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QM method

@ Partition cubes into groups (m: 1, n: D) of mon-set and n DC-set
minterms
@ Combine adjacent terms between groups (matching in the position of 1’s
and don’t cares) to get prime implicants
@ Cover on-set minterms using prime implicants
e reduce table by row dominance
Cy dominates C; if Cy covers every on-set minterm covered by C,
e reduce table by column dominance
mo is dominated my if any P covering m; also covers mo
however, if C, is a bigger cube (due to DCs) it may still be retained
e reduce table by dropping essential PMs
e finally apply branch and bound (recursive application of covering
needed)
arbitrarily decide to keep or not to keep a cube
bound exploration if the cost matches or exceeds the cost of an
explored solution
e Petrick’s method may be used to generate all possible covers @

especially for the cyclic core)
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = >(0,5,8,9,10,11,14,15)

(0:1,0: D)

m| abocd
0| 00 00O
(1:1,0:D)

m| abocd
8/ 1000
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = >(0,5,8,9,10,11,14,15)

(0:1,0: D)
m| abocd
0| 00 00O
(1:1,0:D)
m| abocd
8/ 1 000

@
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = >(0,5,8,9,10,11,14,15)

(0:1,0: D)

m| abocd

ol 000 0 (0:1,1:D)

T 10D cube | a b cd
<m’é|>bcd 0.8] -000
8/ 1000
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b,c,d) =>(0,5,8,9,10,11,14,15)

(1:1,0:D)

m|abocd
8/ 1 000
(2:1,0:D)

m|  abocd
5/ 01 0 1
9/ 1 0 0 1
10| 1 0 1 O
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b,c,d) =>(0,5,8,9,10,11,14,15)

(1:1,0:D)

m|abocd
8/ 1000
(2:1,0:D)

m|  abocd
5/ 01 0 1
9/ 1 0 0 1
10| 1 0 1 O
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b,c,d) =>(0,5,8,9,10,11,14,15)

(1:1,0:D)

m| abocd

8/ 1000 (1:1,1:D)
(2:1,0:D) cube | a b c d
m|abocd 89| 1 0 0 -
5/ 010 1

9| 1 00 1

10| 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(1:1,0:D)

m| abocd

8/ 1000 (1:1,1:D)
(2:1,0:D) cube | a b c d
m|abocd 89| 1 0 0 -
5/ 010 1 8,10| 1 0 - 0
9| 1 00 1

10| 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = 3(0,5,8,9,10,11,14,15)

(2:1,0:D)

m|abocd

5/ 010 1

9/, 1 0 0 1

10 1 010
(3:1,0:D)

m|abocd

11| 1 0 1 1

14| 1110
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(2:1,0:D)
m| abocd
5/ 01 0 1
9/ 1 0 0 1
10| 1 0 1 O
(3:1,0:D)
m|  abocd
11 1.0 1 1
141 1110
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(2:1,0:D)

m|  abocd

5/ 010 1 (2:1,1:D)

9, 1 0 0 1 cube | a b c d
10 1 0 1 0 9,11 1 0 - 1
(3:1,0:D)

m| abocd

11 1 0 1 1

14 1110
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(2:1,0:D)

m| abcd

5/ 01 0 1 (2:1,1:D)

9, 1 0 0 1 cube | a b c d
10 1 0 10 9,11 1 0 - 1
(3:1,0:D) 10,11 10 1 -
m| abocd

11 10 1 1

14 1110
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(2:1,0:D)

m| abcd

5/ 01 0 1 (2:1,1:D)

9, 1 0 0 1 cube | a b c d
10 1 0 10 9,11 1 0 - 1
(3:1,0:D) 10,11 10 1 -
m| abocd 10,14 1 - 1 0
11 10 1 1

14 1110
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =>(0,5,8,9,10,11,14,15)

(3:1,0:D)

m| abcd
11 10 1 1
14| 1110
(4:1,0:D)

m| abcd
15/ 111 1
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =>(0,5,8,9,10,11,14,15)

(3:1,0:D)

m| abcd
11 10 1 1
14| 1110
(4:1,0:D)

m| abcd
15/ 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = 3(0,5,8,9,10, 11, 14, 15)

(3:1,0:D)

mjabecd 3:1,1:D)

