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PART 2

PROBLEM SOLUTIONS

NOTES ON SOLUTIONS:

1. Legal Notice: This publication is protected by United States copy-
right laws, and is designed exclusively to assist instructors in teaching
their courses. It should not be made available to students, or to anyone
except the authorized instructor to whom it was provided by the pub-
lisher, and should not be sold by anyone under any circumstances.
Publication or widespread dissemination (i.e. dissemination of more
than extremely limited extracts within the classroom setting) of any
part of this material (such as by posting on the World Wide Web) is not
authorized, and any such dissemination will violate the United States
copyright laws. In consideration of the authors, your colleagues who
do not want their students to have access to these materials, and the
publisher, please respect these restrictions.

2. Companion Website Problem Solutions: The solutions to all
problems marked with a * are available to students as well as instruc-
tors on the Companion Website.

3. Problem Challenge: The problems marked with a + are designated
as more challenging than the typical problems.

4. Text Errata Notations: Text errata are noted at the beginning of a
problem if those errata affect either the problem or its solution. These
notes indicate only errors identified in the first printing of the 3rd Edi-
tion and are expected be removed after the first printing.

5. Solutions Errata: Errata for these solutions will be provided on the
Companion Website in the Errata section.



CHAPTER 1

1-1.*
Decimal, Binary, Octal and Hexadecimal Numbers from (16)¢ to (31);
Dec 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Bin | 10000|10001|10010|10011|10100|10101|1011010111|11000|11001|11010|11011 1110011101 1111011111
Oct 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36 37
Hex 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F

48K = 48x 210 = 49, 152 Bits
384M = 384x 220 = 402, 653, 184 Bits
8G = 8x230 = 8,589,934, 592 Bits

12 Bits =212-1 = 4095
24 Bits =22 _ 1 = 16,777,215

1-4.*

(1001101), = 26423422420 = 77
(1010011.101), = 26+ 24 421 4204 2-1 4+ 2-3 = 83625
(10101110.1001), = 27 +25+23 422421 +2-1 4+ 24 = 174.5625

125 = 26425424 423422420 = (1111101),

610 = 29426425 +21 = (1001100010),

2003 = 210429428427 426424421420 = (11111010011),
18944 = 2144211429 = (100101000000000),

1-6.

(11100111), = 27 +26 425422421420 = 23]
(22120); = 2x3%+2x33+1x32+2x3! = 231
(3113), = 3x43+ 1x42+ 1 x4 +3x40 = 215
(4110)5 = 4x53+1x52+1x5! = 530
(343)g = 3x82+4x81 +3x80 =227



Problem Solutions — Chapter 1

1-7.*
Decimal Binary Octal Hexadecimal
369.3125 101110001.0101 561.24 171.5
189.625 10111101.101 275.5 BD.A
214.625 11010110.101 326.5 D6.A
62407.625 1111001111000111.101 171707.5 F3C7.A
1-8.*
a) 7562/8 = 945 +2/8 = 2
945/8 = 118 +1/8 = 1
118/8 = 14 +6/8 = 6
14/8 = 1+6/8 => 6
1/8 = 1/8 = 1
0.45x8 = 3.6 => 3
0.60 x 8 = 4.8 = 4
0.80x 8 = 6.4 => 6
0.20x8 = 32 => 3
(7562.45)y9 = (16612.3463)g
b)  (1938.257)9 = (792.41CA) 14
c) (175.175)19 = (10101111.001011),
1-9.*
a) (673.6)g = (110 111 011.110),
= (1BB.C) ¢
b) (E7C.B)y = (11100111 1100.1011),
= (7174.54)g
c) (310.2)4 = (11 01 00.10),
= (644)8
1-10.
a) 1101 b) 0101 c) 100101
x1001 x1011 x011011
1101 0101 100101
0000 0101 100101
0000 0000 000000
1101 0101 100101
1110101 110111 100101
000000
1111100111
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1-11.

1) (101), x (10000), = (1010000),
(1011110), - (1010000), = (0001110),

Partial Quotient = (10000),

Partial Remainder = (0001110), = (101), = (0),

2) (101), x (01000), = (0101000),
(0001110), — (0101000), < (0),

Partial Quotient = (00000),

Partial Remainder = (0001110), = (101),

3) (101), x (00100), = (0010100),
(0001110), — (0010100), < (0),

Partial Quotient = (00000),

Partial Remainder = (0001110), = (101),

4) (101), x (00010), = (0001010),
(0001110), — (0001010), = (100), = (0),

Partial Quotient = (00010),

Partial Remainder = (100), < (101),

Algorithm stops. (Partial Remainder < Divisor)

Quotient = ZPartial Quotients = (10010),

Remainder = Final Partial Remainder = (100),

1-12.

a) 0 1 2

w
A~
wn
o
N
s

b) 2003/20 = 100 + 3/20 = 3
100/20 = 5+ 0/20 =>
5/20 = 5720 =>
(2003);p = (503)y

¢)(BCH.G)= 11x202+ 12x20" + 17 x 200+ 16 x 20~ = 4657.8

1-13.*

a)  (BEE),=(2699),
1Ixr2+14xrl +14x 9 = 2699
11x7r2+14xr-2685 = 0
By the quadratic equation: r =15 or= -16.27
ANSWER: r=15
b)  (365), = (1941
3xr2+6xrl+5xr0 = 194
3xr246xr—189 = 0
By the quadratic equation: r=—9 or 7
ANSWER: r=7
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1-14.
Noting the order of operations, first add (35), and (24),
(35), = 3xrl+5x 0
(24), = 2xrl+4x 0
(35),+(24), = 5xrl+9x /0
Now, multiply the result by (21),
Cxr 1) x(5xr1+9%x9) = 10xr2+23xr1 +9
Next, set the result equal to (1501), and reorganize.
10xr2+23xr1+9 = Ixr¥3+5xr2+1x/0
Ixr3—5xr2-23xrl-8xr0 =0
Finally, find the roots of this cubic polynomial.
Solutions are: r = 8, -2.618...,— 0.381...
ANSWER: The chicken has 4 toes on each foot (half of 8).
1-15.*
©694)10 = (0110 1001 0100)gcp
(835)19 = (1000 0011 0101)gcp
] -
0110 1001 0100
+1000 +0011 +0101
1111 1100 1001
+0110 +0110 +0000
0001 0101 “~—— 10010 1001
1-16.*
a) (0100 1000 0110 0111)gcp = (4867)9
= (1001100000011),
b) (00110111 1000.0111 0101)gcp = (378.75)19
= (101111010.11),
1-17.

Binary Numbers from (16);q to (31);o with Odd and Even Parity

Decimal 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Odd 10000 010001 1{10010 1{10011 0/10100 1{10101 0{10110 0{10111 1{11000 111001 0{11010 0{11011 1|/11100 0{11101 111110 1j111110
Even |10000 1/10001 0{10010 0/10011 1/10100 0{10101 1{10110 1{10111 0{11000 0/11001 1{11010 1{11011 0{/11100 111101 0/111100j11111 1

1-18.

Gray Code for Hexadecimal Digits
Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F
Gray | 0000 | 0001 | 0011 | 0010 | O110 | O111 | 0101 | 0100 | 1100 | 1101 | 1111 | 1110 | 1010 | 1011 | 1001 | 1000
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1-19.
The percentage of power consumed by the Gray code counter compared to a binary code
counter equals:
Number of bit changes using Gray code
Number of bit changes using binary code
As shown in table 1-4, and by definition, the number of bit changes per cycle of an n-bit Gray
code counter is 1 per count = 2",
Number of bit changes using Gray code = 2"
For a binary counter, notice that the least significant bit changes on every increment. The sec-
ond least significant bit changes on every other increment. The third digit changes on every
fourth increment of the counter, and so on. As shown in Table 1-4, the most significant digit
changes twice per cycle of the binary counter.
Number of bit changes using binary code = 27+ 27~ 14 . +21
n n
= ZZi = ZZi -1 =Q0+h_1)_1 = 2n+1_2
i=1 i=0
n
% Power = —————
2n+1) _ 2
1-20.
From Table 1-4, complementing the 6th bit will switch an uppercase letter to a lower case let-
ter and vice versa.
1-21.
a) The name used is Brent M. Ledvina. An alternative answer: use both upper and lower case
letters.
0100 0010 B 0101 0010 R 0100 0101 E
0100 1110 N 0101 0100 T 0010 0000 (SP)
0100 1101 M 0010 1110 . 0010 0000 (SP)
0100 1100 L 0100 0101 E 0100 0100 D
0101 0110 V 0100 1001 I 0100 1110 N
0100 0001 A
b) 0100 0010 1101 0010 1100 0101
0100 1110 1101 0100 1010 0000
0100 1101 0010 1110 1010 0000
1100 1100 1100 0101 0100 0100
0101 0110 1100 1001 0100 1110
0100 0001
1-22.

ANSWER: John Doe
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1-23.*
a)  (101101101),
b) (00110110 0101)pcp
¢) 0011 0011 0011 0110 0011 0101 x5y
1-24.
a) 232 =4,294,967,296 Integers
b) 32 Bits x (1 Digit)/(4Bits) = 8Digits = 108 = 100,000,000 Integers
c) 32 Bits x (1 Digit)/(8 Bits) = 4 Digits = 104 = 10,000 Integers
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10



CHAPTER 2

2-1.*

Verification of DeMorgan’s Theorem

X+YZ=(X+Y) (X+2)

b)

The Second Distributive Law

X+ (X+2)

X+Z

X+Y

X+YZ

XY+ YZ+XZ

XY+ YZ+XZ

c)

XZ |XY+YZ+XZ| XY | YZ | XZ |XY+YZ+XZ

YZ

X|Y|Z| XY

2-2.*

XY+ XY+XY

X+Y

a)

(XY +XY) + (XY +XY)

= X(Y+7Y)+Y(X+X)

=X+Y

11
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b) AB+BC+AB+BC = 1
(AB +AB) + (BC + BC)
B(A+A)+B(C+C)

B+B

=1

0 Y+XZ+XY = X+Y+Z
Y+XY+XZ

(Y+X)(Y+7Y)+XZ

Y+X+XZ

Y+ X+ X)X +2)

X+Y+Z

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

2-3.+

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

B+AB+CD

B+CD

b) WY+ WYZ+WXZ+WXY = WY + WXZ + XYZ+ XYZ

= (WY + WXYZ) + (WXYZ + WXYZ) + (WXYZ + WXYZ) + (WXYZ + WXYZ)
(WY + WXYZ) + (WXYZ+ WXYZ) + (WXYZ + WXYZ) + (WXYZ + WXYZ)
WY + WXZ(Y +Y) + XYZ(W + W) + XYZ(W + W)

WY + WXZ + XYZ + XYZ

¢) AC+AB+BC+D = (A+B+C+D)A+B+C+D)
AC+AB+BC+D

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

(AB+AC+BC)(B +C)D

ABCD +ABCD

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

12
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2-4.+
Given: A-B=0,A+B =1
Prove: (A+C)(A+B)(B+C) = BC
= (AB+AC+BC)(B+C)
= AB+AC+BC
= 0+C(A+B)
= C(A + B)(0)
= C(A+B)(A+B)
= C(AB +AB +B)
= BC
2-5.+
Step 1: Define all elements of the algebra as four bit vectors such as A, B and C:
A = (A3, Ay Ay, Ag)
B = (B3, By, By, By)
c = (C3, Cy, €y, Cp)
Step 2: Define OR{, AND,; and NOT} so that they conform to the definitions of AND,
OR and NOT presented in Table 2-1.
a) A+ B=Cisdefined such that forall i, i =0, ... ,3, C; equals the OR{ of A; and B;.
b) A B=Cisdefined such that for all , i =0, ... ,3, C; equals the AND; of A; and B,;.
¢) The element O is defined such that for A = “0”, for all i, i = 0, ... ,3, A; equals logical 0.
d) The element 1 is defined such that for A =“1”, foralli, i =0, ...,3, A;equals logical 1.
e)  For any element A, A is defined such that for all i, i = 0, ... ,3, A; equals the NOT, of A;.
2-6.
a) AC+ABC+BC=(A+C)+ABC+BC = A+(C+BC)+BC
= ;\+E‘+§(C+6)=;\+I_3+E
b) (A+B)(A+B) = AB(A+B) = AB
¢) ABC+AC = (AC+ABC)+ABC = AC+BC(A+A) = AC+BC = C(A+B)
d) BC+B(AD+CD) = BC+BAD +BCD = (BC +BCD) + BCD + BAD
= BC+BD(C+C)+BAD = BC+BD+BAD = BC+BD = B(C+D)
e (B+C+BC)(BC+AB+AC) = (B+C)(BC+AB+AC) = BC+ABC+ABC
= BC+ABC
2-7.*
a) XY+XYZ+XY =X+XYZ=(X+XNX+2Z) = X+X)(X+Y)(X+2)
= (X+VNX+2Z) =X+YZ
b) X+Y(Z+X+Z)=X+Y(Z+XZ) = X+Y(Z+X)(Z+Z) = X+YZ+XY
= (X+)_()(X+Y)+YZ= X+Y+YZ =X+Y
0 WXZ+YZ)+X(W+WYZ) = WXZ+ WXYZ+ WX + WXYZ
= WXZ+WXZ+WX = WX+WX = X
d) (AB+AB)(CD+CD)+AC = ABCD+ABCD+ABCD+ABCD+A+C

= ABCD+A+C = A+C+A(BCD) = A+C+C(BD) = A+C+BD

13
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2-8.
a) F = ABC+BC+AB b) F = ABC+BC+AB
=(A+B+C)+(B+C)+(A+B) = (A+B+C)(B+C)(A+B)
= (ABC)(BC)(AB)
2-9.*
a) F=(A+B)(A+B)
b) F=((V+W)X+Y)Z
0 F=[W+X+(Y+2)(Y+2)W+X+YZ+YZ]
d) F=ABC+(A+B)C+A(B+C)
2-10.*
Truth Tables a, b, ¢
X Y Z| a A B C|b W X Y Z|c
0 0 0|0 0 0 01 00 0 00
0 0 10 0 0 1]1 00 0 1]0
0 1 0o 0 1 0o 00 1 0|1
0o 1 1711 o 1 11 0O 0 1 110
1 0 0o 1 0 0o 01 0 00
1 0 11 1 0 110 0O 1 0 1]0
1 1 0]1 1 1 00 0 1 1 011
1 1 171 1 1 171 0 1 1 110
1 0 0 0[]0
1 0 0 1]0
1 0 1 01
1 0 1 1,0
1 1 0 01
1 1 0 1|1
1 1 1 011
1 1 1 171
a)  Sum of Minterms: XYZ+XYZ+XYZ+XYZ
Product of Maxterms: (X+ Y+Z)(X+Y+2Z)(X+Y+Z)(X+ Y +2)
b) Sum of Minterms: ABC+ABC+ABC+ABC
Product of Maxterms: (A+B+ C)(A+B+C)(A+B+C)A+B+C)
¢)  Sum of Minterms: WXYZ+ WXYZ+ WXYZ+ WXYZ+ WXYZ+ WXYZ
+ WXYZ
Product of Maxterms: (W+X+ Y+ Z)(W+X+Y+Z)(W+X+Y+2)
(W+X+Y+Z)(W+X+Y+Z)(W+X+Y+2)
(W+X+Y+Z)(W+X+Y+Z)(W+X+Y+2)
2-11.
a) E =3m(0,2,5,6) = IIM(1,3,4,7), F = ¥m(2,4,6,7) = TIM(0, 1,3, 5)
b) E =3¥m(1,3,4,7), F =3m(0,1,3,5)
¢ E+F =3m0,245,67)), E-F = Zm(2,6)
d) E=XYZ+XYZ+XYZ+XYZ, F = XYZ+XYZ+XYZ+XYZ

14
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e)

