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CHAPTER 1

1.1 Base-10: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Octal: 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36 37 40
Hex: 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F 20
Base-13 A B C 10 11 12 13 14 15 16 17 18 19 23 24 25 26

1.2 (a) 32,768 (b) 67,108,864 (c) 6,871,947,674

1.3 (4310)s=4* 5>+ 3 * 52+ 1 * 5' =580,

(198),=1*12*+9 * 12" + 8 * 12°=260,,
(735)s=7*8°+3*8" +5*8° =477,
(525)s=5*6°+2*6' +5*6°=197,,

1.4 14-bit binary: 11 1111 1111 1111
Decimal:  2'-1=16,383,
Hexadecimal: 3FFF ¢

1.5 Let b =base
(a) 142=(b+4)2=5,50b=6
(b) 54/4=(5*b+4)/4=b+3,505*b=52—-4, andb=38
(€) 2*b+4)+(b+7)=4b,sob=11

1.6 (x—3)(x—-6)=x>—(6+3)x +6*%3 =x*-11x + 22

Therefore: 6 +3=b+1Imsob=28
AlSO, 6*3 = (18)10 = (22)8

1.7 68BE=0110_1000 1011 _1110=110_100_010_111_110 = (64276)s

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

431;0=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:

431,=26(15); 1(10) (Faster)
Answer: FA=1111_1010

1.9 (a) 10110.0101,= 16 +4 + 2 + 25 + .0625 = 22.3125
(b) 16.5,6= 16 + 6 + 5*(.0615) = 22.3125

(€) 26.243=2* 8+ 6+ 2/8 + 4/64 =22.3125
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(d) FAFA.B s = 15*16>+ 10*16> + 15*16 + 10 + 11/16 = 64,250.6875
() 1010.1010, =8 + 2 +.5 +.125 = 10.625

1.10 (a) 1.10010, = 0001.1001, = 19,4 =1 + 9/16 = 1.563,
(b) 110.010, = 0110.0100, = 6.4, =6 + 4/16 = 6.25,,

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

1011.11
1.11 101|111011.0000
101
01001
_101
1001
101
1000
101
0110

The quotient is carried to two decimal places, giving 1011.11
Checking: 111011,/ 101, =599/ 5,9 = 1011.11,=58.75

1.12 (a) 10000 and 110111

1011 1011

+101 x101

10000 =164 1011
1011

110111 =55,
(b) 62, and 958,

2E, 0010 1110 2E,
+34,  0011_0100 X34y
62, 0110 0010 =98, B’8
8’A
95 8h = 239210

1.13 (a) Convert 27.315 to binary:

Integer Remainder  Coefficient
Quotient
2772 = 13 + Y a=1
1372 6 + Y a =1
6/2 3 + 0 =0
3/2 1 + Y a;=1
Y 0 + Y g = 1
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4
27,0=11011,
Integer Fraction Coefficient
315x2 = 0 + .630 a;=0
630x2 = 1 + .26 a,=1
26x2 = 0 + 52 a;=0
S2x2 = 1 + .04 as=1

315,0=.0101,=.25+.0625 = .3125
27.315=11011.0101,

(b) 2/3 = .6666666667

Integer Fraction Coefficient
6666 6666 67x2 = 1 + .3333 3333 34 a;=1
3333333334 x 2 =0 + 6666666668 a,=0
6666666668 x 2 = 1 + 3333333336 az=1
3333333336 x 2 =0 + 6666666672 as=0
6666666672 x 2 =1 + 3333333344 as=1
3333333344 x 2 =0 + 6666666688 ac=0
6666666688 x 2 = 1 + 3333333376 a;=1
3333333376 x 2 =0 + .6666666752 ag=0

66666666675 =.10101010,=.5+.125+ .0313 + ..0078 = .6641,

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

1.14 (a) 1000_0000 (b) 0000_0000 (c) 1101_1010
Iscomp: 0111 1111 Iscomp: 1111 1111 Is comp: 0010 0101
2s comp: 1000 0000 2s comp: 0000 0000 2s comp: 0010 0110
(d) 0111_0110 (e) 1000 0101 () 1111 1111
Is comp: 1000 1001 Is comp: 0111 1010 Is comp: 0000 0000
2s comp: 1000 1010 2s comp: 0111 1011 2s comp: 0000 0001
1.15 (a) 52,784,630 (b) 63,325,600
9s comp: 47,215,369 9s comp: 36,674,399
10s comp: 47,215,370 10s comp: 36,674,400
(c) 25,000,000 (d) 00,000,000
9s comp: 74,999,999 9s comp: 99,999,999
10s comp: 75,000,000 10s comp: 00,000,000
1.16 B2FA B2FA: 1011 0010 1111 1010
15s comp:  4DO05 Is comp: 0100 1101 _0000 0101
16s comp:  4D06 2s comp: 0100 1101 _0000 0110 =4D06

1.17 (a) 3409 — 03409 —96590 (9s comp) — 96591 (10s comp)
06428 — 03409 = 06428 + 96591 = 03019

(b) 1800 — 01800 — 98199 (9s comp) — 98200 (10 comp)
125 — 1800 = 00125 + 98200 = 98325 (negative)
Magnitude: 1675
Result: 125 — 1800 = 1675
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(c) 6152 - 06152 — 93847 (9s comp) — 93848 (10s comp)
2043 — 6152 =02043 + 93848 = 95891 (Negative)
Magnitude: 4109
Result: 2043 — 6152 =-4109

(d) 745 — 00745 — 99254 (9s comp) — 99255 (10s comp)
1631 -745 = 01631 + 99255 = 0886 (Positive)
Result: 1631 — 745 = 886

1.18 Note: Consider sign extension with 2s complement arithmetic.
(a) 10001 (b) 100011
Is comp: 01110 Is comp: 1011100 with sign extension
2s comp: 01111 2s comp: 1011101
10011 0100010
Diff: 00010 1111111 sign bit indicates that the result is negative

0000001 2s complement
-000001 result

(©) 101000 (d) 10101
Is comp: 1010111 Is comp: 1101010 with sign extension
2s comp: 1011000 2s comp: 1101011
001001 110000
Diff: 1100001 (negative) 0011011 sign bit indicates that the result is positive
0011111 (2s comp) Check: 48 -21 =27

011111 (diff is -31)

119 +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

1.20 +49 — 0 110001 (Needs leading zero indicate + value); +29 — 0 011101 (Leading 0 indicates + value)
-49 -1 001111;-29 — 1 100011

(a) (+29) +(-49)=0 011101 +1 001111 =1 101100 (1 indicates negative value.)
Magnitude = 0_010100; Result (+29) + (-49) = -20

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

(c) 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: 1 001110 =78,
Result: (-29) + (-49) =-78
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1.21 +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 = 009102
Result: (+9742) + (-641) = 9102

(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

1.22 8,723
BCD: 1000 0111 0010 0011
ASCII: 0 011 1000 011 0111 011_0010_011_0001

1.23
1000 0100 0010 ( 842)
0101 0011 0111 (+537)
1101 0111 1001
0110
0001 0011 0111 0101 (1,379)
1.24 (a) (b)
6311 Decimal 6 421 Decimal
0000 O 0000 O
0001 1 0001 1
0010 2 0010 2
0100 3 0011 3
0110 4(ro0101) 0100 4
0111 5 0101 5
1000 6 1000 6(or0110)
1010 7(or1001) 1001 7
1011 8 1010 8
1100 9 1011 9
1.25 (a) 5,137,, BCD: 0101_0011_0111
(b) Excess-3: 1000 0100 0110 1010
() 2421: 1011_0001 0011 0111
(d) 6311: 0111_0001_0100_1001