11 1 0 1 1

2171 110 cube | a b c d

11,15 1 - 1 1

(4:1,0:D) 15

m| abocd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) = 3(0,5,8,9,10, 11,14, 15)

(3:1,0:D)

mjabecd 3:1,1:D)

11 1 0 1 1

12 7110 cube | a b c d
41,0 D) 11,15 1 -1 1

= 14, 15 11 1 -

m| abocd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(1:1,1:D)

cube | a b c¢c d
8,9 100 -
8,10 10 -0
(2:1,1:D)

cube | a b c d
9, 11 10 - 1
10, 11 10 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(1:1,1:D)

cube | a b c¢c d
8,9 1 00 -
8,10 10 -0
(2:1,1:D)

cube | a b c d
9, 11 10 - 1
10, 11 10 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(1:1,1:D)

cube | a b c d

89] 100 - (1:1,2:D)
8,10 10 -0

2 1.1.D) cube | a b c d
S 10,11 1 0 - -

cube| a b cd S s

9,11 1 0 - 1

10, 11 1 0 1 -

10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(1:1,1:D)

cube | a b c d

S [0 (1:1,2:D)
8,10 10 -0

> 171D cube | a b c d
éube’ é>t)c 5 891011 10 - -
TR 8,10,9,11| 1 0 - -
10, 11 1 0 1 -

10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(2:1,1:D)
cube | a
9, 11
10, 11
10, 14
(3:1,1:D)
cube | a b c d
11,15 1 1
14, 15

c d
]

b
0
0

- !
1

—_| = =
1
—_
o
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =3>°(0,5,8,9,10,11,14,15)

(2:1,1:D)

cube | a b c¢c d
9, 11 10 - 1
10, 11 10 1 -
10, 14 1 -10
(3:1,1:D)

cube | a b c d
11, 15 1 -1 1
14, 15 11 1 -
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(2:1,1:D)
cube | a b c d
9,11 10 - 1 R
10, 11 1 0 1 -
cube | a b c d
10.14] 1-170 10,11,1415[ 1 - 1 -
(3:1,1:D) R
cube | a b c d
11,15 1 -1 1
14, 15 1 1 1 -
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a, b, c,d) = 3(0,5,8,9,10, 11, 14, 15)

(2:1,1:D)
cube | a
9, 11
10, 11
10, 14
(3:1,1:D)
cube | a b c d
11,15 1 1
14, 15

c d
]

(2:1,2:D)

cube | a b ¢c d
10,11,14,15 1 -1 -
10,14,1115] 1 - 1 -

b
0
0

- !
1

—_ | =
1
—_
o
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2-level optimisation by Quine-McCluskey method QM ex-1

f(a,b,c,d) =>(0,5,8,9,10,11,14,15)

Pis| 0] 5] 8] 9|10 11] 14| 15
8,9, 10, 11 x| 0] x| x
10, 11, 14, 15 x| x| 0] X
0,8 (X) X
5 X
f=AB+AR+BRD+ABRD
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February 6, 2020
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|  abocd
1] 0 0 0 1
2| 0010
8/ 1 000
(2:1,0:D)
m| abocd
3| 00 11
9/ 1 0 0 1
10| 1 0 1 O
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|  abocd
1] 00 0 1
2/ 0010
8, 1 00O
(2:1,0:D)
m| abocd
3/ 0011
9, 1 0 0 1
10 1 010
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|abocd (1:1,1:D)
1] 0 0 0 1 cube | a b c d
2/ 0010 1,3/, 0 0 - 1
8/ 1 000
(2:1,0:D)
m| abcd
3| 00 1 1
9/ 1 0 0 1
10 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)

m|abocd (1:1,1:D)

1] 0 0 0 1 cube | a b c d
2/ 0010 1,3, 0 0 - 1
8/ 1 000 1,9/ - 0 0 1
(2:1,0:D)

m| abcd

3| 00 1 1

9/ 1 0 0 1

10 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)

m|abocd (1:1,1:D)

11 00 0 1 cube | a b c d
2/ 0010 1,3, 0 0 - 1
8/ 1 000 1,9/ - 0 0 1
(2:1,0:D) 2,3 00 1 -
m| abcd