E=ZX+Y)+XYZ,

F=YZ+X)+XZ

2-12.*
a) (AB+C)(B+CD) = AB+ABCD +BC = AB+BC s.0.p.
= B(A+C) p.os.
b)) X+XX+N(Y+2Z2) = X+X)(X+(X+ (Y +2)
= ()_(+X+)_’)()_(+ Y+Z) p.o.s.
= (1 +f’)()_(+ Y+Z) =X+Y+Z S.0.p.
¢) (A+BC+CD)B+EF)=(A+B+C)(A+B+D)(A+C+D)(B+EF)
=(A+B+C)(A+B+D)(A+C+D)B+E)B+F) po.s.
(A+BC+CD)B+EF) = A(B+EF)+BC(B+EF)+ CD(B +EF)
= AB + AEF + BCEF + BCD + CDEF s.0.p.
2-13.
a) b) g 9 X
Wi D
w
Y B Y
D X
V4 A w
Y
Y
z B P ;
C w
B X
c
2-14,
a) Y b) Y ) B d) B
[1 [ 1] 1] 10t ] (1] |[1]
X (L] 1] x| (O] 1] ALl i A
oz y4 - C . C ~
XZ +XY YZ+XZ+XY C+AB BC+BC+ (AC or AB)
2-15. *
a) Y b) B c) B
11 [ a1 1] IINIE 1
X (L[ 1] Al |l All1]] 1 1
Z C C
XZ+ XY A+CB B+C

15



Problem Solutions — Chapter 2

2-16.
a b [
) c ) | v ) | c
[ 11 mil 1Y N EnE
1] 1 1
— B X — B
NEIE 1 W )] A|11|
L el ] ] ] O
D I Z I I D I
AC+AD +ABC YZ +XZ+ XYZ + (WXZ or WXY) BD +ABC +ACD
2-17.
a) Y b) C
1] - i
[T] T AN
- X 1 i 5
Wi Almig ]
LT[ 1
Z D
F = WY+ WXZ+XYZ+ WXZ F = BD+ACD+ACD + (AB or BC)
2-18. *
a) b) v c) C
Y 1 1 1
1 111 1)1
X T B
X 1]1]1 W 111 A
z D
*m(3,5,6,7) *m(3,4,5,7,9, 13, 14, 15) *m(0,2,6,7,8, 10, 13, 15)
2-19.*
a) Prime = XZ,WX,XZ, WZ b) Prime = CD,AC,BD,ABD,BC ¢) Prime = AB,AC,AD, BC, BD, CD
Essential = XZ, XZ Essential = AC, BD,ABD Essential = AC, BC, BD
2-20.
a) Prime = XY, WY, YZ, WXZ, WXY, XYZ, WXZ b) Prime = ABC,ACD,ABC,ACD, BD
Essential = XY Essential = ABE’,ACD,KBC,KE’D
F=XY+(WY+XYZ+WXZ or YZ+ WXY + WXZ) F = ABC+ACD+ABC+ACD

¢) Prime = XZ,XY,YZ, YZ, XZ, XY
Essential = none
F = (XZ+XY+YZ) or YZ+XZ+XY

16
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2-21.
a) F Y b F C
T 1] 1]
1| [ ]1 T[1
W - ALS I
0 O ey
z T p |
F = ¥m(1,5,6,7,9,12, 13, 14) F = Tm(0,2,4,5,8,10, 11, 12, 13, 14)
F = YZ+WXZ+WXY F = BC+BD+AD +ABC
F=Y+Z)(W+X+Z)(W+X+7) F=(B+C)B+D)(A+D)A+B+C)
2-22.*

a) s.o.p.CD +AC+BD

p.0s. (C+D)A+D)A+B+C)

b) s.o.p. AC+BD+AD

p.o.s. (6 + 5)(;\ + 5)(A +B+ 5)

¢) s.0.p. BD+ABD +(ABC or ACD)
p.o.s. (A+B)(B+D)(B+C+ D)

2-23.
a) s.0.p. ACD +BCD +ACD+ BCD b) s.op. XY+ WZ+ YZ+XZ There are several others.
or ABD+ABC +ABD +ABC pos. (W+X+Y+Z)(W+X+Y+Z)(W+X+Y+2)
pos. (A+C+D)(B+C+D)(A+C+D)(B+C+D)
or (A+B+C)(A+B+D)(A+B+C)(A+B+D)
2-24,
a) b) . 9]
[1] 1] 1] X] B
x| {]flf x X X |1
X RS B e X 11 [X]|1
A 1 W 1 1 Alll]1 [ XX
1] L1 X C
D Z
F=ACD+BD+CD F = WXY+(YZ+YZ) or(XZ+XZ) F=1
2-25.*
a) L Y ) C
B ] ] X [ X
%_ ERIINT] 5] [ XA,
NS wl U] juE 1 [iX
C —1! IIX 11 X | X
Z D

Primes = AB,AC, BC,ABC

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

Primes = XZ,XZ, WXY, WXY, WYZ, WYZ
Essential = XZ

F = XZ + WXY + WXY

17

Primes = ;\B, C, éﬁ, BD
Essential = C,AD
F = C+AD+ (BDor AB)
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2-26.
a)(1) C a)(2) . C b)(1) Yy bQ Y
oI Ixl X x| X x| [x
X1 5 1] x |L_B 11X < x|11|¥
NEI Rk A LX X WD) U] X
! X RS X 1] [ ]x]
D "D z v/
F =BD+(BDorAD) F = BD+(AD or BD) F=WXY+WXYZ+WXY F=WXY+WXY+WZ_
F=@B+D)(A+D)or (B+D) +(WXYorWYZorXY2) +WXY+(WXYorWYZ)
F=W+X+NW+X+HW+Z)W+X+7)
(W+X+Yor(W+Y+2)
2-27.
a) F = ABC+ABC+ABD +ABD
X, = AB
X, = AB
F = X,C+X,D+X,C+X,D
= (X, +X,)(C+D)
X;=C+D
F = (X, +X5)X;
b) F = WY+XY+WXZ+WXZ Y
= (W+X)Y+ (WX +WX)Z W X
= (W+X)Y+(W+X)(W+X)Z X F
X, = W+X
F=XY+X(W+X)Z ]
2-28.
a) F C b) G C
B ] B
A 11 A x| 1
1|X 11
D D
F = AC+ABCD +ABCD G = AC+BCD +ABCD
= AC+AC(BD + BD) = AC+(ABCD + ABCD) + ABCD
= AC+AC(BD + BD)
X, = AC
X, = BD+BD
F = X, +ACX, G = X, +ACX,

18
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_ X
o 1

> DD
—> 1>

2-29.

a) F = AB(CD+CD)+B(CD +CD)+A(B +CD) b) T=YZ(W+X)+YZ(WY+X)
AB(C+D)(C+D)+B(CD+ CD)+A(B(C + D)) = WYZ+XYZ+XYZ

ABCD +ABCD + BCD + BCD + ABC + ABD

2-30.”

X®Y = XY +XY

Dual (X ® Y) = Dual (XY +XY)
= (X+V)(X+Y)

= XY +XY

= XY +XY

=X®Y

2-31.

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

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

C

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

19
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2-32.
a)
x——>o
Y —
H=XY +XZ
z_
b)
X—p—>»
Y — j—
F = XY + XY
2-33.
a)
A—*I >°'| —
{>° AB
c +F=ABC+ABD+ABD
AB
D
D —
AB
I Necessary to make F =0
0 < for A = B = 0; otherwise F
AB would be Hi-Z for this combination.
b)

There are no three-state output conflicts.

20
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2-34.(Errata: “problem 2-32” should be “problem 2-33")

P

}.

D b—F = ABC + ABD + ABD

0ve

—2 B >
B> BLTlGJ .

ia

2-35.(Errata: “problem 2-33” should be “problem 2-34")
a) For the solution given in Problem 2-34, the output of F is in the Hi-Z state when A =0 and B = 0.

b) o,
A‘E AB 7]

B

D +—F = ABC + ABD + ABD
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NOTES ON SOLUTIONS:

1. Legal Notice: This publication is protected by United States copy-
right laws, and is designed exclusively to assist instructors in teaching
their courses. It should not be made available to students, or to anyone
except the authorized instructor to whom it was provided by the pub-
lisher, and should not be sold by anyone under any circumstances.
Publication or widespread dissemination (i.e. dissemination of more
than extremely limited extracts within the classroom setting) of any
part of this material (such as by posting on the World Wide Web) is not
authorized, and any such dissemination will violate the United States
copyright laws. In consideration of the authors, your colleagues who
do not want their students to have access to these materials, and the
publisher, please respect these restrictions.

2. Companion Website Problem Solutions: The solutions to all
problems marked with a * are available to students as well as instruc-
tors on the Companion Website.

3. Problem Challenge: The problems marked with a + are designated
as more challenging than the typical problems.

4. Text Errata Notations: Text errata are noted at the beginning of a
problem if those errata affect either the problem or its solution. These
notes indicate only errors identified in the first printing of the 3rd Edi-
tion and are expected be removed after the first printing.

5. Solutions Errata: Errata for these solutions will be provided on the
Companion Website in the Errata section.
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3-1.
Hierarchy
—X
—z
A Hierarchy
X — —
B Y  W|—F =A(CE + DE) + AD
B z
c o
D ;ierarchy ;ierarchy B B
v owid Y  W|l—G=B(CE +DE)+BC
E—z z
3-2.
Hierarchy
A X o -
— Y  H|I—G=A(BC +BD) + ABC + BD)
B——— e z =ABC + ABD + ABC + ABD
 —
Y Hf=
. z
Hierarchy
X BC+BD
Y H
4
:Dbii 6 inputs
-*D—m inputs
4[>'16 inputs
3-4.*

The longest path is from input C or D.
0.078 ns + 0.078 ns + 0.052 ns + 0.078 ns = 0.286 ns
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3-5.
» L[ LI LI 1_
b) LI L
| } ; ! ; f f f iy
0 0.08 0.16 0.24 0.32 040 048 0.56 0.64
3-6.
a) b)
Input | Delay | Delay
C 1.6ns | 1.6ns
D 1.6ns | 1.6ns
B 1.2ns | 1.2ns
A 0.8ns | 0.8ns
B 0.8ns | 0.8ns
C 0.8ns | 0.8ns
¢) The values are identical in all cases.
3-7.%

If the rejection time for inertial delays is greater than the propagation delay, then an output
change can occur before it can be predicted whether or not it is to occur due to the rejection
time.

For example, with a delay of 2 ns and a rejection time of 3 ns, For a 2.5 ns pulse, the initial
edge will have already appeared at the output before the 3 ns has elapsed at which whether to
reject or not is to be determined.
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3-8.*
a) The propagation delay is tpa = (tpyL + tpLg)/2 = (0.05 + 0.10)/2 = 0.075 ns
For a positive output pulse, the following actually occurs:
0.05 ns
0.10 ns |_|
If the input pulse is narrower than 0.05 ns, no output pulse occurs so
the rejection time is 0.05 ns.
The model projects:
0.075 ns I_l
b) For a negative output pulse, the following actually occurs if the input pulse is narrower than
the rejection time:
0.10 ns
0.05 ns|
The model projects:
For the negative pulse, the rejection time should be 0.075ns (it can’t be larger than the propagation
delay) to represent that fact that the pulse is not narrower in the output than in the input.
The parameters provide a poor model in this situation.
3-9.*
P-Logic N-Logic
X | Y |NAND| NOR | X | Y [NAND| NOR | X | Y | NAND| NOR
L|L H H 00 1 1 1|1 0 0
L | H H L 0|1 1 0 10 0 1
H|L H L 10 1 0 01 0 1
H|H L L 1|1 0 0 00 1 1
3-10.
Y
- |]]| | F=XZ+XY+YZ This is the same function as the
X | 1 carry for the full adder.




Problem Solutions — Chapter 3

3-11.*
C
I ] B  F-aAB+AC
A
1
D
3-12.
CD CD CD CD
Az 00 01 11 10 A\ 0001 11 10 A\ 0001 11 10 as>_00 01 11 10
00 00 00 00
o1 01 1 01 1 1 01| 1 1
111 11 11 111
10 1 101 |1 1 10 1 1 10| 1 1

W=ABCD+ABCD

X=ABCD+ ABC+ABD

Y=AB(CD+CD)+AB(CD+CD)

3-13.
a) Xl X2 X3| z
0 0 00
0 0 1|1
0 1 0|1
o 1 1o
10 01
1 o 1o
1 1 olo
11 1|1
Z=X1®X2®X3
b) There are 2 different functions of Z: Z = X1 ® X2 ® X3 and Z = X1 ® X2 ® X3
3-14.*%
ABCD |GNS YNS RNS|GEW YEW REW B B
0000 1T 0 0] 0 o0 1 _
GNS
00l | 1 0 0] 0 0 1 A A GEW
o0 |1 o0 oo o 1 ° o
- AC+AB GEW = AB+AC
oo | 10 o0 0 1 GN§ = AC+AB
o1t | 1 0o o]0 o 1 N
oo | o 1 0|0 0 1 g %
0000 0 0o 1]0 o0 1 = YNS = YEW
1o | o o 111 o0 o D o it L
mor| o o 111 o o YNS = ABCD YEW = ABCD
| o o 111 0o o
mo|o o 111 0 o B 5
000 o 1]1 o0 o c— c
1011 | 0 0 1 1 0 0 D D
101 |0 o 1]0 1 0 A RNS A REW
1000} 00 10 0 1 RNS = A+BCD REW = A+ BCD
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3-15.

o O

[=a =]

< < QO

+ + <

v o ot

m M M M
U o < < < <
I [ TR TR
SO = A o <+ »n
A ©n v o v n
Fle—~o o ~ —
nloo o o o =}
Jleo o — o o =}
Aloco—~oco—~oco
Slo oo —— —
PDleo oo c o —
Ol — o S — —
Mmoo o — o o —
<o o o —— —

3-16.%

a

Q

el

<

+

[

Q

< 1A

+ 10

lm /M

< +

+ A

A QO

0= 5

m t o=

; B <

< 4+

O m A

m << <

[ T

S = a

Z IR 7 )
Flo——cococo —~—=———~~— coo
N oo = = == === — c oo
Jlococcococoococococooco —~ —~ —
Ao — — 0O~ 0O -0 —~0 0 — O —
Ujocoo~—oco—~—~00 —~—=0 0O — —
Moooo ~——~ 0000 — — — —
<lcocoocococococOo ~— =~~~ — —

3-17.

A+B+C

w

1

+ BC

@)
1=2]
I

X

XXXX

A B C DIW X Y Z

0 0 0 0f0

1010 to

1111
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3-18.

PL =PS

PSLS RS + PSLS RR

LL =

PS LS RS +PS RS RR

RL =

PS LS RS RR|PL LL RL

a)

b)

PL

RL

PS:

f%

RR——
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3-19.
a) C C , | c ~ C
K| ER) HEIEIE HINE IEl )
1] 1 1 1
ERIENIEN/N B T NI /£
A A A A
] il 0K 1]
D b " 'p D
a b c d
@ C _ C C
[1] (1] 1 1 ][]
1 K | 11
1, 1) T Al (4],
A A A
7 EEE] 1]
"1 b D
e f g
b)
a=AC+ABD+ABD +ABC
b=AB+BC+ACD+ACD
c=AB+BC+AD
d=ABCD+ABC+ABD+ABC+ACD
e=BCD +ACD

f=ABC+ABD+ABC+ACD

g=ABC +ABC +ABC +ACD

¢) The following gate input counts include input inverters and share AND gates.

Total gate inputs for this solutions = 67. Total gate inputs for book solution is 70. This solution is better by 3 gate inputs.

3-20.*
a) b) c)

Part b requires 6 fewer gates.

IOTmMm 00 wx>
I Tmoo ©>
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3-21.
F
This design requires an inverter, 2NAND, 4NOR, and 2NOR for a total normalized area of
1.0+1.25+3.25+1.25=6.75
3-22.
A
B—
o
D
This design requires two inverters, a 2NAND, and four 2NOR for a total normalized area of
2*%1.0+1.25+4%125=8.25
3-23.
X T1=XY
T2 2=XY
. F T3=XY
Y. F=XY+XY

3-24.*Errata: Replace equations with F = W and G = W Y + WZ. See Fig. 4-10 for decoder diagram/table.)

F =Dy, Dy DyyDyy = Dyy+ Dyy+Dyy+ Dy = WIXY + XY + XY +XY) = W

G = Dyy Dyy-Dy, Dyp = Dyy+Dyy+Dyp+Dsy; = WXY +XY) + W(XZ+XZ) = WY+ WZ

3-25. (Errata: See Fig. 4-10 for decoder diagram/table.)