1.26 5,137 9s Comp: 4,862
2421 code: 0100 1110 1100 1000
I's comp: 1011 0001 0011 0111 same as (c¢) in 1.25
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1.27 For a deck with 52 cards, we need 6 bits (32 < 52 < 64). 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 o 0 1 e
01000111 11101111 01101000 01101110 _00100000 11000100 11101111 _11100101

1.29 Bill Gates
1.30 73 F4E5 76 E5 4A EF 62 73

73: 0_111 0011
F4: 1_111 0100
ES: 1110 0101
76: 0 111 0110
E5: 1110 0101
4A: 0100 1010
EF: 1110 _1111
62: 0110 0010
73: 0 _111 0011

»w oo 0o < 0o ~®n

1.31 62 + 32 = 94 printing characters
1.32 bit 6 from the right
1.33 (a) 897 (b) 564 (c) 871 (d) 2,199
1.34 ASCII for decimal digits with odd parity:
(0): 10110000 (1): 00110001 (2): 00110010 (3): 10110011

(4): 00110100 (5): 10110101 (6): 10110110 (7): 00110111
(8): 00111000 (9): 10111001

1.35 (a)
abc
a [ L LI LI 1
_:} U S e I B
c |
®c & f |_
¢
1.36
a b
a__ [ 1T 1

£ 7
S I
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CHAPTER 2

2.1 (a)

Xyz | x+ty+z | (x+y+z) | x|y |z | x'y'z xyz | (xyz) | (xyz)' | x" |y |z | x"+y' +Z
000 0 1 1|11 1 000 0 1 1|1 ]1 1
001 1 0 1| 1]0 0 001 0 1 1| 1]0 1
010 1 0 101 0 010 0 1 1101 1
011 1 0 110]0 0 011 0 1 110]0 1
100 1 0 0|11 0 100 0 1 01 |1 1
101 1 0 0| 1]0 0 101 0 1 o110 1
110 1 0 0011 0 110 0 1 001 1
111 1 0 0010 0 111 1 0 0,010 0
(b) (¢
xyz |x+yz| (x+y) | (x+tz) | x+ty(x+tz) xyz |x(y+z)| xy | xz | xy+xz
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 |\ytz|lx+t@+tz) | (x+ty | (xty tz xyz | yz | x(yz) | xy| ()2
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 1 101] 0 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+xy'=x(y+y)=x

(d) (x+y)(x+y) =x ' =xx+y) Ty +y) =xx+xp'+xy +yy'=x
(0) 2z + Xy + 2z’ = xp(z +2) +xly =y +xy =y

(d) (A+B)(A'+ B') =(A'B")(A B) = (A'B)(BA) = A'(B'BA) = 0

() xyz' +x'yz +xyz +xyz' =xy(z +z) +xyz+z)=xy +xy=y

@ x+ty+z)x'+y' +z)=xx"+xy' +xz+xy+ty' +tyz+x72' +yz +zz' =
=xy't+xz+xy+yz+xzZ' +yz' =x@y+ (xPz)'+ (yPz)'

2.3 (a) ABC+A'B+ABC'=AB+A'B=B
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(b) Xyz+xz=(Xy+x)z=2x+xX)x+y)=zx+y)

(©) x+y)&x"+y)=xy(x"+y)=x)y

(d) xy +x(wz +wz) =x(y +wz + wz') =x(w +y)

(e) (BC'+ A'D)(AB' + CD') = BC'AB' + BC'CD’ + A'DAB’ + A'DCD' = ()

) x+y' +2)x'+z)=xx'+xz' +x'y' +y2 +xZ' +zZ =z +y'(x' +z) =z +x)’
2.4 (@) A'C' + ABC + AC'=C'+ ABC = (C+ C)(C'+ AB) =AB + C'

b) Y +z)+tz+xy+wz=0xY)2'+z+xy+twz=[(x+y)z' +z] +xy+twz=
=Cz+zZ)z+x+y txy+twz=z+wztx+xy+ty=z(l+w +x(l+y +ty=x+y+z

(¢) A'B(D'+ C'D) + B(A + A'CD) = B(A'D' + A'C'D + A + A'CD)
=BAD'+A+ADC+C)=BA+A(D' +D) =BA+A4)=B

d A" +C)A'"+C)A+B+CD)=(A"+CC")A+B+CD)=A4'(4+B+C'D)
=AA'"+ A'B+A'C'D=A'(B+ C'D)

(e) ABCD + A'BD + ABC'D = ABD + A'BD = BD

25 (a)
1 " Fsimp/i/ied

F

(b)
x oy
?7 Fsimp[i/iﬁd
) >
N
(©)
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X y z
Evlm[)l ified
F
(@
A B 0
simplified
)
F
(e)
X y z
F\[mpl[/ied
F

®
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X y z
|
|
)
) mepl[/[ed
\
])
/
2.6 (a)
A B C
|
% [
(b)
x y

z

(©

i

) Evimpli/i?d
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)

w X y z
/ F
%ﬁ>#[>f>
\ F
L/
>
()
A B C D
Fs[mpl[/ied =0
F
®
w X y z
)
) F
| ’ >—Fsimpiifiea
2.7 (a)
A B C D

simplified

%DF
BN
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(b)
w X y z
F
F ompiified
()
A4 B C D
F
F .
(d)
A4 B C D

U e
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(e
4 B C D
F
}F simplified
2.8 F'=(wx +yz)' = (wx)'(yz)' = (W' + x)(y' + z))

FF' =wxw'+x)(y' +z) +yziw' +x)(p"' +2) =0
F+F =wx+yz+ (wx+yz)=A+A4"=1withd =wx +yz

2.9 (@) F'=(y'+xy)' = ()'(xy)' = (x" +y)x+y) =xpy+xi'

(b) F'=[(A'B+ CD)E' + E]' = [(A'B + CD) + E]' = (A'B + CD)'’E' = (A'B)'(CD)'E"
F'=(4+B)(C' +D)E'= ACE'+ ADE' + B'C'E' + BD'E’

(© F'=[(x'+y +2)(x +y)(x +2)] = (x' +y + =)'+ (x +y)' + (x +2)' =
F'=xyz+x'y+x'z'

2.10 (a) F] +F2:2m1i+2m2i:2(m”+m2i)
211 @ F(k 2 =3(1,4,5,6,7)

() F(x,y,z) =%(0,2,3,7)

F=xy+xy'+yZz F=xz"+yz

Xyz F Xyz F

000 0 000 1

001 1 001 0

010 0 010 1

011 0 011 1

100 1 100 0

101 1 101 0

110 1 110 0

111 1 111 1
2.12 A=1011 0001
B=1010_1100

(a) A AND B = 1010 0000
() AORB=1011 1101
(¢©) AXORB=0001 1101
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(d NOTA=0100 1110
(&) NOTB =010 0011

2.13 (a)
4B C
?7 ?7 DJDYA+B+B’(CJ+C9
(b)
4 BC D
%D_FDP Y=A(B xorD) + C'
(©)
ABCD
3_;:5> Y=4+CD+4BC
B
L/
(d)
4 BC
>|_D Y=(4 xorC)' + B
)
(e
4 B CD
—g}]}ygﬁmcwm
®
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2.14 (a)
X y z
F=xy+xy'+y=
(b)
)
) F=xy+xy'+tyz
=@ YY) )+ (@)
(©
D>—
D‘D"—:D‘D’_F:xyw'y'w%
 OD>— = [(0)' (65 (2) ]
(@)

— F=xy+xy +yZz

=[0)" (xY)" (D)

0
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(e)

YIV]Y

) F=xy+x'y' +y'z

@YYy )

2.15 (@) Ty =AB'C'+ AB'C+A'BC'"=AB'(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+A(B'+B)=A4 +BC

2(3,5,6,7)=11(0,1,2,4)

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

T, =A'B' A'C'=A(B'+ C)
BC
T, =AC' + BC + AC = A+ BC

2.16 (@) 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)
=(A'+A4)(B'C'+ B'C+ BC'+BC) =B'C'+ B'C + BC'+ BC
=B({C'+C)+B(C'+C)=B'+B=1

(b) F(xy, x3, 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 F' = x,G + x,G with G=1. So F =
(x, +x,)G=1.

