Assignment #3 E & CE 223



E&CE 223
Assignment 3 - Solutions

1 Find the minimum sum of products (fewest gates) for 5 defined
below. Indicate the essential prime implicants.
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There are three solutions:

F=C'A"+(C'D+A'B+D'B + DABR’

F=DA"+C'D+A’'B+D’B+DAB’

F=CB+CA"+A'B+D'B+DAR’

Essential prime implicants: A’B, D'B, DAB’
2 Given the function F where

Flabed)=%(0,1,3,7,8, 9, 13, 15)+d(2, 11)

(a) Find all the prime implicants

(b) Find all the essential prime implicants and indicate why each one 1s
essential
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prime implicants  essential reason
ab’
cd yes only cover for a’bed
ctcl yes only cover for abc’d
b'd
e’ yes only cover for ab’c’d’

(¢) fnd a minimum number of gates sum of products expression for F
F=cd+ad+b'c
3 DoMano3.2,33, 39 310, 3.12, 2.23,3.27

Mano 3.2
(a) F:xy—'—x’y’z’—'—x’yzr
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F=x’z’+x_j}



(b) F =x’y’ + ¥z -I—x’yz’
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F=x"+yz
(c) F=A’B+BC'+B'C’
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F=C'+A'B

Mano 3.3
(a) FIAB,C.D)=%(4,067 13)
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F(4,B,C.DY=ABD’ + BCD
(b) Fiwx,».2)=Y(2,3, 12, 13, 14, 15)
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Flwxyz)=wx+wx'y
() F(4,B,C.D)=¥(3,7, 11, 13, 14, 15)
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F(4,B,C,D)=CD +ABD + ABC

Mano 3.9
(a) Fiwx,y,2)=¥(0,2,5,6,7, 8, 10)
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Filwx,y)=xv7 +wx+x'g
Flwx,p,2)= (x+y2)w +x x4z
(b) F(4,B,C.D)=TI(1,3,5,7, 13, 15)
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F'(AB,C.DY=A'D+BD
F(A,B,C.D)=(A+D"YB+D"
(c) Fix,p,2)=¥(2,3,0,7)
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Fix,yx)=y
(d) F(A,B,C.DY=TJ(0, 1,2,3,4, 10, 11)
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FABCD)Y=AC'D'+A'B +BC
F(A.B.C.D)= (A+C+DYA+BYB+C")
Mano 3.10
(a) F=x72"+y7+vz' +xy
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(i) F=z"+xy
(i) F'=x"7+yz
F=(x+z)y+2")
(by F=AC"+B'D+A'CD+ABCD
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(i) F=AC’+CD+B'D
(i) F' =AD"+ A’BC’ + CD’
F = (A+DYA+B"+C)C'+D)

(¢) F=(A+B+DYWA+B'+CWA'+B+D" ) B+C"+D")
F'=ABD + A’BC +AR'D + B'CD
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(i) F=A'C’+B'D’ +AD’
(i) ' =AD + CD + A’BC
F=(A+DYC+DYWA+B+C)
Mano 3.12
(a) F=AB'+ABD + ABD’ + A’C’'D’ + A'BC’
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(by F=BD +BCD"+AB'C'D’
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F=BC+BD+ABC'D’
I
e

Mano 3.23
(a) Fliwx,y,2)=3(0,1,2,3,7,8,10)+d(3, 6,11, 15)
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(1) F=wz+x7
(i) F'=xz"+wz
F=(xz)w'+z)
(b) F(A,B,C.DY=Y(3,4, 13, 157+d(1, 2, 5, 6, 8, 10, 12, 14)
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F=AB+ or + or

BD’ A'R'D

(four equally simple solutions)



(ii) # # #
B'D" A'BC
I"=AR'+ or + or
B'C" A'RD
B+D A+B+C”
F={A+BY or %( or )
B+C A+B+D’

Mano 3.27
(a) PAB,C.DEF G)Y=Y%(20, 28, 32, 60)

ABCDEFG  ABCDEFG ABCDEFG
(20) 0010100* 001-100* [20,28( 8)] O-1-100 [20,28,52,60(8,32)]
0-10100* [20,32(32)]

(28) 0011100% ———
(52) 0110100+ 0-11100* [28,60(32)]
011-100% [52,60( 8)]

