6.4

=
h

1 o001v |13 00-1+ 1.3.5.7 0--1 a'd
2 oo1o0v |15 0-01v 537 —t
4 o100v 1.9 -001v 1.5.9.13 --01 cd
3 oo11v |2.3 001-v 9513 —&t
5 0101v |2.6 0-10v 2,3.6,7 0-1- a'c
6 0110v [2.10 =-010 b'ed' |2637 i
9 1o01v |45 010-v 4,5.6,7 01-- ab
10 1010v [4.6 01-0v 4,512,133 -10- be'
12 1100v |4,12 -100v 4657 T
7 o0111v |3,7 0-11v 412513 —ii—
13 1101v [5.7 01-1+ 5,7.13,15 -1-1 bd
15 1111v |5,13  -101v S 3

6.7 011-v

9.13 1-01v

12,13 110-+

7.15  -111v

13,15 11-1v

13,15 11-1v

1 3 4 5 6 7 10 12 13

1.3.5.7 a'd
1.5.9.13 c'd I l
2.3.6.7 a'c I
4.56.7 ab
4.5.12.13 bc [ =
5.7.13.15 bd >L
2.10 b'ed' ®
1 oooiv |15 0-01v |1.5.9.13 --01 CD
4 opi1oo0v |19 —001v |[H9513 —_—st
8 1p00v (4.5 010-v |4.5.12.13 -10- BC'
5 0101v |4.12  -100v [42S545F —5—
9 1oo01v |8.9 100-¥ |5.7.13.15 -1-1 BD
12 1100v [8.12 1-oov |57t 2 —++
7 o111v |57 01-1v |8.9.12.13 1-0- AC
11 1011v 5,13 -101v |813%13F ++—
13 1101v |9.11  10-1v |9.11.13,15 1--1 4D
14 1110v (9,13 1-01v |93 H35 11—
15 1111v (12,13 110-v [12.13.14.15 11-- 4B

12,14 11-0v [ H1515 +—

7.15  -111v

11,15 1-11v

13,15 11-1v

1415 111-v

s
s
s

Prime mmplicants: b'cd’, a'd, ¢'d, a'c, a'b, bc',
bd

bc'+b'ed' +a'd+ah
be'+bed +c'd+a'c
be'+bled +a'c+a'd

Prime implicants: C'D, BC', BD, AC', AD, AB



6.5
(contd)

6.6 (a)

6.6 (b)

9 12 13 15
Pl (1.5.9.13) CD| x X
P2 (4.5.12.13) BC X X
P3 (5.7.13.15) BD X X
P4 8.9.12.13) AC| x X x
P5 (9.11.13.15) AD | x X X
P6 (12.13.14.15) AB X X X

(PI + P4 + P5) (P2 + P4 + P6) (Pi+P3+P3+P++P5+P6) (P3 + P5 + P6)
= (P4 + PIP2 + PIP6 + P2P5 + P5P6) (P3 + P5 + P6)

= P3P4 + P4P5 + P4P6 + PIP2P3 + PERIRS + PIPIPS + PLPIPE

+PIPSPS + PIP6 + PAPIPS + PIP5 + P2PSPS + PIPSPS + PSP6 = |

F=(AC"+ BD) or (4D + BC) or (4D + AC") or (AB + 4AD) or (4B + AC) or (4B + C'D)
P4 P3 Bs P2 B3 P4 Ps Ps Pé P4 Ps P1

LE rs E=O s EF
cpD 00 01 11 10 CD 00 01 11 10 COD 00 01 11 10
oo| 1|1 oo | (@@ 00 [TW]
01| E |1 1 01 1 m 01 Ll xJ X
11 1| E|x 11 1 lzJ 11 x|l TO®
10 X 10 ) 10 X
F=MS,+ EMS, = AB + 40D~ MSy= ACTY + AB + ABD MS,=A'C'+ ACD
ABD + E(A'C"+ ACD) MS =A'C'+BCD
or E (4'C" + BCD)
=F=G= E=1;F=G=0
2B . g E=F=G=0 . :
coD 00 01 11 10 CD 00 01 11 10 CD 00 01 11 10
oo | 1 F|E oo | @) 00 Tq T
01| x| 6| 1]|x o1 | [x m X o1 j ¥ |l
1|1 %]1 |y | x LlJ 11| [® ] x] X
w|x || ¥ 10| (¥ X 10|k | 1| x
MS;= AB'+ABD MS;= B'C'+AC
M§,=BC+BC
ap F-LE=G=0 ap G-LE=F=0 Z=AB'+4ABD+E(BC'+4C)+
CD 00 01 11 10 COD 00 01 11 10 F(4B)+ G (4'D)
0o | M 00| x
01| x # | x 01 fx——[] %[ x
11 8| ¥ | = 11 Lx__VJ b
0] = % 0| % ®