Upper Lower
DO DI D2 D3|D0 DI D2 D3
1

— = — = = = - - 0 000 oo o o|E

= R = R R S - I = - =
—_ - 0 O = = O O = = O O = = O O
- 0O = O = O = O = O = O = o = OfN
e e e T T R S S R )

1
0
0
1
1
1
1
1
1
1
1
1
1
1
1

—_ o e e e e e e e O O e e e
—_ o e e e e e O O e e e e
'—‘O'—‘O'—‘O'—‘OOO'—"—‘OO'—"—‘C)

O O O O O O O O = = === == =T

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0

—_ o . O o O e e e e e e e
—_ O kO o o e e e e e e e e

1
1
1
1
1
1
1
1
0
1
0
1
1
1
1
1
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3-26.
Y0 = ABCE Except for G1 = 1 and G2A and G2B = 0,
a1 Y1 = ABCE the outputs YO through Y7 are all 1’s. Oth-
vo - ABGE erylse, one of YO through Y7 is equal to .O
GoA E _ with all others equal to 1. The output that is
Y3 = ABCE equal to 0 has index i = decimal value of
G2B Y4 = ABCE the values of (A,B,C) in binary. E.g., if
vs = ABCE (A,B,C) = (1,1,0), then Y6 =0.
E=G1-G2A-G2B
Y6 = ABCE
Y7 = ABCE
3-27.
A I | I | | I | I I | I |
sl [ LI e e e e
Lo I e e e e e o ) I O I O
G1 I
G2A_n J | J
G2B_n I S D e e
Y {1119 | 0 e G (e 2 G o G KRR K
0] LI
1] LI
2 [
@l [
“ [
(5] [
(6] L]
71 L]
H\HHH‘HH\HH\HHHH‘\HHHHH\HHH‘HHH\HHHHH\‘\HHHHHHHH\‘HHHH\HHH\H‘HHHH\HHHH
100 200 300 400 500 600
3-28.
10 11 12 13 14 15
A
B
C
Dl ] I I I
w I
X ] | I |
vyl - 07 7 77 0 ]
z | | | | | | |
HHHH\‘\HHHHH\HHH‘HH\HHHHH\H‘HHHH\\HHHH‘HH\HHH\HHH‘H\HHHH\HHH‘HHHH\HHHH\‘\HHHHH\HHH‘HH\HH
0 20 40 60 80 100 120 140 160

10




Problem Solutions — Chapter 3

11



CHAPTER 4

© 2004 Pearson Education, Inc.

a < &~ o>

(Sy S, Sy S5 8,-S)+M

A

A=(Sy-S,-S,-5,-8,-S5)+M

Vv

12

4-1.*
a)
VDD
A
A
0
1
A
A
1
1
4-2.
a)
vbb vDD
Gz
Gg
A Gs
_|> 1 Gy
Gg
Go
Gy
Go
4-3.
a)
12 11:8 8 7:4
3:0 G 3:0
4-4.

o<r>»
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A DAECODER
0o—1Ao
A—a, 1 DDO
A,—]A <
4
7]
T Do
Do
Do
— Do
Do
DECODER D,
As—] Ao D ®
A, 1
O —{ Do
a—
S o
ad—
2 Eng
T oo
— Do
DECODER
Ao—As oDy
Ai—A;  1—D;
DECODER 2:82
A, —Ap En 3
As —AT 4
2 DECODER
EN—EN 3 Ao — Ao OF—Dy4
Ay—A;  1|—Ds
2—Dq
En 3—Dy
DECODER
Ao—As oD
Al—AT  1—Dg
2—Dy
En 3—Dy4
A E/;‘ECODER 5
_ ] o—
0 0 12
Ay —Aq 1—Dq3
2—Dyy4
En 3 Dis

13
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4-7.*(Errata: “four” should be “two” and “48” should be “32”)

Ao—

DECODER

Ao

Aq

Ay

N OLD WN) =

DECODER]

Aq

NOUOPWN=O

4-8.

DECODER
Ac—A; 0
A—AT 1

3

DECODER

Ay—IAq
]




D,

Ag

Do
D,
Dy
D3
Dy
Ds
D
D7

D,

Dy

Problem Solutions — Chapter 4
Ds

Ao
Az
EN

10
o = Dy(Dy+D2)
1 = DD,

D; D, Dy Dy|A; Ay V
0 0 0 O0|X X 0
X X X

Dy+ D+ D,+ Dy
9 is the highest
priority.

Vv
A
A

4-11.(“BCD” should be “decimal”)

4-9.
4-10.”

Slo =
W%XO]O]O]O]O]
WAIXOO]]OO]]OO
WAM.XOOOO]]]]OO
RAi|Xoocoocococo o — —
SO — XK XK X XXX X XX
SO~ XXX XXX XX
MQOOOIXXXXXXX
'Hm.. SO OO~ XXX XXX
Evlcocoo —xxxxx
W C OO OO O — KX NKNX
Co 00O OO —~ XXX
Cooc oo oo o~ MK
cocococococo o —K
cococococococ oo~

15
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4-12.
a) b)
DECODER
D
St— A1 l lo Zx1 MUX
So—A2 4
3 Iy So—{So
4 s,—|s,
=D =R
;_ lo Iy —1
— L = T
' ] —s
3 | v 2 . vl—v
: ZxT MUX 1
¢ So—1So
— D )
5 Il —0 Y
— =
I 612
6 b3
'7:| )
4-13.
DECODEI
=i D
A—A ] Do
A—A, 2
A—As 4 Dy
7l D2 I:

aa
N —

T’h

16
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4-14.

DECODER
+F D
S —A; 1 lno
L D
o I
4 A1
: 1
1 A2
pum PR
As : A
|A4;D
|A5®7
-] —
'A7‘D—7
Iso
IB1
Ig2
|
B3 . Yo
|B4‘D
IBs
Igs
'B7$
DECODER
Sp —Ao
s, —{A Ino

WN—=O

_YA

17
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S, >o—
S1 D‘-—
So
lo —
y =
I :i ii
I3
|4 % T
I5
ls
(L
DECODER]
S3—] y
=
o 1—v,
Iy
s DECODEHR
0—]Ag 1
S1—A, jl | o
So—|A, g
4— I3
{ |
le
l7
—
o/
A:0)
D 8x1 MUX
0(7:0)— D7) vy
S20)
8x1 MUX
D1(7:0) me Dero) Yo
S(2.0)
8x1 MUX A
D2(7:0) Dro) v, 3
S(2.0)
2x1x4 MUX|
D 8x1 MUX S
870=D¢9) vy, Doo
Do.1
S20) —‘ 80’2 Yo—
0,3 11—
Do) Dio v
D1gg) D14 q—
Dog) Dy
D) D3
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4-19.*

81 MUX
Do) v,

A:0) S0)

BX1 MUX
D(14:8) ] g(e:o) Yol—

@)
E_ ) 1S
(2:0)
A3
@) ~——30R gates

4-20.

Consider E as the data input and A0, Al as the
select lines. For a given combination on (Al,
AQ0), the value of E is distributed to the corre-
sponding D output. For example for (Al, AO) =
(10), the value of E appears on D2, while all other
outputs have value 0.

>

—_—_—_—_— o o o ol”
-~ — oo ~r~oo|>
— o =0 =0~ olm
coocococo~o¥
S

cooco—ooolB
co—~ococoocolf

—_— O O O oo o

4-21.

DECODER

X—Ao \ >
Y—A1 — —] F1
2

z—A,

4

L= >
— 1l >

NOOTDWN

4-22,

DECODER

A—A, O E
B—]A, !
C—A>

D~
= >~

~N DO D WN =

4-23.

4 x 2 MUX

0

5

I

@]
<
|

@

5

Allo
=
o
o

=)

jojjw)

o
(L2 ep=ze

1
~ oloolng
<
o
lw)

5

Yif—c

5

5

'—"—"—"—‘OOOOX
—_ =0 O= =O O

— oo =|lo =~ o|lwn
— == o= o|lo o0

— ol o~ ol o
A »rOQraownn »
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4-24,

8 x 1 MUX

o 2 AR A = o A
I I I I I I I I
T T T - T T - 3

70 071 071 071 070 171 170 070 —

S~ O — O —

0

—_] O —O O —|Oo —

1

—_| O Ol — | Of|— —

S OO0 O —~

1

52

A

Ulo o~ —|lo ©
/M —|lc oo O~ —|— —
<

[

0
0
0
0
0
0

4-25.*

F

4 x 1 MUX

Y

Dy

1

B—|So
A—]|s;

4-26.

DECODER]

DECODER]

N OO~

EN

20
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4-27.
256 x 8 ROM 256 x 8 ROM
A(7:0) 8 Address vﬁg A(15:8) 8 Address vﬁg
DECODER
Ag—Ao 0 EN EN
A—A; 1 ’7
E 256 x 8 ROM 256 x 8 ROM
8 Address VAS 8 Address vﬁg
EN rEN
256 x 8 ROM 256 x 8 ROM
8 Address VAVB‘ 8 Address v%
EN rEN
256 x 8 ROM 256 x 8 ROM
8 Address V% 8 Address V%
EN rEN
D(7:0) D(15:8)
4-28.*
IN ouT IN ouT IN ouT IN OouT
00000 00 0000 01000 00 1000 10000 010110 11000 10 0100
00001 00 0001 01001 00 1001 10001 010111 11001 100101
00010 000010 01010 01 0000 10010 01 1000 11010 100110
00011 000011 01011 01 0001 10011 01 1001 11011 100111
00100 00 0100 01100 01 0010 10100 10 0000 11100 10 1000
00101 00 0101 01101 01 0011 10101 10 0001 11101 10 1001
00110 000110 01110 01 0100 10110 10 0010 11110 11 0000
00111 000111 01111 01 0101 10111 100011 11111 11 0001
4-29.
a) 8+ 8+ 1+ 1=18 address bits and 8 + 1 =9 output bits, 256K x 9
b) 64K x 16 c¢) To represent maximum input 9999, 14 output bits are needed, 64K x 14
4-30.
Input Output
XY Z|A B C D
o 0 0|1 O O O
0O 0 171 0 0 1
o 1 o1 1 1 1
o 1 170 1 0 1
1 0 00 1 O O
1 0 1{]0 1 0 1
1 1 0|1 1 1 1
1 1 11 0 0 1

21
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4-31.
PTERMS INPUTS OUTPUTS
X|Y|z||A|B|C|D
XY 1 tjof|-=||1]-]1]-
XY 2 olo|=|l-]1]1]|-
XYZ 3 o111 |-|1]|-
XYZ 4 O T T S T O
YZ 5 -lojofl-1-]-11
4-32.*
PTERMS INPUTS OUTPUTS
X|Y|z||A|B|C|D F
XY 1 O T 1 Y I -
X 2 o|l-|-|l-11]-1|- -
YZ 3 —l1|ofl-]1]=]1 -
XY 4 ojo0]|-]- 1] - -
Z 5 —|l=10f-1=-11/|- 1
4-33.
PTERM INPUTS OUTPUTS
A|B|C|D||IW|X|Y]|2Z
ABD 1 010 1|11 =-]-
ABC| 2 00 1] 1] -]-
ACD| 3 0] - off1]-|-]-
BCD| 4 0 -1 -] -
AD 5 -0 1|-]1|-]-
CD 7 -] - 1|-]=-11]-
CD 8 - | - Of|-|-|1]-
D 1
4-34.*
Assume 3-input OR PTERM INPUTS
gates. A/B/ICID
A 1 1] - -|-
BC 2 - l1]1]-
BD 3 -1 1
BC 4 -lo]1]-
BD 5 —|0]-1]1
BCD 6 -11]0]0
CD 7 - =111
CD 8 -/-]01]0
D 9 --7-T0o0

22
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4-35.
Assume 3-input OR PTERM INPUTS
gates. X Y Z|A
YZ 1 -1 170 -
XYz 2 0,01 -
XZ 3 1[-10]-
XY 4 ojo|-1-
YZ 5 -1 71|
XY 6 1| -] -
A 7 - =1 -1
XY 8 1|1]-1-
_ 9 [ S R
Z 10 —1T1T-=
XY 1 jjo|1]-]-
- 12 - - - -
4-36.
ID . |1 Odns ‘ZDDns |3I:II:Ins
IIII|IIII|IIII|IIII IIII|IIII|IIII|III| ||||!|||||IIII|IIII IIII|IIII|IIII|IIII 1
EHN |
& ]
&0 L | I
]
D1 I O —
D2
D2
4-37.
entity decoder_2_to_4 is
port(EN: in std_logic;
A: in std_logic_vector(0 to 1);
D: out std_logic_vector(0 to 3));
end decoder_2_to_4;
signal not_A: std_logic_vector(0 to 1);
begin
g0: NOT1 port map (A(0), not_A(0));
g1: NOT1 port map (A(1), not_A(1));
g2: NAND3 port map (not_A(0), not_A(1), EN, D(0));
g3: NAND3 port map (A(0), not_A(1), EN, D(1));
g4: NAND3 port map (not_A(0), A(1), EN, D(2));
g5: NAND3 port map (A(0), A(1), E, D(3));
ID .o |l 00ns |ZDDns |SDDns
IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII IIII!|||||IIII|IIII IIII|IIII|IIII|IIII (NN
EN ]
e | A B
an ] ] ] ] ] ] ]
juli]
Ll
b2
b2 ]

23
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4-38.

a_ o |lEIIIIn5 |2EIEIn5 |3IIIEIns |4EIEIns |5IZIEIn5 |6EIEIn5 |'T-‘IIIEIns

—

4-39.*

X1 N1 N2
X2
N3 NG f
NG
X3
N5
X4

4-40.

-- Figure 4-40: Structural VHDL Description
library ieee;
use ieee.std_logic_1164.all;
entity nand2 is
port(inl, in2: in std_logic;
outl : out std_logic);
end nand2;

architecture concurrent of nand2 is
begin

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

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

architecture concurrent of nand3 is
begin

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

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

library ieee;
use ieee.std_logic_1164.all;
entity fig440 is
port(X: in std_logic_vector(0 to 2);
f: out std_logic);
end figd40;
architecture structural_2 of fig440 is

component NAND2
port(inl, in2: in std_logic;
outl: out std_logic);
end component;
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component NAND3
port(inl, in2, in3: in std_logic;
outl: out std_logic);
end component;

signal T: std_logic_vector(0 to 4);
begin
20: NAND2 port map (X(0),X(1),T(0));
g1: NAND2 port map (X(0),T(0),T(1));
g2: NAND2 port map (X(1),T(0),T(2));
g3: NAND3 port map (X(2),T(1),T(2),T(3));
g4: NAND2 port map (X(2),T(2),T(4));
g5: NAND2 port map (T(3),T(4),f);
end structural_2;

F =XOX2 + Y]XQ

100ns Z00ns Z00ns
|||||I||||I||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
X2 I
i I I—
w1 1T 1
t | I
4-41.
begin X=D +BC
g0: NOT_I port map (D, x1); Y =A BCD
gl: AND_2 port map (B, C, x2);
g2: NOR_2 port map (A, x1, x3);
g3: NAND_2 port map (x1, x3, x4);
g4: OR_2 port map (x1, x2, x5);
g5: AND_2 port map (x4, x5, X);
g6: AND_2 port map (x3, x5, Y);
end structural _I;
0.0 100ns Z00ns Z00ns
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 1
A |
B | | |
cp __r o [ L LT
D | | | | | | | | | | | | | | |
X | | | | | | | | | | | |
¥ 1
4-42,
A
B
£ F
S
C
4 G
A
B
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4-43.*
begin
F <= (X and Z) or ((not Y) and Z);

end;

4-44. .+

library IEEE;
use IEEE.std_logic_1164.all;

entity priority_4 is
port (
D:in STD_LOGIC_VECTOR (3 downto 0);
A: out STD_ULOGIC_VECTOR (1 downto 0);
V: out STD_LOGIC
);
end priority_4;

architecture priority_4_arch of priority_4 is

begin
V <="0" when D ="0000" else '1";
A<= "11"when D(3) ="'l"else

"10" when D(2) ='1" else
"01" when D(1) ='1" else
"00" when D(0) ="'1" else "00";

end priority_4_arch;

|III.III |lIIIIIIns Z00ns 200ns
IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIIIIIII|IIII|IIII|IIIIIIII|IIII|IIII|III
Dlo i1 Iz I I I 7 I'F
AlOD i1 e ] L Iz E
Vi

4-45.

tity multiplexer_8_to_1 is
port(S: in std_logic_vector(2 downto 0);