2.17 @@y +z)(y+txz) =xy+yz+xyz+xz=%2(3,5,6,7)=I1(0,1,2,4)
(b) (A'+B)(B'"+C)=A'B'+A'C+BC=%(0,1,3,7)=11(2,4,5,6)
©yz+wey' +wxz' +wxz=%2(1,3,5,9,12,13,14)=11(0,2,4,6,7, 8,10, 11, 15)

d) (xy +yz' +xz)(x +z) =xy +xyz' + xyz + xz
=2(1,3,9,11,14,15)=11(0,2,4,5,6,7, 8, 10, 12, 13)
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218 (a)

S

WXYyZ F=xyz+xy'z + wxy + wx'y + wxy

F=3%(1,56,7,9,1011,13,14,15)

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

[ o T S S S Sy S Y o S < I o S S <

(b)

5 - Three-input AND gates

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

< o T R oI ox

) F=xz+xyz+why+wx'y+wxy=yz+xy+wy=yz+yw+x)

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

D )
» ) oO—

1 — Inverter, 2 — Two-input AND gates, 2 — Two-input OR gates

(e)

N <
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2.19 F=B'D+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=%(1,3,5,7,9, 11,13, 15)=T1(0, 2, 4, 6, 8, 10, 12, 14)

2.20 (a) F(4, B, C, D) = (3, 5,9, 11, 15)
F'(4,B,C, D) =%(0,1,2,4,6,7,8, 10, 12, 13, 14)

(b) F(x, y,2) =11(2,4,5,7)
F'=3(2,4,5,7)

2.21 (@) F(x,y,z) = %(2,5,6)=T1(0, 1, 3, 4, 7)
() F(4, B, C,D)=T1(0, 1,2, 4,7,9, 12) = 33,5, 6,8, 10, 11, 13, 14, 15)
2.22 (a) (4B + C)(B + C'D) = AB + BC + ABC'D + CC'D = AB(I + C'D) + BC
= AB + BC (SOP form)
= B(4 + C) (POS form)
(b) x'+x(x+y)y +z)=x"+x)x'+x+y)y+z)] =
=(x'tx+y)x'+y+z)

=x"+y+7

2.23 (a) B'C +AB + ACD

v

Digital Design — Solution Manual. M. Mano. M.D. Ciletti, Copyright 2007, All rights reserved.


www.mohandesyar.com

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording,
or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.

20

(b) (A +B)(C+D)A'"+B+D)

A B c D

?7 )
Bl

(¢c) (4B + A'B)(CD' + C'D)

A B C D

Kbk

.

sl
st

Fo

2.24 x@y=xy+xy and(x @ y)' =@x+y)x'+y)

(d)A4 + CD + (4 + D)(C'+ D)

A B c

vy

—T

Dual of xy +xy'= (x"+y)(x +y) = (x @ )’

2.25 @x|y=xy'#y|x=xly Not commutative
x|y |z=xy7"#x|(|z) =x(yz')'=xy'+xz Not associative
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®)(x @y)=xy' +xy=y Px=yx"+y«x Commutative

(x @y) @z=3(1,2,4,7)=x @(y @Pz) 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

2.27 fi=a'b'c +a'bc + abc' + abc

fo=a'bc'+a'bc + ab'c' + ab'c + abc’

a/
"4
'
a!
—
C
a P
C!
a
)
C

, £

6N a0 o]
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2.28 (@) y=a(bcd)'e=a'+c'+d)e

y=ab'+c'+d)e=ab’e+ac’e+ad’e
=%(17,19,21, 23, 25,27, 29)

a bcde y a bcde y
0 0000 0 1 0000 0
0 0001 0 10001 1
00010 0 10010 0
00011 0 10011 1
0 0100 0 10100 0
00101 0 10101 1
00110 0 10110 0
00111 0 10111 1

0 0
0 1000 0 11000 0
0 1001 0 11001 1
01010 0 11010 0
01011 0 11011 1
01100 0 11100 0
01101 0 11101 1
01110 0 11110 0
01111 0 11111 0

b) i=a®@(c+d+e)=a'(c+d+e) +a(c'de)=ac+ad+a'e+ ac'de’

n=bllctd+te)f=bcf+bdf+bef

y,=a (ctd+e) =a'(c+d+e) +a(cde)=ac+ad+a'e+acde

y,=bl(ctdre)f=>bcf+bdf +bef

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,=22,3,6,7,8,9,10,11, 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)

abedef |y, v, | abcdef |y, y, | abcdef |y, y, | abcdef |y, y,
000000 |0 0 010000 [0 0 100000 |1 0 110000 [0 0
000001 |0 O 010001 |0 O 100001 |1 0 110001 [0 0
000010 |1 0 010010 |1 0 100010 |1 0 110010 [0 ©
000011 |1 1 010011 |1 0 100011 |1 1 110011 [0 1
000100 |0 0 010100 [0 0 100100 [0 0 110100 [0 ©
000101 |0 0 010101 |0 O 100101 [0 O 110101 [0 ©
000110 |1 0 010110 |1 0 100110 [0 O 110110 [0 ©
000111 |1 1 010111 |1 0 100111 |0 1 110111 [0 1
001000 |1 0 011000 |1 0 101000 [0 0 111000 [0 ©
001001 |1 1 011001 |1 0 101001 |0 1 111001 [0 ©
001010 |1 0 011010 |1 0 101010 [0 O 111010 [0 ©
001011 |1 0 011011 |10 101011 |0 1 111011 |0 0
001100 |1 0 011100 |1 0 101100 [0 0 111100 [0 ©
001101 |1 1 011101 |1 0 101101 |0 1 111101 [0 ©
001110 |1 0 011110 |1 0 101110 |0 © 111110 |0 0
001111 |1 1 011111 |1 0 101111 |0 1 111111 |0 0
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Chapter 3