MS,= AB MS, =AD or CD or BD



69() 1 poo1v |13 00-1v 1,3.9. 11 -0-1 bd
2 poiov |1.9 -001v 953+t —r=t
4 ploov |2.3 001-v 2.3.10. 11 -01- b'e
3 0011v [2,10 -o010v Sty —o
9 1001v [4.12 -100bed | 3,7 11,15 --11 ecd
10 10i0v (3,7  0-11¥ E S e P ++ Prime implicants: bc'd’, b'd, b'c, cd, ad, ac, ab
12 1100v 3,11  -011v 9.11.13.15 1--1 ad
7 o0111v 9,11  10-1v 9131115 +—t
11 1011+ |9.13 1-01v 10,11, 14,15 1-1- ac
13 1101 10,11 101-v s
14 1110v [10,14 1-10v 12,13.14.15 11-- ab
15 1111+ 12,13 110-v Py
12,14 11-0v
7.15 -111v
11.15 1-11v
13,15 11-1v
14,15 111-v
2 3 4 7 9 11 12 13 14
4,12 be'd &
L3.9.11 bd f=bc+bcid' +cd +bd +ab
2.3,10.11 ble ® f=bc+bc'd +cd +ad + ab
3.7.11.15 cd o f=bc+bcd' +ed+ad+ac
9, 11,13.15 ad
10,11, 14,15 ac
12,13, 14,15 ab
69(M) ¢ ogooov o1 000-v 0.1.8.9 -0o- b
1 oooiv |08 -000v 6815 ——
8 1ooo0v |15 0-01v 1.5.9.13 --01 cd
5 oioiv |1.9 -001v 5t —&—
6 o0110v |[8.9 100-v 8.9 10 11 10-- ab'
9 1p01v |8.10 10-0¥ 816911 —— Prime implicants: a'bd, a'be, b'c’, ¢'d, ab’, ac’
10 1o010v |8.12 1-00v 8.9.12.13 1-0- ac'
12 1100v |5.7 01-1 abd | 8329313 +——
7 0111v 5,13 -101v
11 1011v |6.7 011- abe
13 1101 |9.11  10-1v
9,13 1-01v
10,11 101-v
12,13 110-v
01 5 6 8 9 11 13
5.7 abd
6.7 abe ® f=abc+bc'+ab'+c'd
0.1.8.9 b &
1.5,9,13 cd l
8.9.10. 11 ab' 2
$,9.12,13 ac

69(c)y f=ab+bct+abc'+bd+ecd
f=ab+bc+abc'+ad+cd
f=ab+bctabe’'+ad+a'c

6.10 Prime implicants: abc’, be'd, a'bd, b'ed, a'c, a'b'd’

f=abc'+b'cd +ac+ ab'd'+a'bd
f=abc’'+b'ed + a'c + a'b'd’+ bc'd



6.11

6.12 (a)