D: in std_logic_vector(7 downto 0);
Y: out std_logic);

d multiplexer_8_to_1;

chitecture function_table of multiplexer_8_to_1 is

mal not_S: std_logic_vector(0 to 1);

mal N: std_logic_vector(0 to 3);

gin

with S select
Y <= D(0) when "000"

D(1) when "001"
D(2) when "010"
D(3) when "011"
D(4) when "100"
D(5) when "101"
D(6) when "110"
D(7) when "111"
X

d function_table;

|III.III |lIIIIIIns |2IIIIIIns |3IIIIIIns |4IIIIIIns |5IIIIIIns |6IIIIIIns |'?IIIIIIns
||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| |||||||||

5 [0 41 dz = ¢ s js §7 Jo J1 jz 43 4 5 5 |7
O [0l joz jo4¢ jo2 j10 j20 j40 fs0 {FE {FD {FE {F7 {EF (DF (EF [7F
¥ |
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4-46.*
IIII .o |1 O0ns |2IIIIIIns |3IIIIIIns
||||||||||||||||||| RERIRNERAARARRRNEY ||||!|...|||||||||| ||||||||||||||||||| 1
EN |
A | | |
&0
Do
D1
D2
D2
4-47.
module decoder_2_to_4_st(A, EN, D);
input [1:0] A;
input EN;
output [3:0] D;
wire [1:0] not_A;
not
go(not_A[0], A[0]),
gl(no All], A[1]);
2(D[0] not_A[0], not_A[1], EN),
g%(D[l]A[O] not_A[1], EN),
g4(D[2], not_A[O], A[I], EN),
gS(DB] A[O],A[1], EN);
endmodule
end structural_1;
0.0 100ns |2IIIIIIns |3IIIIIIns
||||||||||||||||||| ||||||||||||||||||| ||||||||||||||||||| |||||||||||||||||||
EX |
4 [0 i1 Iz I o i1 Iz I
po
D1  —
D2
D3
4-48.
|III.III |lIIIIIIns |2IIIIIIns |3IIIIIIns |4IIIIIIns |5IIIIIIns |6IIIIIIns |'?IIIIIIns
||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| |||||||
=
T
i
4-49.*

X1 N1 N2
X2
N3 NG f
NG
X3
N5
X4
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4-50.

module circuit_4_50(A, B, C, D, X, Y);
input A, B, C, D;
output X, Y;

wire nl, n2, n3, n4, n5;

not
go(nl, D);

nand
gl(n4,nl, n3);

and
g2(n2, B, C),
23(X, n4, n5),
g4(Y, n3, n5);

or
g5(n5, nl, n2);

nor
g6(n3,nl, A);

endmodule

|III .o |lIIIIIIns |2IIIIIIns |3IIIIIIns

Lol e B i I

4-51.

module circuit_4_51(X, F);
input [2:0] X;
output F;

wire [0:4] T;

nand
gO(T[0],X[0],X[11]),
g1(T[11,X[0],T[OD),
g2(T[2].X[1],T[OD),
g3(T[3].X[2],T[1],T[2]),
g4(T[4].X[2],T[2]),
g5(ET[31.T[4]);
endmodule

|lIIIIIIns Z00ns |3IIIIIIns
||||||||||||||| |||||||||||||||||||||||||||||||||||||||

X2 I
H1 | —
wl — 1 1 1
£ [ I
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4-52.
A
B
¢ ¢
A
2 G
A
B
4-53.*
module circuit_4_53(X, Y, Z, F);
input X, Y, Z;
output F;
assignF=(X&Z2)1(Z & ~Y);
endmodule
4-54.
module multiplexer_8_to_1_cf_v(S, D, Y);
input [2:0] S;
input [7:0] D;
output Y;
assign Y = (S == 3'b000) ? D[0] :
(S==13'b001) ? D[1] :
(S==13'b010) ? D[2] :
(S==3'b011) ? D[3] :
(S==13'b100) ? D[4] :
(S==13'b101) ? D[5] :
(S==3'b110) ? D[6] :
(S==3'b111) ?D[7] : I'bx ;
endmodule

|III.III |lIIIIIIns |2IIIIIIns |3IIIIIIns |4IIIIIIns |5IIIIIIns |6IIIIIIns |'?IIIIIIns
||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| |||||||||

5 [0 41 dz = ¢ s js §7 Jo J1 jz 43 4 5 5 |7
O [0l joz jo4¢ jo2 j10 j20 j40 fs0 {FE {FD {FE {F7 {EF (DF (EF [7F
¥ |
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4-55.+

module prioencoder_4_to_1_(D, A, V);
input [3:0] D;
output [1:0] A;
output V;

assign V =D[0] I D[1] 1 D[2] | D[3];
assign A[0] =D[3] ? I'b1:(D[2] ? 1'b0:(D[1] ? 1'b1:(D[0] ? 1'b0:1'bx)));

assign A[1]=D[3] ? I'b1:(D[2] ? 1'b1:(D[1] ? 1'b0:(D[0] ? 1'b0:1'bx)));
endmodule

|III .o |lIIIIIIns Z00ns

||||||||||||||||||| ||||||||||||||||||| ||||||||||||||||||| ||||||||||||||||||
Do i1 Iz Y I

A0 L Iz ]

L
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PART 2

PROBLEM SOLUTIONS

NOTES ON SOLUTIONS:

1. Legal Notice: This publication is protected by United States copy-
right laws, and is designed exclusively to assist instructors in teaching
their courses. It should not be made available to students, or to anyone
except the authorized instructor to whom it was provided by the pub-
lisher, and should not be sold by anyone under any circumstances.
Publication or widespread dissemination (i.e. dissemination of more
than extremely limited extracts within the classroom setting) of any
part of this material (such as by posting on the World Wide Web) is not
authorized, and any such dissemination will violate the United States
copyright laws. In consideration of the authors, your colleagues who
do not want their students to have access to these materials, and the
publisher, please respect these restrictions.

2. Companion Website Problem Solutions: The solutions to all
problems marked with a * are available to students as well as instruc-
tors on the Companion Website.

3. Problem Challenge: The problems marked with a + are designated
as more challenging than the typical problems.

4. Text Errata Notations: Text errata are noted at the beginning of a
problem if those errata affect either the problem or its solution. These
notes indicate only errors identified in the first printing of the 3rd Edi-
tion and are expected be removed after the first printing.

5. Solutions Errata: Errata for these solutions will be provided on the
Companion Website in the Errata section.






CHAPTER 5

5-1.
%Sy = CoAoBg+ CoAgBy + CoAgBy + CoAoBy Cy = CyAg+AyBy+CyB,,
S, = C,A,B,+C,A,B,+C,AB, +C AB, C, = CA +A B + (B,
== = = *Cy = CoApA, +AyB,A ByA
*S) = CoA A By + A BoA B +CyBA B, Gy = CoApA +ABA + CoBoA,
v T +CoAoB | +AgByB, + CoByB, +A B,
+ CyAyA B, +AByA, B, + CyB,A B,
+ CoAoA By +AgBoA By + CoBoA B,
+ CyAgA B, +AyByA, B, + CyByA,B,

* These are the three equations for the outputs. The logic diagram consists of a sum-of-products implementation of these equa-
tions.

C, = T3+ T, = T\Co+T, = AyB,Cy+Ay+ By = (Ag+Bo)Co+AgBy = (AyBy+ Cy)(Ay+By)

C, = AgBy+4,Cy+ByC,

So = Co®T, = Co®TTr = Cu@ABy(Ag+By) = Cy® (Ag+Bo)(Ay+By) = Cy @ AyBo+ApB,
Sy = Ag®By®C,
I T
— )=
By ——
A . -
- T |—DT4
. s
Do 12
L s
5-3.*
Unsigned | 1001 11001001 1101 1010 1000 0000 0000 1000 0000
1I’s Complement | 0110 0011 01100010 01010111 11111111 O111 1111
2’s Complement| 0110 0100 01100011 0101 1000 0000 0000 1000 0000
5-4.
a) 11111 b) 10110 ¢ 1011110 d) 000101
+ 10000 + 10001 + 0100010 + 011000
01111 00111 0000000 011101

—100011
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5-5.
a) 11111 b) 10110 c) 1011110 d) 111101
+ 10000 + 00001 + 0100010 011000
01111 10111 0000000 010101
Overflow on Complement
Overflow on Subtract
5-6.*
+36 = 0100100 36 0100100
-24 = 1101000 +(=24) + 1101000
-35 = 1011101 10001100
=12 = 0001100
-35 1011101
- (=24) + 0011000
=—11 = 1110101
5-7.
a) b) ) d)
100111 25 001011 11 110001 -15 110 -18
+ 111001 -7 + 100110 26 + 101110 -18 + 001001 _9
100000 -32 110001 -15 011111 -33 110111 -9
Overflow
5-8.+
a) H=D
G=C®D ABCDI|EFGH
_ __ 0000|0000
F=§C+B9jfce B 000 11 1 11
E=AB+ABCD +AC + AD 00101110
001 1|1 10 1
. . 01 00/1 100
b) Bit Cin| S Cout S = Bit®Cin 0101|101 1
0 0|0 O Cout=Bit+Cin 01 10/10T1°0
0 1|1 1 Ao - 0111|100 1
ool gft%g 10001000
1 10 1 B —Bit Co 120 —E 100 10111
¢ —at o Cn SL_E 10100110
o 8 101 1/01 0 1
D —Bit Cou[ 12N — G 1 100/0100
0o—lcn S g 110 1/001 1
¢ H=D 1 110/0010
111 1/000 1
G=C®D
F=B®(C+D)
E=A®B+C+D)
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5-9.
Ay Ay A A
C4 83 82 S1 So
5-10.
By =0 Cy=0
Sy =Ag®S®S = A,
C, =AyBy®S)+(By®@S)Cy+A)Cy = ApS+S-S+5-§ =38
B, =1
S, =A,®S®S = A, C,=AS+A,S+5-5 = A,
By ;=38
Bits 2-6 use regular full adder/subtractor logic. For bit 7, the carry logic is omitted.
S
A, Ag Ag Ay A A, Ay Ag
B A B A B A B A B A B A
FA CinCout FA CinCout FA Cin[1Cout FA Cin[1Cout FA Cin[—Cout FA Cin
e
S, Sg Sg S, S3 S, SH Sg
5-11.+
a) By=B,=By=0
So=Ag®B@C) = A4,®C, Py =A @B, =4, Gy=A4A,-B, =0
C, = Gy+PyCy = A)C,
B, =1
S, =A,©18C, =A,@C, P, =A®1=A4, G, =A, -1=A4
C, = G +P(Gy+P,Cy) = A +AA,Cy = A +A,C,
S, =A,®C, P, = A, G, =0

Cy = G+ Py(Gy+P(Gy+ P Cy)) = AyA, + A4 A(Cy = A,A +A,A C,
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Sy = A3 ® Cy Py = A4

Py_3 = P3P,P Py = A3A,A A
G0_3 = G3+P3G2+P3P2Gl +P3P2PIGO = A3A2A]

Ag A, A

Ao Co

<l o

Ss S, S;
b) By=B, =By=B;=0
So=Ag®B,®Cy = A ®Cy,  Py=A,®B, = A
C, = Gy+PyCy = AyC,

S, =A,®C, P, = A, G, =0
C, = G, +P,(Gy+PyCy) = A AC,
S, = 4,®C, P, = A, G, =0
C3 = G2+P2(Gl +P](G0+POC0)) = AZAIAOCO
S3=A3@C3 P3=A3 G3—0
Py_3 = P3P,P Py = A3A,A 1A,
G0_3 = G3+P3G2+P3P2Gl +P3P2PIG0 =0
.
Pos (5
Cs 1
Gop.3—0 |
C, 1
e
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¢) Cy=Gy_3+P
Cy =Gy, ;+P,_

0-3

Co

Po_15 = Po_3Py_7Pg_11Pn_ys

Go_15 =

A12-15

4

Ao-3

P

ADDO Cinf

So3
4

Sy2.15

Ag-11

*4

P

Ao3
ADDO Cj,

0-3

4

Sg-11

G5+ Pia_15C1n = Po_1sPg_11P4_7Go_3+Pip_ 5P

4-7G0_3+P4_7P;_3C
=Gy 1 +Pg_11Cg = Pg_1Py_7Go_3+Pg_11Py_7Py_3C

g_11FP4-7P0_3Cy

G5+ P 15Gs 11+ Pia_15Pg_11G4_7+Pia_15Pg_11P4_7Go_3
Py 15Pg_11P4_7Go_3

A4z Ao-3
¥ ¥
Aoz Aoz
ADDO Cj,+ Cy ADD2 Cj,
So-3 GP_ Sops

4 4

S47 G So-3

5-12.

Proceeding from MSB to LSB: A<B if A,<B(A;B;=1)andforallj>i, A;=B,(AB;+A;B; =1

Based on the above,

X = A3B3+ (A3B3 +A3B3)A2B, + (A3B; + A3B3)(A,B, + A2B2)A | B,

+(A3B; +A3B3)(A,B, + A3By)(A B, + A1 B1)A¢B,

)
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A; By A, B, A; By Ay By

5-13.
A _‘D'F
B — A
Cout B — — Cout
Cin Cin 1
L Aj
X = — B — Az
Cy4 3 - B, Ay
CS — B1 — AO
1 — Logic 0
5-14.
In a subtractor, the sum is replaced by the difference and the carry is replaced by the borrow.
The borrow at any given point is a 1 only if in the LSB direction from that point, A < B.
Only borrow logic is needed to produce X, so the difference logic is discarded in contrac-
tion. The remaining equation for borrow into the i + 1 position is: Br; | = A; B; + A; Br; +B; Br;
fori=0,1,2,3. Bry = 0 giving Br| = AoBy When the borrow Bry, = 1, then A < B. Thus,
X = Br, . The resulting circuit using the borrow logic is:
Bz As B, A, By A4 Ao Bg
B A B, A B, A NJ
X —1Briyq Bri | —Bri.+ Bri[—{Bris1 Br; —G
5-15.+

X=1 for A < B, X = 0 otherwise. E=1 for A = B, E = 0 otherwise. Use the carry logic from prob-
lem 5-14 to produce X, with the addition of difference logic to find E:

D, = A,® B, ® Br,
Dy=A,®B,®0 = A, ® B,

Bits 1-3 use regular subtractor logic.
E = DyD,D Dy = Dy +D,+D, +D,
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B; A; B, A, By A Ag By
I R I A

B A B A B A
X —Briyy D; Brj|—{Bri;y D; Bri—Bri,y D; Br
e ‘ A —

5-16.+
Circuit Diagram:
Control Logic As Az A1 Ao B3B2B1Bo Adder/Subtractor
A Add/Subtract
4 —11SignA
By Hsigns oW ,
S/A —HSub/Add 2’s Complementer
| 4-bit Adder !
| Cout S3S S1 SO Cm 0
Control Logic
ResultCorrectior)
SignA
—|Sub Corr—{ 2’s Complementer
L—— Cout Sign _‘
$48352815g
Control Logic Truth Tables Sub=S/A ® SignA ® SignB
Inputs Inputs Corr = Sub Cout
S/A SignA SignB| Sub || Sub SignA Cout | Corr | Sign ?]Voe\; Sign = SignA @ Corr
0 0 0 0 0 0 0 0 0 0 Overflow = Sub Cout
0 0 1 1 0 0 1 0 0 1
0 1 0 1 0 1 0 0 1 0
0 1 1 0 0 1 1 0 1 1
1 0 0 1 1 0 0 1 1 0
1 0 1 0 1 0 1 0 0 0
1 1 0 0 1 1 0 1 0 0
1 1 1 1 1 1 1 0 1 0
5-17.*
|'s A B |Ci S35 S, S Sy
a) | 0 0111 0111 o 1 1 1 0
b) 1 0100 0111 o 1 1 0 1
c) 1 1101 1010 1 0 0 1 1
d |0 0111 1010 1 0 0 0 1
e) |1 0001 1000 0O 1 0 0 1
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5-18.*
Addend
4-bit Adder
Cout Sum
Addend Augend
4-bit Adder
Cout Sum
Addend Augend
4-bit Adder
Cout Sum
S; S S5S,; S3 S, S, Sy
5-19.
Bs B, By Byp 0 0 By B, By By 0
Addend Augend
4-bit Adder
Cout Sum
S7 Se Ss S4 83 82 S1 So
5-20.+
a) By B, By By