3.1
vz y yz y
* 00 0l 11 10 * 00 01 11 10
Wlﬂ m, le mz mo Wl, mj mz
0 1 1 0 1 1 1
m4 mj m7 mb m4 mj m7 Wl6
X 1 1 1 X 1 1 1
L 1 L
z z
(a) F=xy+x7z (b) F=z+x'y
yz Y yz y
I —— 1
* 00 01 11 10 X 00 01 11 10
m, m; ms m, my m; mg m,
0 1 1 1 1 0 1
m ms m m m, s m, mg
x [ | SN x [ 1 A
L L
z zZ
() F=x"+yz (d) F=xy+xz+yz
3.2
yz y yz Y
* 00 0l 11 10 * 00 01 11 10
m, iy my m, m, m; my 1ty
0 1 1 0 1 1 1
m, ms m, mg m, ms m, mg
X 1 1 1 X 1 1 1
L 1 L
z z
(@) F=xYy"+xz (b) F=y+x%Z
yz Y yz y
* 00 01 11 10 * 00 01 11 10
m, m, m; n, m, by m; m,
0 1 1 0 1 1 1
m m m m my mg m, mg
x [ B A R T x [ W
L L
z z
(c) F=xy"+xy (d) F=y'+x'2
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yz Y yz y
X 00 0l 11 10 x 00 01 11 10
m, m, m; n, m, m; ms m,
0 1 1 0 1
m, ;g m, m, my {5 7 s
x| 1 1 1 x| 1 1 1 1 1
L | L |
z z
O] F=z ® F=x+y'z
33
vz y vz y
1
o 00 0l 11 10 o 00 01 11 10
mo m1 ”13 m2 m(‘ m] mj m2
0 1 1 0 1 1 1 1
my ms m; mg m, m; m, m,
X 1 1 1 X 1 1
| L
z z
(a) F=xy+xyz' +xyz' (b) F=x%"+yz+xyz'
F=xy+x'z F=x"+yz
yz Y yz y
X 00 0l 11 10 x 00 01 11 10
m, m, m; s m, m; m; m,
0 1 1 1 0 1
m, g m, m, m, ms K> s
X 1 1 1 X 1 1 1
N L |
z z
(c) F=xy+yz'+yZ (d) F=xyz +x"'z +xyz'
F==x'y+z F=xYy7z+xy
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34
CD C
1
4B 0 01 1110
m, m, m, m,
00
m, s g mg
N* e 01| 1 1|1
00 01 11 10 B
m m, ms m, mp, m; ms my
0 1 1 11 1
m m m m 4 m m m m
4 5 7 6 $ 9 1 10
X [ 1 1 1 10
| |
z D
(a) F=y (b) F=BCD + A'BD’
CD C vz
1
4B 0 01 1110 wx 00 01 1110
m, m, m n, m, m, m, n,
00 1 00 1 1
m, [ 7y m, m, B m, m,
01 1 01
mp, mys % my B (i g i my *
11 1 1 1 11 1 1 1 1
A mg my myy Lo w mg my my Ko7
10 1 10
N N
D z
(¢) F =CD + ABD + ABC (d) F=wk'y +wx
vz ’_;‘ yz
W 00 01 11 10 W 00Ol 11 10
m, m my m, @ 27 ms m,
00 1 00 1 1
m, m; n, n, n, m; m, m,
01 1 1 1 1 01 1
mp, ms mis my * mp, ms mys my *
11 1 11
w mg my mp on) w mg my my Ko
10 10 1 1
| |
z z
(e) F=wXx+wy'z ® F=xy"+wy'z
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35
yz y CD ¢
1 1
wx 0 0l 11 10 4B 00 0l 11 10
mﬂ ml mj m, mﬂ ml ]n-; m2
00 1 00 1
ﬂ’l4 m5 n‘l7 mﬁ m4 m5 m7 m6
01 1 1 1 01 1
Ly mps mys my mp, mps ms My
11 1 1 1 11 1 1
w mg my my Kon 4 mg my ki )
10 10 1 1 1
N e
z D
(a) F=xz'+w'yz+ wxy (b) F=A'C+A4'C'D+ B'C'D
vz y CD ¢
wx 00 01 1110 4B 00, 01 11 .40
m, m, , ) m, m, m, ;)
00 1 1 00 1 1
7n4 m5 m7 mﬁ m4 m5 m7 m6
01 1 1 1 1 01 1 1 1 1
mp, ms ms my mp, ms ms my
11 11 1 1
w mg my my; Kon 4 mg mg mp; K
10 1 1 10 1 1
| |
z D
(c) F=wy" +wx'y' + why (d) F=BD+A'B+B'D'’
or=BD +B'D'+ A'D'’
3.6
CD C yz
4B 00. 01 11 .10 wx 00 0kl 10
m, m, m, ) m, m, m, m,
00 1 1 00 1 1
m4 ”15 m7 ”16 m4 m5 m7 m6
01 1 1 01 1 1
k' ey ms my o) U ms my
11 1 1 11 1 1
A iy my my My w mg my g LOT)
10 1 1 10 1 1 1
N e —
D z
(a) F=B'D'+A'BD + ABC' (b) F=xy"+x'z + wx'y
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CD C CD C
1 1
4B 00. 01 11 .10 4B 00 0l 11 10
m, m m K m, m; my m,
00 1 1 00 1 1
m4 m5 m7 ”16 m4 ”15 m7 mé
01 1 1 1 01 1
mp, ms ms my B m, ms ms My B
11 1 11 1 1
A Mg my mp M 4 mg ny my on
10 1 1 10 1 1
| |
D D
(d) F=A4'B'D'+ BC'D + ACD' + AB'C
(c) F=B'D'"+ BCD + A'BD + A'BC
3.7
vz y CD C
1
wx 00 01  pldedO AB 00 01  cddudO
In[) m] m3 mz ma m1 ms mz
00 1 1 1 00 1 1 1
m4 m5 m7 m6 m4 m5 m7 mé
01 1 1 01 1
m, (s 2 my * [0 s ms my B
11 1 1 11 1 1
w mg my i g 4 mg my my o)
10 1 1 1 10 1 1 1
L. = L. =
z D
(a) F=z +xly (b) F=CD+ B'C+ ABC'

CD C vz y
AB wx

00 01

m, m, n, ) m, m,
00 1 1 1 00 1

m, s m, m, m, B m, m,
01 1 1 01 1

mp, ms ms My, B m, mp ms my x
11 1 1 11 1 1 1 1

4 s my u iy W mg
10 1 1 1 10
|
D

(c) F=B'D'"+AC+ A'BD + CD (or B'C) ) F=wx+x'y+yz
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3.8
(@) F(x,y,z)=ZX(3,506,7)

vz Y
X
00 01 11 10
m, m ms m,
0 1
n, m; m, m,
X 1 1 1 1
e
z

() F=%(1,3,59,12,13,14)

CD C
1
4B 00 01 1110
m, m; ms m,
00 1 1
m, n; m, m,
01 1
mp, mis mys my B
11 1 1 1
4 mg my my My
10 1
|
D
(© F=30,1,2,3 11,12, 14, 15)
Yy
1
w 00 01 11 10
m m; ms m,
00 1 1 1 1
my ms m; Mg
01
mp, ms ms my *
11 1 1 1
W mg my m, )
10 1
|
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@ F=33,4,5,7,11,12)