0  ooooov 0.2 0oo-0v 0.2.46 00--0v" 0.2.4.6.810,12.14 0-—--0 AE
2 goolov |04 oo-00v 0.2,8,10 0-0-0v 028104512 14 F—v
4 oo1o0v |0.8 0-000v 0.2.16.18 -00-0 B'CE'| 84812261614 +—5
8 oQ1o00v |0.16 -oooOv 426 St
16 _10000v |2.6 oo-10v 0,4,8,12 0--00v
6 o0ollov |2.10 o0-010v 88218 ot
9 og1001v |2.18 —oo10v G E~1> 0
10 o1o010v |4.6 Dol1-0v 16218 e+
12 gi1i1o00v |4.12  o-100v 2.6.10,14 g--10v
18 10010v |8.9 0100-v L
7 00111v |8.10 010-0v 4.6,12,14 0-1-0v
11 o1o011v |8.12 o01-00¥ 12614 Tt
13 01101v |16.18 100-0v 8.9.10,11 010-- A'BC'
14 og1110v |6.7 0011- AB'CD[8.9.12.13 01-0- A'BD'
19 10011v |6,14 o0-110v 165 T
21 10101 |9.11  Q1o0-1v 8, 10,12, 14 g1--0v
29 11101v |9.13  01-01v 812913 41—
30 11110 |10.11 pio1-v 2114 21—
10,14 01-10v
12,13 0110-v
12,14 011-0v
18.19 1001- AB'CD
13.29 -1101 BCDE
14.30 -1110 BCDE'
21,29 1-101 ACDE
02 6 7 8 10 11 12 13 14 16 18 19 29 30
6.7 ABCD —
18,19 AB'CD )
13,29 BCDE
14. 30 BCDE' &
21.29 ACDE
0,2.16, 18 B'CE B
8.9.10, 11 ABC £
8.9.12.13 ABD' >[
0,2.4,6,8,10,12. 14 AFE *
F=BCDE'+ AB'C'D + B'C’'E'+ A'BC'+ A'B'CD + BCD'E + A'E’
0 00000v 0,1 0o00-v |0.1,2.3 000y |0,1,2.3,8,9,10,11 0-0-—*
1 gooo1y |0.2 000-0v |0.1.8.9 0-00-V
2 oooioy |O0.4 OO—DO"I 02,810  0-0-00 Prime Implicants: ABD'E'. ABDE. AB'CE,
4 00100v 0.8 0000y [1.3,9.11  0-0-1V ACDE, AB'CD. ACDE', ABCD'. ABCE',
8 010004 [L.3 000-1v |2.3,10,11  (-01-V/ CDE A'C’
3 00011v | L9 0—001\-: 8.9,10,11  010--V
9 010014 2.3 0001-v | 3.11,19,27 -011*
10 p1p10v [2.10  o-010V
11 o1011Y |8.9 0100-V
19 10011 |8.10  010-0Y
21 1o0101v [3.11  p-0114
22 101104 3.19 _0011\,' 1 2 4 5 6 7 9% 12 13 15 17 20 22 25 28 30
28 111004 [9.11  o10-1v o4 ABDE| ¥ X)
23 10111v 10,11 o101-y (19,23 ABDE X
27 11011y | 11,27 -1011v (21,23) ABCE
29 11101y [19.23 10-11* 21,29 ACDE
30 11110v [19.27  1-0114 (22.23) ABCD
21,23  101-1* (22, 30) ACDE"
21,29  1-101* ©8.29) ABCD
22,23 1011-*
22,30 1-110% (28.30) ABCE
28.29 1110-* (3,11,19,27) CDE ]‘: ‘T 3
28,30 111-0* 0.1,2,3,89,10,11) AC rEE = a4

f=AC"+ C'DE+ A'BD'E'+ AB'CE + ACDE' + ABCD'
f=AC"+ CDE+ABD'E'+ ACD'E + AB'CD + ABCE'



6.12 (b)

6.12 (b) f=BCD + ABCE + BDE + A'C'D'E'+ ABD + B'C"DE'+ AB'CD'+ B'C'D'’E + A'B'D'E’

Essential prime implicants: 4'C'D'E’, BDE, 4'BCE, BCD
Petrick’s Method for remaining minterms: (Q+I)(R+UNS+IN T+ UHXNF+ PN IT+INX+Z)
= (QW+T)(RX+D)(ST+V)(F+D(X+Z) = (QW+TW+TY)(RX+UX+UZ)(SF+V)
= (QSWY+STY+QVW+TFW+IVY)NRX+UX+UZ) There are four minimal choices from the first parenthesis. In the
second parenthesis only UZ 1s mmimal since Z has fewer literals than the other two PI's. The mmimal solutions are
(STFHQVI+TVI+TVINUZ)

(contd) f=RBCD+ A'BCE+ BDE+ A'CD'E'+ ABD + BC'DE’'+ AB'DE + BCDE' + A'B'C'D’