[TTT

C; Cs Cs C4 C3 Cp Ci G

b) D; Dg Ds Dy D; D, Dy Dg

° L] ]

Q; Qs Q5 Q Q3 Q Q Qp R, Rs Rs Ry Rg Rs Ry R

10
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5-21.
lu} 100n= Z00n= 200ns
oo b b b c beec beec bernc ] beenc beeon b b e b
A& [o 1 (T L [T i1 I 1
E [ T {i] f1
o |
5 [@o i1 Iz i Iz El
lu} 100n= Z00n= 200n=
o oo b b oo oo oo o oo oo oo oo b b
AL I I ]
B |1 iz 14 )
0
o} |
2 | |
3 | |
4 |
5312 4 E i
5-22.*
u] 100mns= Z00ns= F00n=s
v b b boer o boenr boeec bocer o boec oo booe oo bona e
A [0 L I i1 (T L I i1
B |O i1 ho i1
Co |
5 |O i1 B L e ]
lu} 100ns= Z00ns 200ns=
ARRARERRANNARARSRRARRRRI RRRRARRRRURNRRARRRRRRRRTARRRRIRNRRAARARE RRRRARTRANNAT!
A |1 e 4 ]
B |1 e 4 ]
Co
5 | £ i e o
O |
5-23.+
library IEEE;
useIgEE std, _logic_1164.all;

use IEEE.std_logic_ un§1gned all;
enmy ad_sub_4_bit is

t (
PO A, B:in STD_LOGIC_VECTOR (3 downto 0);
Sel: in STD_LOGIC;
S: out STD_LOGIC_VECTOR (3 downto 0);
C4: out STD_LOGIC

);
end ad_sub_4_bit;

architecture ad_sub_4_bit_arch of ad_sub_4_bit is
signal temp: std_logic_vector(4 downto 0);
begin

temp <= ('0'& A) + ('0' & B) when Sel ='0'e
(00566\) +not('0' & B) + "00001 i when Sel ='1" else

S <= temp(3 downto 0);

C4 <=temp(4);
end ad_sub_4_bit_arch;

11



Problem Solutions — Chapter 5

[u} 1001n= Z00ns= 200n=
FRIRRER] FRRIARRR] ARRTARRRR] RRRTINRRR] RRRRINNARE ARRRARNRRE ARRRANTRRARRRRARTAN
5 |
A i1 T i1
B [o i1 (] i1 (T i1 (] i1
S o il Iz o IF i1 o
4 [
0.0 |5I:In5 |lEIEIn5 |15EIns |2EIEIn5 |25I:In5 |3EIEIn5 |35I:Ins
||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| |||||||||
5
A e I B
B e I ]
= I ] o
C4 |
5-24.+
library IEEE;
useIgEE std. |_logic_1164.all;
entity PFA is
port (
A, B, C:in STD_LOGIC;
P, G, S: out STD_LOGIC);
end PFA;
architecture PFA_arch of PFA is
begin
P <= A xor B;
G<_AandB

S <= A xor B xor C;
end PFA _arch;

llbraé/ IEEE;
use IEEE.std. _logic_1164.all;
entity cla_logic 1s

ort (
P P, G: in STD_LOGIC_VECTOR(3 downto 0 );
C0: in STD_LOGIC;
. GG, GP, CI, C2, C3: out STD_LOGIC);
end cla_logic;

architecture cla_logic_arch of cla_logic is

begin

CI'<=G(0) or (P(0) and CO);

C2 <=G(1) or (P(1) and G(0)) or (P(1) and P(0) and CO);

C3 <=G(2) or (P(2) and G(1)) or (P(2) and P(1) and G(0)) or (P(2) and P(1) and P(0) and CO);
GP <=P(3) and P(2) and P(1) and P(0);

GG <=G(3) or (P(3) and G(2)) or (P(3) and P(2) and G(1)) or (P(3) and P(2) and P(1) and G(0));
end cla_logic_arch;

llbraé/ IEEE;
use IEEE.std. _logic_1164.all;
entity cla_4_bit is

ort
P A, B: in STD_LOGIC_VECTOR(3 downto 0 );
C0: in STD_LOGIC;

S: out STD_LOGIC_VECTOR(3 downto 0 );
C4, GG, GP: out STD_LOGIC);

end cla_4_bit;
architecture cla_4_bit_arch of cla_4_bit is
component PFA
port (
A, B, C: in STD_LOGIC;
P,'G,’S: out STD_LOGIC);
end component;
component cla_logic
port (
P, G: in STD_LOGIC_VECTOR(3 downto 0 );
C0: in STD_LOGIC;

GG, GP, CI, C2, C3: out STD_LOGIC);
end component;

12
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signal P, G: STD_LOGIC_VECTOR(3 downto 0);
signal C: STD_LOGIC_VECTOR(3 downto 1);

begin
bit0: PFA

) Bort map(A(0),B(0),C0,P(0),G(0),5(0));
bitl: PFA

bit2

;l))ort map(A(1),B(1),C(1),P(1),G(1),S(1));
: PFA

o ;l))ort map(A(2),B(2),C(2),P(2),G(2),5(2));
bit3: PFA

port map(A(3),B(3),C(3),P(3).G(3).5(3));

carry_logic: cla_logic

port map(P, G, C0, GG, GP,C(1), C(2), C(3));

end cla_4_bit_arch;

|III 1001n= Z00ns=s Z001ns
||||||||||||||||||| RRRARERNI AR RRNRARRRRINRRNA ARRRU AR ARRRARRRRA RRRRARY
A |1 Iz ra JE]
E [1 iz a e
co 1 1 I 1
S [z E I B e E {E Tl
C3[L Nz ! i
s -
P
5-25.
u] 100mns= Z00ns= F00n=s
vl oo oo becntoeo bocad boeodboceeteen boeon becnc et b s
A [0 L I i1 (T L I i1
E [© T i f1
Co |
S [0 i Iz rLl Iz ]
[u] 100mns Z00ns S00ns
oo boocdboe b oo b e b b b b
AL iz fa E
B |l fz fa E
Co
C1 |
C2 | |
3 | |
C4 |
5312 I I 1o
5-26.*
u] 100mns= Z00ns= S00ns
cen oo bcnc oo becnerceon boce boeoc becerreen oo bevne becon e b s
A& |D i1 ] i1 fo i1 ] i1
B |© i1 ] i1
Co |
5 |2 i1 iz i1 Iz ]
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lu} 100ns= Z00ns 200ns=
oo boadbocn oo oo oo b oo bocodboco hoocd oo oo Lo,
A |1 Iz E
B |1 Iz E
o
5|12 ia fo
C |
5-27.
/ 4-bit Adder: Behavioral Verilog Description
module adder_4_b_v(A, B, Sel, S, C4);
input[3:0] A, B;
input Sel;
output[3:0] S;
output C4;
assign {C4,S} =Sel ? (A - B):(A+B);
endmodule
[u} 1001n= Z00ns= 200n=
|||||||||||||||||| ||||I|||||||||I|||| RERANRERIRNNRARRSNARRRRUNRRRARERRANNAD
5 |
A 1 (i 1
B [o i1 (] i1 (T i1 (] i1
S o il Iz o IF i1 o
4 [
0.0 |5I:In5 |lEIEIn5 |15EIns |2EIEIn5 |25I:In5 |3EIEIn5 |35I:Ins
||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| ||||||||| |||||||||
=
A E f4 ]
B e f4 ]
5 ! e o
C4 |
5-28.+
modulePFA(A B C,P.G,S);
input A
outputPGS
asmgnP_A’\B
assign G= A & B
assign S= (A’\B)’\C
endmodule

module cla_logic (P, G, GG, GP, C0, C1,C2,C3) ;

input [3:0] P, G ;
output GG, GP;
input CO ;
outputCl C2,C3;

assign Cl= G[0] I P[0 ] & CO);

assign C2= G[1] | P[1] & G[O] | P[1] & P[0] &
assign C3= G[2] I P[2] & G[1] I P[2] & P[1] &
assign GP=P[3] & P[2] & P[1] & P[O],

assign GG= G[3] | P[3] & G[2] | P[3] &

endmodule

endmodule

14
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module cla_4_bit (A, B, C0, S, C4, GG ,GP);

input [3:0] A, B ;
input CO ;
output [3:0] S;
output GG, GP;

wire[3:0] P, G;
wire[3:1] C;

cla_logic logic(P, G, G

endmodule

Za

GG
=P

a
Q
)
a
i
g,,,
a
o
a
=

|III 100n=s Z00ns Z00ns

|||||||||||||||||||||||I|||||||||I||||||||I|||||||||I||||||||I|||||||||I||

1 Iz 4 ]

1 iz ! [

. I I I

z ] 2 5 =] ] o L
EEEEE—

15



CHAPTER 6

6-1.
S n m—
R_n L ]
Q l \ uuuy
Qn \ [ Uy
HH\HH‘HHHH\ HHH\H‘HHHH\ \HHHH‘\HHHH HHHH\‘H\HHH (N
0 ps 20 ns 40 ns 60 ns 80 ns
6-2.
c [ ] \ L] L
S [ [ [
R [ [
Q] \ [
an— 1] \ \ 1
I | Cor o Lo I I I T R R R I |
0ps 50 ns 100 ns 150 ns 200 ns
6-3.
c \ \ \ \
D \ \ \
Q— ]
an—7F ] \
[ R | [ I R | | [
0ps 50 ns 100 ns 150 ns

6-4. (Errata: Flip-flop 1 is master-slave.)

@) There are no setup time violations. There is a hold time violation at 28 ns. There is an input
combination violation just before 24 ns.

b) There are no setup time violations. There is a hold time violation just before 24 ns. There is an input
combination violation just before 24 ns.

C) There is a setup time violation at 28ns.

d) There is a hold time violation at 16ns and a setup time violation at 24ns.

16
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6-5.
Present Next X
state Inputs state Output Y 5 A
A B X A B z
0 0 0 0 0 0 0 ClockpC_p
0 0 0 1 0 0 0 518~ z
0 0 1 0 0 0 0
0 0 1 1 1 0 0 ClockC p
0 1 0 0 0 0 0
0 1 0 1 0 0 0
0 1 1 0 0 1 1 0x/0, x0/0 10/1
0 1 1 1 1 1 1 0x/0
1 0 0 0 1 1 0
1 0 0 1 1 1 0
1 0 1 0 0 0 0
1 0 1 1 1 0 0 11/0 10/0 101 111
1 1 0 0 1 1 0
1 1 0 1 1 1 0
1 1 1 0 0 1 1
1o 1o 1o 1 0x/0 Q
11/0 0x/0, x1/1
Format: XY/Z (x = unspecified)
6-6.*
Present state Input Next state X=0
A B (o] X A B C
0 0 0 0 1 0 0 \ %
0 0 0 1 0 0 0 O_ O -
0 0 1 0 0 0 0 001 01 101
0 0 1 1 1 0 0
0 1 0 0 0 0 1
0 1 0 1 1 0 1 X =
0 1 1 0 1 0 1
0 1 1 1 0 0 1 @ ‘
1 0 0 0 1 1 0
1 0 0 1 0 1 0
1 0 1 0 0 1 0
1 0 1 1 1 1 0
1 1 0 0 0 1 1
{ { (1) (1) { { { State diagram is the combination of the above two diagrams.
1 1 1 1 0 1 1
6-7.
Present state Inputs Next state Output 0171, 1011 00/1, 11/1
00/0, 11/
Q X Y Q S
0 0 0 0 0
0 0 1 1 0 01/0, 10/0
0 1 0 1 0
(1) (1) (1) (1) (1) Format: XY/S
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

17
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6-8.
Present State | 00 | 01 | 00 | 00 | 01 | 1100|0111 |10] 10 |
mput |1 [o]o][t[t1[o[r]r]tr]1]o
Output [O[1 /0|00 |1|0|O|O]|O]|1
Next State | 01 | 00 | 00 | O1 | 11| 00| 01| 11| 10 | 10 | 00
6-9.*
00/1
01/1, 10/0
11/0
6-10.*
SA=B Sz =X0A
Rp,=B Ry,=X®A

>
W
x
>
W
<

Present state Input Next state Output ° ‘
1
0/ 0/1
1/0

Format: X/Y

—_—_ - —_ 0 0 O O
—_—_ 00—~ =~ O O
—_ o = O = O = O
—_—_ 00 —~, =~ O O
—_ O = O O = O =
—_ 0 0O —~, O = =~ O

6-11.
a)
The longest direct path delay is from input X through the two XOR gates to the output Y.
tdelay = [pdXOR * [pdXOR
=2.0ns + 2.0ns
=4.0ns
b)
The longest path from an external input to a positive clock edge is from input X through the XOR gate and
the inverter to the B FlipFlop.
tdelay = tpdXOR + tpd INV + GFF
=2.0ns + 0.5ns + 1.0ns
=3.5ns
9)
The longest path delay from the positive clock edge is from FlipFlop A through the two XOR gates to the
output Y.
tdelay = tpdFF * {dXOR * tpdXOR
=2.0ns + 2.0ns + 2.0ns

=6.0ns
d)

The longest path delay from positive clock edge to positive clock edge is from FlipFlop A through the XOR
gate and inverter to FlipFlop B.

18
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tdelay = tpdFF * [pdXOR * fpdINV + LFF
=2.0ns + 2.0ns + 0.5ns + 1.0ns
=5.5ns

The maximum frequency is 1/tgejaymax- For this circuit, the longest delay is 6.0 ns,
so the maximum frequency is 1/5.5 ns = 181.82 MHz.

6-12.
a)
The longest direct path delay is from input X through the four XOR gates to the output Y.
tdelay = [pdXOR * [pdXOR * tpdXOR + pdXOR
=2.0ns + 2.0ns + 2.0ns + 2.0ns
= 8.0ns
b)
The longest path from an external input to a positive clock edge is from input X through three XOR gates and
the inverter to the second B FlipFlop.
tdelay = tpdXOR + tpdXOR * [pdXOR * tpd INV + LFF
=2.0ns + 2.0ns +2.0ns + 0.5ns + 1.0ns
=7.5ns
)
The longest path delay from the positive clock edge is from the first FlipFlop A through the four XOR gates to
the output Y.

tdelay = tpdFF * [paXOR * fpdXOR + pdXOR t thdXOR
=2.0ns + 2.0ns + 2.0ns + 2.0ns + 2.0ns
=10.0ns
d)
The longest path delay from positive clock edge to positive clock edge is from the first FlipFlop A through
three XOR gates and one inverter to the second FlipFlop B.

tdelay = tpdFF * [pdXOR * tpdXOR + tpdXOR + pdINV + LFF
=2.0ns + 2.0ns + 2.0ns + 2.0ns + 0.5ns + 1.0ns
=9.5ns

The maximum frequency is 1/tge1ay-clockedge to clockedge- FOT this circuit, the longest delay is 10.0 ns,
so the maximum frequency is 1/9.5 ns = 105.26 MHz.

6-13.

X D s A
P C _
R P A

Reset

U

Clock
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b)
X D A
—C _
Pp— A
Reset
| \ R
L/ °
Clock >C -
pb———B
Y
No
|
6-14.*
D D
Present state Input Next state A B B B
1
A B X A B !
111
0 0 0 0 0 AlL]1 ! A
0 0 1 1 0 X X
0 1 0 0 1 . L .
0 1 1 0 0 Dy =AB + AX + BX Dg =AX + BX
1 0 0 1 0
1 0 1 1 1 Logic diagram not given.
1 1 0 1 1
1 1 1 0 1
6-15.*
Format: XY/Z (x = unspecified)
Present state Inputs Next state Output x1/x
00/0 00/1
Q) X v Q(t+1) z x1/x 10/0
0 0 o0 0 0
0 0 1 0 X
0 1 0 1 1 1071
0 1 1 0 X
1 0 0 1 1
1 0 1 0 X
1 1 0 1 0
1 1 1 0 X
6-16.

B OO OGO

D
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Next State The state assignment could be different.

