (D, B, A), /I Line 5
OR (F, B; C); /I Line 6

endofmodule; /I Line 7

Line 1: Dash not allowed character in identifier; use underscore: Exmpl 3. Terminate

line with semicolon ().

Line 2: inputs should be input (no s at the end). Change last comma (,) to semicolon
(;). Output is declared but does not appear in the port list, and should be followed
by a comma if it is intended to be in the list of inputs. If Output is a mispelling of
output and is to declare output ports, C should be followed by a semicolon (;) and
F should be followed by a semicolon (;).

Line 3: B cannot be declared both as an input (Line 2) and output (Line 3). Terminate

the line with a semicolon (;).

Line 4: A cannot be an output of the primitive if it is an input to the module

Line 5: Too many entries for the not gate (may have only a single input, and a single

output). Termiante the line with a semicolon, not a comma.

Line 6: OR must be in lowercase: change to “or”. Replace semicolon by a comma (B,)

in the list of ports.

Line 7: Remove semicolon (no semicolon after endmodule).
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336 (a)

aO®
—

(b)

Al A0 B1 BO

>,
" wbé

Fl1

V

-. 'l> ,_: w3 i F2

)) F3

(c)
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3.37

UDP_Majority_4 (y, a, b, c, d);
output y;

input a,b,c d;

table

/l a

~a2aas0o0co0o0CT
~nho0O0O—-2000
~—o-~0o—_0-00
2O

[cNoNoloNoNoNoNoel

R\ L (I (K (I G
NN Y= N =Y =)
N Y = PG I )
)OO0 00
Sl

endtable
endprimitive

3.38
module t_Circuit_with_ UDP_02467;
wire E, F;
reg A B,C,D;
Circuit_with_UDP_02467 mO (E, F, A, B, C, D);

initial #100 $finish;
initial fork
A=0;B=0;C=0;D=0;
#40A =1,
#20B =1;
#40 B = 0;
#60B =1;
#10C=1;#20C=0;#30C=1;#40C=0;#50C =1;#60C=0; #70C =1;
#20D =1;
join
endmodule
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/I Verilog model: User-defined Primitive
primitive UDP_02467 (D, A, B, C);
output D;
inputA, B, C;
/I Truth table for D = f (A, B, C) =S (0, 2, 4, 6, 7);
table

Il D /I Column header comment

A~ aco000O>
A O0O0-a0oO0OwW
~Oo—,0—,0—00N

endtable
endprimitive
/I Verilog model: Circuit instantiation of Circuit_UDP_02467
module Circuit_with_UDP_02467 (e, f, a, b, c, d);

output e, f;

input a,b,c d;

UDP_02467 MO (e, a, b, c);

and (f, e, d); //Option gate instance name omitted

endmodule

A
\ \ \ T T T T t,ns
10 20 30 40 50 60 70 80

B
\ T \ T T t,ns
10 20 30 40 50 60 70 80

C

T t,ns

10 20 30 40 50 60 70 80

D
T \ T \ T t,ns
10 20 30 40 50 60 70 80

E
\ \ T t,ns
10 20 30 40 50 60 70 80

F
\ \ \ | 1 t,ns

10 20 30 40 50 60 70 80

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

81

3.39

—_—_ o oo
—_o —~ o O
S = — oW
—ocooco®

s =ab+ab'=a”b
c =ab=a&&b

module Prob 3 39 (s, ¢, a, b);
input a, b;
outputs, c;

Xor (s, a, b);
and (c, a, b);
endmodule

3.40

entity Prob_3 39 is
port ( s, c: out Std_Logic; a, b: in Std_Logic);
end Prob_3 39;

architecture Gates of Prob_3 40 is
component xor2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
begin
G1: xor2_gate port map (s =>y, a =>xinl, b => xin2);
G2: and2_gate port map (c =>y, a => xinl, b => xin2);
end Gates;

entity xor2_gate is
port (y: out Std_logic; xin1, xin2: in Std_Logic);
end xor2_gate;

architecture Behavior of xor2_gate is
begin

y <= xin1 xor xin2;
end Behavioral;

entity and2_gate is
port (y: out Std_logic; xin1, xin2: in Std_Logic);
end and2_gate;

architecture Behavior of and2_gate is
begin

y <= xin1 and xin2;
end Behavioral;
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CHAPTER 4

4.1
(a) T,=B'C, To,=AB, T:=A4A+ T, =4 + B'C,
I,=D®T, =D @®(A'B) =A'BD' + D(A + B') = A'BD' + AD + B'D
Fi=T3+T,=A4A+B'C+ABD'+AD + B'D
Withd + AD=Aand A + A'BD'=A + BD':
Fi=A4A+B'C+BD'+B'D
Alternative cover: F1 =A + CD'+ BD'+ B'D

Fy=T,+D'=AB+D'

ABCD

~
o3
o

T, F, F»

cD C
0000l0 0 0 0 0 1 0 ol 11 1o
00010 O O 1 1 O M, M, M; M
00101 0 1 0 1 1 00 1 1 1
00111 01 1 10 S B = o
01000 1 0 1 1 1 ol 1" ’ R
01010 1 0 0 0 1
0110 0 1 0 1 1 1 L7 /FR . Fro— .Y pr—1. 7 7 B
o111lo0 1.0 0 0 1 1l 1 1 | 1
4
10000 01 0 1 1 0 M‘*l M"l M”l M’”l
10010 0 1 1 1 0
101001 01 0 1 1
0111 01 1 10 O
11000 0 1 0 1 1
1mo1|o o 11 10 F,=A +B'C+B'D + BD'
1molo o 1.0 1 1
1miilo o1 1 1 0
cD c cD c
1 1
AB 00 01 11 10 4B 00 0l 11 10
Mg M, M; Mz M, M; M; M,
00 |1 1 00 1 1 1
My M; M; M My M;s M, Mj
o1 | 1 1 1 1 o1 ] 1 1
MIZ M/.? M/5 M14 B MIZ M13 Ml5 M14 B
11|01 1 Ll 1 1 1
4 My M, M, i My M, M, My
10|01 1 10| 1 1 1 1
. ] . ]
D D
Fy=AB+D'

Fy=4+CD"+B'D + BD'’
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4.2
[(A'D)' A]'= 4+ D

:
f

%
:

(AD)'=A+D’
F=(4+D)A'+BC) =AD + ABC + BCD += A'D + ABC

F=(A+D)(A'+BC) = A'D'+ ABC + BCD' = A'D' + ABC

cD C cD C
1 1
AB 00 01 11 10 AB 00 01 11 10
m{) ml m3 nlz 7710 171] m3 mz
00 | | 00| 1 1
m4 m5 m7 m6 m4 m5 m7 m6
01 1 1 or| 1 1
m;, ms ms My B m;, ms m;s m, B
1 ] | 1 1 1
A ]nx ]ng nl” ]n](; A m8 mg m” mm
10 10
D D
F=AD+ ABC + BCD = A'D + ABC G =A'D'+ ABC + BCD' = A'D' + ABC

43 @) Y=(AS' +BSE' fori=0 1,2 3

(b) 1024 rows and 14 columns

4.4 (a)
F
w1\ ’
1
001 |1 * 00 01 1110 ,
mo m, m3 m2 P S
010 |1 0 1 1 1 "
011 |0
100 0 m, mg m, mg ) F
101 {o x| 1 T
110 |0 B
1
111 |0
4
F=xy"+x"z'
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(b)
F
G I vz y
——
gg? (1) * 00 01 11 10
Wl” m1 m3 mZ
010 (0O 0 1 1
011 0 z F
100 0 m, ms m, mg
101 0 X 1 1 1
110 | O
L
111 0
z
F=z
4.5
xyz | ABC A
000 | 010 4 Y
EE—
X
00 01 11 10
001 | 011 P TTr T 7 "
010 | 100 0 bi 1
011 101 y
100 | 001 my ms mz Mg
101 | 010 x )1 1 Y
110 | 011 z
Ly
111 100 z
A=xy+yz
yz g y
* 00 0l 11 10
m,, ml m3 mz o -
0 1 1 y' —3_
m4 m5 Wl7 V’16
i
L a2
: il
B=xy"+yZz+xyz' 4 _3_
c Z'j
yz Y
1
x 00 0L 11 10
”10 ml i’}'lj l’}'l2
0 1 1
D>
m4 ms 1717 ms
x [ 1]z I z
Ly
z
C=xz +xz'
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4.6
e N
* 00 01 11 10
001 0 m,) m, m3 mZ P
010 0 0 7 .
011 1 y
100 0 7714 m5 m7 m6 z — F
101 1 X 1 1 1 1 X
110 1 Yo
111 | —
F=xz+yz+xy
Verilog
module Prob_4 6 (output F, input X, y, z);
assign F = (x && z2) || (y && z) || (x && y);
endmodule
VHDL

entity Prob_4 6 is
port ( F: out Std_Logic; X, y, z: in Std_Logic);
end Prob_4 6;

architecture Sig_Assign of Prob_4 6 is
begin

F<=(xand y) and (y and z) and (x and y)
end name;
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47  (a)
‘oo oo 45 R e
AB
00 01 11 10 00 01 11 10
0001 0001 m m; ms m, m m; ms m,
0011 | 0010 00 00
0010 | 0011
0110 0100 m, m m, mg my ms m, mg
0111 0101 01 01 1 1 1 1
0101 0110 %) L 2 My B mp; ms ms my B
0100 | 0111 11 1 1 1 1 11
1100 1000 4 Mg mg my My 4 mg mg my on
1101 1001 10 1 1 1 1 10 1 1 1 1
1111 1010
N N
lo10 | 1100 D D
_ =AB'+ A'B=A®B
1011 | 1101 w=A4 *
1001 1110
1000 1111
CD C CD C
AB 00 0l 1110 AB 00 01 11 10
m, s " m, m, m; ms m,
00 1 1 00 1 1
m, m m, m, m, ms m, m,
01 1 1 01 1 1
mp; mps [y My B mp, mp; mys 7] B
11 1 1 11 1 1
A m8 mg ]71” ”110 A mA, m9 m“ ]n”’
10 1 1 10 1 1
N |
D D
y=AB'C A'BC'"+ ABC + AB'C' z=4®@BO®C®D
=A'(A4® B) + AB® C)’ —y@®D
=4 oBaC
=XeoeC

>SN
= =
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(b)

module Prob_4_7(output w, X, y, z, input A, B, C, D);
always @ (A, B, C, D)

case ({A, B, C, D})
4'b0000: {w, X, y, z} = 4'b0000;
4'b0001: {w, X, y, z} =4'b1111;
4'b0010: {w, X, y, z} =4'b1110;
4'b0011: {w, X, y, z} =4'b1101;
4'b0100: {w, X, y, z} =4'b1100;
4'b0101: {w, X, y, z} =4'b1011;
4'b0110: {w, X, y, z} =4'b1010;
4'b0111: {w, X, y, z} =4'b1001;

4'b1000: {w, X, y, z} = 4'b1000;
4'b1001: {w, X, y, z} =4'b0111;
4'b1010: {w, X, y, z} =4'b0110;
4'b1011: {w, X, y, z} =4'b0101;
4'b1100: {w, X, y, z} = 4'b0100;
4'b1101: {w, X, y, z} = 4'b0011;
4'b1110: {w, X, y, z} = 4'b0010;
4'b1111: {w, X, y, z} = 4'b0001;
endcase
endmodule

Alternative model:

module Prob_4_7(output w, X, y, z, input A, B, C, D);
assign w = A;
assign x = A A B);
assigny =x " C;
assign z =y " D;
endmodule

VHDL
entity Prob_4 7 is
port (w, X, y, z: out Std_Logic; A,B, C, D: in Std_Logic);
end Prob_4 7;

architecture Sig_Assign of Prob_4 7 is
begin

w<=A;

x <= A xor B;

y <= X xor C;

z <=y xor D;
end Sig_Assign;
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(a) The 8-4-2-1 code (Table 1.5) and the BCD code (Table 1.4) are identical for

digits 0 9.
(b)
8421  Gray
ABCD| wxyz cD c cD c
1
0000 10000 4B\ 00 01 11 10 00 011110
0001 0001 my my msz m; my my ms m;
0010 | 0011 00 00
0011 | 0010
0100 0110 my ms m; ms my ms m; ms
0101 | 0111 ol O1 | A I
0110 0101 M ms mis miy mps m3 mps miy
0111 0100 11 11
1000 | 1100
A A
1001 1101 § o i Mig mg ny mp mig
10 1 1 10 1 1
[ [
D D
w=AB'C' x=AB'C'+ A'B
00 01 11 10 00 01 11 10
my m ms my my my ms m,
00 1 1 00 1 1
my ms m; ms my ms mz mg
01 1 1 01 1 1
mj> myz ms myy mj> mys mys miy
11 11 1
A A
mg my myy mj ms my mpy mp
10 10
[ [
D D

y=ABD'+ A'B'D z=A4'C'D+ BC'D + A'CD'
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CD C
1
AB N\ w00 01 11 10
m, m; Co iy
00 1 1 1
m, m m, g
01 1 1 1
mp, mps ms My
11
4 my m, m, m,
10 1 1
N
D

a=A'C+A'BD+ B'C'D'+ AB'C’

4.9
ABCD |a |b |c|d| e|f |g
0000 |1 |11 |1|1|1]0
0001 |O|1]1]0[0|0|0
0010 |1 |1]0|1|1]|0]1
0011 |1 |1]1]1/0]|0]1
0100 [O |1 [1]0|0]|1]1
0101 |1 (0|1 |1|0|1]|1
0110 |1 {01 |1 |1]1]1
o111 {1|1,170;0({01]0
1000 (1 (1|1 |1]1]1]1
1001 {1 |1 (1|1|0O]1]|1
CD C
AB 000 01 1110
mo 7”] mj mz
00 1 1
m4 }’ﬂi m7 n’l{,7
01 1
m;, mns mis my
11
A m m, m m
8 9 11 10
10 1
Ly
D

e=ACD'+ B'CD'

CD C
4B 0. 01 11 10
m, mg m; n,
00 1 1 1
m, s m, m,
01 1 1 1 1
m; ms mys my
11
4 msg my my My
10 1 1
L Y2 2 |
D

c=A'B+A'D+ B'C'D'"+ AB'C'

91
CD C
1
4B 00 01 11 10
my m, "y m,
00 1 1 1 1
m, ms 7 mg
01 1 1
B mp, ms ms my B
11
4 mg my m on
10 1 1
N
D
b=AB'"+ A'C'D'+ A'CD + AB'C'
CD C
4B 00. 01 11 10
m, m, m )
00 1 1 1
m, ms m, g
01 1 1
B mp; mps ms my
11
4 Y ¢ my my My
10 1 1
N
D

d=A'CD'+ A'B'C+ B'C'D'+ AB'C' + A'BC'D

CD C CD C
1
AB 00 01 11 10 4B 00 01 11 10
m, m, m m, m, m, m I
00 1 00 1 1
m, m; m, mg m, my m, g
01 1 1 1 01 1 1 1
mp; ms ms my B mp; ms ms 7] B
11 11
4 mg my my My A mg my my My
10 1 1 10 1 1
e e
D D

f=ABC'+A'C'D' + A'BD + AB'C’

g=A'CD'+AB'C +A'BC"+ AB'C’
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4.10

ABCD
0000
0001
0010
0011
0100
0101
0110
0111

1000
1001
1010
1011
1100
1101
1110
1111

WXyZ

0000
1111
1110
1101
1100
1011
1001
1000

1000
0111
0110
0101
0100
0011
0010
0001

92

CD C CD C
1 1
4B 0 01 1110 00 01 bl
m, ) m, m, m, )
00 I 1 1 1 00 1 1 1
m, T s m, t mg my s m, mg
01 1 1 1 1 01 1
mp; ms ms my B L) mps ms my B
11 11 1
4 &8 my my M 4 mg my i M
10 1 10 1 1 1
N e ]
D D
w=A'B+ C+ D)+ AB'C'D'’ x=B'(C+ D)+ CB'D'
=4 o B+C+D) =B ®(C+D)
CD C CD C
1
AB 00 01 1110 ABN_00 01 11 10
m, m, my my m, m, m, m,
00 1 1 00 1 1
m, ms m, m, m, m; m, m,
01 1 1 01 1 1
mp; &@E ms my B mp, aE s my B
11 1 1 11 1 1
A mg &9 m My A mg my o o)
10 1 1 10 1 1
N |
D D
z=D

y=CD'+CD=C® D
For a 5-bit 2's complementer with input E and output v:

v=E® (A+B+C+D)
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4.11

(b)

(@

w

X

Half Adder

C

Y

S

S

93

X

y

Half Adder

C

S

Full Adder

B

D

4, 4,
X y X y
Half Adder Half Adder
C S C S
Note: 5-bit output
4, 1 4, 1
X y X y
Full Adder Full Adder
B D B D

Half Adder

B D

Note: To decrement the 4-bit number, add -1 to the number. In 2's complement format ( add F, ) to
the number. An attempt to decrement 0 will assert the borrow bit. For waveforms, see solution to
Problem 4.52.

4.12

(2)

(b)

—_——— = O O OO =
—_——_—o o~ m—~ o o |«

—_—0 = O = O = O

Xy
00
01
10
11

™
o
o

<

—_O OO = == O
—_—_O O = O == O

D=x"y+xy'

B=x

Diff=x® ye z

B =xy+xz+yz

out
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4.13 Sum C V
(a 1101 O 1
(b) 0001 1 1
(¢ 0100 1 0
(d 1011 O 1
(e) 1111 O 0
4.14  xor AND OR XOR
10 +5 +5 +10 =30ns
415  C4=G3+P3C3=Gs + P3(Gy + PGy + PoP1Gy + P,P1PCo)

= G3 + P3G2 + P3P2G1 + P3P2P1Go + P3P2P1P0C0

416 (a)

(C'G'i+ ) = (Ci+ G)P; = GiP; + PiC;
= AiBi(Ai + Bi) + P,G;
= AB; + PiCi = G; + P;C;
= AiB; + (A; + B))C; = AiB; + AiC; + BiC; = Ciyy
(PiG') ® Ci=(Ai+ B)(AB))' ® C; = (A; + Bi)(A'i + B) ® C;
=(A'Bi+tABY)Y®Ci=Ai®B, ®Ci=§

(b)

Output of NOR gate = (A + Bg)' =Py
Output of NAND gate = (AoBy)' = G

Sl = (P()G'o) @ Co

Ci=(C'yG'o+ PY)" as defined in part (a)

417 (a)
(CiG' + PY)' = (Ci+ Gy)P; = GiP; + PiC; = ABi(A; + Bi) + P,G;
= AB; + PiC; = G; + P;C;
= ABi + (Ai+ B))C; = AB; + AiC; + BiC; = Ciyy

(PiGHBCi = (Aj + B)(AB)'®C; = (A; + B)(A'i + B)@C;
=(A'B; + ABY)Y®C; = A®B,@®C; = S;

(b)

Output of NOR gate = (A + By)' =Py
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Output of NAND gate = (AoBy)' = G

So = (PoG'o)®Co
C,=(C'yG'o+ PY)" as defined in part (a)
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4.18
Inputs [ Outputs
ABCD| wxyz
0000 1001
d(A, b, c,d)=2(10, 11,12, 13, 14, 15
0001 | 1000 4.5 ed =2 )
0010 | 0111
0011 0110
0100 | 0101
0101 0100
0110 | 0011
0111 0010
1000 | 0001
1001 0000
CD C CD C
1 1
4B 00 01 11 10 4 R R re—T
mo m, m_? 171_7 mﬂ m, m3 mz
00 1 1 00 1 1
m4 "‘15 m7 1716 m4 m5 ”17 m6
01 01 1 1
m; ms ms 7] B [ 5 ms mpy B
11 X X X X 11 X X X X
4 mg mg mi My A mg my i M
10 X X 10 X X
| |
D D
w=A'B'C’ x=BC'+BC=B ®(C
CD C CD C
1 1
00 01 11 10 4 00 01 11 10
"’lo Wll m3 mz mg m] le "’lz
00 1 1 00 1 1
Wl4 le m7 m6 m4 "'15 Wl7 m6
01 1 1 01 1 1 1
mi, mis mys my B mp, ms ms my B
11 X X X X 11 X X X X
mg my i o) A iy my my My
10 X X 10 1 X X
N N
D D
y=C z=D'
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4.19
Mode = 0 FOR Add
B, B, B, B, Mode = 1 for Subtract
9's Complementer
(See Problem 4.18)
— — _ Select
Select = 1 Select = 0
Ay, Ay, A A,
Quadruple 2 x 1 MUX
L —
BCD Adder (See Fig. 4.14)
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4.20 Combine the following circuit with the 4-bit binary multiplier circuit of Fig. 4.16.

4, ¢ C ¢ ¢ C C (¢
B B B B,
R AR N R I
C L —
OM 4-bit Adder Augend
D, D, D, D, D, D, D, D,
4.21
4, jﬁ >:
B,
4,
5 L
-
4, —
B,
45
B ) >
x=(4,® B)'(4,® B)'(4,® B))'(4,® B,)’
4.22
XS-3 | Binary
ABCD| wxyz
0011 | 0000
0100 | 0001
0101 | o010
0110 o011
0111 | 0100
1000 | o101
1001 | 0110
1010 | o111
1011 | 1000
1100 | 1001

.Digital Design With An Introduction to the Verilog HDL, VHDL,

M. Mano. M.D. Ciletti, Copyright 2017 .

and SystemVerilog, Sixth Edition - Solution Manual.

All rights reserved.



© 2018 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.

99
CD C CD C
4B 0 01 11 10 4 00Ol 11 10
m, m, m, X m, m, m, m,
00 X X 00| X X X
m, m; m, m, m, my m; m,
01 01 1
X g T my B mp, mps ms My B
11 1 X X X 11 X X X
A mg my @an My A mg e my My
10 1 10 1 1 1
N I
D D
w=AB + ACD x=B'C'+B'D' + BCD
y=CD+ CD'
z=D'
4.23
DO = AI'A0' = (Al + AO) (NOR) DO’ =(A1'A0') (NAND)

D1 =AI'A0 = (Al + A0") (NOR)
D2 = A1AQ' = (A1l' + A0) (NOR)
D3 =AIA0 = (Al' + A0)' (NOR)

4
Ao

P \

YYYY

Y

A

D1'=(A1'A0) (NAND)
D2'=(A1A0") (NAND)
DO' = (A1A0) (NAND)

Dy=(A; + Ao + E')' = AhAYE

Dy= (4, + Ay + E')' = A"AE

D2: (A'l +A0 +E') :AIAI(}E

D3y= (A" + Ay +E")' = A|AE

Dy=(A4,+4y+E
Dy

(A + A+ E') = (A" AE)’
D,

(A" + Ay + E') = (4,A0'E)’
D,
Ds' = (4¢'
D

!) — (A’]A’()E),

Dl':

D2 =

+ A4y + E') = (414E)’
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4.24
CD C
1
00 01 11 10
my my m3 X
00| Do D, Ds D,
Inputs: 4, B, C, D
Outputs: Dy, Dy, ... Dy my ms my ms
Dy=A'B'C'D' Ds=BC'D 01| Dy Ds Dy D¢
o] |
-y a ’ 11 X X X X
D;=B'CD Dg=AD
D4 = BCD, D9 = AD mg my mj; o
10 Dg D9 X X
|
D
4.25
Ao 3x8 8
7; _
jl Decoder Do- Dy
2 E
3x8 8
Decoder Ds- Dys
E
. 0
Ay ——— 2
2x4 1
Decoder
1 ? 3x8 8
Ay —2 ﬁ; Dis- Dy
3 Decoder
B E
E
8
3x8
7; _
Decoder Da4-Dsy
E
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4.26
0
Ao 2 2x4 74; De-D
A, Pl Decoder 0m s
E
0
2 2x4 ¢
o Decoder Dy- Dy
E
0
Ay — 2
2x4 1
Decoder 0
Ay ——— 2 ? 7 x4 ﬁ;’ Dy-D
3 1 Decoder 8=
£ 3 2 e
E
0
2 x4 # DD
o Decoder 2m s
E
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4.27
LD’L
|_ Fi=2(2,4,6)
o[ B
1 —E
2
4—2° 3.3 3 -
B —— 2' Decoder . L}I\ F,=23,5,7)
_1|~o
D
6
; -
531
_
I_jl_ F;=2(1,4,5,7)
E}:
- e
428 (a)

Fy=x(y +y)z +xyz' =xyx + xy'z + x'yz' = 2(2, 5, 7)
Fry=xyz' +xy=xy7' +x'yz + x'yz' = 2(2, 3, 4)
Fy=xY7"+xy(z +z') =xy'z' + xyz + xyz' = Z(0, 6, 7)

T =) - F-3@.57)
x —2" 3,8 i
Yy /] 2;Decoder4 _l D_ F]ZZ((Z, 3’ 4)
z 2 S

6

7

| L—=5 > r-3067

(b)
Fi =0'tx)z=xy'+xz=xyz +xyz+xyz +xyz= 2(1,2, 5,7)
Fry=yz"+x'y +yz'=xy2"+ xy2" + xyz' + xyz + x'yz' + xyz' =2Z(2,
3,4,6,7)
Fys=(x+yz=xy7z+xyz +x'yz +xyz= 2(3, 6,7)
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0 p—

1 Fi=2(1,2

2@_1_ (9 3597)

2
x—21 3x8
y — 2" Decoder F,=%(2,3,4,6,7)
z 2° 4 ' 47_}
1]

5 J

6

7

g >
)
]
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4.29
DiDs b
1
DD, 00 01 11 10
my my ms m
Inputs Outputs 00 1 1 1
D3 Dz Dl D() Xy V my ms my mg
01 1 1 1 1
0 00 Ofxx0 D,
X x x 1 001 mp; mps mys mpy
x x1 0] 011 N A
x 10 0101 D; s "y e
1 00 O 111 10 1 1 1 1
|
Dy
V:D0+D1+D2+D3
DD, DDy D
DiD, 00 01 11 10 DiD, 00 01 11 10
my my ms m; my m; ms m>
00 X 00 X 1
my ms my mg my ms my mg
01 1 01 1
D2 DZ
m; mp;3 mys mpy mp; mp3 mys miy
11 1 11 1
mg my ny; [ D, myg ny mp g
10 1 10 1 1
| |
D() D()
* =Di'Dyf y=DyDy'+ D;Dy’
N,
Do L X
Dy > )
N
—%Dy
Dy —{ >
Dy
D,
D, 4
D;
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4.30
Inputs Outputs
D() D] Dz D3 D4 D5 D6 D7 XYy z 14
o 0 0O O o o0 o0 o0 xxx 0
1 0 0 O O O 0 O 000 1
x I 0 O 0 O 0 O 001 1
x x 1 0 0 0 0 O 0101
x x x 1 0 0 0 0 011 1
X X x x 1 0 0 0 100 1
X X x xXx x 1 0 0 101 1
X X X X x x 1 0 100 1
X X xXx X x x x 1 1111
If Dy =1, D¢ = 1, all others =0
Output xyz = 100 and V =1
4.31
SO SO
SI sl
s, S,
S3 0—— 0
1 ——]
2_; 8x 1
3|3 MUX
4— 4
5—1 5
6—— 6
7T— 7
2x1
(1) MUX 7
So
B
59
8 —1 0
190_; §x1
11— 3 MUX
12— 4
13— 5
14— 6
15— 7
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4.32 (@F =2(0,2,5,8,10, 14)

)

Sa)

NS

i\

s

S

N
Inputs 53 F=30,2,58 10,14
ABCD S £ (© 2581014
0000 0 0 Ty
0001 0 1 0
0010 1 2 T y 5
0011 1 3 of =P B N
0100 2 4 0. C 5
0101 2 5  F=D 0
0110 3 6 0, _ 1

F=0 F

0111 3 7 0 D y 8xI 1 7
1000 4 8 Ly > | 3 MUX
1001 4 9 0 4
1010 5 10 1. 5
1011 5 11 o =P 0 6
1100 6 12 0p_, 7
1101 6 13 0
1110 7 14 1 %% %
11 7 15 of =P
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(b)

g F=1126 11)=(4'+B'+ C + D)(4' +B + C + D)(4 +B' + C + D)
X F=@A+B+C+D)+(A'+B+C+D) +(A+B +C+D)
2 F'= (ABC'D) + (AB'C'D) + (A'BC'D") = (13, 9, 4)
s F=3(0,1,23756728 10 11,12, 14, 15)
&
Inputs 5 =
IS =
4BcD = £
0000 0 0 P
0001 0 1 1
0010 1 2 T A %0
0011 1 3 P! 3 S
0100 2 4 0. C -
0101 2 5 =0 0
0110 3 6 1o 1
F=1
0111 3 7 1 , 8xl
1000 4 8 Ty ; Mux
- >,
1001 4 9 0 D | > 4
1010 5 10 L : 5
1011 5 11 1 6
1100 6 12 L~ pr 7
1101 6 13 0
1110 7 14 1.
1111 7 15 =1
X 0
S(x,y,Z):Z(l,2,4,7) »—Do—[ 1
Cix, v,2) =2(3,5,6,7) 2
3
Dual
I I LI LI L dx1 Y
o “1 12 13 C o “1 12 13 MUY
01 23 x|o1 23 0— ¢
45 67 x |45 67 1
x x' x'"x 0 x" x'1 2
1— 3
y zZ

M. Mano. M.D. Ciletti, Copyright 2017 .

All rights reserved.