6.13 (a)

f=BCD +ABCE +BDE + A'C'D'E'+ ABD + B'C'DE'+ AB'DE + B'CD'E'+ B'C'D'E

f=BCD+ABCE+BDE+A'CDE +4BD+B'C'DE'+ AB'CD'+ B'CD'E'+ BCDE

0 pooooy |O.1 0000-* [ 11.15.27.31 -1-11* Prime Implicants: A'BD'E'. ABDE. AB'CE,

1 oooo1v 0.2 000-0* | 14.15.30.31 -111-* ACDE. AB'CD. ACDE' ABCD'. ABCE",

2 opooloV 0.4 00-00% |26.27.30.31 11-1-* C'DE. A'C'

4 potoov |0.8 0-000%

8 01000\'. 1, 17 -0001* 0 1 2 4 8 11 13 14 15 17 18 20 21 26 27 30 31

17 10001V |2.18  -0010% Q 0D ABCD

18 10010V |4.20 -0100% R 0.2 ABCE

20 10100¢ |17.21 10-01* 5 (0.4 ABDE

11 o1011v | 18,26 1-010% 0.9 ACDE

13 o11014 [20.21 1010-* T BCDE -

14 101107 1115 ot-11Y U @19 BCDE - -

21 10101V |11.27  -1011 v @ B . .

26 11010V | 13,15 011-1* W 070 . . .

15 01111V |14.15 o111V ST ‘

27 11011V |14.30 11109 * s ACDE X X

30 111100 | 26.27 1101 ¥ o ABCD X X

31 111117 |26.30  11-107 (13,15) ABCE e
15.31 -1111v (11,15,27,31) BDE = 2 3
27.31  11-114 (14,15,30,31) BCD & .
30,31 1111 Z (26,27,30,31) ABD X X i *

F(4, B, C, D, E)= AB'D'E' + BCDE + AC'D' + AC'E" + A'CE + A'CD + A'BC
A4 B CDE=({'+B+D+E(B'+C' +D' +EYA'+ C+D)d'+ C+ E)d + C'+ E)d + C"+D)d + B' +C")

16 100007 | 16.17 1000-V | 16. 17.24. 25 1-00-* Prime mplicants of £': 4B'D'E’, BCDE, AC'D’,
5 00101V |16.18 100-0V |16 18 24 26 1-0-0* AC'E’, A'CE, A'CD, A'BC
6 o00110v |16.20 10-00* |5 7, 13,15 0-1-1*
12 o11007 |16.24 1-000v |6.714.15 0-11-*
17 10001V [5.7 001-0V |12.13.14.15 011-*
18 10010V [5.13  o0-1019
20 101007 |6.7 0011V
24 110007 [6.14  o0-110v
| ') |I
33 g?:é:: 1;‘ 3 g::%:‘ 5 6 7 12 13 14 15 16 17 18 20 24 25 26 31
14 o110V [17.25 1-001V 16.20) ABDE &
25 110017 [18.26 1-010V (15,31 BCDE ] &
26 11010Y |24.25  1100-4 (16,17,24,25) ACTD' 3
;f 011117 §4__1§6 110-0V (16.13.24.26) ACE 3
111117 215 21111:: 61119 ace | ® 1 !
1415 o111y €711 A ® f
1531 -1111* (12,13, 14,15) ABC .



6.13 (b)

6.14 (a)

6.14 (b)

6.16

10000Y | 16.24 1-000*

10
12
24

00011V 3.7 00-114
oot01y |3.19  _po1ny
00110V |5.7 001-1*
oto01 |6.7 0011
01010* |6,22  -0110Y
011007 [9.25  -1001*
110007 |12.28 -1100%

7

19
22
25
28

001117 [24.25  1100-V
100117 | 24,28 11-00V

3.7.19.23 0-11* Prime implicants of f': 4'BC'DE AC'D'E’, A'B'CE,
6.7.22,23 011-* BC'D'E, BCD'E', B'DE, B'CD, ABD"
24.25.28.29 11-0-*