CD C
E——
AB 00 0l 11 10
mo m/ ”73 mz
00 1
l’l’l4 m5 1777 ﬂ’l6
01 1 1 1
m, m; ms m, B
11 1
4 myg my m, wn
10 1
Ly
D
3.9
(a) (b)
yz CD C
—r— ——
wx 00 0l 1110 AB 00 0l {17710
N ] s n my m, (N K
00 | (1 00 1 1 1 |
. S
i 5 s BN m, ms 7 mg
0111 1 1 1 1 01 1 1
S/ )
B m, mys mys mpy * m, ms 15 myy B
11 1 1 11 1 1
W s my my My 4 iz my s SN
10 1 1 10 1 { 1 } 11
N L
z D
Essential: xz, xz’ Essential: B'D’ AC, A'BD
Non-essential: w'x, w'z’ Non-essential: CD, B'C
F=xz+xZ'+Wxorwz) F=B'D'+AC+ A'BD + (CD OR B'C)
(©) (@)
CD C yz
I ——
AB 00 01 11 10 wx 00 01 11 10
I’ﬂ() m1 Wlj }’nz m(, m1 ﬂ’lj mz
00 1 1 00 1 1
m4 mj m7 m5 Wl4 m5 ”17 m5
01 1 1 01 1 1
m, W ms my, B m, Ll m;s my x
11 1 1 1 1 11 1 1 1 1
4 mg mg my; LaT) w mg g my m,
10 1 1 10 1 1
L L
D z
Essential: BC', AC, A'B'D Essential: wy’, xy, wx'z
F=BC'"+AC+ A'B'D F=wy' +xy+wxz
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(¢ ®
CD C vz
——
AB 00 01 11 __10 wx 0 01 11 __10
m,, m] m3 m2 mo ml ”‘lj mz
00 1 1 1 00 1 1
Wl4 m5 m7 m6 m4 m5 ”77 mé
01 1 1 01 1
mp, mps mys my B My mys ;s my *
11 1 1 11 1 1 1 1
4 mg my m;; m w my my m, Lo
10 1 1 1 10 1 1 1
Ly Ly
D z
Essential: BD, B'C, B'C'D' Essential: wy', wx, x'z', xyz
F=BD+B'C+B'CD' F=wy'+wx +x'z' + xyz
3.10
(a) (b)
vz CD C
—r— I —
wx 00 01 11 10 AB 00 01 11 10
my m; my my mg m; me my
00 1 1 00 1 1 1
7714 mj m7 m6 m4 m). m7 m6
01 1 1 1 1 01 1 1
m, mys m;s my * m, ms n;s my B
11 1 1 11 1 1
w m m m m A m m m m
8 9 11 10 8 9 11 10
10 1 1 10 1 1 1
L
z D

Essential: xz, w'x, x'z’
F=xz+wkx+xZ'

Essential: AC, B'D’, CD, A'BD
F=AC+B'D'+ CD + A'BD
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© (d
CD C yz
1
ABN 00 01 g4 10 MEON_ 00 fory 1110
s DR =N
00 IR 00 (eI
m4 l\ m; ------ - m6 ”74 le i m6
01 1 1 01 1 1
(07 mu_»/ Hrs Blepsees, B mlv ny mr— - My, N X
11| L1 1 1 L 11| {1 1 1 1}
4 mg m, [/ — m, w mg mg (my, my,
10 1 10 1 1
L Ty e
D z
Essential: BC', AC Essential: wy’, xy
Non-essential: 4B, A'B'D, B'CD, A'C'D Non-essential: wx, x'y'z, w'wz, w'x'z
F=BC'+AC+ A'B'D F=wy' +xy+wkx'"z
() ®
CD C yz
——
ABN 00 01 il 10 MYNL_ 00 01 1110
m, m T gmmeemes . |™ m m; ms )
ool | | 00| 1 I
m, s i, mg my ms mz mg
01 1 1 01 1
B m m m m A
m m m 12 13 15 14
T 12 131 151 14 1 | 1 1 ]
A my my 11 My v Mg my m o)
10 1 1 1 10 1 1 1
I — Ly
D z
Essential: BD, B'C, AB'C Essential: wy’, wx, xyz, x'yz'
Non-essential: CD F=wy'+wx +xyz +x=yz'

F=BD+ B'C+A4B'C
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311 (a)F(A B C D E)=%(0,1,4,5,16,17, 21, 25,29

F=A'B'D'+AD'E + B'C'D’

my: A'B'C'D'E’ = 00000
my: A'B'C'D'E = 00001
my  AB'CD'E'  =00100
ms: A'B'CD'E =00101
mys. AB'C'D'E’ = 10000
my:  AB'C'D'E  =10001
my: AB'CD'E =10101
mys:  ABC'D'E  =11001
my: ABCD'E  =11101
A=0
| D
DE ‘
ABD BC 00 01 1 10
00 _Z1 %
01 1 1
e .
1
B
10
B'CD'
E
A=1
[ D |
DE ‘ ‘
ADE BC 00 01 1 10
001 I
01 1
1 1 ¢
B
10 1
E
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(b) F(4, B, C,D, E) = A'B'CE' + B'C'D'E' + A'B'D' + B'CD' + A'CD + A'BD
F(4, B, C, D, E) = A'B'D' + B'D'E' + B'CD' + A'CD + A'BD

A'B'CE': AB'CDE'+ A'B'CD'E’

B'C'D'E": AB'C'D'E'+ A'B'C'D'E'

A'B'D': A'B'CD'E +A'B'CD'E'+ A'B'C'D'E + A'B'C'D'E'
B'CD': AB'CD'E + AB'CD'E'+ A'B'CD'E + A'B'CD'E’
A'CD:  A'BCDE + A'BCDE' + A'B'CDE + A'B'CDE’
A'BD: A'BCDE + A'BCDE' + A'BC'DE + A'BC'DE'

A'B'D'

BDE' |
1 10
A'CD
1
c
B
1w\ A 1
ABD
‘ \
E
A=1
[ |
D
DE ‘ ‘

BC 00 01 1 10
001
01 1

11 ¢

B
19
E
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3.12
(a)
vz yz
W 00 01 11 40 wr 00 01 11 10
m, 7 m; m)) m, m, i m,
00 1 1 1 00 0
m, ms m, m, m, n, m, my
01 1 01 0 0 0
mp; mps ms my x W) ms | 18 my *
11 1 11 0 0 0
w mg my my o w mg mg Ui )
10 1 1 10 0 0
| |
z z
F=X0,123528 10, 13) F'=yz+xz'+xy +wxz
F=xZ'+wk'y +why'z F=@p'+z)x"+z)x"+y)w' +x + 2/
(b)
D c F=T1(1,3,5,7,13, 15)
4B 0 01 1110 F'=AD +B'D
m, iy ] m, F:(A +D?(B’+DQ
OO 0 0 F:C'D/+ABI+ CD’
my 8 iy mg
01 0 0
mp, mys ms my B
11 0 0
A mg m, my mpy
10
N
D
(©)
CD C
1
BN 00 0bdde 10 F=T1(1,3,6,9, 11,12, 14)
m, my ms m, F'=B'D + BCD' + ABD'
00 010 F=(B+D)B'+C' +D)A" +B' +D)
Tt F=BD +BD'+ACD’
01 0
mp, mps ms my B
11 0 0
4 mg m, o my
10 0 0
|
D
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33 (a) F=xy+z/=(x+z)(y+2z)