107



© 2018 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.

4.34 (a)
4 B C D|F
=1 0 1 1 0|1
0 1 1 1 1
1 0 1 0 |1
=1 0 1 1 1
0 0 0 010
h=D v o o 1|1
1 0 0 00
L=D 1 o o 1|1
o1 1 0 0|1
=D 1 o 1 0
Other minterms = 0
since Il = 12 = 17 =0
(b)
4 B C D|F
=0 0 0 1 0|0
0 0 1 1|0
1,-0 0 1 0 00
0 1.0 1]o0
0 1 1 0|1
=19 1 1 4 1
1 1 1 o0 |1
L=1 1 1 1 1]
I,=D 1 o 0o oo
1 0 o0 1 |1
0 0 0 o0 [1
L=D"¢9 o o 1|0
1 1 0 0|1
=D 1 1 o 1 ]o
Other minterms = 0
since ]1 = I2 =0
4.35 (a)
Inputs
agcp| T
0000 | 0
0001 | 1 A4B=00
0010| 0 F=D A
0011] 1
B
o100 T o,
olor| o o .,
F=CD
0110| © _«ciDy C
0111] 0 D
1000| 0
1001| o 4B=10
1010 o F=CD
1011] 1 1
1100| 1 -
1o1f 1 f;B:’ 1
1110]| 1
111 1

108

CD C
1
4B 0 0L 11 10
m, m, my m,
00 1
n, i m; m,
01 1 1
i m ms My B
11 1
A mg Ty Zm My
10 1 1 1
N
D
FA, B, C D)=2(1,6,7,9,10, 11, 12)
CD C
1
ABN_00 01 1110
My e my m,
00 1 1
m, my m; m,
01 1 1
My, M3 mys myy B
11 1 1 1
A mg & my, My,
10 1
e |
D

F(4,B,C,D)=%(0,1,6,7,9,13, 14, 15)

4x1

MUX

Al

aiD
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(b) F=3(1,2,5,7,8, 10, 11, 13, 15)
Inputs _
upcp | F2=2(12,5,7,8 10, 11,13, 15)
0000 | 0 4
0001| 1 AB=00 3
0010| 1 F=CD+CD' S0
0011] 0 s
C_
ow01| 1 AB=01 =S .
=C'D + = Lo
o110| o F=C¢PHCED DD | Mux Y
o111] 1 )
1000] 1 > 1> 2
1001] 0 3
1010 1 4B=10
1011 1 F=CD'+CD+CD=CD'+D
ool 0.,
not| 1L o
1110| o
1| 1

436 (a) (Verilog/SystemVerilog)
module priority_encoder_gates (output X, y, V, input DO, D1, D2, D3); //
V2001
wire w1, D2_not;
not (D2_not, D2);
or (x,D2,D3);
or (V,DO0, D1, x);
and (w1, D2_not, D1);
or (y, D3, w1);
endmodule

Note: See Problem 4.45 for testbench)

VHDL
entity priority_encoder_gates is
port ( X, y, V: out Std_Logic; DO, D1, D2, D3 : in Std_Logic);
end priority_encoder_gates;

architecture Gates of Priority_Encoder_Gates is
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component or2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component not_gate port (y: out Std_Logic; xin: in Std_Logic);
signal w1, D2_not: Std_Logic;

begin
G1: not_gate port map (D2_not =>y, D2 => xin);
G2: or2_gate port map (x =>y, D2 => xin1, D3 => xin2);
G3: or3_gate port map (V =>y, DO => xin1, D1 => xin2, x => xin3);
G4: and2_gate port map (w1 =>y, D2_not => xin1, D1 => xin2);
G5: or2_gate port map (y => y, D3=> xin1, w1 => xin2);

end Gates;

entity and2_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic);
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end and2_gate;

architecture Behavioral of and2_gate is
begin

y <= xin1 and xin2;
end Behavioral;

entity or2_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic);
end or2_gate;

architecture Behavioral of or2_gate is
begin
y <= xin1 or xin2;
end Behavioral;

entity or3_gate is
port (y: out Std_Logic; xin1, xin2, xin3: in Std_Logic);
end or3_gate;

architecture Behavioral of or3_gate is
begin

y <= xin1 or xin2 or xin3;
end Behavioral;

4.37 (a) (Verilog/SystemVerilog)
module Add_Sub_4_bit (

output [3: 0] S,

output C,

input [3: 0] A, B,

input M

);

wire [3: 0] B_xor_M,;

wire C1, C2, C3, C4;

assign C = C4; [/l output carry

xor (B_xor_M]J0], B[0], M);

xor (B_xor_M[1], B[1], M);

xor (B_xor_MJ[2], B[2], M);

xor (B_xor_M[3], B[3], M)

/I Instantiate full adders

full_adder FAO (S[0], C1, A[0], B_xor_M][0], M);

full_adder FA1 (S[1], C2, A[1], B_xor_M[1], C1);

full_adder FA2 (S[2], C3, A[2], B_xor_MJ[2], C2);

full_adder FA3 (S[3], C4, A[3], B_xor_M[3], C3);

endmodule

module full_adder (output S, C, input x, y, z); // See HDL Example 4.2
wire S1, C1, C2;
/l instantiate half adders
half_adder HA1 (S1, C1, x, y);
half_adder HA2 (S, C2, S1, z);
or G1 (C, C2, C1);
endmodule
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module half_adder (output S, C, input x,y); // See HDL Example 4.2
xor (S, X, y);
and (C, x,y);

endmodule

module t_Add_Sub_4_bit ();
wire [3: 0] S;
wire C;
reg [3: 0] A, B;
reg M;

Add_Sub_4_bit MO (S, C, A, B, M);

initial #100 $finish;
initial fork

#10 M = 0;

#10 A = 4'hA;

#10 B = 4'h5;

#50 M = 1;

#70 B = 4'h3;
join

endmodule

Name ° | |50‘ I100

A[3:0]
B[3:0]

X || %
> >
[V}

s[3:01 | x X f X 5 X 7
c ]

(b) (VHDL)

entity Add_Sub_4_bit is
port ( S: out Std_Logic_Vector (3 downto 0); C: out Std_Logic;
A, B: in Std_Logic_Vector (3 downto 0); M: in Std_Logic);
end Add_Sub_4_bit;

architecture Structural of Add_Sub_4 bitis
signal B_xor_M: Std_Logic_Vector (3 downto 0);
signal C1, C2, C3, C4: Std_Logic;
component xor2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component full_adder port (sum, cout: out Std_Logic; a, b, cin: in Std_Logic);
begin
C<=C4
G1: xor2_gate port map
G2: xor2_gate port map
G3: xor2_gate port map

B_xor_M(0) =>y, B(0) => xin1, M => xin2);

B_xor_M(1) =>vy, B(1) => xin1, M => xin2);

B_xor_M(2) =>vy, B(2) => xin1, M => xin2);

G4: xor2_gate port map (B_xor_M(3) => vy, B(3) => xin1, M => xin2);

FAO: full_adder port map (S(0) => sum, C1 => cout, A(0) => a, B_xor_M(0) => b, M => cin);
FA1: full_adder port map (S(1) => sum, C2 => cout, A(1) => a, B_xor_M(1) => b, C1 => cin);
FA2: full_adder port map (S(1) => sum, C3 => cout, A(2) => a, B_xor_M(2) => b, C2 => cin);

(
(
(
(
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FA3: full_adder port map (S(3) => sum, C4 => cout, A(3) => a, B_xor_M(3) => b, C3 => cin);

end Structural;

entity full_adder is
port (s, cout: out Std_Logic; a, b, cin: in Std_Logic);
end full_adder;

architecture Structural of full_adder is
signal s1, c1, ¢2;
component half_adder port (s, c: out Std_logic; a, b: in Std_Logic);
component or2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
begin
HA1: half_adder port map (s1=>s,c1=>c,a=>a,b=>b);
HAZ2: half_adder port map (s1 =>s, ¢c2 => ¢, s1=> a, cin => b);
G1: or2_gate port map (c =>y, c2 => xin1, ¢1 => xin2);
end Structural

entity half_adder is
port (s, c: out Std_Logic; a, b: in Std_Logic);
end half_adder;

architecture Operators of half_adder is
begin

S <= X Xory,

c<=xandy;
end Operators;

Test Bench:

entity t Add_Sub_4 bitis
port ();

end Add_Sub_4 bit;

architecture Behavioral of t Add_Sub 4 bitis
signal t_S: Std_Logic_Vector (3 downto 0), t C: Std_Logic;
signalt_A, t B: Std_Logic_Vector (3 downto 0), t M: Std_Logic;
component Add_Sub 4 bitis

port ( S: out Std_Logic_Vector (3 downto 0); C: out Std_Logic;
A, B:in Std_Logic_Vector (3 downto 0); M: in Std_Logic);

begin

G1: Add_Sub_4 bitport map(t S=>S,t C=>C,t A=>A,t B=>B,t M=>M);

t M<='0' after 10 ns;

t A<="1010" after 20 ns

t B<='0101" after10 ns;

t M<="1' after 50 ns;

t B<='0011" after 70 ns.
end Behavioral;
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4.38

(a) (Verilog)
module quad_2x1_mux (
input [3:0] A, B,

input enable_bar, select,

output [3:0] Y
).

'//assign Y = enable_bar ? 0 : (select ? B : A);

115

/I'V2001

/I 4-bit data channels

/l enable_bar is active-low)
/I 4-bit mux output

/I Grounds output

assign Y = enable_bar ? 4'bzzzz : (select ? B : A); // Three-state output

endmodule

// Note that this mux grounds the output when the mux is not active.

module t_quad_2x1_mux ();

reg [3:0]A, B, C;

reg enable_bar, select;

wire [3:0] Y;

/I 4-bit data channels
/l enable_bar is active-low)
/I 4-bit mux

quad_2x1_mux MO (A, B, enable_bar, select, Y);

initial #200 $finish;
initial fork
enable_bar = 1;
select = 1;
A =4'hA;
B = 4'h5;
#10 select = 0;
#20 enable_bar = 0;
#30 A = 4'h0;
#40 A = 4'hF;
#50 enable_bar = 1;
#60 select = 1;
#70 enable_bar = 0;
#80 B = 4'h0;
#90 B = 4'hA;
#100 B = 4'hF;
#110 enable_bar = 1;
#120 select = 0;
#130 select = 1;
#140 enable_bar = 1;

/l channel A

/I channel B

join
endmodule
e 70 140
A[3:0] 3 -
B[3:0] m 2 ) 7
enable_bar
select | |
Y[3:0] 0 Ya)Yo SFf 5 5
Channel A Channel B
(b) (VHDL)

entity quad_2x1_mux is

port (Y: out Std_Logic_Vector (3 downto 0); A, B: in Std_Logic_Vector (3 down to 0);
enable_bar, select: in Std_Logic_Vector);

end quad_2x1_muxI
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architecture DataFlow of quad_2x1_mux is
begin
Y <='0000" when enable_bar ='1";
else B when (not enable_bar) and (select);
else A when (not enable_bar) and (not select);
end DataFlow;

entity t quad_2x1_mux is

port ();
end t_quad_2x1_mux;

architecture testbench of t_quad_2x1_mux is
begin

enable_bar <="'1" after 0 ns;

select <="'1" after 0 ns;

A <="'1010" after 0 ns;

B <='0101" after 0 ns;

select <="'0" after 10 ns; -- channel A
enable_bar <="'0" after 20 ns;
A <='0000' after 30 ns;
A <="1111" after 40 ns;
enable_bar <="'1" after 50 ns;
select <="'1" after 60 ns; == Channel B
enable_bar <="'0" after 70 ns;
B <="'0000' after 80 ns;
B <="'1010" after 90 ns;
B <="'1111" after 100 ns;
enable_bar <="'1" after 110 ns;
select <="'0" after 120 ns;
select <="1" after 130 ns;
enable_bar <="'1" after 140 ns;
end testbench.

4.39 (a) Verilog 1995
module Compare (A, B, Y);
input [3: 0] A, B; //4-bitdata inputs.
output [5:0] Y; /I 6-bit comparator output.
reg [5:0] Y; /I EQ, NE, GT, LT, GE, LE

always @ (A or B)

if (A==B) Y =6'b10_0011; /I EQ, GE, LE

else if (A < B) Y =6'b01_0101; /I NE, LT, LE

else Y =6'b01_1010; /I NE, GT, GE
endmodule

Verilog 2001, 2005

module Compare (input [3: 0] A, B, output reg [5:0] Y);
always @ (A, B)

if (A==B) Y =6'b10_0011; I EQ, GE, LE
else if (A <B) Y =6'b01_0101; /I'NE, LT, LE
else Y =6'b01_1010; /I'NE, GT, GE
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endmodule

VHDL
entity Compare is

port (A, B: in Std_Logic_vector 3 downto 0; Y:out Std_Logic_Vector 5 downto 0);
end Compare;

architecture Behavioral of Compare is

begin

process (A, B) begin
if (A==B) Y <=6'b10_0011"; /I EQ, GE, LE
else if (A <B) Y <=6'b01_0101"; /I NE, LT, LE
else Y <=6'b01_1010; end if; /I NE, GT, GE

end Behavioral;

Verilog
module Prob_4_40 (
output [3: 0] sum_diff, output carry_borrow,
input [3: 0] A, B, input sel_diff

always @(sel_diff, A, B) {carry_borrow, sum_diff} = sel_diff ? A-B: A + B;
endmodule

module t Prob 4 40;
wire [3: 0] sum_diff;
wire carry_borrow;
reg [3:0] A, B;
reg sel_diff;

integer |, J, K;
Prob_4_40 MO ( sum_diff, carry_borrow, A, B, sel_diff);
initial #4000 $finish;
initial begin
for(1=0;1<2;1=1+ 1) begin
sel_diff = [;
for (J=0;J<16;J=J+ 1) begin
A=J;
for (K=0; K<16; K=K+ 1) begin B =K; #5 ; end
end
end
end
endmodule

VHDL
entity Prob_4 40 is
port (sum_diff: out Std_Logic_Vector (3 downto 0); carry_borrow: out
Std_Logic;

A, B: in Std_Logic_Vector (3 downto 0); sel_diff: in Std_Logic);
end Prob_4 40;

architecture DataFlow of Prob_4 40 is
begin

carry_borrow & sum_diff <= A — B when select_diff = 1; else A+ B;
end DataFlow;
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4.41 (a) Verilog/SystemVerilog
module Prob_4_41 (
output reg [3: 0] sum_diff, output reg carry_borrow,
input [3: 0] A, B, input sel_diff
);

always @ (A, B, sel_diff)

{carry_borrow, sum_diff} <= sel_diff ? ('0' & A) - ('0' & B) : ('0' & A) + ('0' & B);
endmodule

module t Prob 4 41;
wire [3: 0] sum_diff;
wire carry_borrow;
reg [3:0] A, B;
reg sel_diff;

integer |, J, K;
Prob_4_46 MO ( sum_diff, carry_borrow, A, B, sel_diff);
initial #4000 $finish;
initial begin
for(1=0;1<2;1=1+ 1) begin
sel_diff = [;
for (J=0;J<16;J=J+ 1) begin
A=J;
for (K=0; K<16; K=K+ 1) begin B =K; #5 ; end
end
end
end
endmodule

Name 780 I810 I840 I870
e e e e e e Ay

sel_diff

A[3:0] 9 X

[ o
B30 3808600880000 B0BN0NNDNE

a
7
sum_ag3:0 2008050800088 0000000¢
| I

carry_borrow |—
Name 2064 | 2094 | 2124 | 2154

I S B | I S B | I I | I I I
sel_diff
A[3:0] 9 X a X b
Bjs 0800080080000808080000)

— o= Ko fsdr Ao s e ks Kz h o Lo he Kafe ko Jako k]

carry_borrow
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(b) VHDL

entity Prob_4 41 is

port (sum_diff: out Std_Logic_Vector (3 downto 0); carry_borrow: out Std_Logic;
A, B: in Std_Logic_Vector (3 downto 0), sel_diff: in Std_Logic);

end Prob_4 41;

architecture Behavioral of Prob_4 41 is
process (A, B, sel_diff)
begin
(carrry_borrow & sum_diff) <= ('0' & A) + ('0' & B) when sel_diff; else ('0' & A) — ('0' & B);
end process;
end Behavioral;

4.42 (a)Verilog/SystemVerilog

module Xs3_Gates (input A, B, C, D, output w, X, y, z);
wire B bar, C_or_D bar;
wire CD, C or D;
or (C_or_D,C,D)
not (C_or_D bar, C_or_D);
not (B_bar, B);
and (CD, C, D);
not (z, D);
or (y,CD, C_or_D bar);
and (w1, C_or_D_bar, B);
and (w2, B_bar, C_or_D);
and (w3, C_or_D, B);
or (x,w1,w2);
or (w,w3, A);

endmodule

VHDL

entity Xs3_Converter is
port (A, B, C, D: in Std_Logic; w, X, y, z: out Std_Logic);
end Xs3_Gates;

architecture Gates of Xs3_Converter is
signal B_bar, C_or_D_bar, Cd, C_or_D: Std_Logic;
component ord2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component not_gate port (y: out Std_Logic; xin: in Std_Logic);
begin
G1: or2_gate port map (C_or_D =>y, C => xin1, D => xin2);
G2: not_gate port map (C_or_D_bar =>y, C_or_D => xin);
G3: not_gate port map (B_bar =>y, B => xin);
G4: and2_gate port map (Cd =>y, C =>xin1, D => xin2);
G5: not_gate port map (z =>y, D => xin);
G6: or2_gate port map (y =>y, CD => xin1, C_or_D_bar => xin2);
G7: and2_gate port map (w1 =>y, C_or_D_bar => xin1, B => xin2);
G8: and2_gate port map (w2 =>vy, B_bar => xin1, C_or_D => xin2);
G9: and2_gate port map (w3 =>vy, C_or_D => xin1, B => xin2);
G10: or2_gate port map (x =>y, w1 => xin1, w2 => xin2);
G11: or2_gate port map (x =>y, w3 => xin1, A => xin2);
end Gates

See declarations of and2_gate, or2_gate and not_gate in previous problems (above).
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(b) Verilog
module Xs3_Dataflow (input A, B, C, D, output w, X, y, z);
assign {w, x, y, z} = {A, B, C, D} + 4'b0011;
endmodule

VHDL
architecture Behavioral of Xs3_Converter is
begin
process (A, B, C, D) begin
{w, x,y, z} <= {A, B, C, D} + 4'b0011;
end process;

() Verilog/SystemVerilog
module Xs3_Behavior_95 (A, B, C, D, w, X, Y, z);
input A, B, C,D;
output w, x,y, z;
reg w,XxY,Zz

always @ (A or B or C or D) begin {w, x, y, z} = {A, B, C, D} + 4b0011; end
endmodule

module Xs3_Behavior_01 (input A, B, C, D, output reg w, x, y, z);
always @ (A, B, C, D) begin {w, x, y, z} = {A, B,C, D} + 4'b0011; end
endmodule

VHDL

Verilog Testbench
module t_Xs3_Converters ();
reg A, B, C, D;
wire w_Gates, x_Gates, y_Gates, z_Gates;
wire w_Dataflow, x_Dataflow, y_Dataflow, z_Dataflow;
wire w_Behavior_95, x_Behavior_95, y Behavior_95, z_Behavior_95;
wire w_Behavior_01, x_Behavior_01, y_Behavior_01, z_Behavior_01;
integer k;
wire [3: 0] BCD_value;
wire [3: 0] Xs3_Gates = {w_Gates, x_Gates, y_Gates, z_Gates};
wire [3: 0] Xs3_Dataflow = {w_Dataflow, x_Dataflow, y Dataflow, z_Dataflow};
wire [3: 0] Xs3_Behavior_95 = {w_Behavior_95, x_Behavior_95, y_Behavior_95, z_Behavior_95};
wire [3: 0] Xs3_Behavior_01 = {w_Behavior_01, x_Behavior_01, y_Behavior_01, z_Behavior_01};

assign BCD_value = {A, B, C, D};

Xs3_Gates MO (A, B, C, D, w_Gates, x_Gates, y_Gates, z_Gates);

Xs3_Dataflow M1 (A, B, C, D, w_Dataflow, x_Dataflow, y_Dataflow, z_Dataflow);
Xs3_Behavior_95 M2 (A, B, C, D, w_Behavior_95, x_Behavior_95, y Behavior_95, z_Behavior_95);
Xs3_Behavior_01 M3 (A, B, C, D, w_Behavior_01, x_Behavior_01, y_Behavior_01, z_Behavior_01);

initial #200 $finish;
initial begin
k=0;
repeat (10) begin {A, B, C,D}=k; #10k =k + 1; end
end
endmodule
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Name o ;30 60 %
k o X 1 X 2 X 3 X a4 X 5 X 6 X 7 X 8 X 9o 1]
A —
B I N,
c - O o
D I L 1 1 I 1 I I e
BCD_value[3:0] o x 1+ X 2 X 3 X 4 X 5 X e X 7 X 8 X o
w_Gates [
x_Gates I 1 I
y_Gates - - ‘- /1
z_Gates 1 1 [ 1 [ 1 1
Xs3_Gates[3:0] 0011 X o100 X o101 X o110 X o111 X 1000 X 1001 X 1010 X 1011 X 1100
Xs3_Gates[3:0] 3 X 4 X 5 X & X 7 X 8 X 9 X a X b X ¢
Xs3_Dataflow[3:0] 3 X 4 X 5 X & X 7 X 8 X 9 X a X b X ¢
Xs3_Behavior_95[3:0] 3 X a4 X 5 X & X 7 X 8 X 9 X a X b X ¢
Xs3_Behavior_01[3:0] 3 X a4 X 5 X & X 7 X 8 X 9o X a X b X ¢

(b)(VHDL)
entity Xs3_Behavior_vhdl is

port (A, B, C, D: in std_logic; w, X, y, z: out std_logic);
end Xs3_Behavior_vhdl;
architecture Behavioral of Xs3_Behavior_vhdl is
begin

w&x&y&z<=A&B&C&D +'0011}
end Behavioral,;

4.43 Two-channel mux with 2-bit data paths, enable, and three-state output.

VHDL

entity Prob4_43_vhdl is
port (A, B: in Std_Logic_Vector (1 downto 0); S, E: in Std_Logic;
Q: out Std_Logic_Vector (1 downto 0);
end Prob4 43 vhdl;

architecture Behavioral of Prob4 43 vhdlis
begin
process (A, B, S, E) begin
Q<=Awhen(S="1"and E="1");
else '0'when (S ='0'and E ='1");
else 'z';
end process
end Behavioral;

4.44 (a) (Verilog/SystemVerilog) (Note: Data paths are eight bits)

module ALU (output reg [7: 0] y, input [15: 0] A, B, input [2: 0] Sel);
always @ (A, B, Sel) begin
y=0;
case (Sel)
3'b000: y=8D0;
3'b001: y=A&B;
3'v010: y=A]|B;
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3'b011:  y=A"B;
3'b100: y=A+B;
3'b101: y=A-B;
3'b110:  y=~A;
3'b111:  y=8'hFF;
endcase
end
endmodule

module t_ALU ();
wire[7: Oly;
reg [7: 0] A, B;
reg [2: 0] Sel;

ALU MO (y, A, B, Sel);

initial #200 $finish;
initial fork

#5 begin A = 8'hAA; B = 8'h55; end  // Expecty = 8'd0

#10 begin Sel = 3'b000; A = 8'hAA; B = 8'h55; end // y = 8'b000

#20 begin Sel = 3'b001; A = 8'hAA; B=8hAA;end//y=A&B
#30 begin Sel = 3'b001; A = 8'h55; B = 8'h55;end //y=A&B
#40 begin Sel = 3'b010; A = 8'h55; B =8'h55;end //y=A|B
#50 begin Sel = 3'b010; A = 8'hAA; B=8hAA;end//y=A|B
#60 begin Sel = 3'b011; A= 8'h55; B =8h55;end //y=A"B
#70 begin Sel = 3'b011; A=8'hAA; B =8h55;end //y=A"B
#80 begin Sel = 3'b100; A = 8'h55; B =8'h00;end //y=A+B
#90 begin Sel = 3'b100; A = 8'hAA; B=8'h55;end //y=A+B
#110 begin Sel = 3'b101; A = 8'hAA; B =8'h55;end //y=A-B
#120 begin Sel = 3'b101; A =8'h55; B =8'hAA;end //y=A—-B

Expect y = 8'd0

Expecty = 8hAA =8'1010_1010

Expecty = 8'h55 = 8'b0101_0101
Expecty = 8'h55 = 8'b0101_0101
Expecty = 8hAA = 8'b1010_1010
Expect y = 8'd0

Expecty = 8hFF =8'b1111_1111
Expect y = 8'h55 = 8'b0101_0101
Expecty = 8hFF =8'b1111_1111
Expect y = 8'h55 = 8'b0101_0101
Expecty = 8'hab = 8'b1010_1011

#130 begin Sel = 3'b110; A = 8'hFF; end Iy =~A Expect y = 8'd0
#140 begin Sel = 3'b110; A = 8'd0; end Iy =~A Expecty = 8'hFF = 8b1111_1111
#150 begin Sel = 3'b110; A = 8'hFF; end Iy =~A Expect y = 8'd0
#160 begin Sel = 3'b111; end /'y =8hFF  Expecty=8hFF =8b1111_1111
join
endmodule
Name 0 | | | | | | | | | |60\ |12\0 | |18\0 |
sez00 | X N o001 X o0 Y o1t X 100 Y 01 X 110 11
aro] [ X__aa X 55 Yaa)s5)aa 55} aa  X55 ) ff {oo) ff
B[7:0] | )55 55 55 55 ) aa
yirop [ {00 55 Jaa \00 ) ff {55 ff 55} ab)oo) ff)oo) ff

Note that the subtraction operator performs 2's complement subtraction. So 8'h55 —
8'hAA adds the 2's complement of 8'hAA to 8'h55 and gets 8'hAB. The sign bit is not
included in the model, but hand calculation shows that the 9 bit is 1, indicating that the
result of the operation is negative. The magnitude of the result can be obtained by
taking the 2's complement of 8'hAB.