3| 00 1 1

9/ 1 0 0 1

10 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|abocd (1:1,1:D)
11 00 0 1 cube | a b c d
2/ 0010 1,3, 0 0 - 1
8/ 1000 1,9/ - 00 1
(2:1,0:D) 2,3 00 1 -
m|  abcd 2,10 - 010
3| 00 1 1
9/ 1 0 0 1
10/ 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|abocd (1:1,1:D)
11 00 0 1 cube | a b c d
2/ 0010 1,3, 0 0 - 1
8/ 1000 1,9/ - 00 1
(2:1,0:D) 2,3 00 1 -
m|  abcd 2,10 - 010
3| 00 1 1 89| 1 0 0 -
9/ 1 0 0 1
10 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(1:1,0:D)
m|abocd (1:1,1:D)
11 00 0 1 cube | a b c d
2/ 0010 1,3, 0 0 - 1
8/ 1000 1,9/ - 00 1
(2:1,0:D) 2,3 00 1 -
m|  abcd 2,10 - 010
3| 00 1 1 89| 1 0 0 -
9/ 1 0 0 1 810 1 0 - 0
10/ 1 0 10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)
m|  abocd
3| 00 11
9/ 1 0 0 1
10| 1 0 1 O
(3:1,0:D)
m| abocd
71 01 11
11 1.0 1 1
141 1110
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)
m|  abocd
3/ 00 11
9, 1 0 0 1
10 1 010
(3:1,0:D)
m| abocd
7101 11
11 1.0 1 1
141 1110

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020 31/136



2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)

m| abocd

3T 00 1 1 (2:1,1:D)

9 1700 1 cube | a b c d
071010 By _W- 10
(3:1,0:D)

m| abcd

7 01 1 1

11 1 0 1 1

14 1110
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)
m|  abocd
3/ 00 11
9, 1 0 0 1
10 1 010
(3:1,0:D)
m| abocd
71 01 11
11 1.0 1 1
141 1110

(2:1,1:D)

cube | a b c d
3,7 0O -1 1
3, 11 -0 11
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)

m|abocd

3T 00 1 1 (2:1,1:D)

9 1 00 1 cube | a b c d
10 1010 87/ 0 - 11
7700 3,11 - 0 1 1
<h’ébcd 9,11 1 0 - 1
71 01 11

11 1.0 1 1

141 11 10

@
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)

m|  abocd

3T 00 1 1 (2:1,1:D)

9T 1 0 0 1 cube | a b c d
10 1010 71 0 - 11
7700 3,11 - 0 1 1
<"'b 5 9,11 1 0 - 1
“;31‘1’1 10,11 1 0 1 -
"] 1011

141110
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,3,7,8,9,10,11, 14, 15)

(2:1,0:D)
m| abcd
3T 00 1 1 (2:1,1:D)
9T 1 0 0 1 cube | a b c d
10 1010 710 -11
5:1,0:D) 3,11 - 0 1 1
<-’-b . 9,11 1 0 - 1
“;31‘1’1 10,11 1 0 1 -
10,14 1 - 1 0
1] 1011 0
141110

@
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) = 3(1,2,3,7,8,9,10,11,14,15)

(3:1,0:D)

m| abocd

71 01 11

11 1 0 1 1

14 1110
(4:1,0:D)

m| abcd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) = 3(1,2,3,7,8,9,10,11,14,15)

(3:1,0:D)

m| abocd

71 01 11

11 1 0 1 1

14 1110
(4:1,0:D)

m| abcd

15 1 1 1 1
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,8,7,8,9,10,11,14,15)

(3:1,0:D)

I RANDNCES 3:1,1:D)

71 0111

[T 1 0 1 1 cube | a b c d
141 1110 B =V 11
(4:1,0:D)

m| abocd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =>(1,2,8,7,8,9,10,11,14,15)

(3:1,0:D)

LU ECIEL o 3:1,1:D)

71 0111

[T 101 1 cube | a b c d
141 1110 Bl -V 11

11,1 1 -1 1

(4:1,0:D) , 15

m| abocd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =3>(1,2,3,7,8,9,10,11,14,15)

(3:1,0:D)

m| abocd
71 01 11
11 1 0 1 1
14 11 1 0
(4:1,0:D)

m| abcd
1511 1 1

(3:1,1:D)

cube | a b c d
7,15 -1 11
11, 15 1 -1 1
14,15 111 -
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SCLD