(60) 0111100+
P=0-1-100=A'CEF'G’
(b) P(4,B,C.D.EF.G)=Y(20, 28, 38, 39, 52, 60, 102, 103, 127)

ABCDEF:
20 0010100 20*  2028( B)* 20,2852, o0( 8,32)
28 0011100 20,52(32)*
38 0100110  28* 38,39,102,103( 1,64)

39 0100111 38+  28,60(32)*
52 0110100 52+  3839( 1)*
60 0111100 38,102(64)*
102 1100110  39* 52, 60( 8)*
103 1100111  60*
127 1111111 102*  39,103(64)*
102,103( 1)*

103*
127




(c)

Prime implicants ABCDEFG

127 1111111 ABCDEFG
20,28,52,60(8,32) 0-1-100 A'CEF'G’
38,39,102,103(1,64)  -10011- BC'D'EF
Prime implicant table:

20128 (3839|5260 (102 103|127
127 X
20,28,52,00(8,32) |x |x X |x
38,39,102,103(1,64) X | x X | x

All prime implicants are essential.
P =ABCDEFG + A'CEF'G"+ BC'D'EF
PABCDEFY=Y(6,9,13, 18,19, 25, 27,29, 41, 45, 57, 61)

6 000110 6 9,13(4)*  9,13,25.29(4,16)* 9,13,25,29,41 45,
9 001001 9+ 925(16)% 9,13,41,45(4,32)*  57,61(4,16,32)
13 001101 18+ 941(32)* 9,25.41,57(16,32)*
18 010010 18,19(1)
19 010011 13+ 13,29,45,61(16,32)*
25 011001 19* 13,29(16)* 25,29,57,61(4,32)*
27 011011 25* 13,45(32)* 41,45,57,61(4,16)*
29 011101 41* 19,27(8)
41 101001 25,27(2)
45 101101 27+ 25,29(4)*
57 111001 29* 25,57(32)*
61 111101 45% 4145(4)*
57+ 41,57(16)*
61+ 29,61(32)*
45,61(16)*
57,61(4)*




Prime Implicants ABCDEF

3] 000110 A’B°C'DEF’ =a
18,19(1) 01001- A'BC'D'E =b
19,27(8) 01-011 A'BD'EF  =c
25,27 {4) 0110-1 A’BCD'F  =d
9,13,25,29,41,45,57,61(4,16,32) 101 CE'F =e

Prime implicant table

6(9|13[18({19(25(27(29(41 (4557|061
a0 X
b 18,19 X | X
c 19,27 X X
d 23,27 X | X
e 913,25,2941.455761| |x|x X X | X |x|x|[x
covered by essential |+ |+| + |+ |+ | + + |+ |+ |+ ]|+
a, b, e are essential. Also require ¢ or d.
A’BDYEF
P=A'BCDEF+A'BC'D’E+(CE'F + or
A'BCD'F

Develop a two-level NAND circuit that generates 1, F2 and F3
using the minimum nmumber of gates. Assume the true and comple-
mented values of all variables are available.

Fl=Y(,67)
F2=%(1,3,4,7)
F3=¥(2,3,4)+d(0)
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FleF2 F20F3 F3F1

Prime implicants:

Flixy,xz" Flixy'z,x'z,yz F3:v'Z, x'y

shared implicants:

FloF2:xy'z" xyz F2oF3:xy'7', x'yz F3Fl:xy'7

The shared implicant xyz” is common to all three functions.
Prime implicant table {chart):

F1 F2 F3
416 | F 1347|234
all xv'z' | x X X | essential
F1F2 xyz X X A
F2oF3 x'yz X X B
F1 Xy X | X C
xz | x|x D
E2 x'z X | x essential
¥z X X E
F3 y'z x| F
x’y X | x essential
+ + |+ |+ + | + | + | covered
require (C+D) (A+E)

(A+C)



Required

= (C+DYA+TCYA+E) = (C+ADYA+E)
—CA +CE+AD + ADE =AC + CE + AD

AC - 3-input gate, 2-input gate
AD - 3-input gate, 2-input gate
CE - two 2-mput gates — simplest

Fl=xyz" +xy
Fl=xy'z' +x'7+yz

F3=xy'z"+x'y
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