(b) (VHDL)

entity ALU is
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port (y: out Std_Logic_Vector (7 downto 0); A, B: in Std_Logic_Vector (7 downto 0),
Sel: in Std_Logic_Vector (2 downto 0));

end ALU;

architecture Behavioral of ALU is

begin

process (A, B, Sel) begin
y<=0;
case (Sel) is
when '000' => y <= 00000000
when '001' =>y<=AandB;
when '010' =>y<=AorB;
when '011' =>y <= A xor B;
when '100' =>y<=A+B,;
when '101' =>y<=A-B;
when '110' =>y <=notA;
when '"111' =>y<="11111111
endcase
end

end Behavioral

4.45 (a) (Verilog)
module priority_encoder_beh (output reg X, Y, V, input DO, D1, D2, D3); // V2001
always @ (DO, D1, D2, D3) begin
X=0;
Y =0;
V=0;
casex ({DO, D1, D2, D3})
4'p0000: {X,Y, V} = 3'bxx0;
4'b1000: {X,Y, V}=3'b001;
4'bx100: {X,Y, V}=3b011;
4'bxx10: {X,Y, V}=3Db101;
4'bxxx1: {X,Y,V}=3b111;
default: {X,Y, V}=3b000;
endcase
end
endmodule

module t_priority_encoder _beh (); // V2001
wire X, Y, V;
reg DO, D1, D2, D3;
integer k;

priority_encoder_beh MO (X, Y, V, DO, D1, D2, D3);

initial #200 $finish;
initial begin
k = 32'bx;
#10 for (k =0; k<=16; k =k + 1) #10 {DO, D1, D2, D3} = k;
end
endmodule
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Name |° 1%, "2 1'%
k o J1X2X3Xa)X5Ke X7 X8) o) 10)11)12)13)14)15X16) 17

Do I |
D1 -
p2 | | L 1 1
3 |
X | L1 L] L] I
Y |_ &+ " ’>‘-"-J /T 1T 4T 1
I I

VHDL

entity priority_encoder is
port (X, Y, V: out Std_Logic; DO, D1, D2, D3: in Std_Logic);
end priority_encoder;

architecture Behavioral of Priority_Encoder is

begin

process @ (DO, D1, D2, D3) begin
X <=0;
Y <=0;
V <=0;
case ({DO, D1, D2, D3})

when '0000" => {X, Y

V} <= 'xx0" -- Invalid

when '1000' => {X, Y, V} <="'001";
when '-100' => {X,Y, V} ='011";
when '—10' => {X,Y, V} ="101";

when '---1'  => {X, Y, V}="111}
when others => {X, Y, V} ="000";
endcase

end

end architecture;
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446  (a)
F=3(0,2, 5,7, 11,14)

Verilog

module Prob_4_46a (output F, input A, B, C, D);

assign F= (A && B &&!IC && ID) || (A && B && C && D) || ('A && B && !C && D)
| (A&& B && C && D) || (A && B && C && D) || (A &&B && C && ID);

endmodule

VHDL

entity Prob_4_46a is
port (F: out Std_Logic; A, B, C, D: in Std_Logic);
end Prob_4 46a;

architecture Boolean of Prob_4 46ais
begin
F <= (not A & not B & not C & not D)

or (not A & notB & C & not D)
or (not A& B & not C & D)
or (notA&B & C &D)
or(A&notB&C &D)
or (A& B & C & not D);

end Boolean;

(b) From prob 4.32:
F=113,8,12)=(A'"+B'"+C+D)(A+B'+C'"+D)(A+B+C'+D)
F'=ABC'D'+ A'BCD + A'B'CD =%(12,7, 3)
F=20,1,2,4,5,6,8,9, 10, 11, 13, 14, 15)

Verilog

module Prob_4_46b (output F, input A, B, C, D);

assign F = ('A && 1B && !IC && ID) || (A && IB && IC && D) || ('A && !B && C && D)
[| (A&& B && IC && D) || ('{A && B && !IC && D) || ('A && B && C && D)
|| (A&& B &&!IC&& D) || (A&& !B && IC && D) || (A && !B && C && D)
[(A&& B && C && D) || (A && B && IC && D) || (A && B && C && D)
[| (A && B && C && D);

endmodule

module t Prob 4 46a ();
wire F_a, F_b;

reg A, B, C, D;

integer k;
Prob_4 46a MO (F_a, A, B, C, D);
Prob_4 46b M1 (F_b, A, B, C, D);
initial #200 $finish;

initial begin
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k=0;
#10 repeat (15) begin {A, B, C, D} =k; #10 k=k + 1; end
end
endmodule
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VHDL

entity Prob_4 46b is
port (F: out Std_Logic; A, B, C, D: in Std_Logic);
end Prob_4 46b;

architecture Boolean of Prob_4 46b is
begin
F <= (not A & not B & not C & not D) or (~A&~B&~C&D)

or (not A & not B &C & not D) or (not A & B & not C & not D)

or (not A& B & not C & D) or (not A& B & C & not D)

or (A&notB &notC & not D) or (A& notB &not C &D)
or(A&notB& C&notD)or(A&notB &C &D)
or(A&B &notC&D)orA&B&C &notD)

Or (A& B & C & D);

endmodule

Name 0

60 120 180
I | I | | I |

k

Do
D1
D2
D3

X
Y
v

o X1 X2X3X4X5XeX7X8X9XtoX11X12K13 1415 16} 17

] -
e O
I Q. 2. O 1 —

I— L L L |
- -7 ] -1 I 1
A |
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4.47 Verilog
module Add_Sub_4_bit_Dataflow (
output [3:0] S,
output C,V,
input  [3:0] A, B,
input M
);

wire C3;

assign {C3, S[2: 0]} = A[2: 0] + ({M, M, M} A B[2: 0]) + M;
assign {C, S[3]} = A[3] + M A B[3] + C3;
assignV=C " C3;

endmodule

module t_Add_Sub_4_bit_Dataflow ();
wire [3: 0] S;
wire C, V;
reg [3: 0] A, B;
reg M;

Add_Sub_4_bit_Dataflow MO (S, C, V, A, B, M);

initial #100 $finish;
initial fork

#10 M =0;

#10 A = 4'hA;

#10 B = 4'h5;

#50 M = 1;

#70 B = 4'h3;
join

endmodule

Name | |50‘ I100

AE:0] | x X a
B[3:0] | x X
M

s[3:01 | x X f X 5 X 7

VHDL

entity Add_Sub_4_bitis
port (
S: out Std_Logic_Vector (3 downto 0);
C, V: out Std_Logic;
A, B: in Std_Logic_Vector (3 downto 0);
M: in Std_Logic); )
end Add_Sub_4 bit Dataflow;

architecture Boolean of Add_Sub 4 bitis
signal C3: Std_Logic;

(C3, & S(2: 0)) <= A(2: 0) + ((M & M & M) xor B(2: 0)) + M;
(C & S(3)) <= A(3) + M xor B(3) + C3;
V <= C xor C3;
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end Boolean;

4.48
module ALU_3state (output [7: 0] y_tri, input [7: O] A, B, input [2: 0] Sel, input En);
reg [7: O]y;
assigny_tri=En ?y: 8'bz;
always @ (A, B, Sel) begin
y=0;
case (Sel)
3'b000: y=8'b0;
3'b001: y=A&B;
3'b010: y=A|B;
3'b011:  y=A~"B;
3'b100: y=A+B;
3'b101: y=A-B;
3b110:  y=~A;
3'b111:  y =8'hFF;
endcase
end
endmodule

module t_ALU_3state ();
wire[7: 0] y;
reg [7: O] A, B;
reg [2: 0] Sel;
reg En;

ALU_3state MO (y, A, B, Sel, En);

initial #200 $finish;
initial fork
#5En =1,

#5 begin A = 8'hAA; B = 8'h55; end /I Expect y = 8'd0

#10 begin Sel = 3'b000; A = 8'hAA; B = 8'h55; end // y = 8'b000 Expecty = 8'd0
#20 begin Sel = 3'b001; A = 8'hAA; B =8hAA;end //y=A&B Expecty=8hAA=281010_1010
#30 begin Sel = 3'b001; A = 8'h55; B=8'h55;end //y=A&B Expecty=8h55=8b0101_0101
#40 begin Sel = 3'b010; A = 8'h55; B =8'h55;end //y=A|B Expect y = 8'h55 = 8'b0101_0101
#50 begin Sel = 3'b010; A = 8'hAA; B =8hAA;end//y=A|B  Expecty=8hAA =8b1010_1010
#60 begin Sel = 3'b011; A = 8'h55; B=8'h55;end //y=A"*B  Expecty =8'd0
#70 begin Sel = 3'b011; A=8hAA; B =8h55;end //y=A*B  Expecty=8hFF=8b1111_1111
#80 begin Sel = 3'b100; A = 8'h55; B =8'h00; end //y=A+B Expecty = 8"h55=28b0101_0101
#90 begin Sel = 3'b100; A = 8hAA; B =8'h55;end //y=A+B Expecty = 8hFF =8b1111_1111
#100 En = 0;
#115 En=1;

#110 begin Sel = 3'b101; A = 8'hAA; B=8h55;end //y=A-B Expecty=8"h55=28b0101_0101

#120 begin Sel = 3'b101; A =8'h55; B = 8'hAA;end //y=A—-B Expecty=8hab =8b1010_1011

#130 begin Sel = 3'b110; A = 8'hFF; end Iy =~A Expecty = 8'd0
#140 begin Sel = 3'b110; A = 8'd0; end Iy =~A Expecty = 8'hFF =8b1111_1111
#150 begin Sel = 3'b110; A = 8'hFF; end Iy =~A Expecty = 8'd0
#160 begin Sel = 3'b111; end /l'y=8hFF Expecty=8hFF =8b1111_1111
join

endmodule

VHDL

entity ALU_3state is
port (y_tri: out Std_Logic_Vector (7 downto 0); A, B: in Std_Logic_Vector (7 downto 0);
Sel: in Std_Logic_Vector (2 downto 0); En: in Std_Logic);
end ALU_3state;
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architecture Behavioral of ALU_3state is
begin
y_tri <= when En ="'1"; else 'zzzzzzzz";

process (A, B, Sel) begin

y=0;

case (Sel)
when '000' => y <='00000000";
when '001" => y <= A and B;
when '010" => y <= A or B;
when '011": => y <= A xor B;
when '100' => y<=A+B;
when '101'" => y<=A-B;
when 110" => y = not A;
when 111" => y="11111111";

endcase

end process;
end Behavioral;

4.49// see Problem 4.1

Verilog
module Problem_4_49 Gates (output F1, F2, input A, B, C, D);
wire A_bar = A;

wire B_bar = B;

and (T1, B_bar, C);

and (T2, A_bar, B);

or (T3, A, T1);

xor (T4, T2, D);

or (F1, T3, T4);

or (F2, T2, D);
endmodule

module Problem_4_49_Boolean_1 (output F1, F2, input A, B, C, D);
wire A_bar = lA;
wire B_bar = IB;
wire T1 = B_bar && C;
wire T2 = A_bar && B;
wire T3=A || T1;
wire T4 =T2 2 D;
assign F1 =T3 || T4;
assign F2=T2 || D;
endmodule

module Problem_4_49_Boolean_2(output F1, F2, input A, B, C, D);
assign F1=A|| (IB&&C) || (B && (ID)) || (!B && D);
assign F2 = ((!A) && B) || D;

endmodule

VHDL

entity Problem_4_49 is
port (F1, F2: out Std_Logic; A, B, C, D: in Std_Logic);
end Prob_4_49;

architecture Gates of Prob_4_49 is
signal A_bar: Std_Logic;
signal B_bar: Std_Logic;
signal T1, T2, T3, T4: Std_Logic;
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component or2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component xor2_gate port *(y: out Std_Logic; xin1, xin2: in Std_Logic);
begin
A_bar <= not A;
B_bar <= not B;
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G1: and2_gate port_map (y => T1, xin1 => B_bar, xin2=> C);
G2 and2_gate map (y => T2, xin1 => A_bar, xin2 => B);
G3: or2_gate map (y => T3, xin1 => A, xin2 => T1);
G4: xor2_gate map (y => T4, xin1 => T2, xin2 => D);
G5: or2_gate map (y => F1, xin1 => T3, xin2 => T4);
G6: or2_gate map (y => F2, xin1 => T2, xin2 => D);
end Gates;

architecture Boolean_1 of Prob_4_49 is
signal A_bar, B_barT1, T2, T3, T4: Std_Logic;
signal T1, T2, T3, T4: Std_Logic;
begin
A_bar <= not A;
B_bar <= not B;
T1 <= B_bar and C;
T2 <= A_bar and B;
T3<=AorT1;
T4 <= T2 xor D;
F1<=T3 or T4;
F2 <=T2 or D;
end Boolean

architecture Boolean_2 of Problem_4_49 is

F1 <= A or (not B and C) or (B and (not D)) or (not B and D);
F2 <= ((not A) and B) or D;
end Boolean_2;

module t_Problem_4_49;
reg A, B, C,D;
wire F1_Gates, F2_Gates;
wire F1_Boolean_1, F2_Boolean_1;
wire F1_Boolean_2, F2_Boolean_2;

Problem_4_48_Gates MO (F1_Gates, F2_Gates, A, B, C, D);
Problem_4_48 Boolean_1 M1 (F1_Boolean_1, F2_Boolean_1, A, B, C, D);
Problem_4_48 Boolean_2 M2 (F1_Boolean_2, F2_Boolean_2, A, B, C, D);

initial #100 $finish;
integer K;
initial begin
for (K=0; K<16; K=K+ 1) begin {A, B, C, D} = K; #5; end
end
endmodule

4.50 (a) 84-2-1 to BCD code converter
// See Problem 4.8 and Table 1.5.

Verilog
// Verilog 1995

/I module Prob_4 50a (Code_BCD, Code84_m2_m1);
I/ output [3: 0] Code_BCD;

Il input [3:0];

Il reg [3: 0] Code_BCD;

...

/I Verilog 2001, 2005
module Prob_4_50a (output reg [3: 0] Code_BCD, input [3: 0] Code_84_m2_m1);

always @ (Code_84_m2_m1)
case (Code_84 _m2_m1)

4'b0000: Code_BCD = 4'b0000"; /10
4'b0111:Code_BCD = 4'b0001", 1
4'b0110: Code_BCD = 4'b0010'; 12
4'b0101:Code_BCD = 4'b0011"; I3
4'b0100: Code_BCD = 4'b0100'; I"a
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4'p1011:Code_BCD = 4'b0101"; /I'5
4'p1010:Code_BCD =4'b0110"; /16
4'p1001:Code_BCD =4'b0111"; 17
4'p1000: Code_BCD = 4'p1000"; /18
4'p1111:Code_BCD = 4'pb1001"; /19
4'n0001:Code_BCD =4'p1010"; /110
4'p0010:Code_BCD =4'b1011"; /111
4'n0011:Code_BCD =4'b1100"; /112
4'p1100: Code_BCD=4'b1101"; /113
4'b1101:Code_BCD =4'b1110"; /114
4'b1110: Code_BCD =4'b1111" /115
endcase
endmodule

module t Prob_4 50a;
wire [3: 0] Code BCD;
reg [3: 0]; Code_84_m2_m1;
integer K;

Prob_4_50a MO ( Code_BCD, Code_84_m2_m1);// Unit under test (UUT)

initial #100 $finish;
initial begin
for (K=0; K<16; K=K+ 1) begin Code_84 m2_m1 =K; #5; end
end
endmodule

VHDL

entity Prob_4 50a_vhdl is

port (code_BCD: out std_logic_vector (3 downto 0); Code_84_md_m1: in std_logic_vector (3 downto
0));

end Prob_4 50a_vhdl;

architecture Behavioral of Prob_4 50a is
begin
process (Code_84_m2_m1) begin
case (Code_84 m2_m1)
when '0000' => Code_BCD <='0000"; 110
when '0111' => Code_BCD <='0001"; 11
when '0110' => Code_BCD <='0010; //2
when '0101' => Code_BCD <='0011; //3
when '0100' => Code_BCD <='0100; //4
when '1011' => Code_BCD <='0101; //5
when '1010' => Code_BCD <='0110; //6
when '1001' => Code_BCD <='0111; //7
when '1000' => Code_BCD <='1000; //8
when '1111' => Code_BCD <='1001; //9

when '0001' => Code_BCD <='1010; /110
when '0010' => Code_BCD <='1011; /111
when '0011' => Code_BCD <="'1100; /112
when '1100' => Code BCD <='1101; /113
when '1101' => Code_BCD <='1110; /114
when '1110' => Code_BCD <='1111; /115
end case;
end process;
end Behavioral;

(b) 84-2-1 to Gray code converter
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Verilog
module Prob_4_50b (output reg [3: 0] Code_BCD, input [3: 0] Code_84 _m2_m1);
always @ (Code_84_m2_m1)

case (Code_84 _m2_m1)

4'b0000: Code_Gray = 4'b0000; /10
4'b0111:Code_Gray = 4'b0001; /11
4'b0110: Code_Gray = 4'b0011; /2
4'b0101:Code_Gray = 4'b0010; /13
4'b0100: Code_Gray = 4'b0110; /14
4'b1011:Code_Gray = 4'b0111; /15
4'b1010: Code_Gray = 4'b0101; /16
4'b1001: Code_Gray = 4'b0100; 17
4'H1000: Code_Gray = 4'b1100; /1 8
4'b1111:Code_Gray = 4'b1101; /19
4'p0001:Code_Gray = 4'b1111; /110
4'p0010: Code_Gray = 4'b1110; /111
4'p0011:Code_Gray = 4'b1010; /112
4'b1100: Code_Gray= 4'b1011; /113
4'b1101:Code_Gray = 4'b1001; /114
4'b1110: Code_Gray = 4'b1000; /115
endcase
endmodule

module t Prob_4 50b;
wire [3: 0] Code_Gray;
reg [3:0] Code_84 m2_m1;
integer K;

Prob_4_50b M0 (Code_Gray, Code_84_m2_m1); // Unit under test (UUT)

initial #100 $finish;

initial begin
for (K=0; K<16; K=K+ 1) begin Code_84_m2_m1 =K; #5 ; end
end
endmodule
VHDL
arhitecture Behavioral of Prob_4 50b is
begin
process (Code_84 _m2_m1)
begin
case (Code_84 _m2_m1)
when '0000'=> Code_Gray <= "'0000"; 110
when '0111'=> Code_Gray <= "'0001"; N1
when '0110'=> Code_Gray <="'0011"; 112
when '0101'=> Code_Gray <="'0010"; /13
when '0100'=> Code_Gray <="'0110"; II4
when '1011'=> Code_Gray <="'0111"; 115
when '1010'=> Code_Gray <="'0101"; /16
when '1001'=> Code_Gray <= "'0100"; 7
when '1000'=> Code_Gray <= "'1100"; /18
when '1111 => Code_Gray <="'1101"; 119
when '0001'=> Code_Gray <="1111"; /110
when '0010'=> Code_Gray <="'1110"; 1111
when '0011'=> Code_Gray <="'1010"; /112
when '1100'=> Code_Gray <='1011"; /113
when '1101'=> Code_Gray <='1001"; /114
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when '1110'=> Code_Gray <='1000"; /115
when OTHERS => Code_Gray <= BLANK;
end case;
end process ;

4.51 Assume that that the LEDs are asserted when the output is high.

module Seven_Seg_Display_V2001 (
output reg [6: 0] Display,

input [3: 0] BCD
);
Il abc_defg
parameter BLANK = 7'p000_0000;
parameter ZERO =7b111_1110; /I h7e
parameter ONE =7'p011_0000; /I h30
parameter TWO =7'p110_1101; /I hed
parameter THREE =7'b111_1001; /I'h79
parameter FOUR =7'b011_0011; /I'h33
parameter FIVE =7'b101_1011; /I h5b
parameter SIX =7'b101_1111; /I h5f
parameter SEVEN =7'b111_0000; /I'h70
parameter EIGHT =7'b111_1111; /I h7f
parameter NINE =7'b111_1011; /I h7b
always @ (BCD)
case (BCD)

0: Display = ZERO;

1: Display = ONE;

2: Display = TWO;

3: Display = THREE;

4: Display = FOUR;

5: Display = FIVE;

6: Display = SIX;

7 Display = SEVEN;

8: Display = EIGHT;

9: Display = NINE;

default: Display = BLANK;
endcase

endmodule

module t_Seven_Seg_Display_V2001 ();
wire [6: 0] Display;
reg [3:0] BCD;

parameter BLANK = 7'b000_0000;
parameter ZERO =7b111_1110; /I h7e
parameter ONE =7'b011_0000; /I h30
parameter TWO =7'b110_1101; /I hed
parameter THREE =7'b111_1001; /I h79
parameter FOUR =7'b011_0011; /I h33
parameter FIVE =7'b101_1011; /I h5b
parameter SIX =7'b001_1111; /I h1f
parameter SEVEN =7'p111_0000; /I h70
parameter EIGHT =7b111_1111; /I h7f
parameter NINE =7'b111_1011; /I h7b
initial #120 $finish;
initial fork

#10 BCD = 0;

#20 BCD = 1;
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#30 BCD = 2;
#40 BCD = 3;
#50 BCD = 4;
#60 BCD = 5;
#70 BCD = 6;
#80 BCD =7,
#90 BCD = 8;
#100 BCD = 9;

join

Seven_Seg_Display_ V2001 MO (Display, BCD);
endmodule

0 60 120
Name L I L I L

BCD[3:0] x hopht1 A2 3hafksXeX7)s8X o
Display[6:0] | xx } 7e {30 \6d (79 4 33 k5b \ 5f {70 k76 \_ 7b

VHDL

entity Seven_Seg_Display is
port (Display: out Std_Logic_Vector (6 downto 0);
BCD: in Std_Logic_Vector (3 downto 0);

end Seven_Seg_Display;

architecture Behavioral of Seven_Seg_Display is
I abc_defgend Seven_Seg_Display;
constant BLANK: Std_Logic_Vector :='000_0000";

constant ZERO: Std_Logic_Vector :='111_1110"; --hex 7e
constant ONE: Std_Logic_Vector :='011_0000" -- hex 30
constant TWO: Std_Logic_Vector :='110_1101"; -- hex 6d
constant THREE: Std_Logic_Vector:='111_1001"; --hex 79
constant FOUR: Std_Logic_Vector :='011_0011% -- hex 33
constant  FIVE: Std_Logic_Vector :='101_1011"; -- hex 5b
constant  SIX: Std_Logic_Vector :='101_1111"; -- hex 5f
constant SEVEN: Std_Logic Vector :='111_0000" -- hex 70
constant EIGHT: Std_Logic Vector :='111_1111"; -- hex 7f
constant  NINE: Std_Logic_Vector :='111_1011"; --hex 7b
begin
process (BCD) begin
case (BCD)

when 0 => Display <= ZERO;

when 1 => Display <= ONE;

when 2 => Display <= TWO;

when 3 => Display <= THREE;

when 4 => Display <= FOUR,;

when 5 => Display <= FIVE;

when 6 => Display <= SIX;

when 7 => Display <= SEVEN;

when 8 => Display <= EIGHT;

when 9 => Display <= NINE;

when others => Display <= BLANK;
end case
end process
end Behavioral

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

137

Alternative with continuous assignments (dataflow):

module Seven_Seg_Display_V2001_CA (

output [6: 0] Display,
input [3: 0] BCD

);
I abc_defg
parameter BLANK = 7'b000_0000;
parameter ZERO =7'b111_1110; /I h7e
parameter ONE =7'p011_0000; /I h30
parameter TWO =7'b110_1101; /I hed
parameter THREE =7'b111_1001; /I h79
parameter FOUR =7'b011_0011; /I h33
parameter FIVE =7'p101_1011; /I h5b
parameter SIX =7'b101_1111; /I h5f
parameter SEVEN =7'b111_0000; /I h70
parameter EIGHT =7'b111 1111; /I h7f
parameter NINE =7b111_1011; // h7b
wire A,B,C,D,a,b,cdefg;

assign A = BCD[3];

assign B = BCD[2];

assign C = BCD[1];

assign D = BCDI0];

assign Display = {a,b,c,d,e,f,g};

assigna = (!A)&& C || (A) & B & D || (IB) && (IC) && (D) || A && (!B) && (!C);

assign b = (1A) && (!B) || ('A) && (IC) && (D) || ('A) && C && D || A && (!B) && (IC);

assignc=('A) && B || ('A) && D || (IB) && (IC) && (D) || A & (!B) & (!C);

assignd = (!A) && C && (D) || ('A) && ('B) && C || (IB) && (!C) && (!D)

[| A && ('B) && (IC) || ('A) && B && (IC) && D;

assign e = (!A) && C && (D) || ('B) && (!C) && (!D);

assign f = (IA) && B && (IC) || ('A) && (IC) && (ID) || ('A) && B && (ID) || A && (!B) && (IC);

assign g = ('A) && C && (D) || ('A) && (IB) && C || ('A) && B && (IC) || A && (!B) && (C);
endmodule

module t_Seven_Seg_Display_V2001_CA ();
wire [6:0] Display;
reg [3: 0] BCD;

parameter BLANK = 7'b000_0000;

parameter ZERO =7'b111_1110; /I h7e
parameter ONE =7'b011_0000; /I h30
parameter TWO =7'b110_1101; /I hed
parameter THREE =7'b111_1001; /I h79
parameter FOUR =7'b011_0011; /I h33
parameter FIVE =7'p101_1011; /I h5b
parameter SIX =7'b001_1111; /I h1f
parameter SEVEN =7'b111_0000; /I h70
parameter EIGHT =7'b111_1111; /I h7f
parameter NINE =7'b111_1011; /I h7b

initial #120 $finish;
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initial fork
#10 BCD = 0;
#20 BCD = 1;
#30 BCD = 2;
#40 BCD = 3;
#50 BCD = 4;
#60 BCD = 5;
#70 BCD = 6;
#80 BCD =7;
#90 BCD = 8;
#100 BCD = 9;

join

Seven_Seg_Display_V2001_CA MO (Display, BCD);
endmodule
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4.52  (a) Incrementer for unsigned 4-bit numbers
VERILOG
module Problem_4_52a_Data_Flow (output [3: 0] sum, output carry, input [3: 0] A);
assign {carry, sum} = A + 1;
endmodule

module t Problem_4 52a Data_Flow;
wire [3: 0] sum;
wire carry;
reg [3: 0] A;

Problem_4_52a_Data_Flow MO (sum, carry, A);

initial # 100 $finish;
integer K;
initial begin
for (K=0; K<16; K=K+ 1) begin A = K; #5; end
end
endmodule

VHDL

entity Problem_4_52a_Data_Flow is

port (sum: out Std_Logic_Vector (3 downto 0); carry: in Std_Logic;
A: in Std_Logic_Vector (3: 0));

end Problem_4 52;

architecture Data_Flow of Problem_4_52a is
begin

(carry & sum) <= A +'0001";

endmodule

(b) Decrementer for unsigned 4-bit numbers

Verilog

module Problem_4_52b_Data_Flow (output [3: 0] diff, output borrow, input [3: 0] A);
assign {borrow, diff} = A - 1;

endmodule

module t Problem_4 52b Data_Flow;

wire [3: 0] diff;
wire borrow;
reg [3: 0] A;

Problem_4_52b_Data_Flow MO (diff, borrow, A);

initial # 100 $finish;
integer K;
initial begin
for (K=0; K<16; K=K+ 1) begin A = K; #5; end
end
endmodule

Name

azo] |0 N1 N2k3fafsfef7f8)oNakbhchdfel f
aifiz0] | £AoN1f2k3 ke s e 7 XeXoNafo chdX

borrow

VHDL
entity Problem_4_52b is
port (diff: out Std_Logic_Vector (3 downto 0); borrow: out Std_Logic;
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A: in Std_Logic_Vector (3 downto 0);
end Problem_42b;

architecture Data_Flow of Problem_4 52b is
begin

(borrow & diff} <= A —'0001";
endmodule
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4.53 // BCD Adder

Verilog
module Problem_4_53 BCD_Adder (
output Output_carry,

output [3: 0] Sum,

input [3: 0] Addend, Augend,

input Carry_in);

supply0 gnd;

wire [3: 0] Z_Addend;

wire Carry_out;

wire C_out;

assign Z_Addend = {1'b0, Output_carry, Output_carry, 1'b0};
wire [3: 0] Z sum;

and (w1, Z_sum[3], Z_sum[2]);
and (w2, Z_sum[3], Z_sum[1]);
or (Output_carry, Carry_out, w1, w2);

Adder_4_bit MO (Carry_out, Z_sum, Addend, Augend, Carry_in);
Adder_4_bit M1 (C_out, Sum, Z_Addend, Z_sum, gnd);
endmodule

module Adder_4_bit (output carry, output [3:0] sum, input [3: 0] a, b, input c_in);
assign {carry, sum}=a+b +c_in;
endmodule

module t Problem_4 53 Data Flow;
wire [3: 0] Sum;

wire Output_carry;
reg [3: 0] Addend, Augend;
reg Carry_in;

Problem_4_53_BCD_Adder MO (Output_carry, Sum, Addend, Augend, Carry_in);

initial # 1500 $finish;
integer i, j, k;
initial begin
for (i=0;i<=1;i=i+1)begin Carry_in = i; #5;
for (j=0;j<=9;j=j+1) begin Addend = j; #5;
for (k =0; k<=9; k=k + 1) begin Augend = k; #5;

end
end
end
end
endmodule
Name 68\ | | | | | | | | Igs\ | | | | | | | | I12\8\ | | | | | | | I15\8\ | | | | | | | I18\8\ | | | | | |
Addend[3:0] 1 X 2 X 3
Augendi3:0] [ X1 X2 )3 4 s5)e 7 8} o Nof1X2)fskaXs)fehzX8)f o Yofr1)f2)X3)fa) 5 ]
Carry_in
sumpz:01 | X 2 X3 X4 X5 6 )7 X8 oo 1) 2) 3 a5 e 7 s oXo) 1) 2 3 a) s e)X7) 8 ]
Output_carry
VHDL

entity Problem_4_53 BCD_Adder is

port(output_carry: out Std_Logic; Sum: out Std_Logic_Vector (3 downto 0);
input [3: 0] Addend, Augend: in Std_Logic_Vector (3 downto 0);
end Problem_4 53 BCD_Adder
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architecture Gates of Problem_4 53 BDC_Adder is
signal [3: 0] Z_Addend: Std_Logic_Vector (3 downto 0);
signal Carry_out: Std_Logic;
signal C_out: Std_Logic;
signal Z_sum: Std_Logic_Vector (3 downto 0);
constant gnd: Std_Logic :='0";
component and2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);
component or3_gate port (y: out Std_Logic; xin1, xin2, xin3: in Std_Logic);
component Adder_4_bit port (c: out Std_Logic; s: out Std_Logic_Vector (3 downto 0);
a, b: in Std_Logic_Vector (3 downto 0); cin: in Std_Logic);
begin
Z_Addend <= ('0' & Output_carry & Output_carry & '0"}
G1: and2_gate port map (y => w1, xin1 =>Z_sum(3), xin2 => Z_sum(2));
G2: and2_gate port map (y => w2, xin1 =>Z_sum(3), xin2 => Z_sum(1));
G3: or3_gate port map (y => Output_carry, xin1 => Carry_out, xin2 => w1, xin3 => w2);