February 6, 2020
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2-level optimisation by Quine-McCluskey method QM ex-2

77777

(1:1,1:D)
cube | a b ¢ d
1,3 00 - 1
1,9 - 00 1
2,3 001 -
2,10 -010
8,9 0 0 -
8,10 0 -0
(2:1,1:D)
cube | a b ¢ d
3,7 0 - 11
3, 11 -0 11
9, 11 10 - 1
10, 11 1 0 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-2

77777

(1:1,1:D)
cube | a b ¢ d
1,3 00 - 1
1,9 - 00 1
2,3 001 -
2,10 -010
8,9 0 0 -
8,10 0 -0
(2:1,1:D)
cube | a b ¢ d
3,7 0 - 11
3, 11 -0 11
9, 11 10 - 1
10, 11 1 0 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-2

,,,,,

(1:1,1:D)

cube | a b ¢ d

1,3 00 - 1

1,9 - 00 1

2,3 001 -

2,10 -010 (1:1,2:D)

8,9 0 0 - cube | a b ¢ d
8,10 0 -0 1,3,9,11 -0 -1
(2:1,1:D)

cube | a b ¢ d

3,7 0 - 11

3, 11 -0 11

9, 11 10 - 1
10, 11 1 0 1 -
10, 14 1 -10

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020 41/136



2-level optimisation by Quine-McCluskey method QM ex-2

,,,,,

(1:1,1:D)

cube | a b ¢ d

1,3 00 - 1

1,9 - 00 1

2,3 001 -

2,10 -010 (1:1,2:D)

8,9 0 0 - cube | a b ¢ d
8,10 0 -0 1,3,9,11 -0 -1
(2:1,1:D) 2,3,10,11 -0 1 -
cube | a b ¢ d

3,7 0 - 11

3, 11 -0 11

9, 11 10 - 1
10, 11 10 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-2

(1:1,1:D)

cube | a b ¢ d

1,3 00 - 1

1,9 - 00 1

2,3 001 -

2,10 -010 (1:1,2:D)

8,9 0 0 - cube | a b ¢ d
8,10 0 -0 1,3,9,11 -0 -1
(2:1,1:D) 2,3,10,11 -0 1 -
cube | a b c d 8,9,10,11 1 0 - -
3,7 0 -1 1

3, 11 -0 11

9, 11 10 - 1
10, 11 1 0 1 -
10, 14 1 -10
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =3>(1,2,3,7,8,9,10,11,14,15)

(2:1,1:D)

cube | a b c d
3,7 0 -1 1
3,11 -0 11
9,11 | 1 0 - 1
10, 11 1 0 1 -
10, 14 1 -10
(3:1,1:D)

cube | a b ¢ d
7,15 -1 1 1
11,15 1 -1 1
14,15 11 1 -
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =3>(1,2,3,7,8,9,10,11,14,15)

(2:1,1:D)

cube | a b c d
3,7 0 -1 1
3,11 -0 1 1
9,11 | 1 0 - 1
10, 11 1 0 1 -
10, 14 1 -10
(3:1,1:D)

cube | a b ¢ d
7,15 -1 1 1
11,15 1 -1 1
14,15 11 1 -
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =3>(1,2,3,7,8,9,10,11,14,15)

(2:1,1:D)

cube | a b c d
3,7 0 -1 1
3,11 -0 1 1
9,11 | 1 0 - 1
10, 11 1 0 1 -
10, 14 1 -10
(3:1,1:D)

cube | a b ¢ d
7,15 -1 1 1
11,15 1 -1 1
14,15 11 1 -

(2:1,2:D)
cube | a b c d
3,7,11,15 - -1 1

Chittaranjan Mandal (lIT Kharagpur)
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d) =3>(1,2,3,7,8,9,10,11,14,15)

(2:1,1:D)

cube | a b c d

3,7 0 -1 1

EIS FrzD
10, 11 170 1 - cube | a b c d
1014] 1 -10 31507’1111’1145 1 _ 11 1
(3:1,1:D) s -
cube | a b ¢ d

7,15 -1 1 1
11,15 1 -1 1
14,15 11 1 -
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2-level optimisation by Quine-McCluskey method QM ex-2

f(a,b,c,d)=3%(1,2,3,7,8,9,10,11,14,15)