(b)
CD C CD C
1
AB 0 01 11 10 4B 00 01 1110
m, m, m, m, m, m, g )
00 0 1 0 0 00 0 1 0 0
) e m; m, ) B ) m,
01 0 1 0 0 01 0 1 0 0
My, ("13 s my B mp, ms mys My B
11 1 1 1 0 11 1 1 1 0
4 Mg mg ", Ko 4 mg myg my Ko
10 1 1 1 1 10 1 1 1 1
N |
D D
F=AC"+ AD + C'D + AB'C F'A'D'+ A'C + BCD'
F=(A+D)A+C)B +C'+D)
(©)
CD C CD C
1 1
4B 00 0l 11 10 AB 00 0l 1110
m, m, g n, i n, m, m,
00 0 00 1 1 1
n, m; ) m, m, IR n, m,
01 0 0l 1 1 1
mp, mps mys Kon B mp, mps mys My B
11 0 0 11 1 1
4 mg my fm L) A K< my my Lo
10 0 0 0 10 1
| |
D D

F=MA+C+D)A"+B'+D)A'+B+D)A'"+B+(C)
F'=A'CD + ABD + AB'D + AB'C
F=A'C+A4'D'+ BD'+ C'D'

F' =A4AD + CD +4B'C
F=@A"+D)C+D)A'+B+(C)
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(d)
CD C CD C
1
AB 0 0l 11 10 4B 00 0l 11 10
mo ’n1 mﬁ m_, mo ml m3 mZ
00 00 0 0 0 0
n, m m; m, m, m; n, m,
01 1 01 0 0 0
mp; gy i s my B mp; mps mys My B
11 1 1 1 11 0
4 My my U My A Mg my my, My
10 1 1 10 0 0
| |
D D
F =4ABC'+ AB'D + BCD F'=A'C'"+A'B'+ CD'+ B'C'D’
F =AD + ABC' + BCD F=(4d+C)(4+B)C +D)B+C+D)
3.14
CD C CD C
1
4B 00. 01 11 10 4B 00 -0l
m, m; ms m, m, my
00 1 00 0
m4 ]n5 m7 ]716 m4 m5
01 1 1 01 0
mp, mys mys my B m, mys ms My B
11 1 11 0 0 0
4 Mg my mp Kon 4 mg my my, Kon
10 1 1 10 0 0
| e
D D

SOP form (using 1s). F=B'C'D'+ AB'D'+ BC'D + A'BD
F=BD'(4+C')+BDA'+ ("

POS form (using 0s): F'=BD'+ B'D + A'CD' + ACD
F=[(B'+D)(B+D)J[(4 +C'+D)(4'+ C'+ D]

Alternative POS: F'=BD'+B'D+ A'CD'+ A'B'C
F=[(B'+D)B+D)]J[(A+C'+D)A'+ B+ C)]
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3.15
(a) (b)
CD C
1
AB 0 01 11 10
m, m, m, m,
00 1 X
y m4 m)- m7 m6
x Yz | 01 X 1
00 01 11 10
my 2y s Lo m, mp; m;s my B
0 X x 1 1 11 1 1
A
my iy m; mg m m, m m
x [ 1|1 | x| 1 1 wl 1 | T
| L
z D
F=1 F=B'D'"+ ABC'D
F=3%00,1,2,3,4,5,6,7) F=3(0,2,6,8, 10, 13, 14)
(© d
CD C CD C
1
AB 00 0l 11 10 AB 00 01 11 .10
mﬂ ml m-? mz m,, m] m3 ”12
00 X 00 X 1 1 X
m4 m5 ’n7 m6 m4 ”’1_7 m7 m6
01 1 1 1 01
> g g My B mp; my mys my B
11 1 1 X 1 11 1
4 mg myg my; My 4 mg my my; on
10 X X 10 1 X 1
N N
D D
F=BC'+BD + AB F=B'D'"+A'B'"+ ABCD
F=3(45,7, 12,13, 14, 15) F= F=%0,1,23,8,10,15)
316 (a)
CD C
1
AB 00 0l 11 10
;) m, m, m, F=4+AB'
00 1 1 1 1 F=(4'(4B)")’
]n4 mj m7 mﬁ
01 "
mp, mys ms my B : F
11 1 1 1 1
AV
4 g g By My B’
10 1 1 1 1
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(b)
CD C
1
4B 0 011110
m, m; m, m, F=BC+AB + A'B'C'D
00 1 F = ((BC)'(AB)'(4'B'C' D))
m, m; m, 1,
01 1 1 B —3_
C —]
m, ms ms My B y
11 1 1 1 1 —
) s O —r
myg my my My
10 A’
B'
|
D '
D'
(c)
CD C
AB
00 01 11 10
, oy , R F'=A'B'D
00| 1 1 F=(4'BD)’
AV
m, n; n; m,
o1 1 1 1 1 B’ %'} F
D
m, ms m;s my B
11 1 1 1 1
A mg my m Lon)
10 1 1 1 1
N
D
(d)
BC B
AN 00 011110
m, m, m, m, F=A4AC+ 4B
0 F=((AC)' (AB)')'
m, i, ez i
A 1 1 1 1 A —
C —]
L F
C 4 <
B —

3.17
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CD C CD C
1 1
4B 1110 AB 0 0l 1110
0 1 ity iy m, m ms m,
00 1 1 1 1 00
B
m, ms m, mg m, mg
01 1 01
mp, mps ms my B mp; I5 my B
11 1 11
4 m, m, 4 mg my @ My
g0 ’
| |
D D
F=A4'B'+ C'D'+ B'C' F'=BC+ AC + BD

F = (BC)'(AC)'(BD)’

A :}—:D— F

3.18 F=(4@)B'(C @D) = (AB' + A'B)(CD' + C'D) = AB'CD' + AB'C'D + A'BCD' + A'BC'D

CD C
1
4B 0 01 1110
Ty iy e, A
00 i B
4 ms 7 mg A’
01 1 1 B'
712 3 75 T4 B d
i ! C
T ! D
4 s ny 1 (o) Fol
10 1 1 D'
./ J
N
D

F=AB'CD'+ AB'C'D + A'BCD' + A'BC'D and F' = A'B'+ AB + C'D' + CD
F=(4A'B)'(AB)(C'D")'(CD)’' = (A + B)(A' + B") (C'+D")(C + D)
F'=[(A+B)A'+B)]'+ [(C'+D)(C+D)]'

F=([(A+B)A'+B)]'+ [(C'+D)C+D)])

F=({{A+B)+ A +B)]+[(C+D)+(C+D)])
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319 (@) F=w+Z) +2HW +x' +))

yz
" 00 01 11 10
i m ms m3
00 1 1 y
z
m4 m5 m7 m6
01 1 1 w
x X
mp, ms ms my F
11 1
w
w mg ny o My z
10 1 1 1 1
|
z
F=yZ +wx'+w?Z'
F=[+2)'+ (' + "+ (w+ 2]
F'=[y+2)'+w+x)'+w+2)]
(b)
yz
wr 00 01 11 10
m, m; ms m, w'
00 1 1 X
m, ms m; mg w
01 x'
x F
mi, ms ms my '
11 1 1 7
z
w m m, m m
s 9 1 10
10 Y
z
|
z

F=3(1,2,13, 14)
F'=wx+wx"+yZ' +yz=[(w+x)W' +x)(y +2)(»' + 2)]'
F=(wx) + (W' +x) + (0 +2)'+ (¢ +2)

© F = [(x+ (' 2)]' = (x +3)' + (' +2)'
F'=[(x+y)'+ (&' +2)]"
y

X
z

3.20 Multi-level NOR:
F=(4B'+ CD)E + BC(4 + B)
F'=[(AB'+ CD)E + BC(A + B)]'
F'=[[(AB'+ CD")'+E'l'+ [(BC)'+ (A +B)]" ]
F'=[[(A"+B)'+C"+D))+E]'+[(B'+C)+A+B)] ]
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AV
B
C’
D
>
E’

Br
CI

A
B

Multi-level NAND:

F=(4AB'+ CD)E + BC(4A + B)

F'= [(AB'+ CD)E]' [BC(A + B)]'
F'= [((4B)'(CD)')'E]' [BC(A'B)']'

47,

¢ W,

c
f =
BV
3.21 F=wkx+y+z) +xyz
F'=[wix +y+2)]'[xyz]" = [wxy'z))]'(xy2)’

i}} :
-

\<\><N
!