CO: Adder_4_bit port map (c => Carry_out, s => Z_sum, a => Addend, b => Augend, cin => Carry_in);

C1: Adder_4_bit (port map (c => C_out, s => Sum, a => Z_Addend, b => Z_sum, cin => gnd);
end gates;

entity Adder_4_bit is
port (carry out: Std_Logic; sum: Std_Logic_Vector (3 downto 0);
a, b: in Std_Logic_Vector (3 downto 0); input c_in: in Std_Logic);
end Adder_4_bit

architecture Behavioral of Adder_4_bit is
begin

(carry & sum <=a +b + ('000' & c_in);
end Behavioral;
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4.54 (a) 9s Complement of BCD

VHDL
module Nines_Complementer ( /1'V2001
output reg [3: 0] Word_9s_Comp,
input [3: 0] Word BCD
)
always @ (Word_BCD) begin
Word_9s Comp = 4'b0;
case (Word_BCD)
4'p0000: Word_9s_Comp = 4'b1001; //0to9
4'b0001: Word_9s_Comp = 4'b1000; //1t08
4'b0010: Word_9s_Comp = 4'b0111; 12t07
4'b0011: Word_9s_Comp = 4'b0110; //3t06
4'b0100: Word_9s_Comp = 4'b0101; II4t05
4'b0101: Word_9s_Comp = 4'b0100; /I'5t04
4'b0110: Word_9s_Comp = 4'b0011; //6t03
4'b0111: Word_9s_Comp = 4'b0010; II'7t02
4'b1000: Word_9s_Comp = 4'b0001; //8to1
4'b1001: Word_9s_Comp = 4'b0000; /19t00
default:  Word_9s Comp =4'b1111; /I Error detection
endcase
end
endmodule

module t_Nines_Complementer ();
wire [3:0] Word 9s Comp;
reg [3:0] Word_BCD;

Nines_Complementer MO (Word_9s_Comp, Word_BCD);

initial #11$finish;
initial fork
Word_BCD = 0;

#10 Word_BCD = 1;
#20 Word_BCD = 2;
#30 Word_BCD = 3;
#40 Word_BCD = 4;
#50 Word_BCD = 5;
#60 Word_BCD = 6;
#70 Word_BCD =7;
#20 Word_BCD = 8;
#90 Word_BCD =9;
#100 Word_BCD =4'b1100; /I Confirm error detection

join
endmodule
Name 0 ‘ \60‘
Word_BCD[3:0] 0 s Xe X 7 Yo
Word_9s_Comp[3:0] | 9 X8 { 7 X6 X5 ) 4 2 Yo

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

144

VHDL
entity Nines_Complementer is
port (Word_9s_Comp: out Std_Logic_Vector (3 downto 0); Word_BCD: in Std_Logic_Vector (3
downto 0));
end Nines_Complementer;

architecture Behavioral of Nines_complementer is
process (Word_BCD) begin
Word_9s Comp <="'0000";
case (Word_BCD)

when '0000' => Word_9s_ Comp <='1001"; //I0to9
when '0001" => Word_9s_Comp <="'1000";

when '0010" => Word_9s Comp <='0111"; /I2to 7
when '0011" => Word_9s Comp <='0110"; //3t06
when '0100' => Word_9s Comp <='0101"; /l4t05
when '0101" => Word_9s_Comp <='0100"; /I5to 4
when '0110" => Word_9s_ Comp <="'0011"; //6to3
when '0111" => Word_9s_Comp <='0010"; /I'7Tto2
when '"1000' => Word_9s_Comp <="'0001"; /I8to1
when '"1001" => Word_9s_Comp <="'0000"; /9t 0
whebn others' => Word 9s Comp <="'1111"; /I Error detection

end case

end Behavioral

(b) 9s complement of Gray Code

Verilog
module Nines_Complementer ( /1’2001
outputreg [3: 0] Word_9s_Comp,
input [3: 0] Word_Gray
);
always @ (Word_Gray) begin
Word_9s Comp = 4'b0;
case (Word_Gray)
4'pb0000: Word_9s_Comp = 4'b1101; //0to9
4'b0001: Word_9s_Comp = 4'b1100; /1108
4'b0010: Word_9s_Comp = 4'b0100; I12to7
4'b0011: Word_9s_Comp = 4'b0101; //3t06
4'b0100: Word_9s_Comp = 4'b0111; Il4t05
4'b0101: Word_9s_Comp = 4'b0110; /I'5to04
4'v0110: Word_9s_Comp = 4'b0010; //6t03
4'v0111: Word_9s_Comp = 4'b0011; /I'7to02
4'b1000: Word_9s_Comp = 4'b0001; //8to1
4'b1001: Word_9s_Comp = 4'b0000; /19t0 0
default:  Word_9s Comp =4'b1111; /I Error detection
endcase
end
endmodule

module t_Nines_Complementer ();
wire [3:0] Word 9s Comp;
reg [3:0] Word_Gray;

Nines_Complementer MO (Word_9s_Comp, Word_Gray);

initial #11$finish;
initial fork
Word_Gray = 0;
#10 Word_Gray = 1;
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#20 Word_Gray = 2;
#30 Word_Gray = 3;
#40 Word_Gray = 4;
#50 Word_Gray = 5;
#60 Word_Gray = 6;
#70 Word_Gray = 7;
#20 Word_Gray = 8;
#90 Word_Gray = 9;
#100 Word_Gray = 4'b1100; /I Confirm error detection
join
endmodule

VHDL
entity Nines_Complementer is
port (Word_9s_Comp: out Std_Logic_Vector (3 downto 0);
Word_Gray: in Std_Logic_Vector (3 downto 0);
end Nines_Complementer;

architecture Behavioral of Nines_Complementer is
begin
process (Word_Gray) begin
Word_9s Comp <="'0000";
case (Word_Gray)

when '0000' => Word 9s Comp <='1101"; //I0to9
when '0001'=> Word 9s Comp <='1100"; //1t08
when '0010'=> Word_9s Comp <='0100"; /I2t0 7
when '0011'=>  Word_9s Comp <='0101"; //3t06
when '0100'=> Word_9s Comp <="'0111"; /4105
when '0101'=> Word_9s Comp <='0110" I/5to4
when '0110'=> Word_9s Comp <='0010" //6to3
when '0111'=> Word_9s Comp <='0011"; /17102
when '1000' => Word_9s Comp <='0001"; /'8 to1
when '1001'=> Word_9s Comp <="'0000" /19t 0
when others => Word_9s Comp <="'1111"; /I Error detection
endcase
end
endmodule
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4.55 From Problem 4.19:

Mode = 0 for Add
Mode = 1 for Subtract

Problem _4_55 BCD_Adder Subtractor IB Mode A
Word_in
9's Complementer
(See Prob. 4.18)
Word_out
1W0rd9scomp
A 4
b — (Select = 1) a— (Select = 0)
Quadruple 2 x 1 MUX Select[«—e@
mux_out
Carry Borrow 1
ﬁv - mux_quad_out
q A 4
C B out Addend Ciy Augend
BCD Adder (See Fig. 4.14)
BCD_Sum_Diff

1 BCD_Sum_Diff

Verilog

// BCD Adder — Subtractor

module Problem_4_55 BCD_Adder_Subtractor (
output [3: 0] BCD_Sum_Diff,

output Carry_Borrow,
input [3: 0] B, A,
input Mode

,wire [3: 0] Word_9s_Comp, mux_quad_out;
Nines_Complementer MO (Word_9s_Comp, B);
Quad_2_x_1_mux M2 (mux_quad_out, Word_9s_Comp, B, Mode);

BCD_Adder M1 (Carry_Borrow, BCD_Sum_Diff, mux_quad_out, A, Mode);
endmodule
module Nines_Complementer ( /I V2001

output reg [3: 0] Word_out,

input [3: 0] Word_in

)
always @ (Word_in) begin
Word_out = 4'b0;
case (Word_BCD)
4'b0000: Word_out = 4'b1001; //0to9
4'b0001: Word_out = 4'b1000; //1t08
4'b0010: Word_out =4'b0111; /I2to7
4'b0011: Word_out = 4'b0110; //3to6
4'n0100: Word_out = 4'b1001; /l4to5
4'n0101: Word_out = 4'b0100; /I5t0 4
4'n0110: Word_out = 4'b0011; //6to03
4'n0111: Word_out = 4'b0010; II'7t02
4'p1000: Word_out = 4'b0001; //8to1
4'b1001: Word_out = 4'b0000; //9to0
default: Word_out=4'b1111; /I Error detection
endcase
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end
endmodule

module Quad_2_x_1_mux (output reg [3: 0] mux_out, input [3: 0] b, a, input select);
always @ (a, b, select)
case (select)
0: mux_out = a;
1: mux_out=Db;
endcase
endmodule

module BCD_Adder (
output Output_carry,
output [3:0] Sum,
input [3: 0] Addend, Augend,

input C_in);
supply0 gnd;

wire [3: 0] Z_Addend;
wire Carry_out;
wire C_out;

assign Z_Addend = {1'b0, Output_carry, Output_carry, 1'b0};
wire [3: 0] Z_sum;

and (w1, Z_sum[3], Z_sum[2]);
and (w2, Z_sum[3], Z_sum[1]);
or (Output_carry, Carry_out, w1, w2);

Adder_4_bit MO (Carry_out, Z_sum, Addend, Augend, C_in);
Adder_4_bit M1 (C_out, Sum, Z_Addend, Z_sum, gnd);
endmodule

module Adder_4_bit (output carry, output [3:0] sum, input [3: 0] a, b, input c_in);
assign {carry, sum}=a+b +c_in;
endmodule

module t_Problem_4_55 BCD_Adder_Subtractor();
wire [3:0] BCD_Sum_Diff;

wire Carry_Borrow;
reg [3:0] B,A;
reg Mode;

Problem_4_55 BCD_Adder_Subtractor MO (BCD_Sum_Diff, Carry_Borrow, B, A, Mode);
initial #1000 $finish;

integer J, K, M;
initial begin
for(M=0;M<2;M=M+ 1) begin
for (J=0;J<10;J=J+ 1) begin
for (K=0; K<10; K=K+ 1) begin
A=J;B=K; Mode = M; #5;
end
end
end
end
endmodule

VHDL

// BCD Adder — Subtractor
entity Problem_4_55 BCD_Adder_Subtractor is
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port (BCD_Sum_Diff: out Std_Logic_Vector (3 downto 0);
Carry_Borrow: out Std_Logic;
B, A: in Std_Logic_Vector (3:0);
Mode: in Std_Logic);
end Problem_4 55 BCD_Adder_Subtractor;

architecture Structural of Problem_4 55 BCD_Adder_Subtractor is
signal Word_9s_comp, mux_quad_out: Std_Logic_Vector (3 downto 0);
component Nines_Complementer port (Word_out: out Std_Logic_Vector (3 downto 0);
Word_in: in Std_Logic_Vector);
component Quad_2_x_1_mux port (mux_out: out Std_Logic_Vector (3 downto 0);
B, A: in Std_Logic_Vector (3 downto 0);
Mode: Std_Logic);
component BCD_Adder port (C_B_out: out Std_Logic;
BCD_Sum_Diff: out Std_Logic_Vector (3 downto 0);
Addend, Augend: in Std_Logic_Vector (3 downto 0);
Cin: in Std_Logic);
begin

M1: Nines_Complementer port map (Word_out => Word_9s_Comp, Word_in: => B);
M2: Quad_2_x_1_mux port map (mux_out => mux_quad_out, b => Word_9s_comp,
a => B, Select => Mode);
M3: BCD_Adder port map (C_B_out => Carry_Borrow, Addend => mux_quad_out,
Augend => A, cin => Mode,
BCD_Sum_Diff => BCD_Sum_Diff);
end Structural

Name

M 0

A3:0]

B[3:0]

Word 9s_Comp([3:0]
mux_out[3:0]
BCD_Sum_Diff[3:0]
Carry Borrow |— | L L

Note: For subtraction, Carry Borrow = 1 indicates a positive result; Carry Borrow = 0
indicates a negative result.
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768 798 828 858
e e e e e S A

Name

M 1

wora 95 comprzo)| | 0| 4|3} 2| 1) o) ofs)7)e)sfa)s)z]fo)s)s)r)e]s)s]]
et 0B 000000000008 000000001)
aco_sum omsal| | s o fof s} 7| o [shefsfeftfofofs) 7 Jels)efriz]]

Carry_Borrow —\—, |—,

A[3:0] 5 X 6
7
7
7
7

I :
s f 4| s o) 7)sfofof1fzfsfefsfefr)s)ofoftfz]sfefs]]
7
7
7 7

4.56
Verilog: assign match = (A == B); // Assumes reg [3: 0] A, B;

VHDL: match <= (A = B);

4.57 Verilog

module Prob_4 57(
input DO, D1, D2, D3,
output reg x_in, y_in, Valid

);

always @ (DO, D1, D2, D3) begin // Note: positions numbered left to right
casex ({D0, D1, D2, D3}
4'pb0000: {x_out, y_out, Valid} = 3'bxx_0; //Invalid word
4'b1xxx,: {x_out, y_out, Valid} = 3'b00_1; // Bit 0, valid word
4'b01xx: {x_out, y_out, Valid} = 3'b01_1; // Bit 1, valid word
4'pb001x: {x_out, y_out, Valid} = 3'b10_1; // Bit 2, valid word
4'b0001: {x_out, y_out, Valid} =3'b11_1; // Bit 3, valid word
endcase
end
endmodule

module t Prob_4 57;
wire x_out, y_out, Valid;
reg D3, D2, D1, DO;
integer K;
Prob_4 57 MO (DO, D1, D2, D3, x_out, y_out, Valid

initial #100 $finish;
initial begin
for (K=0; K<16; K=K+ 1) begin {D0, D1, D2, D3} = K; #5 ; end
end
endmodule

VHDL
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entity Prob_4_57 is
port (DO, D1, D2, D3: in Std_Logic; x_out, y_out: out Std_Logic; Valid: out Std_Logic);
end Prob_4 57;

architecture Behavioral of Prob_4 57 is
begin
x_out & y_out & Valid <= "000" when DO & D1 & D2 & D3 ='0000'"; else
"001" when DO = 1; else
"011" when DO = 0 and D1 = 1; else
"101" when DO = 0 and D1 =0 and D2 = 1; else
"111" when DO & D1 & D2 & D3 ='0001"; end if;
endcase;
end process;
end Behavioral;
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4.58 (a)
Verilog

/Imodule shift_right_by 3 V2001 (output [31: 0] sig_out, input [31: 0] sig_in);

Il assign sig_out = sig_in >>> 3;
llendmodule

module shift_right_by 3 V1995 (output reg [31: 0] sig_out, input [31: 0] sig_in);

always @ (sig_in)
sig_out = {sig_in[31], sig_in[31], sig_in[31],
endmodule

module t_shift_right_by 3 ();
wire [31: 0] sig_out_V1995;
wire [31: 0] sig_out_V2001;

reg [31: 0] sig_in;
/Ishift_right_by 3 V2001 MO (sig_out_V2001

shift_right_by 3_V1995 M1 (sig_out_V1995,
integer k;
initial #1000 $finish;
initial begin
sig_in = 32'hf000_0000;
#100 sig_in = 32'h8fff_ffff;
#500 sig_in = 32'hOfff_ffff;
end
endmodule

Name | 609 619

sig_in[31: 3]}

, sig_in);

sig_in);

629

639

151

sig_in[31:0]

00001111111111111111111111111111

sig_out_V1995[31:0]

00000001111111111111111111111111

Name

“ 5
| |

64

sig_in[31:0]

11110000000000000000000000000000

sig_out_V1995[31:0]

11111110000000000000000000000000

VHDL

entity shift_right_by 3 is

port ( sig_out: out Std_Logic_Vector (31 downto 0), sig_in: in Std_Logic_Vector (31 downto 0));

end shift-right_by_3;

architecture Behavioral of shift_right_by_3 is

sig_out <= (sig_in[31] & sig_in[31] & sig_in[31] & sig_in(31: 3));

end Behavioral;
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(b)

Verilog

module shift_left_by 3_V2001 (output [31: 0] sig_out, input [31: 0] sig_in);
assign sig_out = sig_in <<< 3;

/Imodule shift_left_by 3 V1995 (output reg [31: 0] sig_out, input [31: 0] sig_in);
/lalways @ (sig_in)
/I sig_out = {sig_in[28: 3], 3'b0};

endmodule

module t_shift_left_by_ 3 ();
wire [31: 0] sig_out_V1995;
wire [31: 0] sig_out_V2001;

reg [31: 0] sig_in;
shift_left_by 3 V2001 MO (sig_out_V2001, sig_in);

integer k;
initial #1000 $finish;
initial begin
sig_in = 32'hf000_0000;
#100 sig_in = 32'h8fff_ffff;
#500 sig_in = 32'hOfff_ffff;

end
endmodule
0 50 100 150
Name | I N — I — | ‘ | | N | I — | ‘ | I — I — (- ‘ I N —
sig_in[31:0] XXXXXXXX X 0000000f
sig_out_V1995[31:0] XXXXXXXX X 00000078
VHDL

entity shift_left_by 3 is
port (sig_out: out Std_Logic_Vector (31 downto 0); sig_in: in Std_Logic_Vector (31 downto 0));
end shift_left_by_3;

architecture Behavioral of shift_left_ by 3 is
sig_out <= (sig_in(28:0) & sig_in '000'); -- sig_out <= sig_in sla 3;
end Behavioral;
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4.59 Verilog
module BCD_to_Dec_Decoder (output reg [3: 0] Dec_out, input [3: 0] BCD_in);
always @ (BCD_in) begin
Dec_out =0;
case (BCD_in)
4'n0000: Dec_out=0;
4'n0001: Dec_out=1;
4'n0010: Dec_out = 2;
4'n0011: Dec_out = 3;
4'bx100: Dec_out=4;
4'bx101: Dec_out=5;
4'bx110: Dec_out = 6;
4'bx111: Dec out=7;
4'b1xx0: Dec out = 8;
4'b1xx1: Dec out=79;
default: Dec_out = 4'bxxxx;
endcase
end
endmodule

VHDL

entity BCD_to_Dec_Decoder (Dec_out: out integer), BCD_in: in
Std_Logic_Vector (3 downto 0));

end BCD _to Dec Decoder

architecture Behavioral of BCD to Dec Decoder is

process (BCD_in) begin
Dec_out <= 0;
case (BCD_in)
when '0000' => Dec_out <= 0;
when '0001' => Dec_out <= 1;
when '0010' => Dec_out <= 2;
when '0011' => Dec_out <= 3;
when 'x100' => Dec_out <= 4;
when 'x101' => Dec_out <= 5;
when 'x110' => Dec_out <= 6;
when 'x111' => Dec_out <=7;
when '"1xx0' => Dec_out <= 8;
when '"1xx1' => Dec out<=09;
when others => Dec_out <= "xxxx";

end case;
end process;
end Behavioral;
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4.60 Verilog
module Even_Parity_Checker_4 (output P, C, input x, y, z);
xor (w1, X, y);
xor (P, w1, z);
xor (C, w1, w2);
xor (w2, z, P);
endmodule

See Problem 4.62 for testbench and waveforms.
VHDL
entity Even_Parity_Checker_4 is
port (P, C: out Std_Logic; X, y, z: in Std_Logic);
end Even_Parity_Checker_4;

architecture Boolean_Eq of Even_Parity Checker_4 is
component xor2_gate port (y: out bit; xin1, xin2: out bit);
begin
G1: xor2_gate port map (y => w1, xin1 => x, xin2 =>y);
G2: xor2_gate port map (y => P, xin1 => w1, xin2 => z);
G3: xor2_gate port map (C => w1, xin1 => w1, xin2 => w2);
G4: xor2_gate port map (y => w2, xin1 => x, xin2 => P);
end Boolean_Eq;

4.61 Verilog
module Even_Parity_Checker_4 (output P, C, input x, y, z);
assign w1 =x"y;
assign P =w1 * z;
assign C = w1 " w2;
assignw2 =z " P;

endmodule
Name O | ‘ 14\0 | ‘28\0 | ‘42\0 |
X ]
y [ | [
z e O e |
P ] ]
C
VHDL

entity Even_Parity_Checker_4 is
port (P, C: out bit, X, y, z: in bit);
end Even_Parity_Checker_4;

architecture Boolean_Eq of Even_Parity Checker_4 is
w1 <= xXxory;
P <= w1 xor z;
C <=w1 xor w2;
w2 <=z xor P;
end Boolean_Eq;
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4.62
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E
Verilog

module Decoder_5x32 (

output D31, D30, D29, D28, D27, D26, D25, D24, D23, D22, D21, D20, D19, D18, D17, D16,
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, DO,

input A4, A3, A2, A1, AO, E;
wire E3, E2, E1, EO;
Decoder_3x8 MO (D7, D6, D5, D4, D3, D2, D1, DO, A2, aA1, A0, EO);
Decoder_3x8 M1 (D15, D14, D13, D12, D11, D10, D9, D8, A2, A1, A0, E1);
Decoder_3x8 M2 (D23, D22, D21, D20, D19, D18, D17, D16, in2, in1, in0, E2);
Decoder_3x8 M3 (D31, D30, D29, D28, D27, D26, D25, D24, A2, A1, A0, E3);
Decoder_2x4 M4 (E3, E2, E1, EO, A4, A3, E);

endmodule

module Decoder_3x8 (output D7, D6, D5, D4, D3, D2, D1, DO, input in2, in1, in0, E);
not (in2_bar, in2);
not (in1_bar, in1);
not (in0_bar, in0);
and (DO, in2_bar, in1_bar, in0_bar, E);
and (D1, in2_bar, in1_bar, in0, E);
and (D2, in2_bar, in1, in0_bar, E);
and (D3, in2_bar, in1, in0, E);
and (D4, in2, in1_bar, in0_bar, E);
and (D5, in2, in1_bar, in0, E);
and (D6, in2, in1, in0_bar, E);
and (D7, in2, in1, in0, E);

endmodule

VHDL
entity Decoder_5x32 is
port (D31, D30, D29, D28, D27, D26, D25, D24, D23, D22, D21, D20, D19, D18, D17, D16,
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, DO: out Std_Logic;
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A4, A3, A2, A1, A0, E: in Std_Logic);
end Decoder_5x32;

architecture Gates of Decoder_5x32 is

signal E3, E2, E1, EO: Std_Logic;

component Decoder_3x8 port (D7, D6, D5, D4, D3, D2, D1, DO: out Std_Logic;

in2, in1, in0, E: in Std_Logic);

begin
G1: Decoder_3x8 port map (D7, D6, D5, D4, D3, D2, D1, DO, A2, A1, AO, EO);
G2: Decoder_3x8 (D15, D14, D13, D12, D11, D10, D9, D8, A2, A1, A0, E1);
G3: Decoder_3x8 (D23, D22, D21, D20, D19, D18, D17, D16, in2, in1, in0, E2);
G4: Decoder_3x8 (D31, D30, D29, D28, D27, D26, D25, D24, A2, A1, A0, E3);
G5: Decoder_2x4 (E3, E2, E1, EO, A4, A3, E);
end Gates;

entity Decoder_3x8 is
port (D7, D6, D5, D4, D3, D2, D1, DO: out Std_Logic; in2, in1, in0, E: in Std_Logic);
end Decoder_3x8;

architecture Boolean_Eq of Decoder_3x8 is
signal in0_bar, in1_bar, in2_bar: Std_Logic;
component not_gate port (y: out Std_Logic; xin: in Std_Logic);
component and3_gate port (y: out Std_Logic; xin1, xin2, xin3: in Std_Logic);
component and4_gate port (y: out Std_Logic; xin1, xin2, xin3, xin4: in Std_Logic);
begin
G1: not_gate port map (y =>in2_bar, xin => in2);
G2: not_gate port map (y => in1_bar, xin => in1);
G3: not_gate port map (y => in0_bar, xin => in0);
G4: and4_gate port map (y => DO, xin1 => in2_bar, xin2 => in1_bar, xin3 => in0_bar, xin4 => E);
G5: and4_gate port map (y => D1, xin1 => in2_bar, xin2 => in1_bar, xin3 => in0, xin4 => E);
G6: and4_gate port map (y => D2, xin1 =>in2_bar, xin2 => in1, xin3 => in0_bar, xin4 => E);
G7: and4_gate port map (y => D3, xin1 =>in2_bar, xin2 => in1, xin3 => in0, xin4 => E);
G8: and4_gate port map (y => D4, xin1 => in2, xin2 => in1_bar, xin3 => in0_bar, xin4 => E);
G9: and4_gate port map (y => D5, xin1 => in2, xin2 => in1_bar, xin3 => in0_bar, xin4 => E);
G9: and4_gate port map (y => D6, xin1 => in2, xin2 =>in1, xin3 => in0_bar, xin4 => E);
G9: and4_gate port map (y => D7, xin1 => in2, xin2 => in1, xin3 => in0, xin4 => E);
end Boolean_Eq;

entity Decoder_2x4 is
port (y0, y1, y2, y3: out Std_Logic; x0, x1, E: in Std_Logic);
end Decoder_2x4;

architecture Boolean Eq of Decoder 2x4 is

signal x0_bar, x1_bar: Std_Logic;
begin

y0 <="'0' when E = 'x'; else '"1' when E and x0 and x1;

y1 <="'0"when E = 'X'; else '1' when and x0 and x1_bar;

y2 <="'0"when E = 'X'; else '1' when and x0_bar and x1;

y3 <='0' when E ='x’; else '"1' when and x0_bar and x1_bar;
end Boolean_Eq;
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4.63
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Verilog

module Decoder_2x4 (output D3, D2, D1, DO, input in1, in0, E);
not (in1_bar, in1);
not (in0_bar, in0);
and (DO, in1_bar, in0_bar, E);
and (D1, in1_bar, in0, E);
and (D2, in1, in0_bar, E);
and (D3, in1, in0, E);
endmodule

module Decoder_4x16 (
output D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, DO,
input A3, A2, A1, AO, E);
wire E3, E2, E1, EO;
Decoder_2x4 MO (output D3, D2, D1, DO, input in1, in0, EQ);
Decoder_2x4 M1 (output D7, D6, D5, D4, input in1, in0, E1);
Decoder_2x4 M2 (output D11, D10, D9, D8, inputin1, in0, E2);
Decoder_2x4 M3 (output D15, D14, D13, D12, input in1, in0, E3);
Decoder_2x4 M4 (output E3, E2, E1, EO, input A3, A2, E);
endmodule

VHDL
entity Decoder_2x4

port (D3, D2, D1, DO: out Std_Logic; in1, in0, E: in Std_Logic);
end Decoder+2x4;

architecture Boolen Eq of Decoder_2x4 is
signal in1_bar, in0_bar: Std_Logic;
begin
in1_bar <= not in1);
in0_bar <= not in0);
DO <=in1_bar and in0_bar and E);
D1 <=in1_bar and in0 and E);
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D2 <=in1 and in0_bar and E);
D3 <= in1 and in0 and E);
end Boolean_Eq;

entity Decoder_4x16 is
port (D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, DO: Std_Logic;
A3, A2, A1, A0, E: in Std_Logic);
end Decoder_4x16;

architecture Gates of Decoder 4x16 is

signal E3, E2, E1, EO: Std_Logic;

component Decoder_2x4 port (D3, D2, D1, DO: out Std_Logic; in1, in0, EO: in Std_Logic);
begin

MO: Decoder_2x4 port map (D3, D2, D1, DO, in1, in0, EQ);

M1: Decoder_2x4 port map (D7, D6, D5, D4, in1, in0, E1);

M2: Decoder_2x4 port map (D11, D10, D9, D8, in1, in0, E2);

M3: Decoder_2x4 port map (D15, D14, D13, D12, in1, in0, E3);