Pis[ 1] 2 [3] 7 910 11| 14 | 15
1,3,9,11 | (X) X X X
2,3,10, 11 X) | x X | x
8,9, 10, 11 X| x| x
3,7,11,15 x| (%) X X
10, 11, 14,15 X | x| ()] x
f=BD+BR+AB+RD+AR )
SCLD February 6, 2020 47 /136



2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d)=%(4,6,9,10,11,13)+§(2,12,15)
(1:1,0:D)
m| abocd
2/ 0010
41 01 00
(2:1,0:D)
m|  abocd
6| 0110
9/ 1 0 0 1
10| 1 0 1 O
12| 11 00
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d)=%(4,6,9,10,11,13)+§(2,12,15)
(1:1,0:D)
m| abocd
2| 0010
41 01 00
(2:1,0:D)
m|  abocd
6| 0110
9/ 1 0 0 1
10| 1 0 1 O
12| 11 00
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§(2,12,15)

(1:1,0:D)

m| abcd

2, 0010 (1:1,1:D)

4/ 0100 cube | a b c d
(2:1,0:D) 2,6 0 -10

m| abocd

6| 0110

9 1 0 0 1

10 1010

12 1100
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§(2,12,‘|5)

(1:1,0:D)

m| abcd

2, 0010 (1:1,1:D)

4/ 0100 cube | a b c d
(2:1,0:D) 2,6 0 -10
m| abocd 2,10 -010
6| 0110

9|/ 1 0 0 1

10/ 1 01 0

12 1100
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%:(4,6,9,10,11,13)+§(2,12,‘|5)

(1:1,0:D)

m| abcd

2/ 0010 (1:1,1:D)

4/ 0100 cube | a b c d
(2:1,0:D) 2,6 0 -10
m| abocd 2,10 -010
6/, 0110 46| 01 -0
9|/ 1 0 0 1

10/ 1 01 0

12 1100
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%:(4,6,9,10,11,13)+§(2,12,‘|5)
(1:1,0:D)
m| abcd
2/ 0010 (1:1,1:D)
4/ 0100 cube | a b c d
(2:1,0:D) 2,6 0 -10
m| abocd 2,10 -010
6/, 0110 46| 01 -0
9|/ 1 0 0 1 4,12 -1 0 0
10/ 1 01 0
12 1100
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d)=%(4,6,9,10,11,13)+§(2,12,15)
(2:1,0:D)
m| abocd
6| 0110
9/ 1 0 0 1
10| 1 0 1 O
12| 11 00
(3:1,0:D)
m|  abocd
11 10 1 1
13| 1 1 0 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d)=%(4,6,9,10,11,13)+§(2,12,15)
(2:1,0:D)
m| abocd
6| 0110
9/ 1 0 0 1
10| 1 0 1 O
12| 11 00
(3:1,0:D)
m|  abocd
11 1 0 1 1
13| 1 1 0 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§(2,12,15)

(2:1,0:D)

m| abcd

6| 0110 (2:1,1:D)

9, 1 0 0 1 cube | a b c d
10 1 0 10 9,11 1 0 - 1
12 1100
(3:1,0:D)

m| abocd

11 10 1 1

13 110 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§(2,12,15)

(2:1,0:D)

m| abcd

6| 0110 (2:1,1:D)

9, 1 0 0 1 cube | a b c d
10 1 0 10 9,11 1 0 - 1
12 1100 9,13 1 -0 1
(3:1,0:D)

m| abocd

11 10 1 1

13 110 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%3(4,6,9,10,11,13)+§(2,12,15)

(2:1,0:D)

m| abocd

6/ 0110 (2:1,1:D)

9/ 1 0 0 1 cube | a b c d
10 1 010 9,11 1 0 - 1
12 1100 9,13 1 -0 1
(3:1,0:D) 10,11 10 1 -
m| abcd

11 1 0 1 1

13 110 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%3(4,6,9,10,11,13)+§(2,12,15)

(2:1,0:D)

m| abocd

6/ 0110 (2:1,1:D)

9/ 1 0 0 1 cube | a b c d
10 1 010 9,11 1 0 - 1
12 1100 9,13 1 -0 1
(3:1,0:D) 10,11 10 1 -
m| abcd 12,13 | 1 1 0 -
11 10 1 1

13 110 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§dj(2,12,15)