Present state For Input Output E. g, stfate 7 could be. 000 with s.tate 0
001. This would permit use of R inputs

D,D,D, E=0 E=1 z on the D flip-flops for RESET.
000 001 001 0
001 010 010 0
010 011 011 0
011 100 100 0
100 101 101 0
101 110 110 0
110 111 111 0
111 111 000 1

RESET ]
+C P

?
g
g

D CLK—

6-17.

e i

Assumes for E = 0, the output remains

at 0.
Next State
Present state For Input Output

D2D1D0 =0 E=1 Z
000 001 001 0
001 010 010 1
010 011 011 1
011 100 100 1
100 101 101 1
101 110 110 1
110 111 111 1
111 111 000 0

21
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CLK

5

-

RESET
0,S=0

0/Z

X

6-18.%

| coocococoocococo—~—

Output

N|lo—~—o—~oco—~oc—~oc—~co

QOQlo—~occo—~coco—~oco

SO0 —~O—~O0O0OooOoO

Next state
B

||coococococoo—~o—0O

Input
X

Present state
B

22
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N
C—o—~0—~0—~0—O —
Qloco~—co—~—0 0 — —
cooco—~—~——000oOo
g |ococococococo —~———
O

H>C P

>C

CLK—
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6-19. (Errata: Last two bits of NRSI Message: change "01" to "10")

X=1/2Z=1 X=1/2=0
X=0/7=0 . Present Next
a.‘ state Input state Output
X=07Z=1 A X A z
0 0 1 0
0 1 0 1
1 0 0 1
1 1 1 0
X J
o D>
>Cr P z
CLK—| '
RESET
6-20.%
X=1/Z=1 X=0 / Z=1
‘ X=1/2=0 . Present Next
Q_‘ state Input state Output
X=0/2Z=0 A X A Z
0 0 1 0
0 1 0 1
1 0 1 1
1 1 0 0
X
S D
>CR P
|
CLK— RESET
6-21.
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Present state Inputs Next state Output Present state Inputs Next state Output
(o] D R A B C D E B (o4 D R A B C D E
0 0 0 0 0 0O 0 o0 0 0 1 1 0 0 0O 0 o0 0
0 0 0 0 1 1 0 o0 1 0 1 1 0 1 0 1 1 0
0 0 0 1 0 0 0 1 0 0 1 1 1 0 1 0 0 1
0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 0 0 1
0 0 1 0 0 1 0 o0 1 1 0 0 0 0 1 0 o0 1
0 0 1 0 1 1 0 o0 1 1 0 0 0 1 1 0 0 1
0 0 1 1 0 0 0 1 0 1 0 0 1 0 1 0 o0 1
0 0 1 1 1 0 1 0 0 1 0 0 1 1 1 0 0 1
0 1 0 0 0 1 0 o0 1
0 1 0 0 1 0 1 1 0
0 1 0 1 0 1 0 0 1
0 1 0 1 1 0 1 0 0
6-22.
Format: XY/Z (x = unspecified)
Present state Input Next state Output
A X Y A z 111
0 0 0 0 0 Ox/0 1071 <00
0 0 1 0 0 W
0 1 0 1 1
\_/
0 1 1 0 1
x1/0
1 0 o0 1 0
1 0 1 0 0
1 1 0 1 0
1 1 1 0 0
6-23.*
D A
+H >C p—
{ m) =
x D B
>C
Clock
6-24.*
a) S R|Q b) Format: SR
0 01]Q No Change 10,11
0 110 Reset 00,01 00, 10, 11
101 Set (o) (1)
1171 Set >~ -
01
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©
Present state Input Next state
S R Q(t+1) A B
0 0 0 0 0 X
0 0 1 0 0 X
0 1 0 1 1 0
0 1 1 1 1 0
1 0 0 1 X 0
1 0 1 0 0 1
1 1 0 1 X 0
1 1 1 1 X 0
=S
=SR
Als af
>
S Br b
R
Clock
6-25. (Errata: Change “state table in Table 6-5” to “state diagram in Figure 6-25(d).”)
X
A
L ™) ;) > D
>CR <4
I
.h, b |2
[ J
>CR o
D— T
|
), rl_/“ S
H \ >CR D-
— —1
| I
— z
! ) Reset
Clock
6-26.*
Present State Next State a) Dp= C ¢, d, e, f) The circuit is suitable for child’s toy, but not for life criti-
Do = A cal applications. In the case of the child’s toy, it is the
ABC ABC B~ cheapest implementation. If an error occurs the child just
000 100 Dc=B needs to reset it. In life critical applications, the immedi-
001 000 b)  Clear A = Reset ate detection of errors is critical. The circuit above enters
010 XXX _ invalid states for some errors. For a life critical applica-
011 001 Clear B = Reset tion, additional circuitry is needed for immediate detec-
100 110 Clear C = Reset tion of the error (Error = ABC + ABC). This circuit using
101 XXX . . . .
110 111 the design in a), does return from the invalid states to a
11 o011 valid state automatically after one or two clock periods.
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6-27.
Verification
Specification
Present state Input Next state Next state
Q S R Q(t+1) A B A B Q(t+1)
0 0 0 0 0 X 0 0 0
0 0 1 0 0 X 0 1 0
0 1 0 1 1 0 1 0 1
0 1 1 1 1 0 1 0 1
1 0 0 1 X 0 0 0 1
1 0 1 0 0 1 0 1 0
1 1 0 1 X 0 1 0 1
1 1 1 1 X 0 1 0 1
6-28. (Errata: Change “6-25" to “6-23” Change “Table 6-6” to “Figure 6-40” Change “Z” to “Y”)
Clock [ \ \ [ \ \ [ \ \ [ \
Reset
X \ \
Y
A A
B A
H\HHH‘HHH\H\HHHH‘HHH\HHH\HH‘H\HHHH\HHH‘H\HHHHH\
0ps 20 ns 40 ns 60 ns ns
6-29.*
Reset, 00, 01, 00, 01, 11, x0, x0, 01, 10,
00/0 01,01, 11, 11, 11, 10.
RESET——
7 11

Format: XY/Z

26



Problem Solutions — Chapter 6

6-30.

- rgm L
'__! +>C p—
’_| Clock
SH,
—
Clock l \ \ l \ \ l \ \ l \
Reset
X [ ‘ ﬁ
Y
A
B
Crrrr b rrrrrrrrabrrrcrcrcrberercrooc bocrcebocrcrcro bocrcco bocrco o b
0ps 20 ns n 60 ns 80 ns
6-31.*
Clock J | J J | J | | J | J
J |
Ki—— 7
Y——— ] i ‘ ]
Q———— | | [
T T T T T T S T A T R O B B B
0 ps 50 ns 100 ns 150 ns

This simulation was performed without initializing the state of the latches of the flip-flop beforehand.
Each gate in the flip-flop implementation has a delay of 1 ns. The interaction of these delays with the
input change times produced a narrow pulse in Y at about 55 ns. In this case, the pulse is not harmful
since it dies out well before the positive clock edge occurs. Nevertheless, a thorough examination of such
a pulse to be sure that it does not represent a design error or important timing problem is critical.
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6-32.*
library IEEE;
use IEEE.std_logic_1164.all;

entity mux_4tol is
port (
S:in STD_LOGIC_VECTOR (1 downto 0);
D: in STD_LOGIC_VECTOR (3 downto 0);
Y: out STD_LOGIC

end mux_4tol;

-- (continued in the next column)

architecture mux_4tol_arch of mux_4tol is
begin

process (S, D)

begin

case S is
when "00" =>Y <= D(0);
when "01" =>Y <= D(1);
when "10" =>Y <= D(2);
when "11" =>Y <= D(3);
when others => null;

end case;

end process;
end mux_4tol_arch;

6-33.

library IEEE;
use IEEE.std_logic_1164.all;

entity mux_4tol is
port (
S:in STD_LOGIC_VECTOR (1 downto 0);
D: in STD_LOGIC_VECTOR (3 downto 0);
Y: out STD_LOGIC

end mux_4tol;

-- (continued in the next column)

architecture mux_4tol_arch of mux_4tol is
begin

process (S, D)
begin

if S ="00" then Y <= D(0);
elsif S = "01" then Y <= D(1);
elsif S = "10" then Y <= D(2);
elsif S ="11"then Y <= D(3);
else null;

end if;

end process;
end mux_4tol_arch;

6-34.%

library IEEE;
use IEEE.std_logic_1164.all;
entity serial_BCD_Ex3 is
port (clk, reset, X : in STD_LOGIC;
Z :out STD_LOGIC);
end serial_BCD_Ex3;

architecture process_3 of serial_BCD_Ex3 is

type state_type is (Init, B10, B11, B20, B21, B2X,
B3XO0, B31);

signal state, next_state: state_type;

begin

-- Process 1 - state register
state_register: process (clk, reset)
begin
if (reset ='1") then
state <= Init;
else if (CLK'event and CLK='1") then
state <= next_state;
end if;
end if;
end process;

-- (continued in the next column)

-- Process 2 - next state function
next_state_func: process (X, state)
begin
case state is
when Init =>
if (X ='0") then
next_state <= B10;
else
next_state <= B11;
end if;
when B10 =>
if (X ='0") then
next_state <= B20;
else
next_state <= B21;
end if;
when B11 =>
next_state <= B2X;
when B20 =>
next_state <= B3X0;
when B21 =>
if (X ='0") then
next_state <= B3X0;
else
next_state <= B31;
end if;
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when B2X =>
if (X ='0") then
next_state <= B3X0;

else

next_state <= B31;

end if;

when B3X0 =>
next_state <= Init;
when B31 =>
next_state <= Init;

end case;
end process;

-- Process 3

output_func:

begin

-output function
process (X, state)

case state is
when Init =>

if (X ='0") then
Z<="1"

else

7 <="0"

end if;

when B10 =>
if (X ='0") then
Z<="1"

-- (continued in the next column)

113 I U (S B A
reset [ |
X [ \ [ \
z L] L] L |
state [t )70 |p20] |b3x0 [ b0 Jb20 _ )b3x0__Jint ___Jbi0___Jp21 _ |b3x0 _ )ini |
T T T T T T T T T T T O A T A T A B S B U A B O RO RO
0 50 100 50
ek | L L[ L L
reset
x \ [ [ L
z[ L] L | ]
state [t 610 Jb21 |31 Jimt __ )b11] Jb2x _ )b3x0__ Jimt __ )bi1__ Jb2x| )b31 ik
T T T T T T T T O T A A S A A S O T A AR O B
250 50 450

else

7Z<="0";

end if;

when B11 =>
7 <=X;
when B20 =>
7 <=X;
when B21 =>
if (X ='0") then
Z<="1"

else

7 <="0"

end if;

when B2X =>
if (X ='0") then
Z<="14

else

7 <="0"

end if;

when B3X0 =>
7<=X;

when B31 =>
Z<="1"

end case;

end process;

end process_3;
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6-35.
library IEEE; next_state_process: process (X, Y, state)
use IEEE.std_logic_1164.all; begin
entity Zseq_circuit is case state is
port ( when A =>
X, Y, CLK, RESET: in STD_LOGIC; if (X ="1"and Y ='0'") then next_state <= B;
Z: out STD_LOGIC else next_state <= A;
)s end if;
end seq_circuit; when B =>
if Y ='1' then next_state <= A;
architecture seq_circuit_arch of seq_circuit is else next_state <= B;
type state_type is (A,B); end if;
signal state, next_state: state_type; end case;
begin end process;
state_register: process (CLK, RESET) output_func: process (X, state)
begin begin
if RESET='1" then--asynchronous RESET active High case state is
state <= A; when A =>
elsif (CLK'event and CLK='1") then --CLK rising edge 7 <=X;
state <= next_state; when B =>
end if; Z <=not X;
end process; end case;
end process;
-- (continued in the next column) end seq_circuit_arch;
6-36.
library IEEE; next_state_process: process (X, state)
use IEEE.std_logic_1164.all; begin
entity NRZI is case state is
port ( when SO =>
X, CLK, RESET: in STD_LOGIC; if (X ='1") then next_state <= SO;
Z: out STD_LOGIC else next_state <= S1;
)s end if;
end seq_circuit; when S1 =>
architecture process_3 of NRZI is if (X ='1") then next_state <= SO;
type state_type is (S0,S1); else next_state <= S1;
signal state, next_state: state_type; end if;
begin end case;
state_register: process (CLK, RESET) end process;
begin output_func: process (X, state)
if RESET="1" then--asynchronous RESET active High begin
state <= SO0; case state is
elsif (CLK'event and CLK='1") then --CLK rising edge when SO0 =>7Z <= X;
state <= next_state; when S1 =>7 <=not X
end if; end case;
end process; end process;
-- (continued in the next column) end process_3;

S A ) ) S )

reset [ |
x| [ [ L L | L
state [sO [s1 [sO  Jsi [sO  Jsi [sO

z| [ LT ] 1 1 1 N

R R R RN AR
0 100 200
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6-37.*
library IEEE;
use IEEE.std_logic_1164.all;
entity jkff is
port (
J,K,CLK: in STD_LOGIC;
Q: out STD_LOGIC

);
end jkff;

architecture jkff arch of jkff is
signal q_out: std_logic;
begin

state_register: process (CLK)
begin

case J is
when '0
if K
end
when 'l
if K
else

end

.
="'1"then
g_out <="0";
if;

g

='0" then
g_out <="1";

g_out <= not q_out;
if;

when others => null;

end case;
end if;
end process;

if CLK'event and CLK='0" then --CLK falling edge

-- (continued in the next column)

CLE

oo

Q <= q_out;

end jkff_arch;
[u} |lEIEIn5 |2EIEIn5 200n=
oo bhooood oo b d oo oo b oo oo

| | | | | | | | | | | | |

I S S |
L | | | |
- ] I

6-38.
module problem_6_38 (S, D, Y);
input [1:0] S ;
input [3:0] D ;

output Y;
reg Y ;

// (continued in the next column)

always @(S or D)
begin
case (S)
2'b00 : Y <=D[0] ;
2'b01: Y <=DJ[1];
2'b10:Y <=D[2];
2'bll:Y <=D[3];
endcase;
end
endmodule

6-39.*
module problem_6_39 (S, D, Y) ;
input [1:0] S ;
input [3:0] D ;

output Y;
regY ;

/I (continued in the next column)

always @(S or D)
begin
if (S ==2'b00) Y <= DI[0];
else if (S==2'b01) Y <=D[1];
else if (S==2'b10) Y <=DI[2];
else Y <= DI[3];

end
endmodule

31
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6-40.+

//Serial BCD to Excess 3 Converter
module serial_BCD_Ex3(clk, reset, X, Z);
input clk, reset, X;
output Z;

reg[2:0] state, next_state;

parameter Init = 3'b000, B10 = 3'b001,
B11=3'b011, B20=3'b010, B21 = 3'b110,
B2X =3'bl111, B3X0 =3'b100, B31 = 3'b101;

reg

Z,

// State Register
always @(posedge clk or posedge reset)

B2X: if (X ==0)

else

next_state <= B3XO0;

next_state <= B31;

B3XO0: next_state <= Init;
B31: next_state <= Init;
endcase

end

// Output Function
always@(X or state)

begin begin
if (reset==1) case (state)
state <= Init; Init: if (X ==0)
else Z<=1;
state <= next_state; else
end 7 <=0;
B10: if (X ==0)
// Next StateFunction Z<=1;
always@(X or state) else
begin Z<=0;
case (state) Bll: Z<=X;
Init: if X ==0) B20: Z <=X;
next_state <= B10; B21:if X ==0)
else Z<=1;
next_state <= B11; else
B10: if X ==0) Z <=0;
next_state <= B20; B2X:if (X==0)
else 7Z<=1;
next_state <= B21; else
B11: next_state <= B2X; Z <=0;
B20: next_state <= B3X0; B3X0: Z <= X;
B21:if (X ==0) B31:Z <=1,
next_state <= B3XO0; endcase
else end
next_state <= B31; endmodule
/I (continued in the next column)
. 113 A N (I O O B B

State Assignment rosot [

State State X \ \ [ \

Code  Name [ 1| ] ] [ s IR
000 Init state [000 001 [o10] 700 __ )ooo 001 fo70___ J700| Joo0 __ Jood 110|100 __ Jooo
001 B10 T T T T T T O T T S T I I T T A O O O R U R S B A A O

0 50 100 150 200 250
010 B20
ek | L L L e ]
011 Bl1l reset
100 B3X0 ol — | ‘ ‘ —
zf L] L | L[]
101 B31 state [000 J0O1 )10 __J101 __J000 _ Joii] )11 )00 _ Jooo _ Joii___Jiii] _Ji0i___)ooo
110 B21 T T T T T T T T T T T T A T T A T A O R R S R R R O B R O
250 300 350 400 450 500
111 B2X
6-41.