M4: Decoder_2x4 port map (E3, E2, E1, EO, A3, A2, E);
endmodule
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4.64
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If Dy =1, D¢ = 1, all others =0
Output xyz = 100 and V =1

Verilog
module Prob_4 64 (output x, y, X, V, input, DO, D1, D2, D3, D4,D5 D6, D7);

always @( DO, D1, D2, D3, D4,D5 D6, D7)

case({D0, D1, D2, D3, D4,D5 D6, D7})
8'b0000_0000:  {Xx, y, X, V} = 4'bxxx0;
8'b1000_0000: {x,y, x, V} =4'b0001;
8'b0100_0000: {x,y, x, V} =4'b0011;
8'b0010_0000:  {x,y, x, V} =4'b0101;

8'b0001_0000: {x,y, x, V}=4'b0111;
8'b0000_1000: {x,y, x, V} =4'b1001;
8'b0000_0100: {x,y, x, V} =4'b1011;
8'b0000_0010: {x,y, x, V} =4'b1001;
8'b0000_0001: {x,y, x, V} =4'b1111;
default: {x, vy, x, V} =4'b1010; /I Use for error detection
endcase
endmodule

VHDL
entity Prob_4_64 is

port (x, y, X, V: out Std_Logic, DO, D1, D2, D3, D4,D5 D6, D7: in Std_Logic);
end Prob_4 64;

architecture Behavioral is
begin
process (DO D1, D2, D3, D4,D5, D6, D7)
case (DO & D1 & D2 & D3 & D4 & D5 & D6 & D7)
when '0000_0000" => (x &y & x & V) <= "xxx0";
when '1000_0000" => (x &y & x & V) <="0001";
when '1000_0000" => (x &y & x & V) <="0011";
when '0010_0000" => (x &y & x & V)<='0101"
when '0001_0000" => (x &y & x&V)<="0111"
when '0000_1000" => (x &y & x & V)<='1001"
when '0000_0100" => (x &y & x & V)<="1011"
when '0000_0010" => (x &y & x & V) <=1001";
when '0000_0001" => (x &y & x & V)<="1111"
when others: =>(x&y &x&V)<='1010" /I Use for error detection
endcase
end Behavioral;

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

160
4.65
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Verilog

module Mux_2x1 (

output y_out,

input in1, in0, sel);

not (sel_bar, sel);

and (y0, in0, sel);

and (y1, in1, sel);

or (y_out, in0, in1, sel_bar
)

endmodule

module Mux_4x1 (
output y_out,
input in3, in2, in1,in0, sel1, sel0);
not (sel_1_bar, sell);
and (s0, sel_1_bar, sel0);
and (s1, sel[1], sel0);
Mux_2x1 MO (y_M0, in0, in1, s0);
Mux_2x1 M1 (y_M1,in2,in3, s1);
or (y_out,y_MO0,y M1

)

endmodule

module Mux_8x1 (
output y_out,
input in7, in6, in5, in4, in3, in2, in1, in0, sel2, sel1, sel0

);
Mux_4x1 MO (y_MO, in3, in2, in1, in0, sel1, selO);
Mux_4x1 M1 (y_M1, in7, in6, in5, in4, sl1, sel0);
Mux_2x1 M2 (y_out, y_MO0, y_M1, sel2);
endmodule

module Mux_16x1 (
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output y_out,
input in15,in14,in13, in12, in11, in10, in9, in8, in7, in6, in5, in4, in3, in2, in1, in0, sel3, sel2, sell, sel0

)
Mux_8x1 MO (y_M0, in7, in6, in5, in4, in3, in2, in1, in0, sel2, sel1, sel0);
Mux_8x1 M1 (y_M1,in15, in14, in13, in12, in11, in10, in9, in8, sel2, sel1, sel0);
Mux_2x1 M2 (y_out, y_MO0, y_M1, sel3);

endmodule

VHDL
entity Mux_2x1 is

port ( y_out: out Std_Logic; in1, in0, sel: in Std_Logic);
end Mux_2x1;

architecture Gates of Mux_2x1 is
component not_gate port (y: out, Std_Logic; xin: in Std_Logic);
component and2_gate port (y: out, Std_Logic; xin1, xin2: in Std_Logic);
component or2_gate port (y: out, Std_Logic; xin1, xin2: in Std_Logic);
begin
G1: not_gate port map (y => sel_bar, xin => sel);
G2: and2_gate port map (y =>y0, xin1 =>in0, xin2 => sel);
G3: and2_gate port map (y =>y1, xin1 =>in1, xin2 => sel);
G4: or2_gate port map (y =>y1,in1=>in1,in2 => sel);
G5: or(y_out,in0, in1, sel_bar
end Gates;

entity Mux_4x1 is
port (y_out: out Std_Logic; in3, in2, in1, in0, sel1, sel0: in Std_Logic);
end Mux_4x1;

architecture Gates of Mux_4x1 is
component not_gate port (y: out, Std_Logic; xin: in Std_Logic);
component and2_gate port (y: out, Std_Logic; xin1, xin2: in Std_Logic);
component or2_gate port (y: out, Std_Logic; xin1, xin2: in Std_Logic);
component Mux_2x1 port ( y: out Std_Logic; xin1, xin2, xin3: in Std_Logic);

begin
G1: not_gate port map (y => sel_1_bar, xin => sel1);
G2: and2_gate port map (y =: s0, xin1: sel_1_bar, xin2 => sel0);
G3: and2_gate port map (y > s1, xin1 => sel[1], xin2 => sel0);
G4: Mux_2x1 port map (y =>y_out, xin1 =>in0, xin2 => in1, xin3 => s0);
G5: Mux_2x1 port map (y =>y_out, xin1 =>in2, xin2 =>in3, xin3 => s1);
end Gates;

entity Mux_8x1 is
port (y: out Std_Logic; in7, in6, in5, in4, in3, in2, in1, in0, sel2, sel1, sel0: in Std_Logic);
end Mux_bx1;

architecture Structural of Mux_8x1 is
component MUX_4x1 port (y_out: out Std_Logic; in3, in2, in1, in0, sel1, selO: in Std_Logic);
component Mux_2x1 port ( y_out: out Std_Logic; in1, in0, sel: in Std_Logic);

end Mux_2x1;

G1: Mux_4x1 port map (y_out =>y MO, in3 =>in3, in2 =>in2, in1 =>in1, in0 => in0,
sel1 => sel1, sel0 => sel0);
G2: Mux_4x1 (y _out =>y_M1,in3 =>in7, in2 =>in6, in1 =>in5, in0 => in4,
sel1l => sel1, sel0 => sel0);
G3: Mux_2x1 M2 (y_out, in2 =>y MO, in1 =>y_M1, sel => sel2);
end Structural;
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entity Mux_16x1 is
port (y_out: out Std_Logic; in15, in14, in13, in12, in11, in10, in9, in8, in7, in6, in5, in4,
in3, in2, in1, in0, sel3, sel2, sel1, selO: in Std_Logic);
end Mux_16x1;

architecture Structural of Mux_16x1 is
component Mux_8x1 port (y: out Std_Logic; in7, in6, in5, in4, in3, in2, in1, in0,
sel2, sel1, sel0: in Std_Logic);
component Mux_2x1 port ( y_out: out Std_Logic; in1, in0, sel: in Std_Logic);
begin
GO0: Mux_8x1 port map (> y_M0, in7 =>in7, in6 => inB, in5 => in5, in4 => in4, in3 => in3,
in2 =>in2, in1 =>in1, in0 =>in0, sel2 => sel2, sel1 => sel1, sel0 => sel0);
G1: Mux_8x1 port map (y =>y_M1,in7:in15, in6 => in14, in5 =>in13, in4 =>in12, in3 => in11,
in2 =>in10, in1 =>in9, in0 => in8, sel2 => sel2, sel1 => sel1, sel0 => sel0);
G2: Mux_2x1 port map (y =>y_out, in1 =>y MO0, in0 =>y_ M1, sel => sel3);
end Structural;
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CHAPTER 5
51 (a)
D
(b)
b R=(D+C)'=D'C
0
c
o
s=(D'+C)'=DC
(©

S =(DC)'=D'+ C’

I

R=((DC)'C)'=DC +C'
=(D+C)=DC)
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5.2
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m, m s )
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m, m n, mg
J [ 1 1 1 0 1
e
0
54
@ P N |Q(t+1) ® P N QoW | oe+1)
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0 1 o) 00 1 0
10 o' 01 0 0
11 1 0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1
NO N
P 1
00 01 11 10
m m & m,
0 1
m4 I’l’l5 m7 ”16
P 1 1 1 1
e
0
O(+1) = PQ"+ NQ
(¢ Ow QO@wtl) (P N (d) Connect P and N together.
0 0 0 x
0 1 1 x
1 0 x 0
1 1 x 1
55

The truth table describes a combinational circuit.

The state table describes a sequential circuit.

The characteristic table describes the operation of a flip-flop.

The excitation table gives the values of flip-flop inputs for a given state transition.
The four equations correspond to the algebraic expression of the four tables.
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5.6
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5.8 A counter with a repeated sequence of 00, 01, 10.

B
2 = | FF
2 o5
£5 33| mous @
ABABI|T, Ty
0001 01
o110 | 11
1000 10
1100 11
T,=A+B
Ty=A'+B

Repeated
sequence: r 00— 01— 10 _| @

5.9
JA:)C KA:B
JB:X KB:A'
A(t+1) = J, A"+ Ky/A =xA'+ B'A
B(t+1) = JsB' + Kz'B = xB' + AB
x A B xA'+B'A xB'+ AB
000 0 0
0 0 1 0 0
010 1 0
01 1 0 1
100 1 1
1 0 1 1 0
110 1 1
111 0 1
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5.10 Jys=Bx+ By Jp=AX
K4 =By’ Kp=A4+xy' z =Ax"y"+ Bx"y'
(b) (c)
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y
B(t+1) = A'B’x + A'B'(x' +y)

e
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5.11 (a)
Present 000001000111000111100001111010
state:
Input: 01 01 1011 1011T1T1FO0
Output: 001 001O0O0O0OT1O0OO0O0O0O1
Next 000100011100011110000111101000
state:
(b)

State labels: a: 00,b:10,c:11,d: 01
cis equivalentto b
d is equivalent to c

0/0
0/1 10

)
inputstate next st 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 0 0
b d a 0 0
d g a 1 0
f f b 11
g g d 0 1
Note: Equivalent states: b=e,a=c,h=d
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0/1
Initial
diagram: 8
states
111
1/0 m

b and e are

0/0 .
equivalent

Remove e

aand c are
equivalent

Final result: 5 states
0/1

h and d are
equivalent

Remove h
and ¢

0/0
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5.13 Equivalent
(a) State: afbced ghgg ha
Input: 0111001001 1
Output: 01000111010
(b) State: afbabdgdggda
Input: 01110010011
Output: 01000111010
Equivalent states: b=e,a=c,h=d
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 O 1
e 10000 00001 01000 O 1
515 Dp=QJ+ QK
Present Inputs Next
state put state JK Ni
' 1
Q J K Q ON_ 00 01 1110
0 0 0 0 No change 0 o &y
0 0 1 0 Reset to 0
0 1 0 1 Set to 1 5[4 ’"41 s M ”'61
0 I 1 | Complement ¢
1 0 0 1 No change
1 0 1 0 Reset to 0 K .
1 1 0 1 Setto 1
1 11 0 Complement Q(t+1) =DQ =QJ+K'Q
L
S D o g
i h-...
L k. ——> o o
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5.16 (a) Dy = Ax" + Bx

DB :A’X + Bx’
B
Present Next Bx e
state  PU gare AN 00 01 1110
A B X A B 0 0 ! 31 ?
0 O O 0 O m4 }'n5 n17 ]n6
00 1 01 A [ 1 1 1 1
01 0 01
01 1 11 \f‘
10 0 10 ,
10 1 00 Dy = Ax'+ Bx
11 0 11 Bx B
11 1 10 AN 00 01 1110
m, m ms m,
0 1 1 1
m4 mS nl7 ]n6
A 1 1
L
x
D, = A+ Bx'
(b) Dy =A% + Ax'
DB =AB + Bx'
Bx B
Present Next —
state Input state A4 00 01 11 10
mq m my m,
A B X A B 0 1 1
00 0 00 T
00 1 11 A[ 1 1 1
01 0 01
01 1 10 \f
10 0 10 ro
10 1 0 0 DA— A'x + Ax
1 1 0 11 Bx B
11 1 01 AN 00 01 1110
"10 ]nl m3 mz
0 1 1
m4 ms m7 m6
A [ 1 1 1
L
X
D, = AB + B’

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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i > \
D 9] 3

clk ——

2
2 v
: S reset_b
S . B S
$ 88 % w1
N
L E = Q 0/0 10
1 x A 5 reset_b
0 0 0 0
0 1 1 1
1 0 1 1
I 1 1 0 1/1

D,=4+x

y=Ax'"+ A%

5.18 Binary up-down counter with enable E.
Present I Next Flinflop i
state PU gyqpe  Flipflop inputs

AB X AB JA KA JBKB

00 01 00 O x O x
00 01 00 O0x O x
00 10 11 1 x 1 x
00 11 01 0x 1 x
01 00 01 0x x 0
01 01 01 0x x 0
01 10 01 0 x x 1
01 11 10 I x x 1
10 00 10 x O 1 O
10 01 10 x O 10
10 10 01 x1 x 1
10 11 11 x0 x 1
11 00 11 x0 x 0
11 01 11 x0 x 0
11 10 11 10 x 1
11 11 11 x1 x 1
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Ex E Cx C
1
AB 00 01 11 10 AB 00 01 11 10
mn ml 7713 mz m” ml m3 m2
00 1 00 X X X X
my ms ms me m, m m, mg
01 1 01 X X X
m m m m B B
12 13 15 14 Wl12 n113 mls 771]4
11 X X X X 11 1
4 mg my my My A mg my m,, iy
10] x X X X 10 1
\—‘ \—‘
x x
J,=(Bx + Bx)E K,=(Bx+B%x)E
Ex E Ex E
1 1
AB 00 0l 1110 AB 00 0l 1110
mg m; ms Z m, m; g Uiy
00 1 1 00 X X X X
m4 ms m7 m6 m4 ms m7 m6
01 X X X X 01 1 1
my, my ms M4 E myy M3 s My E
11 X X X X 11 1 1
4 mg my my my A mg my My My
10 1 1 10 X X X X
N N
X X
Jy,=E K,=E

5.19 (a) Unused states (see Fig. P5.19): 101, 110, 111.

Present Next
Input Output

State State
ABC X ABC Y
000 0 011 0
000 1 100 1
001 0 001 0
001 1 100 1
010 0 010 0
010 1 000 1
011 0 001 0
011 1 010 1
100 0 010 0
100 1 011 1

d(4, B, C,x) == (10, 11, 12, 13, 14, 15)
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Cx C Cx C
1
AB 00 01 11 10 AB 00 01 11 10
m my ms m, m, m, m; m,
00 1 1 00| 1
my ms m; me m, mg m, mg
01 01| 1 1
my, my ms my B - B
11 X X X X 11 X
4 mg my my my, A B
10 X X 10 1
N
x x
D,=AB%x Dy =4+ Ck%"+ BCx
Cx C Cx C
AB 0 011110 AB 00 0l 1110
mo ml m3 mz mﬂ n mz
00 1 1 00
m4 Wl5 m7 Wl6 m4 ”l6
01 1 01
my, My B my My B
11 X X 11 X X X X
4 mg my A mg my my My
10 X 10 X X
N N
X X
D= Cx'+ Ax +A'BX’ y=A%

The machine is self-correcting, i.e., the
unused states transition to known states.
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(b) With JK flip=flops, the state table is the same as in (a).

NNOOOOHOHO:LK
el B R T B B

Flip-flop inputs
K, Jp Ky Jo K
I x 1 x
J, =B%
0 x 0 x g:A+C'x'
0 x x0 J.=Ax + A'BX
0 x x 1 C=A'X
x 0 0 x y
i i 2 )(; because K, = 1.
x 0 x 1
1 x 0 x
1 x 1 x

K, =1
Kg= C'x+ Cx'
K.

=X

The machine is self-correcting
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5.20 From state table 5.4: Ty (4, B, x) =2 (2, 3, 6), T3(4, B, x) =2 (0, 3, 4, 6).

Bx B Bx
AN 00 01 11 10 ANC 00 o1 11 10
mo ﬂ’ll m3 mz mO n’ll m3 ]nz
0 1 1 ol 1 1
"14 m5 m7 m6 m4 n15 m7 mG
4] 1 1 Al 1] 1 1
X X
T,=A'B+ By’ T, = Bx'+ A'x + A'Bx

5.21 (a) The statements associated with an initial keyword execute once, in sequence, with
the activity expiring after the last statment competes execution; the statements assocated
with the always keyword execute repeatedly, subject to timing control (e.g, #10).

(b) Assignments to variables execute sequentially and have immediate effect.
Assignments to signals execute in sequence, but their effect occurs after all of the
statements have been evaluated.
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5.22
VHDL supplement
(a)
w:=0;
w:= 1 after 10 ns;
w:= 0 after 40 ns;
w = 1 after 20 ns;
w := 0 after 15 ns;

(b)

w<=0;

w <=1 after 10 ns;
w <= 0 after 40 ns;
w <=1 after 20 ns;
w <= 0 after 15 ns;

(a)
f T T T T T T T T 1
0 20 40 60 80 100 120
t
(b)
T T T T T T T T T 1
0 20 40 60 80 100 120

5.23 Verilog

(a) Regd =125, RegB =125
(b) Reg4d =125, RegB =50

VHDL

(a) Regd =125, RegB =125
(b) Reg4d =125, RegB =50
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5.24  (a) D flip-flop, positive edge-triggered, active-low, asynchronous preset and clear

module DFF (output reg Q, input D, clk, preset, clear);
always @ (posedge clk, negedge preset, negedge clear)
if (preset ==0) Q <= 1'b1;
else if (clear == 0) Q <= 1'b0;
else Q <= D;
endmodule

module t_DFF ();
wire Q;
reg clk, preset, clear;
reg D;
DFF MO (Q, D, clk, preset, clear);

initial #160 $finish;
initial begin clk = O; forever #5 clk = ~clk; end
initial fork
#10 preset = 0;
#20 preset = 1;
#50 clear = 0;
#80 clear = 1;
#10D =1;
#100D =0;
#200D =1;
join
endmodule
Name 0 60 120

clk JR [ Y G e O Y Y Y Iy O 0
preset R
clear
D |

0

(b) D flip-flop, positive edge-triggered, active-low, synchronous preset and clear

module DFF (output reg Q, input D, clk, preset, clear);
always @ (posedge clk)
if (preset ==0) Q <= 1'b1;
else if (clear == 0) Q <= 1'b0;
else Q <= D;
endmodule

Name

clk NN [ Uy Y Y G O
preset @_I

clear

D ietetel] |
0 | I |
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5.25 Verilog
module Quad_Input_DFF (output reg Q, input D1, D2, D3, D4, s1, s0, clk, reset_b);
always @ (posedge clk, negedge reset_b)
if (reset_b == 1'b0) Q <= 0;
else case ({s1, s0})
2'v00: Q <= D1;
2'v01: Q <= D2;
2'b10: Q <=Dg3;
2'b11: Q <= D4;
endcase
endmodule

module t_Quad_Input_DFF ();
wire Q;
reg D1, D2, D3, D4, s1, s0, clk, reset_b;
Quad_Input_DFF MO (Q, D1, D2, D3, D4, s1, s0, clk, reset_b);
initial #350 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
begin s1 =0; s0 = 0; end
#40 begin s1=0;s0=1; end
#80 begin s1 =1; s0 = 0; end
#120 begin s1=1;s0 =0; end
#160 begin s1=1;s0=1; end
join
initial fork
begin D1 = 0; forever #10 D1 = ~D1; end
begin D2 = 1; forever #20 D2 = ~D2; end
begin D3 = 0; forever #10 D3 = ~D3; end
begin D4 = 0; forever #20 D4 = ~D4; end
join
initial fork
#2 reset b =1;
#3 reset_ b =0;
#4 reset b =1
join
endmodule

VHDL

entity Quad_Input_DFF is
port (Q: out Std_Logic; D1, D2, D3, D4, s1, s0, clk, reset_b: in Std_Logic);
end Quad_Input_DFF;

architecture Behavioral of Quad_Input_DFF is
begin
process (clk, reset_b) begin
if (reset_b'event and reset_b ='0') then
Q<="'0}
elsif (clk'event and clk ='1') then
case (s1& s0) is
when '00'=> Q <= D1;
when '01'=>Q <= D2;
when '10' => Q <= D3;
when '11' => Q <= D4;
end case;
end process;
end Behavioral;
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(a)
ot+1)=JO +KQ

When Q0 =0,0(t+1)=J
When Q0 =1,0(t+1)=K

(b)

Verilog

module JK_Behavior_a (output reg Q, input J, K, CLK, reset_b);
always @ (posedge CLK, negedge reset_b)
if (reset_b == 0) Q <= 0; else
if(Q==0) Q<=4
else Q<=~
endmodule

Alternative:

module JK_Behavior_b (output reg Q, input J, K, CLK, reset_b);
always @ (posedge CLK, negedge reset_b) // Asynch reset_b
if (reset_b ==0) Q <= 0;
else
case ({J, K})
2'v00: Q<= Q;
2'b01: Q <=0;
2b10: Q<=1;
2b11: Q <=~Q;
endcase
endmodule

module t_Prob_5 26 ();
wire Q_a, Q_b;
reg J, K, clk, reset_b;
JK_Behavior_a M0 (Q_a, J, K, clk, reset_b);
JK_Behavior_b M1 (Q_b, J, K, clk, reset_b);

initial #100 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
#2 reset b
#3 reset b
#4 reset b
J=0;K=0;
#20 begin J=1;
#30 begin J
#40 begin J
#50 begin J
join
endmodule

1
0; /I Initialize to sO
1

1;
0;
1;

VHDL
entity JK_Behavior_a is

port (Q: out Std_Logic; J, K, CLK, reset_b: in Std_Logic);
end JK_Behavior_a;

architecture Behavioral of JK_Behavior is
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begin

process (CLK)
if (CLK'event and reset_b ='0") then Q <= 0;
elsif (Q=0) then Q<=J;
else Q <= not K; end if;

end Behavioral;

Alternative:

entity JK_Behavior_b
port (Q: out Std_Logic; J, K, CLK, reset_b: in Std_Logic);
end JK_Behavior_b;

architecture Behavioral of JK_Behavior b is
begin
process (CLK, reset_b) /I Asynch reset_b
begin
if (reset_b ='0") Q <="'0
else if (CLK'event and CLK ='1") then
case (J &K)is
when '00' =>Q<=Q;
when 01" =>Q<=0;
when 10" =>Q<=1;
when 11" => Q<=not Q;
endcase
end process;
endmodule

5.27  Verilog
Il Mealy FSM zero detector (See Fig. 5.16)
module Mealy Zero_Detector (
output reg y_out,
input x_in, clock, reset
);
reg [1: O] state, next_state;
parameter SO =2'b00, S1=2'b01, S2 = 2'b10, S3 =2'b11;

always @ (posedge clock, negedge reset) // state transition
if (reset == 0) state <= S0;
else state <= next_state;

always @ (state, x_in) // Form the next state
case (state)
S0:begin y_out =0; if (x_in) next_state = S1; else next_state = SO; end
S1:  beginy_out = ~x_in; if (x_in) next_state = S3; else next_state = SO; end
S2:begin y_out = ~x_in; if (~x_in) next_state = SO; else next_state = S2; end
S3:  beginy_out =~x_in; if (x_in) next_state = S2; else next_state = SO; end
endcase

endmodule
module t_Mealy_Zero_Detector;
wire t_y out;
reg t_x_in, t clock,t_reset;
Mealy_Zero_Detector MO (t_y_out, t x_in, t_clock, t_reset);

initial #200 $finish;
initial begin t_clock = O; forever #5 t_clock = ~t_clock; end
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initial fork
t reset=0;
#2 t reset=1;

#87 t_reset =0;
#891t reset=1;

#10t x_in=1;
#30t x_in=0;
#40t x_in=1;
#50t x_in=0;
#52t x_in=1;
#54t x_in=0;
#70t x_in=1;
#80t x_in=1;
#70t x_in=0;
#90t x_in=1;
#100t x_in =0;
#120t x_in=1;
#160t x_in =0;
#170t x_in=1;

join

endmodule

Note: Simulation results match Fig. 5.22.

Name 6 L ‘46\ ‘86\ ‘ 12\6 L ‘ 16\6 L

teock | L LI LI f L1/t orro gy r e e r e en
t reset U

saef1:0_ 0 X 1 '3 X o X1 X 0 0o X1 X 0 T S 2 o X1 X
txin | L U 2 7 Yl o, L | L

3 out — | — —

VHDL

entity Mealy Zero_Detector is
port (y_out: out Std_Logic; x_in, clock, reset: in Std_Logic);
end Mealy_Zero_Detector;

architecture Behavioral of Mealy_Zero_Detector is
type state_type is SO, S1, S2, S3;
signal state, next_state: state_type;
begin
process (clock, reset) // state transition
begin
if (reset'event and reset = '0') then state <= S0;
else if (clock'event and clock = '1') then state <= next_state;
end process;

process (state, x_in) /l Form the next state
begin
y_out <= S0;
case (state) is
when SO => if x_in ='0" next_state <= S1; else next_state <= SO;
when S1 =>y out <= not x_in; if (x_in ='1") then next_state = S3; else next_state = SO;
when S2 =>y out = not x_in; if (x_in ='0') then next_state = SO; else next_state = S2;
when S3 => y out = not x_in; if (x_in ='1') then next_state = S2; else next_state = SO;
end case;
end process;
end Behavior;
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5.28 Verilog (a)
module Prob_5 28a (output A, input x, y, clk, reset_b);
parameter sO0 =0, s1 = 1;
reg state, next_state;
assign A = state;
always @ (posedge clk, negedge reset_b)
if (reset_b == 0) state <= s0; else state <= next_state;
always @ (state, x, y) begin
next_state = s0;
case (state)
s0: case ({x, y})
2'b00, 2'b11: next_state = s0;
2'b01, 2'b10: next_state = s1;
endcase
s1: case ({x, y})
2'b00, 2'b11: next_state = s1;
2'b01, 2'b10: next_state = s0;
endcase
endcase
end
endmodule
module t_Prob_5_28a ();
wire A;
reg x, y, clk, reset_b;
Prob_5_28a MO (A, x, y, clk, reset_b);
initial #350 $finish;
initial begin clk = O; forever #5 clk = ~clk; end
initial fork
#2 reset b =1;
#3 reset b =0; / Initialize to sO
#4 reset b =1;
x=0;y=0;
#20 begin x=1; y =1; end
#30 begin x = 0; y = 0; end
#40 begin x = 1;y = 0; end
#50 begin x = 0; y = 0; end
#60 begin x=1;y =1; end
#70 begin x=1;y = 0; end
#80 begin x=0;y=1; end
join
endmodule
Name 0 80 160

clk J Y Y Y Yy I O
reset b |1
x I | I | I |
y I | I

A L L L L L

VHDL
entity Prob_5 28a is

port A: out Std_Logic; x, y, clk, reset_b: in Std_Logic);
end Prob_5 28a;

architecture Behavioral of Prob_5 28ais
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type state_type is (SO, s1);
begin
A <= state;
then
process (clk, reset_b)
if (reset_b ='0') state <= s0;
else if (clk'event and clk = '1") then state <= next_state;
end if;
end process;

process (state, X, y)
begin
next_state <= s0;
case (state) is
whens0 => case (x &y}
when '00', '"11'=> next_state <= s0;
when '01', '"10'=> next_state <= s1;
end case;

whens1 => case (x &y}
when '00', '11'=> next_state <= s1;
when '01', "10'=> next_state <= s0;
end case;
end case;
end Behavioral;

(b) Verilog
module Prob_5_ 28b (output A, input x, y, Clock, reset_b);
xor (w1, X, y);
xor (w2, w1, A);
DFF MO (A, w2, Clock, reset_b);
endmodule

module DFF (output reg Q, input D, Clock, reset_b);
always @ (posedge Clock, negedge reset_b)
if (reset_b ==0) Q <= 0;
else Q <= D;
endmodule

Testbench — Verilog

module t_Prob_5 28b ();
wire A;
reg x, Y, clk, reset_b;
Prob_5_28b MO (A, x, y, clk, reset_b);
initial #350 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end

initial fork

#2 reset b =1;

#3 reset b =0; // Initialize to sO
#4 reset b =1;

x=0;y=0;

#20 begin x=1; y =1; end
#30 begin x = 0; y = 0; end
#40 begin x = 1; y = 0; end
#50 begin x = 0; y = 0; end

#60 begin x=1;y =1; end
#70 begin x = 1; y = 0; end
#80 begin x =0; y = 1; end
join
endmodule
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Name

Clock (HLIMLMrfuryurryrurureryrurrururarerurerrd

reset b U]

VHDL

entity Prob_5 28b is
port(A: out Std_Logic; x, y, Clock, reset_b: in Std_Logic);
end Prob_5 28b;

architecture Structural of Prob_5 28b is

component xor2_gate port (y: out Std_Logic; xin1, xin2: in Std_Logic);

component DFF port (Q: out Std_Logic; D, Clock, reset_b: in Std_Logic);
begin

G1: xor2_gate port map (y => w1, x => xin1; y => xine2)

G2: xor2_gate port map (y => w2, xin1 => w1, xin2 => A);

G3: DFF port map (Q => A, D => w2, Clock => Clock, reset_b => reset_b);
end Structural;

entity DFF is
port (Q: out Std_Logc; D, Clock, reset_b: in Std_Logic);
end DFF;

architecture Behavioral of DFF is
begin
process (Clock, reset_b)
if (reset_b'event and ='0") Q <= 0;
elsif (Clock'event and Clock = '1") then Q <= D;
end if;
end process;
end Behavioral;

entity xor2_gate is
port (y: out Std_Logic; xin1, xin2: in Std_Logic);
end xor2_gate;

architecture Boolean_eq of xor2gate is
begin

y <= xin1 xor xin2;
end Boolean_eq;

Testbench - VHDL

entity t Prob_5 28b () is;
end t Prob 5.28b;

architecture TestBench of t Prob_5 28b is

signal t_A,t x,t vy, t clk, t reset b: Std_Logic;

signal A;

component Prob_5 28b port (A: out Std_Logic; x, y, Clock, reset_b: in Std_Logic);
begin
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MO: Prob_5 28b MO (t_A =>A,t x=>x,t_y =>vy,t clk=>clk, t_reset_b => reset_b);
process — clock for testbench
begin
t clk <='0"
wait for 5 ns;
t clk <="1";
wait for 5 ns;
end process;
process
begin
t x <="'0"
ty<='0'
t reset b ="'1" after 2ns;
t reset_b ='0" after 3ns; /I Initialize to sO
t reset b ="'1" after 4 ns;
t x <="'1" after 20 ns;
t_y <='1"after 20 ns;
t x <="'0" after 30 ns
t_y <='0" after 30 ns;
t x <="1" after 40 ns;
t x <="0" after 50 ns;
t x <="'1" after 60 ns;
t_y <="1" after 60 ns;
t_y <='0" after 70 ns;
t x <='0" after 80 ns;
t_y <="1" after 80 ns;
end process;
end TestBench;
(c
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() Use results of (b) and (c¢).