(3:1,0:D)

m|  abocd

11 1 0 1 1

13| 1 1 0 1
(4:1,1:D)

m|abocd

15/ 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§dj(2,12,15)

(3:1,0:D)

m|  abocd

11 1 0 1 1

13| 1 1 0 1
(4:1,1:D)

m|abocd

15/ 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d) = S(4,6,9,10,11,13) + 3(2, 12, 15)

m d
(3:1,0:D)

mjabecd 3:.1,1:D)

11 1 0 1 1

cube | a b c d

L L O 11,15 1 -1 1
(4:1,1:D) d

m| abcd

15 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a, b, c,d) = 32(4,6,9,10,11,13) + 32(2, 12, 15)

m d
(3:1,0:D)

mjabecd 3:.1,1:D)

11 1 0 1 1

cube | a b c d

13| 1 1 0 1
@ 11D 11, 15 1 -1 1
- 13, 15 1 1 - 1
m| abcd

150 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%(4,6,9,10,11,13)+§(2,12,15)

(2:1,1:D)

cube | a b c d
9, 11 10 - 1
9,13 1 -0 1
10, 11 101 -
12,13 110 -
(3:1,1:D)

cube | a b ¢ d
11,15 1 -1 1
13,15 11 - 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):%(4,6,9,10,11,13)+§(2,12,15)

(2:1,1:D)

cube | a b c d
9, 11 10 - 1
9,13 1 -0 1
10, 11 101 -
12,13 110 -
(3:1,1:D)

cube | a b ¢ d
11,15 1 -1 1
13,15 1 1 - 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d):2(4,6,9,10,11,13)+§(2,12,‘|5)
(2:1,1:D)
cube | a b c d
9, 11 10 - 1
9,13 1 -0 1 (2:1,2:D)
10, 11 10 1 - cube | a b c d
12,13 110 - 9,11,13,15 1 - -1
(3:1,1:D)
cube | a b ¢ d
11,15 1 -1 1
13,15 1 1 - 1
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d) =>(4,6,9,10,11,13) + >°(2,12,15)
d

m

(2:1,1:D)
cube | a b ¢
9, 11 0

9,13
10, 11
12,13
(3:1,1:D)
cube | a b
11,15
13,15

—_| a0

(2:1,2:D)
cube | a
- 9,11,1315 | 1 - -
9131115 1 - -

—_ | | -
o — O
1

o
(¢]
- a0

—_| = 0O
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2-level optimisation by Quine-McCluskey method QM ex-3

f(a,b,c,d) =>(4,6,9,10,11,13) + > (2,12,15)
m d

Pls 4 6 9| 10| 11 | 13
2,6 X @ (9,11,13,15)
2,10 X dominates (12,13)
4,6 X X .
7o X () (10 11) dominates
(2,10)
9, 11,13, 15 (X) X| X
10, 11 X X @ (4,6) dominates
12,13 X (4,12) and (2,6)
f=ad+abd

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

(0:1,0:D)

m|abocde
0| 000O0O
(1:1,0:D)

m|abocde
11 000 O 1
2/ 00010
8/ 01000
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

(0:1,0:D)

m|abocde
0| 000O0O
(1:1,0:D)

m|abocde
11 000 O 1
2/ 00010
8/ 01000
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 3(0,1,2,3,6,8,9,10,11,17, 20,21, 23,25, 28, 30, 31)
(0:1,0:D)
mabecde 0:1,1:D)
0/ 000O0O
1.1.0.D) cube | a b c de
— 0,1 000 O -
m|abocde
11 0000 1
2/ 00010
8/ 01 00O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)

m

0:1,0:D)

—

ab

(]

ol

C
0 00O

o

:1,0: D

ol =32 ol3
o|lolo |-
~lolo|T
o|lo|lolo™
ol=ola

oo =0

(0:1,1:D)
cube | a b ¢c d
0, 1 0 00O
0,2 0 0 O -
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21, 23, 25, 28, 30, 31)
(0:1,0:D)
wobods 0:1,1:D)
0/ 00000
T 10D cube | a b c de
<"b>d 01 000 0 -
mjabcade 0.2 000 -0
11000 0 1 08 0 -0 00
21000 10 ’
8] 01000
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)

m|abocde
11 000 0 1
2/ 00010
8/ 01000
(2:1,0:D)

m|abocde
3/ 000 11
6/ 00110
9/ 0100 1
10| 01 0 1 O
17|/ 1 0 0 0 1
200 1 01 0 O

v
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)

m|abocde

110000 1 el i)

57000 10 cube | a b ¢ e

8, 01 00O 1,3 000 !