module seq_circuit (X, Y, CLK, RESET, Z) ;

inpu

t X, Y, CLK, RESET ;

output Z ;

reg [2:0] state, next_state, Z;

// (continued in the next column)

32

parameter SO = 3'b000, S1 = 3'b001;

//State register process
always @ (posedge CLK or posedge RESET)

begin

if (RESET)
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state <= SO;
else
state <= next_state;
end
/INext state function
always @(X or Y or state)
begin

//Output function
always @(X or Y or state)
begin
case (state)
S0: Z<=X7?(Y?1b0:1bl): 1'b0;
S1: Z<=X?1b0: (Y ?21b0:1bl);

case (state) endcase
S0: next_state <= X ? (Y ? SO : S1) : SO; end
S1: next_state<=Y ? SO : S1; endmodule
endcase
end
// (continued in the next column)
6-42.
//INRZI Code Generator ifX==1)
module NRZI (X, CLK, RESET, Z); next_state <= S0;
input X, CLK, RESET; else next_state <= S1;
output Z; St:
reg state, next_state, Z; if X==1)
parameter SO =0, S1=1; next_state <= S1;
else next_state <= S0;
//State Register endcase
always@ (posedge CLK or posedge RESET) end
begin
if (RESET == 1) // asynchronous RESET active High always @ (X, state)
state <= SO; begin
else case (state)
state <= next_state; SO:
end 7 <=X;
St:
/INext State Function 7 <= ~X;
always@ (X or state) endcase
begin end
case (state) endmodule
SO:
(o], < I I e s
RESET | |
X | L L L
state [0 1 0 1 () 1 10
z| [ L 1 [ [ [ [
R R R RN R
0 ps 100 ns 200 ns
6-43.*

module JK_FF (J, K, CLK, Q) ;

input J, K, CLK ;

always @(negedge CLK)
case (J)
0'b0: Q<=K?0: Q;

output Q; 1'tl: Q<=K?~Q: 1;
reg Q; endcase
endmodule
[u} |lEIEIn5 |2EIEIn5 200n=
oo bhooood oo b d oo oo b oo oo
CLE | | | | | | | | | | | | | |
I S S |
L | | | |

ooy

- ]
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PART 2

PROBLEM SOLUTIONS

NOTESON SOLUTIONS:

1. Legal Notice: This publication is protected by United States copy-
right laws, and is designed exclusively to assist instructors in teaching
their courses. It should not be made available to students, or to anyone
except the authorized instructor to whom it was provided by the pub-
lisher, and should not be sold by anyone under any circumstances.
Publication or widespread dissemination (i.e. dissemination of more
than extremely limited extracts within the classroom setting) of any
part of thismaterial (such as by posting on the World Wide Web) is not
authorized, and any such dissemination will violate the United States
copyright laws. In consideration of the authors, your colleagues who
do not want their students to have access to these materials, and the
publisher, please respect these restrictions.

2. Companion Website Problem Solutions. The solutions to all
problems marked with a* are available to students as well as instruc-
tors on the Companion Website.

3. Prablem Challenge: The problems marked with a + are designated
as more challenging than the typical problems.

4. Text Errata Notations. Text errata are noted at the beginning of a
problem if those errata affect either the problem or its solution. These
notes indicate only errors identified in the first printing of the 3rd Edi-
tion and are expected be removed after the first printing.

5. Solutions Errata: Erratafor these solutionswill be provided on the
Companion Website in the Errata section.
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CHAPTER 7

7-1.
Clock [ l \ l r
Reset | [ ]
Losdm—— [ 1 1 1
c— 1 I —
D —— {0000 {101 o101 {0000
Q ——{0000 {1010 f0101
HH\HHHHHHH‘\HHHHHHHHH HHHHH\HHHH‘HHHHHHHH\H HHHHHHHH\H‘HH
ps ns 80 ns
7-2.
Clock [ ] T
Reset [ ]
toed —m™—— [ [ 1 L
Ch [ 11 [ 11 [
D —— {0000 1010 J0101 J0000
Q —— {0000 (1010 J0101
e b boocccnenoc b e b
0ps 40 ns 80 ns
7-3.
(@  R1+2scomplement of R2=2"+R1-R2. If R1>R2, theresultis>2". The2" givesC=1.
R1 + 2'scomplement of R2= 2"+ R1 - R2, if R1 < R2, theresult is < 2" giving C = 0.
(b) If C=1then R1> R2 and there is no borrow.
If C = 0then R1 < R2 and thereisaborrow. Thus, the borrow is the complement of the C status bit.
7-4.*
1001 1001
1100 0011
1000 0001 AND
1101 1011 OR
0101 1010 XOR
7-5.
@ AND, 1010 101010101010 (b)  OR, 1111 0000 0000 0000
()] XOR, 0000 1111 1111 0000
7-6.*
sl 1010 0110 s 0010 1001
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7-7.*

Connections to MUX datainput O and data input 3 remain the same. Qj_; is connected to MUX datainput 2 instead of MUX
Datainput 1. Finaly, 0 is connected to MUX datainput 1.

7-8.*
a 1000, 0100, 0010, 0001, 1000
b) # States=n
7-9.
a) 0000, 1000, 1100, 1110, 1111, 0111, 0011, 0001, 0000
b) # States=2n
7-10.
a 5 b) 8
7-11.°
Examine an n-bit ripple counter and an n-bit synchronous counter. If either
of these counters cycles through all of its states, there are 2(2") = 2™1
transitions for the clock, and there are 2™ 2 total transitions for all flip-
flop outputs. For the ripple counter, the clock transitions occur on the
input of only one stage, the Oth stage. For the synchronous counter, the
clock transistions occur on the inputs to all of the n stages. Combining the
transition counts above, the ration of the input + output transitions for the
synchronous counter compared to the ripple counter is:
[n2™L 4+ 2o [2™L + 2™ 9] & (n + 1) 2™Y2 (2™Y) = (n+1)/2
Thus, the power dissipated by the synchronous counter is at least as large
asthat dissipated by the ripple counter in all cases and grows more rapidly
with the number of stages.
7-12.
CLK
L,cm 4 L, CIR 4 L, CIR 4 L,cTR 4
Count——EN QO}— EN QO EN QO EN QO|—
4% (CO delay) + (C1-C3 delay) 8% | Qp-Qs 8% | Q4-Q; 8% | Qg-Qu1 8; [ Q12-Q15
=4+ 1=5AND gates Q3 Q3 Q3 Q3
C COl C col—
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+
7-13.
Enable {
LEN CTR 8  —{en CTRS
Clock Q- C© A
| |
L [en CTR 8 ﬁ}_ en CTR 8
Q16-Q23 co YT QuQar co
| |
LIen CTR 8 H }_EN CTR 8
9 co — L1 o col—
32-Q39 Q40-Qa7
| |
Assume delay of XOR = delay of AND.
Delay serial =2+ 1+7(1)+1+1=12
L]en CTR 8 | [en CTR8  |Delay this circuit=2+ 1+ 2(1)+1+1=7
QugQss °© P Q50 O Frequency ratio = 12/7
| |
7-14.
CLK—b CTR 4 clk_pCTR?
Load Load
1 —Count 1 —Count
Di Q D; Q
D2 Qf— D; Q
D; Q3 D; Qs
7-15.
Clk
Init iDt’ CTR4Z CTR4
Load Load
1——]Count Count
—Do Qo[ r{Ds Qal—
81 81 [— : gﬁ 85 —
2 2 6 6
—D; Q3f— +—D; Q7
cO col—
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7-16.*
The equations given on page 337 can be manipulated into SOP form as follows: Dy =
Qp D2 =Q2® Q1Qg = Q1Q2Qg + Q1Q; + QyQg, D4 = Q1 ® Q1Q2 = Q1QQ4 + Q1Q4
+Q5Q4 Dg= Qg @ (Q1Qg + Q1Q:Q4) = Qg(Q1Qe+Q1Q2Q4) + Qg(Q1 + Qg)(Q1 + Q2
+Qy) = Q1Q,Q4Qg + Q1 Qg. These equations are mapped onto the K-maps for Table
7-9 below and meet the specifications given by the maps and the table.
Dy Q D, Q
TIllo|o |1 oll1]| o |
10| 0{1 1 1
x Q4 | ] Q4
Qg X XX 1X 0 LX | XXX
8
LA 0] X x| 0| 0| x|[X
Q1 Q To add the enable,
Dy D Dg Q, change D1 to:
= - For the other three func-
0 0
11 1] Q4 - 0 0 1 Q4 tions, AND EN with the
QgtX x| x [x] Qg X[ X X [X]  expresson XORed with
0|0 |7 X _j 0| x|lx] the state vaiable. The
qQ, Q circuit below results.
Do
] 1
Pc p
Q2
>C P
|| H>c P
l
5 Qs
= | v>C o—‘
Clock
7-17.%
Present state Next state a) Dg=C b) D, =BC+AC
A B C A B C DC:EC DB=K§C+BC
0 0 0 1 _
0o 1 10 Dc=C
1 0 0O O
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 o 1 1
0 1 1 1 0 O
1 0 0 1 0 1
1 0 1 0O 0 O
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7-18.
Present state Next state Dp= ABC+AB
B C A B C Dg=C+AB
0 0 0 0 0 1 Dc=AB
o o0 1 0o 1 1
0 1 0 1 0 O
0 1 1 0 1 0
1 0 0 1 1 0
1 1 0 0 0 0
7-19.
Present Next DA =B
state state FF Inputs
P Dg=C
D D D D D Dc= D
ABCDE ABCDE , B c b E
00001 00010 O 0 0 10DD__E
00010 00100 0 o0 1 o0 o DE=A
00100 01000 O 1 0 o0 o UseABCDascounter
01000 10000 1 0 0 0 0
10000 O0O0OOOIZ121 0 0 0 0 1
7-20.
The basic cell of theregister is as follows:
s1
)
s1
) D out
S1 P>C o
n so:I ) Ml
Clock
7-21.*
L> R2
oad Load
C3
Clock:
7-22.
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7-23.*
—LoAD
C2C1Co I
—b,
E W :
] D —153 3
LOAD
> C
BTD 12 %g_
Clock
7-24.
Co—
D A
Cy
>C o}
D B
>C
I D—|
Clock
7-25.
SO?-
S1 LD’ D RO
_>C D_
D R1
>C
Clock
7-26.

Cl= S, for lowest order bit.
Cl = CO for other bits.

T 1

cl
s | ) A S D B
1 B COl—CO

Clock
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7-27.
2x1-Mux J
0
o RO
So |
Cc
2x1-Mux J
o] R1
»—|1SO |
1
Ca J
R2
1
Clock
7-28.*
) cik, CTR 4
R2 ADD 4 | St —Load
[ REG4 0—cl (C;%D— Count R1
P03 Qu-3) Aw-3) Co-3) D-3) Q-3
|_ Bo3) cof— co—
R1
b) Cles REG 4
€2 D De-3) LQ(0’3)—‘
|
ADD 4
'—| >0 Cl R2
o S— A3 Coa)— REG 4
Bos co— —1Do-3)  Qeo-3)
Clock ! —‘
7-29.
The register transfer logic is as follows:
Operation Select Load
S1|SO(LO|L1|L2
CA:R1<-RO o(0fo0[1]0
CB:RO<-R1,R2<-RO |[O|1]|1|0 |1
CC:R1<-R2,RO0<-R2 [1|0|1|1]|O0
cC——31
CB——X0

L—I>—
AT >—u1

CB ——L2
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RO
| | —
0 S; S
1 1 o_‘ lo
2
3-to-1 Mux

I_
3
N

|

Clock

7-30.
Replace multiplexer with:
Ky
R1
4 4
—— RO
4
R2————
7-31.*
a) Destination <- Source Registers b) Source Registers -> Destination
RO <- R1, R2 RO -> R4
R1<-R4 R1-> RO, R3
R2 <- R3, R4 R2 -> RO, R4
R3<-R1 R3 ->R2
R4 <- RO, R2 R4 ->R1, R2
¢) The minimum number of buses needed for operation of the transfers
is three since transfer Cb requires three different sources.
d)
MUX
7-32.

a) Using two clock cycles, the minimum # of buses is 2 .

b)

) (2 (9 (3|9 9 6 (9 ) B B

[MUX]

[MUX]
L |

10
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7-33.

Two clock cycles minimum

[Re] | [Re] [Rs] [Rg] [Re]
MUX

7-34.*
1000, 0100, 1010, 1101 0110, 0011, 0001, 1000

7-35.*
Shifts | 0 1 | 2 | 3 | 4
A 0111 | 0011 | 0001 | 1000 | 1100
B 0101 | 0010 | 0001 | 0OOO | 0000
C 0 1 1 1 0

7-36.*

library IEEE;

use |IEEE.std_logic_1164.all;

entity reg_4_bitis
port (
CLEAR, CLK:in STD_LOGIC;
D:in STD_LOGIC_VECTOR (3 downto 0);
Q: out STD_LOGIC_VECTOR (3 downto 0)

);
end reg_4 bit;

architecturereg_4_bit_arch of reg_4 bhitis
begin

process (CLK, CLEAR)
begin
if CLEAR ='0"then
Q <="0000";
edf (CLK'event and CLK="1") then
Q<=D;
end if;
end process;

end reg_4 bit_arch;

--CLK rising edge

--asynchronous RESET active Low

clk
clear
d [0000 Y1010 J0101 J1111
g 0000 J1010 0101 {0000
I
0 40

11
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library |EEE;
use |[EEE.std_logic_1164.all;

entity reg_4 hitis
port (
LOAD, CLK: inSTD_LOGIC;
D: in STD_LOGIC_VECTOR (3 downto 0);
Q: out STD_LOGIC_VECTOR (3 downto 0)
);
end reg_4 hit;

-- (continued in next column)

architecture reg_4 bit_load_arch of reg_4 hitis
begin

process (CLK)
begin
if (CLK'event and CLK="1") then --CLK rising edge
if LOAD ="1"then
Q<=D;
end if;
end if;
end process,

endreg_4 hit_load_arch;

clk I A e IR R B
load | [ |
d [0000  |1010 j0101 J1111
g [UUUU {1010 (1111
HHHHHHHH\H‘HHHH\HHHHH HHHHHH\HHH‘HHHHHHHH\H
0 40 80
library ieee; architecture counter_4_bit_arch of counter_4 bit is
useieee.dd logic_1164.dl; component dff
entity dff is port(CLK, RESET, D: in std_logic;

port(CLK, RESET, D: in std_logic;
Q: out std_logic);
end dff;

architecture pet_pr of dff is
-- Implements positive edge-triggered bit state storage
-- with asynchronous reset.
signal state: std_logic;
begin
Q <= dtate;
process (CLK, RESET)
bei

egin
if (RESET ='1) then
state <="0';

se
if (CLK'event and CIK ='1") then
state <= D;
endif;
end if;
end process;
end;

library |IEEE;
use |IEEE.std_logic_1164.all;
entity counter_4_bit is
port (
Clock, Reset, EN: in STD_LOGIC;
Q: out STD_LOGIC_VECTOR (3 downto 0);
CO: out STD_LOGIC

end céunter_4_bit;

Q: out std_logic

end component ;
signal D_in, C, Q_out: std_logic_vector(3 downto 0);

begin
C(0) <= EN;
C(1) <= C(0) and Q_out(0);
C(2) <= C(1) and Q_out(1);
C(3) <= C(2) and Q_out(2);
CO <= C(3) and Q_out(3);

D_in(0) <= C(0) xor Q_out(0);
D_in(1) <= C(1) xor Q_out(1);
D_in(2) <= C(2) xor Q_out(2);
D_in(3) <= C(3) xor Q_out(3);

bit0: dff

port map (Clock, Reset, D_in(0), Q_out(0));
bitl: dff

port map (Clock, Reset, D_in(1), Q_out(1));
bit2: dff

port map (Clock, Reset, D_in(2), Q_out(2));
bit3: dff

port map (Clock, Reset, D_in(3), Q_out(3));

Q<=Q_out;

end counter_4 bit_arch;

21 I B e e e e e I
reset [ |
en| | L]
q [0000 J000L )0010 J00iL )0100 010l )oii0 011l 1000 Y1001 1010 Ji0ii Ji100 Ji101 )ii10 Jiiii )0000
co \ \ [
0\\\\\\\\\‘\\\\\\\\\100\\\\\\\\\‘\\\\\\\\\200\\\\\\\\\‘\\\\\\\\\300\\\\\\\\\‘\\\\\\\\\400

12
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7-39.*
module register_4 bhit (D, CLK, CLR, Q) ;
input [3:0] D ;
input CLK, CLR;
output [3:0] Q;
reg[3:0] Q;
aways @(posedge CLK or negedge CLR)
begin
if (~CLR) [lasynchronous RESET active low
Q = 4'b0000;

else
Q=D;
d

en
endmodule

/luse CLK rising edge

CLK

I .