Verilog
module t Prob_5_28c ();
wire A_a, A b;

reg x, y, clk, reset_b;
Prob_5 28a MO (A_a, X, Y, clk, reset_b);
Prob_5 28b M1 (A_b, x, y, clk, reset_b);

initial #350 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b=1;
#3 reset b =0; // Initialize to sO
#4 reset b =1;
x=0;y=0;
#20 beginx=1;y=1; end
#30 begin x =0; y = 0; end
#40 begin x =1;y = 0; end
#50 begin x = 0; y = 0; end
#60 beginx=1;y=1; end
#70 begin x =1;y =0; end
#80 begin x =0; y = 1; end
join
endmodule
VHDL

entity t Prob_5_ 28c ();
endt Prob 5 28c;

architecture TestBench of t Prob 5 28c is
signal A_a, A_b;
signal t_x, t y,t clk, t_reset_b;
component Prob_5_28a port(A: out Std_Logic; X, y, Clock, reset_b: in Std_Logic);
component Prob_5_28b port(A: out Std_Logic; X, y, Clock, reset_b: in Std_Logic);
begin
M_a: Prob_5 28a (A_a=>A,t x=>x,t_ y=>y,t clk=>clk, t_reset_b =>reset_b);
M_b: Prob_5 28b (A_b=>A,t x=>x,t y=>y,t clk =>clk, t_reset_b => reset_b);

process — clock for testbench
begin

t clk <='0"

wait for 5 ns;

t clk <="1"

wait for 5 ns;
end process;

process
begin
t x <="'0"
t_y <= IOI
t reset b ='1" after 2ns;
t reset b ='0' after 3ns; /I Initialize to sO

t reset_ b ='1" after 4 ns;

t x <='1" after 20 ns;
t y <='1"after 20 ns;

t x <="'0" after 30 ns
t y <='0" after 30 ns;

t x <='1" after 40 ns;
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t x <="'0" after 50 ns;
t x <='1" after 60 ns;
t_y <='1" after 60 ns;
t y <='0" after 70 ns;
t x <='0" after 80 ns;
t_y <='1" after 80 ns;
end process;
end TestBench;
Name 0 | ‘60\ ‘ 12\0 | | Il8\0 |
clk A s e e Y Y Y e Y I I N
reset b |
X A I SN R S
y I
Aa —  —J 7 I I I I I
Ab [ 7 I 7 I I I r_r

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.

M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

188

5.29 Verilog
module Prob_5_29 (output reg y_out, input x_in, clock, reset_b);
parameter sO = 3'b000, s1 = 3'b001, s2 = 3'b010, s3 = 3'b011, s4 = 3'b100;
reg [2: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= s0;
else state <= next_state;

always @ (state, x_in) begin
y_out=0;
next_state = s0;
case (state)
s0: if (x_in) begin next_state = s4; y_out = 1; end else begin next_state = s3; y_out = 0; end

s1: if (x_in) begin next_state = s4; y_out = 1; end else begin next_state = s1; y_out = 0; end
s2: if (x_in) begin next_state = sO; y_out = 1; end else begin next_state = s2; y_out = 0; end
s3: if (x_in) begin next_state = s2; y_out = 1; end else begin next_state = s1; y_out = 0; end
s4: if (x_in) begin next_state = s3; y_out = 0; end else begin next_state = s2; y_out = 0; end
default: next_state = 3'bxxx;
endcase
end
endmodule

module t_Prob_5 29 ();
wire y_out;
reg x_in, clk, reset_b;

Prob_5_29 MO (y_out, x_in, clk, reset_b);

initial #350%finish;
initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b=1;
#3 reset b=0; // Initialize to sO
#4 reset b=1;
/I Trace the state diagram and monitor y_out
X_in=0; /I Drive from s0 to s3 to S1 and park
#40 x_in=1; /I Drive to s4 to s3 to s2 to sO to s4 and loop
#90 x_in =0; /I Drive from s0 to s3 to s2 and part
#110 x_in=1; /I Drive sO to s4 etc
join
endmodule
0 40 80 120
Name L L L L L L L L L L L L L L L L L L L L L L L L L L
clk IR [ I Y I e Y I I I S
reset b NI
x_in | I
state[2:0] :XX3X 1 X4X3X2XOX4X X0X4X:
y_out [ 1 [ | e R
VHDL

entity Prob_5 29
port (y_out: out Std_Logic; x_in, clock, reset_b: in Std_Logic);
end Prob_5 29;

architecture Behavioral of Prob_5 29 is;
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type state_type is integer range O to 4;
state_type state, next_state;
constantsO=1,s1=1,s2=2;s3=3;s4 =4,

process (clock, reset_b)

begin
if (reset_b'event and reset_b ='0') then state <= s0;
elsif (clockc ¢
'‘event and clock ='1") then state <= next_state;
end if;

process (state, x_in) begin
y_out <="0";
next_state <= s0;
case (state)

when sO => if (x_in) next_state <= s4; y_out <='1"; else next_state <= s3; y_out <='0"; end if;
when s1 => if (x_in) next_state <= s4; y_out <='1"; else next_state <= s1; y_out <='0"; end if;
when s2 => if (x_in) next_state <= s0; y_out <="1; else next_state <= s2; y_out <="'0"; end if;
when s3 => if (x_in) next_state <= s2;y_out = '1"; else next_state = s1; y_out ='0"; end if;
when s4 => if (x_in) next_state <= s3; y_out = '0'; else next_state = s2; y_out ='0"; end if;
default: next_state = s0;

endcase;
end
end Behavioral;

module t_Prob_5 29 ();
signal t_y out;
signal t_x_in, t_clk, t_reset_b;
component Prob_5 29 port (y_out: out Std_Logic; x_in, clk, reset_b: in Std_Logic);
begin
MO: Prob_5_29 port map (t_y_out=>y out;t x_in=>x_in, t_clk => clk, t_reset_b => reset_b);

process clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b ="1";
#3 reset_ b ="0" /I Initialize to sO
#4 reset_ b ="1";
/l Trace the state diagram and monitor y_out
Xx_in ="'0"% // Drive from s0 to s3 to S1 and park
#40 x_in="1"; /I Drive to s4 to s3 to s2 to sO to s4 and loop
#90 x_in ='0" /I Drive from s0 to s3 to s2 and part
#110 x_in="1"; /I Drive s0O to s4 etc
join
endmodule
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5.30

CLK

531 (a)
module Seq_Ckt (input A, B, C, CLK, output reg Q);
reg E;
always @ (posedge CLK)
begin
Q=E&C;
E=A|B;
end
endmodule

(b)
process (CLK) begin
if CLK'event and CLK ="1" then
Q:=EandC;
E:=AorB;
end if;

end process;

Note: The statements must be written in an order than produces the effect of concurrent
assignments.
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5.32 Verilog

initial begin
enable = 0;
#10
#10
#10
#10

>

=0;C=0;D=1;E=1;F=1;

I
o non

#10

#10

#10
end

O g, mww

1]
N

WOww D W > >
o
0,080
)

initial fork

enable = 0;
#10 begin
#20 begin
#30 begin
#40 begin
#50 begin
#60 begin
#70 begin
join

>

0;C=0;D=1;,E=1;F=1;
;end

TWWwww > >

VHDL

process ()
enable <='0;A<="1B<="'0;C<='05D<="0E<="1" F <="1"
wait for 10 ns;
a<='07B<="1;C<="1",
wait for 10 ns;
A<="1"B<="0;D<="1E<="0,B<="1E<="1"F <=0
wait for 10 ns;
enable <="1";
B<='0;D<=0;F<="1,
wait for 10 ns;
B <="1"
wait for 10 ns;
B <="'0"
D<="1"
wait for 10 ns;
B <="1"
end process;

5.33 Signal transitions that are caused by input signals that change on the active edge of the
clock race with the clock itself to reach the affected flip-flops, and the outcome is
indeterminate (unpredictable). Conversely, changes caused by inputs that are
synchronized to the inactive edge of the clock reach stability before the active edge,
with predictable outputs of the flip-flops that are affected by the inputs.
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5.34 Verilog

module JK_flop_Prob_5_34 (output Q, input J, K, clk);
wire K_bar;
D_flop MO (Q, D, clk);
Mux M1 (D, J, K_bar, Q);
Inverter M2 (K_bar, K);
endmodule

module D_flop (output reg Q, input D, clk);
always @ (posedge clk) Q <= D;
endmodule

module Inverter (output y_bar, input y);
assign y_bar = ~y;
endmodule

module Mux (output y, input a, b, select);
assign y = select ? a: b;
endmodule

module t_JK flop_Prob_5 34 ();
wire Q;
reg J, K, clock;
JK flop_Prob_5_34 MO (Q, J, K, clock);
initial #500 $finish;
initial begin clock = 0; forever #5 clock = ~clock; end
initial fork
#10 begin J=0; K=0;end  //toggle Q unknown
#20 begin J =0; K=1; end //setQto 0
#30 begin J =1; K=0; end /lsetqto1
#40 beginJ=1; K=1; end // no change
#60 begin J=0; K=0;end  //toggle Q
join
endmodule

Name 1° 30 60 90

dock |—f L[ L[ L[ L 4 rr rrrr

VHDL

entity JK_flop_Prob_5_34
port (output Q: out Std_Logic; J, K, clk: in Std_Logic);
end JK flop Prob 5 34;

architecture Structural of JK flop_Problem_5 34 is
signal K_bar;
component D_flop port (Q: out Std_Logic; D, clk: in Std_Logic);
component Mux port (y: out Std_Logic; a, b: in Std_Logic; select: in Std_Logic);
component Inverter port (y: out Std_Logic; in xin Std_Logic);
begin
MO: D_flop (Q => Q, D => D, clk => clk);
M1: Mux (y =>vy, a =>J, b =>K_bar, select => Q);
Inverter M2 (y_bar => K_bar, y=> K);
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end Structural

entity D_flop is
port (Q: out Std_Logic; D, clk: in Std_Logic);
end D _flop;

architecture Behavioral
process (clk, D);
begin
if (clk'event and clk ='1") then Q <= D;
end Behavioral;

entity Inverter is
port (y_bar: out Std_Logic; y: in Std_Logic);
end Inverter;

architecture Boolean_Eq of Inverter is
y_bar <= noty;
endmodule

entity Mux is
port (y: out Std_Logic; a, b, select: in Std_Logic);
end Mux;

architecture Behavior of Mux is

begin

process (a, b, select)

begin
if select ='0' then y <= a;
elsif select ='1" then y <= b;
else y <='X};
end if;

end process;

end Behavior;
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5.35
From Problem 5.6:
X Az
¥y ——Doi D (]
[
B
D 0

(b) A(t+1) = xy' + xB (C)
B(t+1) =xA4 + xB’
z=4

gm 2 ) §
g % sy §
&% § =¥ S
A B x y A B z
o0 00 00 0
o0 01 00 0
o0 1.0 11 0
00 1 1 01 0
o171 00 00 0
o171 01 00 0
o1 1.0 1 0 0
01 1.1 1 0 0
10 00 00 I
10 01 00 1
10 1 0 1 1 1
I 0 1 1 1 1 1
117 00 00 I
11 01 00 I
11 10 11 1
1111 11 1

Verilog

module Prob_5_35 (output out_z, input in_x, in_y, clk, reset_b);
reg [1:0] state, next_state;
assign out_z = ((state == 2'b10) || (state == 2'b11));

always @ (posedge clk) if (reset_b == 1'b0) state <= 2'b00; else state <= next_state;

always @ (state, in_x, in_y) begin
next_state = 2'b00;
case (state)
2'b00: if (({in_x, in_y} == 2'b00) || {in_x, in_y} == 2'b01)) next_state = 2'b00;
else if ({in_x, in_y} == 2'b10) next_state = 2'b11;
else if ({in_x, in_y} == 2'b11) next_state = 2'b01;

2'b01: if ({in_x, in_y} == 2'b00) || ({in_x, in_y} == 2'b01)) next_state = 2'b00;
else if (({in_x, in_y} == 2b10) || ({in_x, in_y} == 2'b11)) next_state = 2'b10;

2'b10: if ({in_x, in_y} == 2'b00) || ({in_x, in_y} == 2'b01)) next_state = 2'b00;
else if ({in_x, in_y} == 2'b10) || ({in_x, in_y} == 2'b11)) next_state = 2'b11;

2'b11: if ({in_x, in_y} == 2'b00) || ({in_x, in_y} == 2'b01)) next_state = 2'b00;
else if (({in_x, in_y} == 2'b10) || ({in_x, in_y} == 2'b11)) next_state = 2'b11;
default:  next_state = 2'b00;
endcase
end
endmodule
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module t_Prob_5_35 ();
wire out_z;

reg in_x, in, in_y, clk, reset_b;

Prob_5_35 MO (out_z, in_x, in_y, clk, reset_b);

initial #250 $finish;

initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
reset b =0;
#20 reset b =1;

#50 {in_x, in_y} = 2'b00;
#60 {in_x, in_y} = 2'b01;
#70 {in_x, in_y} = 2'b11;
#90 {in_x, in_y} = 2'b00;
#110 {in_x, in_y} = 2'b11;
#120 {in_x, in_y} = 2'b01;

#130 {in_x, in_y} = 2'b11;
#140 {in_x, in_y} = 2'b10;
#150 {in_x, in_y} = 2'b00;
#160 {in_x, in_y} = 2'b11;

#170 {in_x, in_y} = 2'b11;
#180 {in_x, in_y} = 2'b01;

#190 {in_x, in_y} = 2'b11;
#200 {in_x, in_y} = 2'b11;
#210 {in_x, in_y} = 2'b11;

#220 {in_x, in_y} = 2'b10;
#230 {in_x, in_y} = 2'b11;

// Remain in 2'b00
// Remain in 2'b00
/l Transition to 2'b01
/I Transition to 2'b00
/l Transition to 2'b01
// Transition to 2'b00

// Transition to 2'b01
/I Transition to 2'b10
/I Transition to 2'b00
/I Transition to 2'b01

/I Transition to 2'b10
/I Transition to 2'b00

/I Transition to 2'b01
/I Transition to 2'b10
/I Transition to 2'b11

/I Remain in 2'b11
/I Remain in 2'b11

195

join
endmodule
Name @ } I ”Im IZE
-} Default
ck Spligigipipipigigigipigipigigigigigigigipipigigigiy
reset b I
in_x | | |
iny | L] L L
7 state[1:]] o0 1 T D2 D a3
olt 2 1 1 1 .
{ } 4 }
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VHDL

library IEEE;
use |IEEE.std_logic_1164.all;

entity Prob_5 35 vhdlis
port (out_z: out Bit; in_x, in_y: in Boolean; clk, reset_b: in Bit);
end Prob_5 35 vhdl;

architecture Behavioral of Prob_5 35 vhdl is
signal state, next_state: Std_Logic_Vector (1 downto 0);
begin
process (state) begin
out z<="0"
if (state = "10" or state = "11") then out_z <="1";
end if;
end process;

process (clk, reset_b) begin
if (reset_b ='0") then state <="00"
elsif (clk'event and clk = '1") then state <= next_state; end if;
end process;

process (state, in_x, in_y) begin
next_state <="00";

case (state) is
when "00" =>if (notin_x and notin_y) or (not in_x and in_y)) then next_state <="'0' & '0’;
elsif ((not in_x and not in_y) or (in_x and not in_y)) then next_state <= ("0’ & '0");
elsif (in_x and not in_y) then next_state <="11";
elsif (in_x and in_y) then next_state <="01";
end if;

when "01" => if ((not in_x and not in_y) or (not in_x and in_y)) then next_state <= "00";
elsif ((in_x and not in_y) or (in_x and in_y)) then next_state <= "10";
end if;

when "10" => if ((not in_x and not in_y) or (not in_x and in_y)) then next_state <= "00";
elsif ((in_x and not in_y) or (in_x and in_y)) then next_state <= "11";
end if;

when "11"=> if ((not in_x and not in_y) or (not in_x and in_y)) then next_state <= "00";
elsif ((in_x and not in_y) or (in_x and in_y)) then next_state <="11";
end if;

when others => next_state <="00";
end case;
end process;
end Behavioral;

5.36 Note: See Problem 5.8 (counter with repeated sequence: (A, B) =00, 01, 10, 00 ....

/I See Fig. P5.8
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VERILOG
module Problem_5_36 (output A, B, input Clock, reset_b);
wire T_A, T_B,A b, B b;
or (T_A, A B);
or (T_B, A_b, B);
T_flop MO (A, A_b, T_A, Clock, reset_b);
T_flop M1 (B, B_b, T_B, Clock, reset_b);
endmodule

module T_flop (output reg Q, output QB, input T, Clock, reset_b);
assign QB =~ Q;
always @ (posedge Clock, negedge reset_b)
if (reset_b ==0) Q <=0;
else if (T) Q <=1Q;
endmodule

module t_Problem_5_36 ();
wire A, B;
reg Clock, reset_b;

Problem_5_36 MO (A, B, Clock, reset_b);

initial #350%finish;
initial begin Clock = 0; forever #5 Clock = ~Clock; end
initial fork

#2 reset b=1;

#3 reset b =0;

#4 reset b =1
join

endmodule

(=)
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VHDL
entity Problem_5_36_vhdl (output A, B: out bit; input Clock, reset_b: out bit) is
end Problem_5 36 _vhdl;

architecture Structural of Problem_5 36 vhdl is
component or2_gate port (y: out, bit; xin1, xin2: in bit);
component T_flop port (Q, Q_b: in bit, T, Clock, reset_b: in bit);

begin
G1: or2_gate port map (y => T_A, xin1 => A, xin2 => B);
G2: or2_gate port map (y => T_B, xin1 => A_b, xin2 => B);
G3: T_flop port map (Q =>A, Q_b=>A_b, T=>T_A, Clock => Clock, reset_b => reset_b);
G4: T_flop port map (Q =>B, Q_b=>B_b, T=>T_B, Clock => Clock, reset_b => reset_b);
end Structural;

entity T_flop is
port (Q, QB: out bit; T, Clock, reset_b: in bit);
end T_flop;
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architecture Behavioral of T_flop is
QB <=not Q;
process (Clock, reset_b) is
beginnot
if (reset_b '0") then Q <= 0;
elsif (T) Q <=Q;
end process;
end Behavioral;

module t_Problem_5_36 ();
wire A, B;
reg Clock, reset_b;

Problem_5_36 MO (A, B, Clock, reset_b);

initial #350%finish;
initial begin Clock = 0; forever #5 Clock = ~Clock; end
initial fork

#2 reset b=1;

#3 reset b=0;

#4 reset b=1
join

endmodule

5.37 Verilog
module Prob_5_37_Fig_5_ 25 (output reg y, input x_in, clock, reset_b);

parameter a = 3'b000, b = 3'b001, ¢ = 3'b010, d = 3'b011, e = 3'b100, f = 3'b101, g = 3'b110;
reg [2: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= a;
else state <= next_state;

always @ (state, x_in) begin
y=0;
next_state = a;
case (state)

a: begin y = 0; if (x_in == 0) next_state = a; else next_state = b; end
b: begin y = 0; if (x_in == 0) next_state = c; else next_state = d; end
c: begin y = 0; if (x_in == 0) next_state = a; else next_state = d; end
d: if (x_in == 0) begin y = 0; next_state = e; end

else begin y = 1; next_state = f; end

e: if (x_in == 0) begin y = 0; next_state = a; end
else begin y = 1; next_state = f; end

f: if (x_in == 0) begin y = 0; next_state = g; end
else begin y = 1; next_state = f; end

g if (x_in == 0) begin y = 0; next_state = a; end
else begin y = 1; next_state =f; end

default: next_state = a;
endcase
end
endmodule
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module Prob_5_37_Fig_5 26 (output reg y, input x_in, clock, reset_b);
parameter a = 3'b000, b = 3'b001, ¢ = 3'b010, d = 3'b011, e = 3'b100;
reg [2: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= a;
else state <= next_state;
always @ (state, x_in) begin
y=0;
next_state = a;
case (state)

a: begin y = 0; if (x_in == 0) next_state = a; else next_state = b; end
b: begin y = 0; if (x_in == 0) next_state = c; else next_state = d; end
c: begin y = 0; if (x_in == 0) next_state = a; else next_state = d; end
d: if (x_in == 0) begin y = 0; next_state = e; end

else begin y = 1; next_state = d; end

e: if (x_in == 0) begin y = 0; next_state = a; end
else begin y = 1; next_state = d; end

default: next state = a;
endcase
end
endmodule

module t_Problem_5_37 ();
wirey_Fig_5_25,y Fig 5 26;
reg x_in, clock, reset_b;

Problem_5_37_Fig_5_ 25 MO (y_Fig_5_25, x_in, clock, reset_b);
Problem_5_37_Fig_5 26 M1 (y_Fig_5_26, x_in, clock, reset_b);

wire [2: 0] state_25 = MO.state;
wire [2: 0] state_26 = M1.state;

initial #350 $finish;

initial begin clock = O; forever #5 clock = ~clock; end

initial fork
X_in=0;
#2 reset b
#3 reset b
#4 reset b =
#20 x_in=1;
#40 x_in=0; // abdea, abdea

1,
0;
1

#60 x_in =1;
#100 x_in = 0; // abdf....fga, abd ... dea

#120 x_in = 1;
#160 x_in = 0;
#170 x_in =1;
#200 x_in = 0; // abdf....fgf...fga, abd ...ded...ea

#220 x_in = 1;

#240 x_in = 0;

#250 x_in = 1; // abdef... // abded...

join
endmodule
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entity Prob_5_37_Fig_5 25 vhdlis
port (y: out bit; xin, clock, reset_b: out bit);
end Prob_5_37_Fig_5 25_vhdl;

architecture Behavioral of Prob_5 37 _Fig_5 25 vhdlis
constant a: Bit_Vector (2 downto 0) := "000";
constant b: Bit_Vector (2 downto 0) := "001";

constant c: Bit_Vector (2 downto 0) :="010";

constant d: Bit_Vector (2 downto 0) :="011";

constant e: Bit_Vector (2 downto 0) := "100";

constant f: Bit_Vector (2 downto 0) :="101";
(

constant g: Bit_Vector (2 downto 0) :="110";
signal state, next_state: Bit_Vector (2 downto 0);
begin

process (clock, reset_b) begin
if (reset_b ='0") then state <= a;
elsif (clock'event and clock = '1") then state <= next_state;
end if;

end process;

process (state, x_in) begin
y <='04
next_state <= a;
case (state) is
when a => y<="0"if (x_in ='0") then next_state <= a; else next_state <= b; end if;

when b => y<="0"if (x_in ='0") then next_state <= c; else next_state <= d; end if;
when c=> y<="0"if (x_in ='0") then next_state <= a; else next_state <= d; end if;

when d => if (x_in ='0") then y <="0"; next_state <= ¢;
else y <='"1"; next_state <= f; end if;

when e => if (x_in ='0") then y <="0"; next_state <= a;
else y <='1"; next_state <= f; end if;

when f =>if (x_in ='0") then y <="'0"; next_state <=g;
else y <="1"; next_state <= f; end if;
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when g => if (x_in ='0") then y <="0"; next_state <= ga;
else y <='1"; next_state <= f; end if;

when others => next_state <= a;
end case;
end process;
end Behavioral;

entity Prob_5 37 _Fig_5 26 _vhdl is
port (y: out bit; x_in, clock, reset_b: in bit);
end Prob_5_37_Fig_5 26_vhdl;

architecture Behavioral of Prob_5_37_Fig_5 26_vhdl is
constant a: Bit_Vector := "000";

constant b: Bit_Vector := "001";
constant c: Bit_Vector := "010";
constant d: Bit_Vector := "011";
constant e: Bit Vector := "100";

signal state, next_state: Bit_Vector (2 downto 0);
begin

process (clock, reset_b) begin

if reset_b ='0' then state <= a;

elsif clock'event and clock ='1"then state <= next_state; end if;
end process;

process (state, x_in) begin
y <='0%
next_state <= a;
case (state) is
when a => y<='0"if x_in ='0' then next_state <= a; else next_state <= b; end if;

when b => y<='0"if x_in ='0") then next_state <= c; else next_state <= d; end if;
when c=> y<='0"if x_in ='0' then next_state <= a; else next_state <= d; end if;

when d => if x_in ='0"'then y <="0"; next_state <= ¢;
else y <='1'"; next_state <= d; end if;

when e => if x_in ='0' then y <="0"; next_state <= a;
else y <='1"; next_state <= d; end if;

when others => next_state <= a;
end case;
end process;
end Behavioral;

5.38 (a) Verilog
module Prob_5_38a (input x_in, clock, reset_b);
parameter sO = 2'b00, s1 = 2'b01, s2 = 2'b10, s3 = 2'b11;
reg [1: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= s0;
else state <= next_state;
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always @ (state, x_in) begin
next_state = s0;
case (state)
s0: if (x_in == 0) next_state = s0;
else if (x_in == 1) next_state = s3;

s1: if (x_in == 0) next_state = s1;
else if (x_in == 1) next_state = s2;

s2: if (x_in == 0) next_state = s2;
else if (x_in == 1) next_state = s0;

s3: if (x_in == 0) next_state = s3;
else if (x_in == 1) next_state = s1;
default: next_state = s0;
endcase
end
endmodule

module t_Prob_5 38a ();
reg x_in, clk, reset_b;