)

z!
w
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3.22
>, 2
I/'
D
¢ ) 3 D Y
~ 4 D
5 .
Sy
> O
g 1>
Do
A I'>-v
3.23
CD C
1
AB 00 0l 11 10
o) m— " |
00 X 1 A
m, ns m; mgs B’
01 1 1
B C' F
M, 13 Mys my, N D
11 1 X | i
4 &5 9 my My
10 X X 1
|
D
F=AC"+ A'D'+ B'CD'’
F'=D + ABC
F=[D+ABC]'=[D+ (A"+B"+C'])]’
3.24
CD C
1
4B 0 01 1110
) m; ms m,
00 1
m4 mi m7 ”16
01 1
) mps ms my B
11 1 1
4 23 Ut " @l
10 1 1 1 1
N
D

(a) F=C'D' + AB' + AD'
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F'=(C'D)'(4B')'(AD")’
AND-NAND:
CY
DI

A
B’

A
D’

T
;

(b) F'=[C'D'+ 4B’ + AD]’
AND-NOR:

Cl

D(

A
B’

R

A
D’

(¢) F=C'D'+AB' +AD'=(C+D)'+ (4'+B)' + (4' + D)’
F'= (C'D")'(AB")'(AD")" = (C + D)(A’' + B)(A' + D)
F=[(C+D)A'+B)A'+D)]’

OR-NAND:

(olo)

Y99

D

SN

(d) F=CD'+A4B'+AD'=(C+D)'+ (4'+ B)'+ (4'+ D)’

NOR-OR:
c
D
A’ F
y I~
A,
b A>—
3.25
s 100, .
B B
c )~ 4BCD A+B+C+D
» 107 S
D
AND-AND — AND OR-OR — OR
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4 y
_ , 4
c (4B CD) (A+B+C+D)
S C
D
AND-NAND — NAND OR-NOR — NOR
5 I 47
B 4
D j[:>f- A+B+C+D . ABCD
NOR-NAND —> OR NAND-NOR —> AND
A AV ’ A
4 ]
1 YaliaYi B
. AB'C'D B C 4D
’ C — ’
D iy (A+B+C+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=(atb+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
ab 0 0111 10 ab 0 011110
m, 2 my iy m, iy ms 2
00 1 1 00 1 1 0 1
m4 m5 m7 l’l’l6 m4 m5 1717 m,y
01 1 1 01 1 1 1 0
m, ms ms my b mp, ms ms my b
11 1 1 11 1 0 1 0
a myg my my M a mg my my o)
10 1 1 10 1 0 1 1
| L |
d d
feg=ac'd+ abc'd + b'cd'
3.27 xX@y=x'y +xy'; Dual = (x' +y)(x +y') = (xPy)’
3.28
X
y
X
y P C
z
z P
(a) 3-bit odd parity generator (b) 4-bit odd parity generator
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3.29 D=A®B®C
E=ABC+AB'C =(4 @ B)C
F=ABC'+ (4'+ B)C = ABC' + (4B)'C = (AB) ®C

G =ABC
A ®B
A — S S D=4A®BoC
Half-Adder C Half-Adder
B — CH = Ct— E=(40BC
S F=(B) o C
Half-Adder
Cr— G=4BC
AB
3.30 F=AB'CD'+ A'BCD' + AB'C'D + A'BC'D

F=(4 @B)CD'+ (4 ®B) C'D = (A ®B)(C ®D)

A
B
F
C
D
331 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.

(a) module Fig_3_22a_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, wd);
endmodule

(b) module Fig_3 22b_gates (F, A, B, C, C_bar, D);

output F;

input A, B, C, C_bar, D;
wire w1, w2, w3, w4;
not (w1_bar, w1);

not (B_bar, B);

not w3_bar, w3);

(
not (w4_bar, wé);
nand (w1, C, D);
or (W2, w1_bar, B_bar);
nand (W3, w2, A);
nand (w4, B, C_bar);
or (F, w3_bar, w4 _bar);
endmodule
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(¢) module Fig_3 23a_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);
or (F, w3, wé);
endmodule

(d) module Fig_3_23b_gates (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, w3, w4;

nand (w1, A, B_bar);
nand (w2, A_bar, B);

not (w1_bar, w1);

not (W2_bar, w2);

or (w3, w1_bar, w2_bar);
or (w4, C, D_bar);

not (w5, C_bar);

not (w6, D);

nand (F_bar, w5, wb);

not (F, F_bar);
endmodule

(¢) module Fig_3 26 gates (F, A, B, C, D, E_bar);
output F;
input A B,C,D, E bar;
wire w1, w2, wil_bar, w2_bar, w3_bar;

not (w1_bar, w1);
not (w2_bar, w2);
not w3_bar, E_bar)

(
nor (
nor (w2, C, D);
nand (
endmodule

® module Fig_3_27_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, wb, wb, w7, w8, w7_bar, w8_bar;
not (w1, A_bar);

not (W2, B_bar);

not (w3, A);

not (w4, B_bar);

not (W7_bar, w7);

not (w8_bar, w8);

and (W5 w1, w2);

and (W6, w3, wi);

nor (W7, w5, wb);

nor (w8, C, D_bar);

and (F, w7_bar, w8_bar);

endmodule
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3.32 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.

(a)  module Fig_3_22a 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

(b) module Fig_3 22b_CA (F, A, B, C, C_bar, D);

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

assign w1_bar = ~wf1;
assign B_bar =~B;
assign w3_bar = ~w3;
assign w4_bar = ~w4;
assign w1 =~(C &D);
assign w2 =w1_bar|B_bar;
assign w3 =~(wW2 & A);
assign w4 =~(B & C_bar);
assign F =w3_bar | w4_bar;
endmodule

(c) module Fig_3_23a_CA (F, A, A_bar, B, B_bar, C, D_bar);

output F;
inputA, 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

(d) module Fig_3_23b_CA (F, A, A_bar, B, B_bar, C_bar, D);

output F;
inputA, A bar, B, B_bar, C_bar, D;
wire w1, w2, w3, w4;

assign w1 =~(A & B_bar);
assign w2 =~(A_bar & B);
assign w1_bar = ~wf1;
assign w2_bar = ~w2;
assign w3 =w1_bar | w2_bar;
assign w4, C | D_bar;
assign w5 =~C_bar;
assign w6 = ~D;
assign F_bar = ~(w5 & w6);
assign F =~F_bar;
endmodule
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(¢)  module Fig_3_26_CA (F, A, B, C, D, E_bar);

output F;

input A, B, C, D, E_bair;

wire w1, w2, wi_bar, w2_bar, w3_bar;
not w1_bar = ~wf1;

not w2_bar = ~w2;

not w3_bar = ~E_bar;

nor w1 = (A|B;

nor w2 = (C | b;

nand F = ~(w1_bar & w2_bar & w3_bar);
endmodule

) module Fig_3_27_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, wb, wb, w7, w8, w7_bar, w8_bar;
not w1 =~A_bar;

not w2 = ~B_bar;

not w3 = ~A;

not w4 = ~B_bar;

not w7_bar = ~w7;

not w8_bar = ~w8;

assign w5 =w1 & w2;
assign w6 = w3 & w4;
assign w7 = ~(w5 | wb);
assign w8 = ~(C | D_bar);
assign F =w7_bar & w8_bar;

endmodule
3.32 (a)
— > :D_V
AW
y . DW

Initially, with xy = 00, wl = w2 =1, w3 = w4 =0 and F = 0. wl should change to 0 4ns after xy
changes to 01. w4 should change to 1 8 ns after xy changes to 01. F should change from 0 to 1 10 ns
after w4 changes from 0 to 1, i.e., 18 ns after xy changes from 00 to 01.