]

CLR

D {0000 {1010 J0101

[I111

Q [0000 1010

0101 0000

HH\HH‘HH\HH H\HHH‘HHHH\
0

7-40.
module register_4 bit_load (D, CLK, LOAD, Q) ;

input [3:0] D;
input CLK, LOAD ;
output [3:0] Q;
reg[3.0] Q;
aways @(posedge CLK)
begin

if (LOAD)

Q=D;

end
endmodule

CLK
LOAD

I
\

I

I B
L

0000 {1010 J0101

[I1i1

1010

1111

HH\HH‘HHHH\ HH\HH‘HHHH\ [N
0 0 4

13
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7-41.
/1 4-bit Binary Counter C[0] =EN,
1 Positt ) . . ) C[1] =C[0] & Q[0],
Positive Edge-Triggered D Flip-Flop with Reset: C[2] = C[1] & Q[1],
C[3] = C[2] & Q[2],
module dff_v(CLK, RESET, D, Q); CO=C[3] & Q[3];
input CLK, RESET, D;
output Q; assign
reg state; D_in[0] = C[0] ~ Q[Q],
! D_in[1] = C[1] ~ Q[1],
assign Q = state; D_in[2] = C[2] ~ Q[2],
D_in[3] = C[3] * Q[3];
glwgys @(posedge CLK or posedge RESET)
in
?? (RESET) dff_v
state <=0; ~ g1(Clock, Reset, D_in[0], Q[O]),
else g2(Clock, Reset, D_in[1], Q[1]),
state <= D; g3(Clock, Reset, D_in[2], Q[2]),
end g4(Clock, Reset, D_in[3], Q[3]);
endmodule
endmodule

module Counter_4bit (Clock, Reset, EN, Q, CO) ;
input Clock, Reset, EN ;

output [3:0] Q;

output CO ;

wire[3:0] Q;

wire[3:0] C, D_in;

/I (continued in next column)

Clock| [ L[ LT LI LILI1 7ty ere
Reset | | 1
EN| ] L LI
Q [0000 J0001 {0010 0011 {0100 0101 0110 0111 1000 J1001 J1010 J10I1 J1100 J1101 J1110 Y1111 0000 )
co \ \ [
0\\H\HH\HHHH\100\\\HHH\\HHHHZOO\H\HH\\\\HHH\EOO\HHHH\HHH

14
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CHAPTER 8

8-1.*
Inputs: XX,
Outputs: Z,Z,
00 01
10
S2
Zl=1
22=0
v
00 01
11 10
8-2.*
A: 0 1 1 0 1 1 0 1
B: 1 1 0 1 0 1 0 1
[S1] 1 0 1 0 1 0 1
State: ST1 ST1 ST2 ST3 ST1 ST2 ST3 STl ST2
Z: 0 0 0 1 0 1 1 0
8-3.
0XX
PS IN NS| Z|| PS IN NS| Z||PS IN NS|z
A|B|C A|B|C A|B|C
STHO|0|0STYO0||ST2|0|0|0|ST3[0||[ST3[0[0|0O|ST1|1
ST 0|0|1(STYO0||ST2|0|0|1|ST3[0||ST3|0|0|1]|ST1|1
ST 0|1|0|STYO||ST2|0|1|0|ST1|1||[ST3{0|1|0|ST1|1
STYO|1|1(STYO||ST2|0|1|1|ST3[1||ST3[0|1|1]|ST1|1
ST 1|/0|0(STZ0||ST2|1|0|0|ST3[0|[ST3[1|{0|0|ST1|1
ST11|0|1|ST40(|ST2|1|{0|1|ST3|0||ST3|1|0|1|ST1|1
STY1|1|0(STZ0||ST2|1|1|0|ST1|{1||ST3[1|1|0|ST1|1
X111 STY1|1(1(STZ0||ST2|1|1|1|ST3[1|[ST3|1|1|1]|ST1|1

16
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8-5.*

o
2>>
[N
o

X
[

17
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8-6.+
a) Regions marked A, B, and C are defined in part b. b) Insert the following in the ASM chart in the A and C regions, respectively:
IDLE RI NSEll 1 A
IDLE
COLD
A 0
PN 0 <> <Gal>
0 1
WASHZ| 1 1 1
@ — Goto Label ‘B’
Load
—| HOT 0
RINSE2
DEC
0 —>] TURN

A
1 A
0
<> C
SH2
1
Go to State*IDLE @

0

O
o lw

SPIN1

DRAIN

odolg

SPIN2

DEC
TURN
DRAIN

i

8-7.
/
SO S1 l 2 l S3 l
GN YN RN RN
RE RE GE YE
0 1 1 é> 0 %5 1 1 /TK 0
8-8.*

STA(t+1)=ST1.-A+ST2.B-C+ST3, ST2(t+1)=ST1.A, ST3(t+1)=ST2(B +C), Z=ST2-B+ST3
For the D flip-flops, Dgtj = STi(t + 1) and STi = Qg7i. Reset initializes the flip-flops: ST1 =1, ST2 =ST3 =0.
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8-9.*
State Assignment DYO—{D ﬁl; DECODERE) ST1 A—}DYO
| Y1vo rC 50 11512
R 21 2 ST3 B_"—D=
ST1 00 Q DY1
01 ]
ST2 Vi c
ST3 10 DY1—D
>C
5 z
Reset 7
8-10.+
CLK
RESET
_IDLE
Start — . S
M c o]
LD
wasH1 HOT RINSE1 Q
Full - Ho Full — U |
>—>CR D . R b
WASH2
Zero — 1N 710 — [ RINSE2
D—>CR D > R b
SPIN1
SPIN3
Empty_, e || Empty Iy PIN
D MPer P +Bcr P
e SPIN4
Zero — Ho Zero — 1NN
_>C R o] _>CR o) — - -
— L =
DEC = TURN DRAIN LOAD
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8-11.*
100110  (38) 100110
x 110101 (x53) 110101
100110 000000 Init PP
000000 100110 Add
100110 100110 After Add
000000 0100110 After Shift
100110 00100110 After Shift
100110 100110 Add
11111011110 (2014) 10111110 After Add
010111110 After Shift
0010111110 After Shift
100110 Add
1100011110 After Add
01100011110 After Shift
100110 Add
11111011110 After Add
011111011110 After Shift
8-12.
STATE[ P| B JC] A Q
IDLE | X [1010[X| X 1011
MULO [011]1010| 0] 1010 | 1011
MUL1 [011]1010]{ 0| 0101 | 0101
MULO [010[1010| 0] 1111 | 0101
MUL1 [010]1010| 0] 0111 [ 1010
MULO |001| 1010 | 0| 0111 1010
MUL1 [001]1010[ 0] 0011 | 1101
MULO [000]1010| 0] 1101 | 1101
MUL1 |000] 1010 | 0| 0110 1110
IDLE [111]1010| 0| 0110 | 1110
8-13.
Time = 2(n+1)f
8-14.
Max Value 2n bits= 22— 1
Max Multiplicand = Max Multiplier = 2" -1
@" - x (" —1)= 22— 20*D 1 1<22"_17 Yes since2™*D >2forn>0
8-15.

(@) The maximum product sizeis 32 bits. The product is available in registers A and Q.

(b) The counter Pis4 bitswide. Theinitial value loaded is (1111),.
(c) Z isgenerated by a4-bit NOR gate driven by the P counter.
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8-16.*

IN

| A(14:0)||0 B(14:0)|0
CIK § ¥ cik asopy Y [
LA-—lLV AR | LB*IL BR | 5 MUX
CII_K
- : v
aaso)Bt 15 Buso) s
| >
R is a synchronousreset that overides any
simultaneous synchronous transfer.
ol
"D D Rt
>C >C >
R R R
T LA T LB T
Reset ‘
8-17.+

n-1 ”’\‘n
* Multiplicandv

Counter P Register B

log,n " ]
’7 —‘

Zero detect |SUB‘> Parallel
I aralle

G (Go) Cout Adder-Subtractor

< n o
Control Q \ Multiplier

Unit = 0 . .
Qi1 | =»| c | shift Register A

Y

Shift Register Q [»FF Q.1

v ¥
Product

Control signals oUT
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IDLE +‘

MULO +

A« A-B,
C(—Cout

\

MUL1 Y
C<«0,CllAllQ«srCll41Q,
Pe—P-1
0 1
z
8-18.+
stat=0 £°1 Z=0 A: Initial State
B: BR <- Input A, AR <-InputB, PR<-0
QE)—>‘—> C:PR<-BR+PR,AR<-AR-1
Start=1
| BR |-LD In
n LD
v AR DEC
ADD n
2n 2n z
(PR
LD
Start LD_BR=LD_AR=CLR_PR LD_PR = DEC_AR
|
z
A B
D D - C
D | -
r>cs o] l—>CR o}
CLK l——>CR o]

RESET
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8-19.*

Ilbraré/IEEE
use |IEEE.std_logic_1164.al;

entity asm_819is
port

,B, C,CLK, RESET: in STD_LOGIC;
Z: out STD LOG C

end)ésrn 819;

architecture asm_819 arch of asm 819is
type state_typeis(ST1, ST2, ST3);
Signal stafe, next_state : state > type;

begin
gtate register: process (CLK, RESET)
if RESET '1' then--asynchronous RESET active High

= ST1,
dsif CLK event and CLK= '1") then --CLK rising edge
ate <= next_state;
end if;
end process;

next_state func: process (A, B, C, state)
begin
case (state) is
when ST1 =>

next_state <= ST1;
else
next_state <= ST2;
end |f
when ST2
if (B= ‘1') and (C= ‘0')) then
next_state <= ST1;

se
next_state <= ST3;
end if;
when ST3'=>
next_state <= ST1,;
end casg;
end process;

8utput func: process (B, state)
egin
case (state) is
when ST1 =>
Z<="0%
when ST2 =>
if (B ="1) then
Z<="1}
else
z<=0;
end if;
when ST3 =>
Z%=1"
end case;
end process;

end asm_819 arch;

clk | | | | | | | | |

reset [ |

al T 1 I

b r

c I
state [stl [st2 [st3 [st1 st2 Jstl

z [ 1 [ .

I IO I I T I A Coon o |
0 50 100
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8-20.*

module asm_820 (CLK, RESET, A, B, C, 2) ;

input CLK RESET, A, B, C;
output Z
reg[1:0] state, next_state;

paramefer ST1=2'b00, ST2=2'001, ST3=2'b10;

regZ,
//State register
gle%?/s @(posedge CLK or posedge RESET)

ESETg[//asynchronous RESET active High

Juse CLK rising edge
dstate<— next_state;

/INext state function
always @(A or B or C or state)
in

case é_sl_tate)
1: next_state<= A ? ST2: ST,

ST2: next State<—g_r&& ! C)”STl ST3;

ST3: next_state <=
default; next_state <= STl
endcase
end

//Output function
Ways @(B or state)

case gate% 1

ST2:Z<= B’?l‘bl 1'b0;
ST3:Z<=1b1;
default: Z <= 0'ho;
endcase
end

endmodule

CLK [

RESET

Al ]

8-21.

module asm_821 (X, CLK, RESET, Z) ;
input X ;

input CLK ;

input RESET ;

output Z ;

reg [2:0] state, next_state;
parameter SO= 3'b000, S1 = 3'b001, S2 = 3'b010,
S3 =3b011, $4 = 3'b100;

reg Z;
[//State register
aways@(posedge CLK or posedge RESET)
begin

if (RESET ==1)

state <= SO;
dse
state <= next_state;

end

/INext state function
aways@(X or state)
begin
case (state)
S0: if (X) next_state <= S3;
else next_state <= S1;
S1: if (X) next_state <= S2;
else next_state <= S1;
S2: if (X) next_state <= S3;
else next_state <= $4;
S3:if (X) next_state <= S3;
else next_state <= 4,
S if (X) next_state <= S2;
else next_state <= S1;
default: next_state <= S0;
endcase
end
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//Qutput function S4: Z <=1'b1;
aways@(state) default: Z <= 1'b0;
begin endcase
case (state) end
S2:Z <=1'hl; endmodule
CLK [ L [ L 1 I N [ L 1
RESET
X | —l—l__
state 000 001 J010 J011 J100 J001 J010 J100 010
z 1 [
| | | | b | | |
0 ps 50 ns 100 ns 150 ns 200 ns
8-22.+
library |EEE; next_state <= S1;
use |IEEE.std_logic_1164.dll; else
next_state <= S2;
entity asm_822 is )
port (T: in STD_LOGIC; end if;
CLK:inSTD_LOGIC; when S2 =>
RESET: in STD_LOGIC; if T="1"then
GN: out STD_LOGIC; next_state <= S3;
RN: out STD_LOGIC; else

YN: out STD_LOGIC; next_state <= S2,

GE: out STD_LOGIC; end if;
RE: out STD_LOGIC; when S3 =>
YE: out STD_LOGIC); if T="1"then
end asm_822; next_state <= S3;
else
architecture asm_822_arch of asm_822 is next_state <= SO;
type state_typeis (S0, S1, S2, S3); end if;
signal state, next_state: state_type; when others => nulll;
begin end case;
state register: process (CLK, RESET) end process,
begin
if (RESET ='1') then output_func: process (state)
state <= SO; begin

GN <='0; RN <= 0; YN <= 0;

elsif (CLK'event and CLK ='1") then
GE<='0; RE<='0; YE<=0;

state <= next_state;

end if; case state is
end process, when SO =>
GN <="1 RE<="1}
next_state_func: process (T, state) when S1 =>
begin YN <=1 RE<="1}
case state is when S2 =>
when SO => RN <="1"; GE<="1}
if T="1"then when S3 =>
next_state <= S1; RN <="1 YE<="1;
else when others => null;
next_state <= S0; end case;
end if; end process,
when S1 =>
if T="1"then end asm_822_arch;
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t [
1 Y ) O
reset | |
state [sO sl Js2 Js3 JsO Js1
gn [
m | |
yn
ge [ \
re | |
ye
e b s e e brcrrcrcccbrrrrrcror borrcrorcc oo b
0 10 sec 20 sec 30 sec
8-23.+
module asm_823 (CLK, T, RESET, GN, YN, RN, GE, YE, RE) ; S3:if (T)
next_state <= S3;

input CLK, T, RESET;
output GN,YN, RN, GE, YE, RE;

reg [1:0] state, next_state;
parameter SO = 2'b00, S1 = 2'b01, S2 = 2'b10, S3 = 2'b11;
reg GN, YN, RN, GE, YE, RE;

/IState register
aways@(posedge CLK or posedge RESET)
begin
if (RESET ==1'b1)
state <= S0;
else
state <= next_state;
end

/INext state function
always@(T or state)
begin
case (state)
S0: if (T)
next_state <= S1;
else
next_state <= S0;
S1:if (T)
next_state <= S1;
else
next_state <= S2;
S2:if (T)
next_state <= S3;
else
next_state <= S2;

else
next_state <= S0;
default: next_state <= SO;
endcase
end

//Output function
always@(state)
begin
GN <=1'h0; RN <= 1'b0; YN <= 1'h0;
GE <= 1'b0; RE <= 1'b0; YE <= 1'b0;
case (state)
SO: begin
GN <=1'bl; RE <= 1b1;
end
S1: begin
YN <=1b1; RE <= 1'bl;
end
S2: begin
RN <=1'b1; GE <= 1'b1;
end
S3: begin
RN <=1'b1; YE <= 1'b1;
end
default begin
GN <=1'h0; RN <=1'b1; YN <= 1'b0;
GE <= 1'b0; RE <= 1'b0; YE <= 1'b1;
end
endcase
end
endmodule

CLK
RESET [ ]
T [
state {00 01 (10 11 {00 jo1
GN |
YN
RN \ \ \
GE [ \
YE
RE \ [ \
el crrrcrccberrrrror brcrorcrccborrcror borrr e bcorc b
us 10 sec 20 sec 30 sec
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