Prob_5_38a MO ( x_in, clk, reset_b);

initial #350%finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
#2 reset b=1;
#3 reset b=0; / Initialize to sO
#4 reset b =1
#2 x_in =0;
#20 x_in=1;
#60 x_in =0;
#80 x_in=1;
#90 x_in =0;
#110 x_in = 1;
#120 x_in = 0;
#140 x_in = 1;
#150 x_in =0;
#170 x_in=1;
join
endmodule
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entity Prob_5_38a_vhdl is

port (x_in, clock, reset_b: in bit);
end Prob_5 38a_vhdl;
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architecture Behavioral of Prob_5 38a_vhdl is

constant s0: bit_vector (1 downto 0) := "00";
constant s1: bit_vector (1 downto 0) :="01";
constant s2: bit_vector (1 downto 0) := "10";
constant s3: bit_vector (1 downto 0) :="11";

signal state, next_state: bit_vector (1 downto 0);
begin
process (clock, reset_b) begin
if (reset_b ="'0') then state <= s0;
else state <= next_state; end if;
end process;

process (state, x_in) begin
next_state <= s0;
case (state) is
when s0 => if x_in ='0' then next_state <= s0;
elsif x_in ='1' then next_state <= s3; end if;

when s1 => if x_in ='0' then next_state <= s1;
elsif x_in ='1' then next_state <= s2; end if;

when s2 => if x_in ='0' then next_state <= s2;
elsif x_in ='1' then next_state <= s0; end if;

when s3 => if x_in ='0"then next_state <= s3;
elsif x_in ='1" then next_state <= s1; end if;

when others =>: next_state <= s0;
end case;
end process;
end Behavioral;

(b) Verilog
module Prob_5_38b (input x_in, clock, reset_b);
parameter sO = 2'b00, s1 = 2'b01, s2 = 2'b10, s3 = 2'b11;
reg [1: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= s0;
else state <= next_state;

always @ (state, x_in) begin
next_state = s0;
case (state)
s0: if (x_in == 0) next_state = s0;
else if (x_in == 1) next_state = s3;

s1: if (x_in == 0) next_state = s1;
else if (x_in == 1) next_state = s2;

s2: if (x_in == 0) next_state = s2;
else if (x_in == 1) next_state = s0;

s3: if (x_in == 0) next_state = s3;
else if (x_in == 1) next_state = s1;
default: next_state = s0;
endcase
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end
endmodule

module t_Prob_5 38b ();
reg x_in, clk, reset_b;
Prob_5_38b MO ( x_in, clk, reset_b);

initial #350%finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
#2 reset b=1;
#3 reset b=0; // Initialize to sO
#4 reset b=1
#2 x_in =0;
#20 x_in =1;
#60 x_in =0;
#80 x_in=1;
#90 x_in =0;
#110 x_in = 1;
#120 x_in = 0;
#140 x_in = 1;
#150 x_in =0;
#170 x_in=1;
join
endmodule

Narﬂe 0 | ‘60\ ‘12\0 | ‘18\0 |

clk I I e Y S Y e I I e Y o Y
reset b I

x_in I I

saeflo N0 X3 X1 X2 X o X 3 k1 X 2 YXoXsYXi1)f2)o]

VHDL
entity Prob_5_38b_vhdl is

port (x_in, clock, reset_b: in bit);
end Prob_5 38b_vhdl;

architecture Behavioral of Prob_5 38b_vhdl is
constant sO: bit_vector (1 downto 0) := "00";
constant s1: bit_vector (1 downto 0) := "01";
constant s2: bit_vector (1 downto 0) := "10";
constant s3: bit_vector (1 downto 0) := "11";
signal state, next_state: bit_vector (1 downto 0);
begin
process (clock, reset_b) begin
if (reset_b ='0') then state <= s0;
elsif clock'event and clock = '1' then state <= next_state;
end if;
end process;

process (state, x_in) begin
next_state <= s0;
case (state) is
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when s0 => if x_in ='0' then next_state <= s0;
elsif x_in ='1' then next_state <= s3; end if;

when s1=> if x_in ='0' then next_state <= s1;
elsif x_in ='1" then next_state <= s2; end if;

when s2 => if x_in ='0' then next_state <= s2;
elsif x_in ='"1" then next_state <= s0; end if;

when s3 => if x_in ='0' then next_state <= s3;
elsif x_in ='1' then next_state <= s1; end if;

when others => next_state = s0;
end case;
end process;
end Behavioral;

5.39 Verilog
module Serial_2s_Comp (output reg B_out, input B_in, clk, reset_b);
/I See problem 5.17
parameter S 0 =1'b0, S 1 =1'b1;
reg state, next_state;
always @ (posedge clk, negedge reset_b) begin
if (reset_b == 0) state <= S_0;
else state <= next_state;
end

always @ (state, B_in) begin
B out=0;
case (state)
S_0: if (B_in ==0) begin next_state = S_0; B_out = 0; end
else if (B_in == 1) begin next_state =S_1; B_out=1; end

S_1: begin next_state =S_1; B_out=~B_in; end
default: next state =S 0;

endcase
end
endmodule

module t_Serial_2s_Comp ();
wire B_in, B_out;
reg clk, reset_b;
reg [15: 0] data;
assign B_in = data[0];

always @ (negedge clk, negedge reset_b)
if (reset_b == 0) data <= 16'habac; else data <= data >> 1; // Sample bit stream

Serial_2s_Comp MO (B_out, B_in, clk, reset_b);

initial #150 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
#10 reset b
#12 reset b
join
endmodule

0;
1,
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/I See problem 5.17
entity Prob_5_ 39 Serial_2s_Comp_vhdl is

port (B_out: out bit; B_in, clk, reset_b: in bit);
end Prob_5 39 Serial 2s Comp_vhdl;

architecture Behavioral of Prob_5 39 Serial 2s Comp_vhdl is
constant S_0: bit :='0";
constant S_1: bit :="'1";
signal state, next_state: bit;
begin
process (clk, reset_b) begin
if reset_b ='0'then state <= S_0;
elsif clock'event and clock ='1"then state <= next_state; end if;
end process;

process (state, B_in) begin
B _out <='0"
case (state) is
when S_0 =>if B_in="0"then next_state <= S_0; B_out <="'0";
elsif B_in ='1' then next_state <= S_1; B out <='1"; end if;

when S_1=> next state <=S 1; B out<=notB in;

when others => next_state <=S 0;
end case;
end process;
end Behavioral;
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5.40

EF=0x

Verilog

module Prob_5 40 (input E, F, clock, reset_b);
parameter sO = 2'b00, s1 = 2'b01, s2 = 2'b10, s3 = 2'b11;
reg [1: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= s0;
else state <= next_state;

always @ (state, E, F) begin
next_state = s0;
case (state)
s0: if (E == 0) next_state = s0;
else if (F == 1) next_state = s1; else next_state = s3;

s1: if (E == 0) next_state = s1;
else if (F == 1) next_state = s2; else next_state = s0;

s2: if (E == 0) next_state = s2;
else if (F == 1) next_state = s3; else next_state = s1;

s3: if (E == 0) next_state = s3;
else if (F == 1) next_state = s0; else next_state = s2;
default: next_state = s0;
endcase
end
endmodule

module t_Prob_5 40 ();
reg E, F, clk, reset_b;
Prob_5 40 MO ( E, F, clk, reset_b);

initial #350%finish;

initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b
#3 reset b

1;
0; // Initialize to sO
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#4 reset b =1;
#2 E =0;
#20 beginE=1; F =1; end
#60 E = 0;
#80E =1;
#90 E = 0;
#110E =1,
#120 E = 0;
#140E =1,
#150 E = 0;
#170 E=1;
#170 F = 0;
join
endmodule
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entity Prob_5 40 _vhdl is

port (E, F, clock, reset_b: in bit);
end Prob_5 40 vhdl;

architecture Behavioral of Prob_5 40 is

constant sO: bit_vector (1 downto 0) := "00";
constant s1: bit_vector (1 downto 0) := "01";
constant s2: bit_vector (1 downto 0) := "10";
constant s3: bit_vector (1 downto 0) :="11";

signal state, next_state: bit_vector (1 downto 0);
begin
process (clock, reset_b) begin
if reset_b ='0' then state <= s0;
elsif clock'event and clock = '1' then state <= next_state; end if;
end process;

process (state, E, F) begin
next_state <= s0;
case (state) is
when s0 => if E ='0' then next_state <= s0;
elsif F ='1' then next_state <= s1; else next_state <= s3;
end if;

when s1 => if E ='0' then next_state <= s1;
elsif F ='1' then next_state <= s2; else next_state <= s0;
end if;

when s2 => if E ='0' then next_state <= s2;
elsif F ='1' then next_state <= s3; else next_state <= s1;
end if;
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when s3 => if (E ='0') then next_state <= s3;
elsif (F = '1") then next_state <= s0; else next_state <= s2;
end if;

when others => next_state <= s0;
end case;
end process;
end Behavioral;

5.41 Verilog

module Prob_5_41 (output reg y_out, input x_in, clock, reset_b);
parameter sO = 3'b000, s1 = 3'b001, s2 = 3'b010, s3 = 3'b011, s4 = 3'b100;
reg [2: 0] state, next_state;

always @ (posedge clock, negedge reset_b)
if (reset_b == 0) state <= s0;
else state <= next_state;

always @ (state, x_in) begin
y_out=0;
next_state = s0;
case (state)
s0: if (x_in) begin next_state = s4; y_out = 1; end else begin next_state = s3; y_out = 0; end
s1: if (x_in) begin next_state = s4; y_out = 1; end else begin next_state = s1; y_out = 0; end
s2: if (x_in) begin next_state = s0; y_out = 1; end else begin next_state = s2; y_out = 0; end
s3: if (x_in) begin next_state = s2; y_out = 1; end else begin next_state = s1; y_out = 0; end
s4: if (x_in) begin next_state = s3; y_out = 0; end else begin next_state = s2; y_out = 0; end
default: next_state = 3'bxxx;
endcase
end
endmodule

module t_Prob_5 41 ();
wire y_out;
reg x_in, clk, reset_b;

Prob_5_41 MO (y_out, x_in, clk, reset_b);

initial #350%finish;
initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b=1;
#3 reset b=0; // Initialize to sO
#4 reset b=1;
/I Trace the state diagram and monitor y_out
X_in=0; /I Drive from s0 to s3 to S1 and park
#40 x_in=1; /I Drive to s4 to s3 to s2 to sO to s4 and loop
#90 x_in =0; /I Drive from s0 to s3 to s2 and part
#110 x_in=1; // Drive sO to s4 etc
join
endmodule
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Name o | | | | | | | | | ‘40\ | | | | | | | | ‘80\ | | | 12\0 | | | |
clk . rererererererere e e r el
reset_b NI
x_in | e I
state[2:0] :XX 3 X 1 X 4 X 3 X 2 X 0 X 4 X X 0 X 4 X:
y_out [l | I— N S—
VHDL
library IEEE;

use |IEEE_Std_logic_1164.all
entity Prob_5 41_vhdlis

port (y_out: out bit; x_in, clock, reset_b: in bit);

end Prob_5 41 vhdl;

architecture Behavioral of Prob_5 41 vhdlis

constant s0: Std_Logic_vector (2 downto 0) := "000";
constant s1: Std_Logic it_vector (2 downto 0) := "001";
constant s2: Std_Logic _vector (2 downto 0) := "010";
constant s3: Std_Logic _vector (2 downto 0) :="011";
constant s4: Std_Logic _vector (2 downto 0) :="100";
signal state, next_state: Std_Logic_vector (2 downto 0);

begin

process (clock, reset_b) begin

if reset_b ='0' then state <= s0;

elsif clock'event and clock = '1' then state <= next_state; end if;
end process;

process (state, x_in) begin
y_out <="0";
next_state <= s0;
case (state) is
when s0 => if x_in ='1' then next_state <=s4;y out <='1";
else next_state <=s3; y_out <="'0"; end if;

when s1 => if x_in ='1" then next_state <= s4;y_out <="'1";
else next_state <= s1; y_out <="'0"; end if;

when s2 => if x_in ='1' then next_state <= s0; y_out <="'1";
else next_state <=s2; y_out <="'0"; end if;

when s3 => if x_in ="1' then next_state <=s2;y out<="1";
else next_state <=s1; y_out <="'0"; end if;

when s4 => if x_in ='1" then next_state <= s3; y_out <="'0";
else next_state <= s2; y_out <="'0"; end if;

when others => next_state <= "xxx";
end case;
end process;

end Behavioral;
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5.42 Verilog
module Prob_5_ 42 (output A, B, B_bar, y, input x, clk, reset_b);
/I See Fig. 5.29
wire w1, w2, w3, D1, D2;
and (w1, A, x);
and (w2, B, x);
or (D_A, w1, w2);

and (w3, B_bar, x);
and (y, A, B);
or (D_B, w1, w3);
DFF MO_A (A, D_A, clk, reset_b);
DFF MO_B (B, D_B, clk, reset_b);
not (B_bar, B);

endmodule

module DFF (output reg Q, input data, clk, reset_b);
always @ (posedge clk, negedge reset_b)
if (reset_b == 0) Q <= 0; else Q <= data;
endmodule

module t_Prob_5 42 ();
wire A, B, B_bar, y;
reg bit_in, clk, reset_b;
wire [1:0] state;
assign state = {A, B};
wire detect = y;

Prob_5_42 MO (A, B, B_bar, y, bit_in, clk, reset_b);
/I Patterns from Problem 5.45.

initial #350%finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
#2 reset b =1;
#3 reset_ b =0;
#4reset b =1;
/I Trace the state diagram and monitor detect (assert in S3)
bit_in = 0; /I Park in SO
#20 bit_in = 1; /I Drive to SO
#30 bit_in = 0; // Drive to S1 and back to SO (2 clocks)
#50 bit_in=1;
#70 bit_in = 0; // Drive to S2 and back to SO (3 clocks)
#80 bit_in=1;
#130 bit_in = 0;// Drive to S3, park, then and back to SO
join
endmodule
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Name 0 ‘ | 50‘ | 10\0 ! P !

reset b Al

clk /N T Y Y Y Y Y Y Y A I

4 = I |,

B I | I |

B bar | — L | I |

v I

state[1:0] EX 0 X 1 X 0 X 1 X 2 X 0 X 1 X 2 X 3

detect I S —
VHDL

entity Prob_5 42 vhdlis -- See Fig. 5.29
port (A, B: buffer bit; A_bar, B_bar: buffer bit; y: out bit; xin, clk, reset_b: in bit);
end Prob_5 42 vhdl;

architecture Structural of Prob_5 42 vhdl is
signal w1, w2, w3, D_A, D_B: bit;
component and2_gate port (y: out bit; xin1, xin2: in bit); end component;
component or2_gate port (y: out bit; xin1, xin2: in bit); end component;
component not_gate port (y: out bit; xin: in bit); end component;
component D_FF port (Q: out bit; data, clk, reset_b: in bit); end component;

begi
G1: and2_gate port map
G2: and2_gate port map

y => w1, xin1 => A, xin2 => xin);
y => w2, xin1 => B, xin2 => xin);
G3: or2_gate port map (y =>D_A, xin1 => w1, xin2 => w2);
G4: and2_gate port map (y => w3, xin1 => B_bar, xin2 => xin);
G5: and2_gate portmap (y =>y, xin1 => A, xin2 => B);
G6: or2_gate port map (y => D_B, xin1 => w1, xin2 =>w3);
G7: not_gate port map (y => B_bar, xin => B);
MO_A: D_FF port map (Q => A, data => D_A, clk => clk, reset_b => reset_b);
MO _B: D_FF port map (Q => B, data => D_B, clk => clk, reset_b => reset_b);
end Structural;

—~ o~~~

entity and2_gate is
port (y: out bit; xin1, xin2: in bit);
end and2_gate;

architecture Behavioral of and2_gate is
begin

y <= xin1 and xin2;
end Behavioral;

entity or2_gate is
port (y: out bit; xin1, xin2: in bit);
end or2_gate;

architecture Behavioral of or2_gate is
begin

y <= xin1 or xin2;
end Behavioral;

entity not_gate is
port (y: out bit; xin: in bit);
end not_gate;
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architecture Behavioral of not_gate is
begin
y <= not xin;
end Behavioral;
entity D_FF is
port (Q: out bit; data, clk, reset_b: in bit);
end D FF;
architecture Behavioral of D_FF is
begin
process (clk, reset_b) begin
if (reset_b ='0") then Q <="0";
elsif clk'event and clk ='1' then Q <= data;
end if;
end process;
end Behavioral;
5.43 Verilog
module Binary_Counter_3_bit (output [2: 0] count, input clk, reset_b)
always @ (posedge clk) if (reset_b == 0) count <= 0; else count <= next_count;
always @ (count) begin
case (state)
3'b000: count = 3'b001;
3'b001:  count =3'b010;
3'b010:  count =3'b011;
3'b011:  count = 3'b100;
3'b100: count = 3'b001;
3'b101:  count = 3'b010;
3'b110:  count =3'b011;
3'b111:  count = 3'b100;
default: count = 3'b000;
endcase
end
endmodule
module t_Binary_Counter_3_bit ()
wire [2: 0] count;
reg clk, reset_b;
Binary_Counter_3_bit MO ( count, clk, reset_b)
initial #150 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork
reset =1;
#10 reset = 0;
#12 reset = 1;
endmodule
Name 0 | ‘50‘ | IOP | | 150
reset_b U
clk IR S I I s e Y Y I Y O I
count[2:0] XXEX1X2X3X4X5X6X7X0X1X2X3X4X5XE

Alternative: structural model.

module Prob_5_41 (output A2, A1, A0, input T, clk, reset_bar);
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wire toggle_A2;

T_flop MO (AO, T, clk, reset_bar);
T_flop M1 (A1, AO, clk, reset_bar);
T_flop M2 (A2, toggle_A2, clk, reset_bar);
and (toggle_A2, A0, A1);
endmodule

module T_flop (output reg Q, input T, clk, reset_bar);
always @ (posedge clk, negedge reset_bar)
if (Ireset_bar) Q <= 0; else if (T) Q <= ~Q; else Q <= Q;
endmodule

module t Prob 5 41;
wire A2, A1, AO;
wire [2: 0] count = {A2, A1, AO};
reg T, clk, reset_bar;
Prob_5_41 MO (A2, A1, A0, T, clk, reset_bar);

initial #200 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork reset_bar = 0; #2 reset_bar = 1; #40 reset_bar = 0; #42 reset_bar = 1; join
initial fork T=0; #20 T=1; #70 T=0; #110 T = 1; join
endmodule

If the input to 40 is changed to 0 the counter counts incorrectly. It resumes a correct
counting sequence when 7 is changed back to 1.

v ( 40 80 120 160 200
Nare v b e e b b b |

Default
clk

reset_bar
T
A2

Al
A0
count[2:0]

_____VHDL
library IEEE;
use |IEEE_Std_Logic_1164.all;

entity Prob_5_43 Binary_Counter_3_bit_vhdl is
port (count: out bit_vector (2 downto 0; clk, reset_b: in bit);
end Prob_5_43_ Binary_Counter_3_bit_vhdl;

architecture Behavioral of Prob_5 43 Binary_Counter_3_bit_vhdl is
begin
process (clk) begin
if reset_b ='0' then count <= "000";
elsif clk'event and clk ='1' then count <= next_count; end if;
end process;
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process (count) begin
case (state)
when "000" =>  count <="001";
when "001"=> count <="010";
when "010" =>  count <="011";
when "011" =>  count <= "100";
when "100" =>  count <="001";
when "101" =>  count <= "010";
when "110" => count <="011";
when "111" =>  count <= "100";
when others => count <="000";
end case;
end process;
end Behavioral;

5.44 VERILOG
module DFF_asynch_reset (output reg Q, input data, clk, reset);
always @ (posedge clk, posedge reset) /I Asynchronous reset
if (reset) Q <= 0; else Q <= data;
endmodule

module t_DFF_asynch_reset ();
reg data, clk, reset;
wire Q;

DFF_asynch_reset MO (Q, data, clk, reset);

initial #150 $finish;
initial begin clk = 0; forever #5 clk = ~clk; end
initial fork

reset = 0;

#7 reset = 1;

#41 reset = 0;

#82 reset = 1;

#97 reset = 0;

#12 data = 1;

#50 data = 0;

#60 data = 1;

#80 data = 0;

#90 data = 1;

#110 data = 0;
join

endmodule

Name |

reset || 1
ek LTI

data L L |

VHDL

entity Prob_5 44 DFF_asynch_resetis
port (Q: out bit; data, clk, reset: in bit);

end Prob_5_44 DFF_asynch_reset;

architecture Behavioral of Prob_5 44 _DFF_asynch_reset is
begin
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process (clk, reset) -- Asynchronous reset
begin
if reset ='1'then Q <="'0"
elsif clk'event and clk = '1' then Q <= data; end if;
end process;
end Behavioral;

5.45 Verilog
module Prob_5_45_Seq_Detector (output detect, input bit_in, clk, reset_b);
parameter S0 =0,S1=1,S2=2,S3 =3;
reg [1: 0] state, next_state;

assign detect = (state == S3);
always @ (posedge clk, negedge reset_b)
if (reset_b == 0) state <= SO; else state <= next_state;

always @ (state, bit_in) begin
next_state = SO;
case (state)

0: if (bit_in) next_state = S1; else state = SO;
1: if (bit_in) next_state = S2; else next_state = SO0;
2: if (bit_in) next_state = S3; else state = SO;
3: if (bit_in) next_state = S3; else next_state = SO;
default: next_state = SO;
endcase
end
endmodule

module t_ Prob_5_45_Seq_Detector ();
wire detect;
reg bit_in, clk, reset_b;

Prob_5_45_Seq_Detector MO (detect, bit_in, clk, reset_b);

initial #350%finish;

initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
#2 reset b =
#3 reset b =
#4reset b =

1;
0;
1;
/l Trace the state diagram and monitor detect (assert in S3)
bit_in = 0; // Park in SO
#20 bit_in = 1; /I Drive to SO
#30 bit_in = 0; // Drive to S1 and back to SO (2 clocks)

#50 bit_in = 1;
#70 bit_in = 0; // Drive to S2 and back to SO (3 clocks)
#80 bit_in = 1;
#130 bit_in =0; /I Drive to S3, park, then and back to SO
join

endmodule
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Name 0 | 40 | 30 ‘ 120
reset_b ]l
clk e e e ey
bit_in [ LT |
state[1:0] ZX 0 1 X 0 | 0o Jor X 2 X 3 X o
detect I I
VHDL
library IEEE;

use |IEEE_Std_Logic_1164.all;

entity Seq_Detector_vhdlis
port (detect: out bit; bit_in, clk, reset_b: in bit);
end Prob_5 45 Seq Detector_vhdl;

architecture Behavioral of Prob_5 45 Seq Detector_vhdl is
constant SO: Std_Logic_vector (1 downto 0) := "00";
constant S1: Std_Logic_vector (1 downto 0) := "01";
constant S2: Std_Logic_vector (1 downto 0) :="10";
constant S3: Std_Logic_vector (1 downto 0) :="11";
signal state, next_state: Std_Logic_vector (1 downto 0);

begin
detect <="'1"' when state = S3;

process (clk, reset_b) begin

if reset_b ='0' then state <= S0;

elsif clk'event and clk = '1' then state <= next_state; end if;
end process;

process (state, bit_in) begin
next_state <= S0;
case (state) is
when S0 => if bit_in ='1' then next_state <= S1; else state <= S0; end if;
when S1 => if bit_in ='1' then next_state <= S2; else next_state <= SO; end if;
when S2 => if bit_in ='1' then nex t_state <= S3; else state <= S0; end if;
when S3 => if bit_in ='1' then next_state <= S3; else next_state <= S0; end if;
when others => next_state <= SO0;
end case;
end process;
end Behavioral;

5.46 Pending simulation results

Assumption: Synchronous active-low reset
Moore machine

/ reset b, x_in

01,00,10/
n (oo ix (00 x| x (100 ix 00 xx
T

0x

y_out

0x.

.Digital Design With An Introduction to the Verilog HDL, VHDL, and SystemVerilog, Sixth Edition - Solution Manual.
M. Mano. M.D. Ciletti, Copyright 2017 .
All rights reserved.



© 2018 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.

218

Verify that machine remains in state 000 while reset b is asserted, independently of x_in.
Verify that machine makes transition from 000 to 001 if not reset b and if x_in is asserted.
Verify that state transitions from 000 through 101 are correct.

Verify reset b "on th

e fly."

Verify that y out is asserted correctly.

Verilog

module Prob_5_46 (output y_out, input x_in, clk, reset_b);
reg [2:0] state, next_state;

assign y_out

= (state == 3'b001)||(state == 3'b010) || (state == 3'b011);

always @ (posedge clk)
if (reset_b == 1'b0) state <= 3'b000; else state <= next_state;

always @ (x_in, state) begin
next_state = 3'b000;

case (state)
3'p000:
3'b001:
3'b010:
3'b011:
3'b100:
3'b101:
default:
endcase
end
endmodule

if (x_in) next_state = 3'b001; else next_state = 3'b000;
next_state = 3'b010;
next_state = 3'b011;
next_state = 3'b100;
next state = 3'b101;
next_state = 3'b000;
next_state = 3'b000;

module t_Prob_5_46 ();

reg x_in, clk,
wire y_out;

reset_b;

Prob_5_46 MO (y_out, x_in, clk, reset_b);

initial #200 $finish;

initial begin

initial fork
reset b =0;
#10reset b
#80 reset b
#90 reset b

X_in=0;

#30 x_in = 1
#40 x_in = 1

clk = 0; forever #5 clk = Iclk; end

:1,
:O’
:1’

#50 x_in =0;
#60 x_in=1;
#70 x_in =0;

#120 x_in =
#130 x_in =
join
endmodule

1
0;
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Name 4 0 5|0 1%0 1%0
=) Default
ck
reset_b
x_in
- state[2:0]
y_out

VHDL
entity Prob_5 46 is

port (output y_out, input x_in, clk, reset_b);
end Prob_5 46;

architecture Behavioral is
signal state, next_state: bit_vector (2 downto 0);
begin
y_out <="1" when (state = "001") or (state = "010") or (state = "011");
process (clk) begin
if reset_b ='0"then state <= "000";
else if clk'event and clk = '1' then state <= next_state; end if;
end process;

process (x_in, state) begin
next_state <= "000";
case (state) is
when 3'b000 => if x in ='1' then next_state <= "001";
else next_state = 3"000"; end if;
when "001" => next_state <= "010";
when "010" => next_state <= "011";
when "011" => next_state <="100";
when "100" => next_state <="101";
when "101" => next_state <= "000";
when others => next_state <= "000"
end case;
end process;
end Behavioral;
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5.47
Assume synchronous active-low reset.

Verilog
module Prob_5_47 (output reg [3:0] y_out, input Run, clk, reset_b);
always @ (posedge clk)

if (reset_b == 1'b0) y_out <= 4'b0000;

else if (Run && (y_out <4'b1110)) y_out <=y_out + 2'b10;

else if (Run && (y_out == 4'b1110)) y_out <= 4'b0000;

elsey out<=y_out; // redundant statement and may be omitted
endmodule

// Verify that counting is prevented while reset b is asserted, independently of
Run

// Verify that counting is initiated by Run if reset b is de-asserted

// Verify reset on-the-fly

// Verify that deasserting Run suspends counting

/I Verify wrap-around of counter.

module t_Prob_5_47 ();
reg Run, clk, reset_b;
wire [3:0] y_out;

Prob_5_47 MO (y_out, Run, clk, reset_b);

initial #300 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end
initial fork

reset b =0;

#30reset b=1;

Name
=) Default
clk
reset_b
Run
H-y_out[3:0]

Run =1;
#30 Run = 0;
#50 Run = 1;
#70 Run = 0;
#90reset b=0
#120 reset_ b =
#150 Run = 1;
#180 Run =0;
#200 Run = 1;
join
endmodule

1

/I Attempt to run is overridden by reset_b

/I Initiate counting
/I Pause

/ reset on-the-fly

/I De-assert reset b
/I Resume counting
// Pause counting
/I Resume counting
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VHDL
entity Prob_5 47 _vhdlis

port (y_out: out bit_vector (3 downto 0); input Run, clk, reset_b: in bit);
end Prob_5 47 vhdl;

architecture Behavioral of Prob_5 47 vhdlis
begin
process (clk)
if reset_ b='0" theny_out <="0000";
elsif clk'event and clk = '1' then
if (Run ='1"and (y_out <"1110")) then y_out <=y _out + "10";
elsif (Run '1" and (y_out ="1110")) then y_out <= "0000";
elsey out<=y out; // redundant statement and may be omitted
end if;
end Behavioral;

/I Verify that counting is prevented while reset_b is asserted, independently of Run
/I Verify that counting is initiated by Run if reset_b is de-asserted

/I Verify reset on-the-fly

/I Verify that deasserting Run suspends counting

/I Verify wrap-around of counter.

entity t Prob_5_ 47 vhdl is

port ();
endt Prob 5 47 vhdl;

architecture Behavioral of t Prob_5 47 vhdlis
signal t_Run, t_clk, t_reset_b: bit;
signal y_out: bit_vector (3 downto 0);
component Prob 5 47 MO
port map (y_out=>1t_y out, Run =>1t Run, clk => _clk, reset_b =>1t_reset_b);
end component;

begin
GO: Prob_5_47_vhdl
port map (y_out =>t_y_out, Run =>t Run, clk =>t_clk, reset_b =>t_reset_b);

process — clock for testbench
begin
t clk <='0"
wait for 5 ns;
t clk <="1"
wait for 5 ns;
end process;

t_reset b <='0" -- concurrent signal assignments
t reset b <="'1"afer 30 ns;

t Run <="1" after 30 ns; /I Attempt to run is overridden by reset_b
t Run <="0" after 30 ns;;

t Run <="'1"; after 50 ns; /I Initiate counting

t Run <="'0" after 70 ns; /l Pause

t reset_b <="'0" after 90 ns; I reset on-the-fly

t reset b <="'1"after 120 ns; // De-assertreset b

t Run <="'1" after 150 ns; /I Resume counting

t Run <="'0" after 180 ns; // Pause counting

t Run <="'1" after 200 ns; /I Resume counting

end Behavioral;
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5.48

" H

Assume is the reset state.