(b)

“timescale 1ns/1ps

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

and #8 (w3, x, w1);
not #4 (w1, x);
and #8 (w4, y, w1);
not #4 (W2, y);
or #10 (F, w3, w4);

endmodule
module t Prob_3_33 ();

reg x, y;
wire F;
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Prob_3_33 MO (F, x, y);

initial #200 $finish;

initial fork
x=0;
y=0;
#20y =1;
join
endmodule

(c¢) 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,andxy=1att=
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. The waveforms show the response to
xy =01 applied at t = 10 ns.

0.000ns 39.290ns 78.580ns 117.870ns
Name 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
X
wl
y
w2
w3
wé
F
t=28ns
t=18n )
(= ldns Note: input change occurs at t = 10 ns.
t=10ns
“— A=18ns
3.34 module Prob_3 34 (Out_1, Out_2, Out_3, A, B, C, D);

output Out 1, Out_2, Out_3;

input A, B, C,D;

wire A _bar, B_bar, C_bar, D_bar;

assign A_bar =~A;

assign B_Bar =~B;

assign C_bar =~C;

assign D_bar =~D;

assign Out 1=~((C|B)& (A_bar|D)&B);

assign Out 2= ((C*B_bar)|(A&B &C)|(C_bar &B) )& (A | D_bar);
assign Out 3=C&((A&D)|B)|(C & A_bar);

endmodule
3.35
module Exmpl-3(A, B, C, D, F) // Line 1
inputs A, B, C, Output D, F, /I Line 2
output B /l Line 3
and g1(A, B, B); /I Line 4
not (D, B, A), /I Line 5
OR (F, B; C); /l Line 6
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endofmodule; /l Line 7

Line 1: Dash not allowed, 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 as input (Line 2) and output (Line 3). Terminate the line with a semicolon

G)-

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

Line 5: Too many entries for the not gate (only two allowed).

Line 6: OR must be in lowercase: change to “or”.

Line 7: endmodule is mispelled. Remove semicolon (no semicolon after endmodule).

3.36 (a)
¢ L—
c
I_ X
D >4 — ) .
A DLDP
(b)
Al A0 Bl BO
wl
>, —
e wb
— 2 Ly Alt B
L —~
S w3 A gt B
> g
—— = B
wi
/)) A eq B
)
w5
(©)
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D
_Z>— ¥

3.37
UDP_Majority_4 (y, a, b, c, d);
outputy;
input a, b, c,d;
table
/la
0

_ 0000 T
20022000
e I o W e RS o ol
SO0 ox

[ecNeololoNoNoNo)

S A aaaaaaa
_ A A, a0 000
0O -_20-0-0
SoRLeeeee

_ a0 00200

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,
#40B =0;
#60B =1;
#1I0C=1;#20C=0;#30C =1, #40C=0;#50C=1;#60C=0; #70C =1;
#20D =1;
join
endmodule

/I Verilog model: User-defined Primitive
primitive UDP_02467 (D, A, B, C);

output D;

inputA, B, C;
[/l Truth table forD=f (A, B, C) =% (0, 2, 4, 6, 7);
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table
/I A B C D // Column header comment

0 0O 1;
0 0 1 0;
010 1;
0o 1 1 0;
100 1;
1 0 1 0;
110 1;
1 1 1 1;

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
Name |0 1 1% 1>
A J
B I | I
C e O ) O )
D I
E [ T O N R
F - 1 1
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CHAPTER 4

41 (a) T,=BC T,=A4AB, T5=4A+T, =4+ B'C,
T,=D &T,=D &(A'B) =A'BD'+ D(A + B') = A'BD' + AD + B'D
Fi=T3;+T,=A+B'C+A'BD'+ AD + B'D
Withd +AD =Aand A + A'BD'=A + BD':
Fi=A+B'C+BD'+B'D
Alternative cover. Fy, =4 + CD'+ BD' + B'D

F2:T2+D:A,B+D
ABCD| T, T, T, T, F, F,

1 2 "3 CD C
00010 O O 1 1 1 m, m, m; m,
001011 0 1 0 1 O 00 1 1 1
o011 1 0 1 1 1 1 — — — —

4 s 7 6
010010 1 0 1 1 1 01 1 1
010110 1 0 0 0 1
01100 1 0 1 1 1 P P — T — B
o110 1 0 0 0 1 11 1 1 1 1
1000{ 0 0 1 0 1 0 A [ S
1001 {0 O 1 1 1 1 10 ! ! ! !
0101 0 1. 0 1 0
wir|j1r o1 1 1 1 D
11000 0 1 0 1 O
11010 0 1 1 1 1 F,=A4+B'C+B'D+BD’
11100 0 1 0 1 O
11110 o0 1 1 1 1
CD C CD C
1 1
AB 00 01 1110 4B 00 0L 11 10
m, g ms m, m, i iy 7y
00 1 1 00 1 1 1
m, ms m; mg m, ms m; (3
01 1 1 1 1 01 1 1
mp, mys mys my B my, mys s my B
11 1 1 y 11 1 1 1 1
4 mg ) 2 o) [ my iy LoT)
10 1 1 10 1 1 1 1
N |
D D
F,=AB+D F,=A+CD'+BD + BD'
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4.2
' [(AD)'A']'=4+D
y PN
s - F
B :1 > D—-BC+A’
¢ BC
L - G
D
(AD)'=A4+D’
F=(A+D)A'"+BC)=A4'D+ ABC + BCD +=A'D + ABC
F=(+D)A +BC)=A4'D'+ ABC + BCD'=A'D' + ABC
CD C CD C
1 1
AB 00 0l 11 10 AB 00 0l 11 10
m,, WI] mﬁ Wl_7 mo m/ WI3 mz
00 1 1 00 1 1
m4 m5 Wl7 mﬁ m4 m5 ﬂ’l7 m6
01 1 1 01 1 1
mp, mps mys my B mp, mys mys my B
11 1 1 11 1 1
4 mg my m, myy 4 mg my m, wn
10 10
| |
D D
F=A4'D + ABC + BCD = A'D + ABC G=A4A'D"+ ABC + BCD'=A'D'+ ABC
4.3 (@)Y, =MAS"+BS)E fori=0,1,2 3
(b) 1024 rows and 14 columns
4.4 (a)
T N\ !
1
! X 00 01 11 10
001 1 m, m, n; ms x" ]
010 |1 0 1 1 1 ]
011 0 F
100 0 m, my m, mg )
101 o x| 1 T
110 | 0 o
|
111 0
z
F=xY"+x"7'
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