10110V [7.23 o111y
110017 |19.23  10-11V
1100V 22,23 1011-9

23
29

10111V [25.29 11019
1101/ [28.29  1110-V

3 5 6 7 9 1012 16 19 22 23 24 25 28 29
(10) ABCDE @
(16,24) ACDE E—
6.7 ABCE B—x
9,25) BCDE (2 3
12,29 BCDE & ¥
(.7.19.23) BDE |3 . So—
(6.7.22,23) BCD B == ;
(24,25,28,29) ABD E X% )

f = A'BC'DE'+ ACDE'+ A'B'CE + BC'D'E + BCD'E' + B'DE + B'CD + ABD'
f=(4+B"+D)(4'+C +D+E )(B+C'+D+E )(B'+C+D+ E")(B+C'+D")(4+B+C'+E')|(B+D'+ E')(A+B'+C+D'+E)

1 ooty [1.3 00-1* [1.5.9.13 —-01* Prime implicants: A'B'D, AB, AC, C'D, AD",
4 o010V |15 001V |4.5.12.13 -10-* BD' BC'
g 1000Y |19 001 |4.6.12. 14 -1-0% 1 3 5 6 8 9 1214 15
30011V |45 010-\-: 8.9.12.13 1-0-: s AED I_®
5 o101 |46 010V |8.10.12.14 1-0 5013 . < .
6 o1107 [4.12  -1000 [12.13.14.15 11-F
9 10014 |89 100y 4.5.12.13)  BC X X
10 1010 [8.10 100V @.61214 BN ® 3
12 11000 [8.12  1-00V (8.9.12.13) AC X X X
13 1101V [5.13 -101V ®10.12.14) AD ¥ 1 %
R Fr w1 49 b
W 5 LAY . N - . PR
10,14 1-10V Essential Prime Implicants: AR, BD', A'B'D
:;ﬁ ::00: f= AB+BD'+ABD+CD+AD
B TV S4B +tBD +ABD+ACHCD
1415 111 f=AB+BD'+ABD+AC+BC"
: 002 7 118 9 1214 15
0 ooooY Jo.2 00-0% =
2 0010 \,' 0, 4 0-00% Q)] ABCD \3_()
4 1000 [2.10  -010% amn ABCD
10 1010 10,11 101-* 02 ABD | X X
7o ©4 acp | X
i; }(1)[1):: 2.1y  BCD' X
Prime Implicants aof f'- A'BCD, A'B'D', ABC'D, (10,11) ABTC ®
4B'C, B'CD, 4'CD Essential Prime Implicants: AB'C, A'BCD
f'=AB'C+ A'BCD + A'BD’
1 000001v 1.3 0000-1v 1.3.17.19 0-00-1 A'C'D'F
2 000010V 1,17  0-0001v 319 6651
16 010000V 2.3 00001-v 2,3,18,19 0-001- A'CD'E
32 100000V 2,18 0-0010v 218310 e
3 000011v 16,17 01000-v 16.17.18.19 0100-- A'BC'D'
17 010001V 16,18 0100-0v RS e
18 010010V 16,48 -10000 BC'D'E'F'
48 110000V 32,48 1-0000 AC'D'E'F'
19 010011v 3,19 0-0011v
26 011010v 17.19 o100-1v
28 011100V 18.19 01001-v
15 001111 A'B'CDEF |18.26 01-010 4'BD'EF’
29 £11101v 26,30 011-10 A'BCEF’
30 p11110v 28.29 01110- A'BCDE'
39 100111 AB'C'DEF |28.30 0111-0 A'BCDF’
63 111111 ABCDEF




6.16
(contd)

6.16 (a)

6.16 (b)

6.16 (c)

6.17 (a)

6.17 (a)
(contd)

1

2 3 16 17 18 19 26 32 39 48 63

15
39
63

16. 48
32,48
18.26
26.30
28.29
28.30
1.3.17.19
2,3.18,19

A'B'CDEF
AB'C'DEF
ABCDEF
BCDEF
ACDETF
A'BD'EF
A'BCEF
A'BCDE'
A'BCDF'
A'CDF pat
A'CDE
16.17.18.19 A'BCD'

ok

G =AB'CDEF + ABCDEF + ACDF+A'CDE +ACDEF +4BC'D' +A'BD'EF’
G =AB'CDEF + ABCDEF + ACDF+A'CDE +4ACDEF +4BC'D'+ ABCEF'

Essential prime implicants are underlined 1n 6.16 (a).