Verilog
module Prob_5_48 (output reg y_out, input x_in, clk, reset_b);
parameter s_a = 2'd0;
parameter s_b = 2'd1;
parameter s_c = 2'd2;
parameter s_d = 2'd3;
reg [1: 0] state, next_state;

always @ (posedge clk)
if (reset_b == 1'b0) state <=s_a;
else state <= next_state;

always @ (state, x_in) begin
next_state =s_a;
y_out=0;
case (state)
s_a: if (x_in == 1'b0) begin next_state =s_b;y out=1; end
else begin next_state =s_c; y_out =0; end
s_b: if (x_in == 1'b0) begin next_state =s_c; y_out = 0; end
else begin next_state =s_d;y_out=1; end
s_c: if (x_in == 1'b0) begin next_state =s_b;y out =0; end
else begin next_state =s_d;y_out=1; end
s_d: if (x_in==1'b0) begin next_state =s_c;y out=1; end
else begin next_state =s_a; y_out=0; end
default: begin next_state =s_a;y_out=0; end
endcase
end
endmodule

Verify reset action.

Verify state transitions.
Transition to a; hold x_in =0 and get loop bc...
Transition to a; hold x_in = 1 and get loop acda..
Transitons to b; hold x_in = 1 and get loop bdacd. ..
Transition to d; hold x_in = 0 and get loop dcbc...

Confirm Mealy outputs at each state/input pair

Verity reset on-the-fly.

module t_Prob_5_48 ();
reg x_in, clk, reset_b;
wire y_out;

Prob_5_48 MO (y_out, x_in, clk, reset_b);

initial #400 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end
initial fork

reset b =0;

#30reset b=1;

#30 x_in =0; /I loop abcbcbe...

#100 reset_b
#110 reset b
#110 x_in=1; /I loop acdacda...

0;
1;

#200 reset_ b =0;
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#210 reset b =1;
#210 x_in = 0;
#220 x_in=1; /I loop bdacdacd...
#300 reset_ b =0;
#310 reset b =1;
#310 x_in = 1;
#330 x_in =0; /I loop acdcbcbc....
join
endmodule
Name L lDIIIIlllI11901IllIIllIZ(I)OIIIIIIIII3[I)OIIIIIIIIIA[I)0
=- Default
ck A,
reset_b || LT LT LT
x_in : (S LT
7 state[1:0]
y_out a n T N N o, I, W, N o N /L

5.49
Assume "a" is the reset state.

Verilog
module Prob_5_49 (output reg y_out, input x_in, clk, reset_b);
parameter s_a = 2'd0;
parameter s_b = 2'd1;
parameter s_c = 2'd2;
parameter s_ =d 2'd3;
reg [1: 0] state, next_state;

always @ (posedge clk)
if (reset_b == 1'b0) state <=s_a;
else state <= next_state;

always @ (state, x_in) begin
next_state =s_a;
y_out = 1'b0;
case (state)
s_a: if (x_in == 1'b0) next_state = s_b;
else next_state = s _c;
s_b: beginy_out = 1'b1; if (x_in == 1'b0) next_state = s_c;
else next state =s d; end
s_c:  beginy_out=1'b1;if (x_in == 1'b0) next_state =s_b;
else next_state =s_d; end
s_d: if (x_in == 1'b0) next_state = s_c;
else next_state =s_a;
default: next state =s_a;
endcase
end
endmodule

/I Verify reset action.
/I Verify state transitions.
// Transition to a; hold x_in = 0 and get loop abcbc...
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// Transition to a; hold x_in = 1 and get loop acda...
// Transitons to b; hold x_in =1 and get loop bdacd...
// Transition to d; hold x_in = 0 and get loop dcbc...
// Confirm Moore outputs at each state
// Verify reset on-the-fly.

module t_Prob_5_49 ();
reg x_in, Run, clk, reset_b;
wire y_out;

Prob_5_49 MO (y_out, x_in, clk, reset_b);

initial #400 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end

initial fork
reset b =0;
#30reset b=1;
#30 x_in =0; /I loop abcbcbe...
#100 reset_ b =0;
#110 reset_ b= 1;
#110 x_in=1; /I loop acdacda...
#200 reset b =0;
#210 reset b =1;
#210 x_in = 0;
#220 x_in =1; /l loop bdacdacd...
#300 reset_ b =0;
#310 reset b =1;
#310 x_in=1;
#330 x_in =0; /I loop acdcbcbc....
join
endmodule
Name @ IIlIIIlII“l)DIIIIlIIllzcl)ollllIJIIl3qﬂllllllllldlolllll
=- Defaut RN &
ck gl iy iy ANy iy Ay A Ny A Ay E e E
reset_b L7 LT 1T 1T
5 :1_:5[1 0]
y_out L T - T ..+ . - -t
VHDL

entity Prob_5 49 vhdlis
port (y_out: out bit; x_in, clk, reset_b: in bit);
end Prob_5_49_vhdi;

architecture Behavioral of Prob_5 49 vhdlis

constant s_a: bit_vector (1 downto 0) :="00";
constant s_b: bit_vector (1 downto 0) :="01";
constant s_c: bit_vector (1 downto 0) :="10";
constant s_d: bit_vector (1 downto 0) :="11";

signal state, next_state: bit_vector (1 downto 0);

begin
process (clk) begin
if (reset_b ='0') then state <=s_a;
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elsif clk'event and clk ='1' then state <= next_state; end if;
end process;

process (state, x_in) begin
next_state <=s_a;
y_out <="0";
case (state) is
when s_a => if x_in ='0' then next_state <=s_b;
else next_state <=s_c; end if;

when s_b => y_out <="1"; if x_in ='0' then next_state <=s_c;
else next_state <=s_d; end if;

when s_c=> y out<="1"; if x_in ='0' then next_state <=s_b;
else next_state <=s_d; end if;

when s _d=> if x_in ='0"then next_state <=s _c;
else next_state <=s_a; end if;

when others => next_state <=s_a;
end case;
end process;
end Behavioral;

5.50
The machine is to remain in its initial state until a second sample of the input is
detected to be 1. A flag will be set when the first sample is obtained. This will enable
the machine to detect the presence of the second sample while being in the initial
state. The machine is to assert its output upon detection of the second sample and to
continue asserting the output until the fourth sample is detected.

Assumption: Synchronous active-low reset
Moore machine, links for reset on-the-fly are implicit and not shown

. Set_flag
Ser 7 x_in && Ilflag flag
et_flag L
x in=0 x in=0 Clr flag
—>
x_in && flag b _
N0 !

;{ Cir_flag )< -
x_in=1

Note: the output signal y out is a Moore-type output. The control signals Set flag
and Clr_flag are not.

Verilog

module Prob_5_50 (output y_out, input x_in, clk, reset_b);
parameter s_a = 2'd0;
parameter s_b = 2'd1;
parameter s_c = 2'd2;

reg Set_flag;
reg Clir_flag;
reg [1:0] state, next_state;
assign y_out = (state == s_b) || (state ==s_c) ;
always @ (posedge clk)
if (reset_b == 1'b0) state <=s_ag;
else state <= next_state;
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always @ (state, x_in, flag) begin
next_state =s_a;
Set_flag = 0; // Assign by exception
Cir_flag = 0;
case (state)
s_a: if ((x_in ==1'b1) && (flag == 1'b0))
begin next_state =s_a; Set flag = 1; end
else if ((x_in == 1'b1) && (flag == 1'b1))
begin next_state = s_b; Set_flag = 0; end
else if (x_in == 1'b0) next_state = s_a;
s_b: if (x_in == 1'b0) next_state = s_b;
else begin next_state =s_c; CIr_flag = 1; end
s_c: if (x_in == 1'b0) next_state = s_c;
else next_state =s_a;
default: begin next_state =s_a; Clr_flag = 1'b1; end
endcase
end

always @ (posedge clk)
if (reset_b == 1'b0) flag <= 0;
else if (Set_flag) flag <= 1'b1;
else if (Clr_flag) flag <= 1'b0;
endmodule

Il Verify reset action

/I Verify detection of first input

/I Verify wait for second input

/I Verify transition at detection of second input

/I Verify with between detection of input

/I Verify transition to s_d at fourth detection of input

/I Verify return to s_a and clearing of flag after fourth input
/I Verify reset on-the-fly

module t_Prob_5_50 ();
wire y_out;
reg x_in, clk, reset_b;

Prob_5_50 MO (y_out, x_in, clk, reset_b);

initial #500 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end
initial fork
reset b = 1'b0;
#20 reset b =1;
#20 x_in = 1'b0;
#40 x_in = 1'b1;
#50 x_in = 1'b0;
#80 x_in = 1'b1;
#100 x_in = 0;
#150 x_in = 1'b1;
#160 x_in = 1'b0;
#200 x_in = 1'b1;
#230 reset_b = 1'b0;
#250 reset_b = 1'b1;
#300 x_in = 1'b0;
join
endmodule
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Assumption: Synchronous active-low reset
Moore machine, links for reset on-the-fly are implicit and not shown
Set_flag
. —
x_in && !flag flag
Set_flag — |y
Ix_in x_in=0 x_in=0 Cl
_ . - r fla
_flag
a x_in && flag b _
\°/ 1
Cir _flag -
x in=1

entity Prob_5_50_vhdl is
port (y_out: out bit; x_in, clk, reset_b: in bit);
end Prob_5 50_vhdl;

architecture Behavioral of Prob 5 50 vhdlis

constant s_a: bit_vector :="00";

constant s_b: bit_vector :="01";

constant s_b: bit_vector :="10";

signal Set_flag: bit;

signal Cir_flag: bit;

signal state, next_state: bit_vector (1 downto 0);
begin

y_out <="'1" when state = s_b or state = s_c;

process (clk) begin
if (reset_b ='0") then state <=s_a;
else state <= next_state; end if;
end process;

process (state, x_in, flag) begin

next_state <=s_a;

Set_flag <= 0;

Cir_flag <= 0;

case (state) is

when s_a => if x_in ="1"and flag = '0'

then next_state <=s_a; Set_flag <="1";
elsif x_in ='1"and flag = '1'
then next_state <= s_b; Set_flag <= 0;
elsif x_in ='0" then next_state <=s_a;
end if;

when s_b => if x_in ='0' then next_state <=s_b;
else next_state <=s_c; Clr_flag <="1",
end if;

when s_c => if x_in ='0' then next_state <=s_c;
else ClIr_flag <="'1"; next_state <=s_a; end if;
end case;
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end process;

process (clk) begin
if reset_b ='0" then flag <="'0";
elsif Set_flag = '1' then flag <="1";
elsif Clr_flag="1' then flag <="'0";
end if;
end process;
end Behavioral;

5.51
Assumption: Synchronous active-low reset
Moore machine, links for reset on-the-fly are implicit and not shown
reset b 0 0 0 0
(& 1
Note: the machine is a Moore machine.
5.52
Assumption: Synchronous active-low reset
Moore/Mealy machine, links for reset on-the-fly are implicit and not shown
 Mealy output
reset_b 0 0 0/1 0
\Moore output
5.53

Assumption: Synchronous active-low reset
Moore machine, links for reset on-the-fly are implicit and not shown

Verilog

module Prob_5_53 (output reg y, input clk, reset_b, x_in);
parameter sO = 2'd0;

parameter s1 = 2'd1;

parameter s2 = 2'd2;

parameter s3 = 2;d3;

reg [1:0] state, next_state;

always @ (posedge clk, negedge reset_b)
if (reset_b == 1'b0) then state <= s0;
else state <= next_state;

always @ (state, xin) begin
y=0;
next_state = s0;
case (state)

s0: begin y = 1'b0; if (xin) next_state = s1; else next_state = s0; end
s1: begin y = 1'b0; if (xin) next_state = s2; else next_state = s1; end
s2: begin y = 1'b0; if (xin) next_state = s3; else next_state = s2; end

s3: begin y = 1'b1; if (xin) next_state = s1; else next_state = s3; end
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default: begin y = 1'b0; next_state = s0; end
endcase
endmodule

5.54

Verilog

module Prob_5_54 (input xin1, xin2, clk, reset_b, output reg y_out);
parameter sO = 1'b0;
parameter s1 = 1'b1;
reg [1: 0] state, next_state;

always @ (posedge clk, negedge reset_b) // state transitions
if (reset_b == 1'b0) state <= s0;
else state <= next_state;

always @ (state, xin1, xin2) begin /I next state
next_state = s0; ;
case (state)
s0: if (xin1 == xin2) next_state = s1; else next_state = s0;
s1: next_state = s0;
default: next_state = s0;
endcase
end

always @ (state, xin1, xin2) begin /loutput
y_out = 1'b0;
case (state)
s0: y_out = 1'b0;
s1:y_out = 1'b1;
default: y_out=1'bO0;
endcase
end
endmodule

VHDL

entity Prob_5 54 vhdlis
port (xin1, xin2, clk, reset_b: in bit; y_out: out bit);
end Prob_5 54 vhdl;

architecture Behavioral of Prob_5 54 vhdl is
constant sO: bit :='0";
constant s1: bit :='1";
signal state, next_state: bit_vector (1 downto 0);
begin
process (clk, reset_b) begin  // state transitions
if (reset_b ='0') then state <= s0;
elsif clk'event and clk = '1' then state <= next_state; end if;
end process;
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process (state, xin1, xin2) begin /I next state
next_state <= s0; ;
case (state) is
s0: if (xin1 = xin2) then next_state <= s1; else next_state <= s0;
s1: next_state <= s0;
default: next_state <= s0;
end case;
end process;

process (state, xin1, xin2) begin /loutput
y_out <= 1'b0;
case (state)
when s0: y_out <="0"
when s1: y_out <="0"
when others: y_out <='0';
end case;
end process;
end Behavioral;

5.55

Assumption: Synchronous active-low reset
Mealy machine, links for reset on-the-fly are implicit and not shown
0/1

reset b

10

1/0 1/0

1/1

>

Verilog

module Prob_5_55 (input x_in, clk, reset_b, output reg y);
parameter sO = 1'd0;
parameter s1 = 1'd1;
parameter s2 = 1'd2;
parameter s3 = 1'd3;
reg [1: O] state, next-state;

always @ (posedge clk, negedge reset_b)
if (reset_b == 1'b0) state <= s0;
else state <= next_state;

always @ (state, x_in) begin
y = 1'b0;
next_state = s0;

case (state) /l Mealy machine

s0: if (x_in) begin y = 1'b0; next_state = s1; end
else begin y = 1'b0; next_state = s0; end

s1: if (x_in) begin y = 1'b0; next_state = s2; end
else y = 1'b0; next_state = s0; end

s2: if (x_in) begin y = 1'b0; next_state = s3; end
else begin y = 1'b0; next_state = s0; end

s3: if (x_in) begin y = 1'b1; next_state = s3; end
else begin y = 1'b0; next_state = s0; end

default: beginy = 1'b0; next_state = s0O; end

endcase
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end
endmodule
VHDL
entity Prob_5 55 vhdlis
port (x_in, clk, reset_b: out bit; y: out bit);
end Prob_5 55 vhdl;
architecture Behavioral of Prob_5 55 vhdlis
constant sO: bit_vector (1 downto 0) :="00";
constant s1: bit_vector (1 downto 0) :="01";
constant s2: bit_vector (1 downto 0) :="10";
constant s3: bit_vector (1 downto 0) :="11";
signal state, next_state: bit_vector (1 downto 0);
begin
process (clk, reset_b)
if (reset_b ='0') then state <= s0; end if;
else if clk'event and clk = '1' then state <= next_state; end if;
process ( clk, reset_b) begin
y <= IOI;
next_state <= s0;
case (state)
when s0: y <= 1'b0; if (x_in = '1") then next_state <= s1; else next_state <= s0; end if;
when s1: y <= 1'b0; if (x_in = "1") then next_state <= s2; else next_state <= s1; end if;
when s2: y <= 1'b0; if (x_in = "1") then next_state <= s3; else next_state <= s2; end if;
when s3: y <= 1'b1; if (x_in ='1") then next_state <= s1; else next_state <= s3; end if;

when others: y <= 1'b0; next_state <= s0;
endcase
end process;
end Behavioral;
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5.56
reset bx in D2 DI DO nD2 nDI1 nDO
0 x 0 0 0 0o 0 0
0 x 0 0 1 0 0 0
0 x 0 1 0 0 0 0
0 x 0 1 1 0 0 0
0 x 1 0 0 0 0 0
0 x 1 0 1 0 0 0
0 x 1 1 0 0 0 0
0 x 1 1 1 0 0 0
1 0 0 0 O o 0 0
1 1 0 00 0 1 0
1 x 0 0 1 0 0 0
1 0 01 0 1 0
1 I 0 1 1 0
1 x 0 1 1 0 O
1 0 1 00 1 0 O
1 I 1 0O 1 1 0
1 x 1 0 1 0 0
1 1 1 0 1 1 0
1 I 1 1 0 0 0
1 x 1 1 1 0 0 0

For reset b= 1:

nD2 = (x_in D2'D1D0") || (x_in' D2 D1' D0") || (x_in D2 D1' D0") || (x_in D2 D1 DO0")
nD1=(x_inD2'DI'D0") || (x_in' D2' D1 D0") || (x_in D2 D1' D0") || (x_in' D2 D1
D0")
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5.57
Assume synchronous active-low reset. Assume that the counter is controlled by
assertion of Run.
Verilog (Simple version below increments the count by 2, but fails if count is ever not 0, 2, 4, or 6)

module Prob_5_57 (output reg [2:0] y_out, input Run, clk, reset_b);
always @ (posedge clk)
if (reset_b == 1'b0) y_out <= 3'b000;
else if (Run && (y_out < 3'b110)) y_out <=y_out + 3'b010;
else if (Run && (y_out == 3'b110)) y_out <= 3'b000;
elsey out<=y_out; /I redundant statement and may be omitted
endmodule

Safer alternative:
module Prob_5_57_safe (output reg [2:0] y_out, input Run, clk, reset_b);
reg [2: 0] next_y_out;

always @ (posedge clk)
if (reset_b == 1'b0) y_out <= 3'b000; else y_out <= next_y out;

always @ (y_out, Run) begin
y_out = 3'd0; // assign by exception
case (y_out)
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3'd0: if (Run) next_y out = 3'd2;
3'd1: next_y_ out=3'd0;
3'd2: if (Run) next_y out = 3'd4;
3'd3: next_y out=3'd0;
3'd4: if (Run) next_y out = 3'd6;
3'd5: next_y out=3'd0;
3'd6: if (Run) next_count = 3'd0;
3'd7: next_y_out=23'd0; // Can be omitted — covered by default
default: if (Run) next_y out = 3'd0;
endcase;
end;
endmodule

// Verify that counting is prevented while reset b is asserted, independently of Run
// Verify that counting is initiated by Run if reset b is de-asserted

// Verify reset on-the-fly

// Verify that deasserting Run suspends counting

// Verify wrap-around of counter.

module t_Prob_5_57 ();
reg Run, clk, reset_b;
wire [2:0] y_out;

Prob_5_57 MO (y_out, Run, clk, reset_b);

initial #300 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end
initial fork

reset b =0;

#30reset b=1;

Run = 1; /I Attempt to run is overridden by reset_b
#30 Run =0;

#50 Run = 1; /I Initiate counting

#70 Run = 0; // Pause

#90 reset_b =0; // reset on-the-fly
#120 reset_b = 1; // De-assert reset b
#150 Run = 1; /I Resume counting
#180 Run = 0; /l Pause counting
#200 Run = 1; /I Resume counting

join
endmodule
X
Nane & IDIJII\I\IIBIDI\II\I\II1%DI\II\I\II1§DI\IJII\IJZ%DI\I\II\I\NRDI\ID
=) Defaut
ck IS e Y Y e e Y Y Y Y I O I
reset b |
Run I 1 I
By oul20] X 0 i X 0 (2 4 § IR IREDYRERED IR
< ) )
VHDL

entity Prob_5 57 _vhdl is
port (y_out: buffer bit_vector (2 downto 0); Run, clk, reset_b: in bit);
end Prob_5 57 vhdl;

architecture Behavioral of Prob_5 57 vhdlis
signal next_y_out: bit_vector (2 downto 0);
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begin
process (clk) begin
if clk'event and clk ='1" and (reset_b ='0") then y_out <= "000"; -- Priority: synch reset
elsif clk'event and clk = '1' and Run ='1" then y_out <= next_y_out; end if;
end process;

process (y_out) begin
if clk'event and clk ='1"and Run ="'1 then
next_y out ="000"; -- assign by exception
case (y_out)

when "000" => next_y out<="010";, --2
when "001" =>  next_y_out <="000"
when "010" => next_y_out<="100"; --4
when "011" =>  next_y_out <= "000";
when "100" => next_y_out<="110"; --6

when "101" =>  next_y out <="000";
when "110" =>:  next_y_ out <="000";
when "111" =>  next_y_out <="000";-- Can be omitted — covered by default
when others => next_y out <="000";
endcase;
end process;
end Behavioral;
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5.58 Verilog
module Prob_5_58 (output reg y_out, input x_in, clk, reset_b)
parameter sO = 2'b00;
parameter s1 = 2'b01;
parameter s2= 2'b10;
parameter s3 = 2'b11;
reg [1:0] state, next_state;

always @ (posedge clk, negedge reset_b)
if (reset_b == 1'b0) state <= s0;
else state <= next_state;

always @(state, x_in) begin
y_out=0;
next_state = s0;
case(state)
s0: if (x_in == 1'b0) next_state = sO; else if (x_in == 1'b1) next_state = s1;
s1:if (x_in == 1'b0) next_state = sO; else if (x_in == 1'b1) next_state = s2;
s2:if (x_in == 1'b0) next_state = s0O; else if (x_in == 1'b1) next_state = s3;
s3: begin y_out = 1; if (x_in == 1'b0) next_state = s0;
else if (x_in == 1'b1) next_state = s3; end;
default: begin next_state = s0; y_out = 0; end
endcase;
end
endmodule

module t_Prob_5_58 ();
wire y_out;
reg x_in, clk, reset_b;

Prob_5_58 MO (y_out, x_in, clk, reset_b)

initial begin clk = 0; forever #5 clk = Iclk; end

initial fork
reset b =0;
X_in=0;
#20 reset_ b =1;
#40 reset_ b =1;
#50 x_in=1;
#60 x_in =0;
#80 x_in=1;
#90 x_in=0;
#110x_in=1;
#120 x_in=1;
#150 x_in =0;
#200 x_in=1;
#210 reset_b
#240 reset_b

join

endmodule

0;
1

VHDL
entity Prob_5 58 vhdlis

port (y_out: out bit; x_in, clk, reset_b: in bit);
end Prob_5 58 vhdl;

architecture Behavioral of Prob_5 58 vhdlis
constant sO: bit_vector (1 downto 0) := "00";

constant s1: bit_vector (1 downto 0) :="01";
constant s2: bit_vector (1 downto 0) :="10";
constant s3: bit_vector (1 downto 0) :="11";
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signal state, next_state: bit_vector (1 downto 0);
begin

process (clk, reset_b) begin
if (reset_b ='0") then state <= s0; -- Asynchronous, active-low reset
elsif clk'event and clk = '1' then state <= next_state;

end process;

process (state, x_in) begin
y_out <="0"
next_state <= s0;
case(state) is
when s0 => if (x_in ='0") then next_state <= s0;
elsif (x_in ='1') then next_state = s1; end if;

when s1 => if (x_in ='0") then next_state <= s0;
elsif (x_in ='1") then next_state = s2; end if;

when s2 => if (x_in ='1") then next_state <= s0;
elsif (x_in ='1") then next_state <= s3;

when s3 => y out <= 1; if (x_in ='0") then next_state <= s0;
elsif (x_in ="1") then next_state <= s3;

when others => next_state <= s0; y_out <= 0;
endcase
end process;
end Behavioral;

5.59 Verilog

module Prob_5_59 (output reg [2: 0] count, input enable, clk, reset_b);
always @ (posedge clk)
if (reset_b == 1'b0) count <= 3'b000;
else if (enable) case (count)
3'b000:  count <= 3'b010; 112
3'b010:  count <= 3'b100; 114
3'b100: count <= 3'b110; 116
3'b110:  count <= 3'b000;
default: count <=3'b111; /I Use for error detection
endcase
endmodule

module t_Prob_5_59 ();
wire [2:0] count;
reg enable, clk, reset_b;

Prob_5_59 MO (count, enable, clk, reset_b);

initial #200 $finish;

initial begin clk = 0; forever #5 clk = ~clk; end

initial fork
reset b =0;
#10reset b =
#100 reset_b
#130 reset b
enable = 0;
#30 enable = 1;
#60 enable = 0;
#90 enable = 1;

join

1,
0;
1.
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entity Prob_5 59 vhdlis
port (count: out bit_vector (2 downto 0); enable, clk, reset_b: in bit);
end Prob_5 59 vhdl;

architecture Behavioral of Prob_5 59 vhdlis
begin
process (clk)
if clk'event and clk = '1' then if (reset_b ='0") then count <= "000";
elsif (enable = '1') then
count<="'0";
case (count) is
when "000" =>  count <="010";
when "000" => " count <="100";
when "100" => count <=""110";
when "110" =>  count <= "000";
when others => count <="000"; /I Use for error detection
end case;
end process;
end Behavioral;

5.60
Assume synchronous active-low reset. Assume that counting is controlled by Run.

Verilog
module Prob_5_60 (output reg [3:0] y_out, input Run, clk, reset_b);
always @ (posedge clk)

if (reset_b == 1'b0) y_out <= 4'b000;

else if (Run && (y_out <4'b1001)) y_out <=y_out + 4'b0001;

else if (Run && (y_out == 4'b1001)) y_out <= 4'b0000;500

elsey out<=y_out; /l redundant statement and may be omitted
endmodule

// Verify that counting is prevented while reset b is asserted, independently of
Run

// Verify that counting is initiated by Run if reset b is de-asserted

// Verify reset on-the-fly

// Verify that deasserting Run suspends counting

/I Verify wrap-around of counter.

module t_Prob_5_60 ();
reg Run, clk, reset_b;
wire [3:0] y_out;

Prob_5_60 MO (y_out, Run, clk, reset_b);
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initial #500 $finish;
initial begin clk = 0; forever #5 clk = Iclk; end
initial fork
reset b =0;
#30reset b =1;
Run = 1; /I Attempt to run is overridden by reset_b
#30 Run =0;
#50 Run = 1; /I Initiate counting
#70 Run = 0; /l Pause
#90 reset_b =0; // reset on-the-fly
#120 reset_b = 1; // De-assert reset b
#150 Run = 1; /I Resume counting
#180 Run = 0; // Pause counting
#200 Run = 1; /I Resume counting
join
endmodule
IDIIIIIIIIIMDIIIIIllllzgollllllIIIdzollllllllls{l)ol
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VHDL
entity Prob_5_60_vhdl is

port (y_out: buffer bit_vector (3 downto 0); Run, clk, reset_b: in bit);
end Prob_5 60 _vhdl;

architecture Behavioral of Prob_5 60 vhdlis

begin

process (clk) begin

if clk'event and clk = '1' then
if (reset_b ='0') then y_out <= "0000";
elsif (Run="1") then
case (y_out) is
when "0000" => y out <="0001";
when "0001" => y out <="0010";
when "0010" => y out <="0011";
when "0011" => y out <="0100";
when "0100" => y out <="0101";
when "0101" => y out <="0110"
when "0110" => y out <="0111";
when "0111" => y out <= "1000"
when "1000" => y out <="1001";
when "1001" => y out <= "0000"
when others => y_out <="0001";
end case;
end if;
end process;
end Behavioral;
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