If there were no don't cares, prime implicants 15, (26, 30), (28, 29), and (28, 30) are omitted. There is only one

minimum solution. Same as (a). except delete the second equation.

T 000001V ]1.33  -00001® |11.15 43.47 -01-11* |
12 001100" 33.35 100017
33 100001V [7.15  0O-111*
7 000111V 11.15 001-11%
11 0010117 |11.43 -01011¢ Prime Implicants: A'B'CDE'F' A'BCDEF", ABCDE'F"
35 100011V | 3543 10-011* B'C'D'E'E, AB'C'D'F, A'B'DEF, AB'D'EF, ABC'EF"
50 1100104 | 5054 110-10* ABD'EF', ACD'EF, ABCD'E, B'CEF
15 001111V ]50.58 11-010*
30 011110* [15.47 011117
43 1010117 | 43.47  101-114
54 110110V | 43,59 1-1011%
58 111010V | 58.59 11101-*
60 111100*
47 1011117
59 1110119

1 7 11 12 15 33 35 43 47 50 go  [Essential Prime Implicants: 4'B'CDEF,
o pe— ® ABCDE'F', B'C'D'E'F, A'B'DEF, B'CEF

=

G0 ABCDEF G = A'B'CDE'F' + ABCDE'F'+ BCDEF +
(60) ABCDEF @ A'B'DEF + B'CEF + ACD'EF + AB'C'DF
(1, 33) BCDEF |(3 G = A'B'CDE'F' + ABCDE'F' + B'C'D'E'F +
33.35) ABCDE % A'B'DEF + B'CEF + ACD'EF + AB'DEF
- G = A'B'CDE'F' + ABCDE'F' + BC'D'E'F +
. ABDEF | (B ¥ A'B'DEF + B'CEF + ABCD'E + 4B'C'DF
(3.43) ABDEF X G = A'B'CDE'F’ + ABCDE'F' + BCD'EF +
(50, 34) ABCEF A'B'DEF + B'CEF + ABCD'E + AB'DEF
(50, 58) ABDEF
(43, 59) ACDEF X
(58, 59) ABCDE X
(11,15,43,47) B'CEE SR &



6.17 (b)

6.23 (a)

Prime Implicants of G* AB'CE" AB'DE', AB'F",
BDF, BE'F, BD'E' CE'FE, CD'E’. DE'F, C'DE",
A'C'D'E, AC'D, D'F', C'F', BC'", A'B, EF', BDE

Essential Prime Implicants of G'- BC', AC'D, A'B,
EF" A'CD'E

G =BC'"+ACD+AB+EF +A'CDE+ ABF’
+BDF + CD'E'+ DEF + C'F'

G' =BC'+ACD+AB+EF'+A'C'D'E + AB'F'
+BDF + CEF+ C'DE'+DF'

G =BC'+ACD+AB+EF +ACDE+ ABF'
+ CDE'+ DEF+ CF'+ BDE

G' =BC'+ACD+AB+EF'+A'CDE + AB'F'
+ CEF+ CDE'+DF' +BDE

Each minterm of the four vanables 4, B, C, D
expands to two minterms of the five vaniables
A, B, C D E Forexample.

m,(A.B.C.D) = ABCD'

=ABCDE +ABCDE

=my(AB.CDE)+my(ABCDE)

0o : 7|

6.18

6.23 (b)

6.24

(a) -0-1 =(1. 3, 9. 1), -01- = (2. 3. 10. 11),
—11=(3.7.11.15), 1-1= (9. 11. 13. 15)

(b) maxterms = 0.4, 5.6. 8,12 14
(c) don't cares = 1, 10, 15

(d)B'C. CD. AD

Prime implicants: A'C'DY, A'B, AB'D, A'C'E, ACDE,
BCDE, B'C'DE

F=ACD'+AB+A4BD + A'C’E + ACDE
F=ACD'+AB +A4B'D + A'C'E + BCDE

EF 0o 01 11 10

Gl

v g

L

* This square contains 1 + B, which reduces to 1.

G=CEF+DEF+A(D'FY\+ B (D
—_— %
MSG Sl S']