(2:1,0:D)

m|abocde

3/ 000 11

6/ 00110

9/ 01 0 0 1

10 01 01 0

17 1 000 1

200 1 0 1 0 O

¥
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
N MaNDNCHCHES A:1,1:D)
1 0O 00 0 1
cube | a b c d e
21 000 1O
1,3 000 -1
SO ORI 1,9 0 -0 0 1
(2:1,0:D) ’
m|abocde
3/ 00011
6/ 00110
9/ 01 0 0 1
10 01 01 0
1711 0 0 0 1
200 1 0 1 0 O
ne¢
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
m| abocde
170000 1 WERFAEID)
cube | a b c d e
2/ 000 10
1,3 0 0 0 - 1
8 01000
1,17 | - 1
m| abocde : 000
3, 00 0 1 1
6| 00110
91 01 0 0 1
10| 01 0 1 O
171 1 0 0 0 1
200 1 01 0 O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
m|abocde A 1.1:D)
1 0O 00 O0 1
cube | a b c de
21 000 1O
1,3 000 -1
8, 01 00O
5-10.D 1,9 0 -0 0 1
r<n.éb>cde 1,17 -00O0 1
3/ 000 11 23/ 0001 -
6/ 00110
9/ 01 0 0 1
10 01 01 0
17 1000 1
20 1 0100
uf
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
] & ls ® & ¢ A:1,1:D)
11000 0 1

cube | a b c d e
217000 10

1.3/ 00 0 - 1
8/ 01000
T 1.9/ 0 -0 0 1
<-’b>d 1,17 - 00 0 1
mjabcade 23| 000 1 -
31000 1 1 56T 0 0 10
6/ 00110 ’
9/ 010 0 1
0] 01 0 1 0
1711 00 0 1
20 1 0100
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
NN MR RCRdue A:1,1:D)
1 0O 0O0O0 1
cube | a b c d e
21 00010
1,3 000 - 1
8 01000
SR 1,9 0 - 0 0 1
(2:1, b> d 1,17 - 00O 1
mabcade 23| 000 1-
3, 00 0 1 1
26| 00 -10
6100110 210 0 - 0 10
91 01 0 0 1 !
10| 01 0 1 O
17 1 00 0 1
2001 01 0 O
u¥
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
NN MR RCRdue A:1,1:D)
11 0 0 0 O 1

cube | a b c d e
21 00010

1,3 000 - 1
8 01000
55 1,9 0 - 0 0 1
<"b>d 1,177 - 0 0 O 1
mabcade 23| 000 1-
3, 00 0 1 1

26| 00 -10
6| 00110

2,10 0 - 0 1 0
91 0100 1 89 0100 -
10| 01 0 1 O :
171 1 0 0 O 1
2001 01 0 O

¥
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

(1:1,0:D)
NN MR RCRdue A:1,1:D)
11 0 0 0 O 1

cube | a b c d e
21 00010

1,3 000 - 1
8 01000
55 1,9 0 - 0 0 1
<-’b>d 1,17 - 00 0 1
mabcade 23| 000 1-
3, 00 0 1 1

2,6 00 -10
6| 00110

2,10 0-010
91 01 0 0 1

8,9 0100 -
10101010 8,10| 0 1 0 - 0
171 1 0 0 O 1 :
2001 01 0 O

¥
SCLD February 6, 2020 77 /136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a, b, c,d, e) = 2(0,1,2,3,6,8,9,10 11,17,20,21,23,25,28,30,31)
(2:1,0:D)
m|abocde
3/ 000 11
6| 00 110
9/ 0100 1
10/ 01 0 1 0
17| 1 0 0 0 1
200 1 01 0O
(3:1,0:D)
m|abocde
11, 010 1 1
21| 1 0 1 0 1
25111 0 0 1
280111 00

v
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a, b, c,d, e) = 2(0,1,2,3,6,8,9,10 11,17,20,21,23,25,28,30,31)
(2:1,0:D)
m|abocde
3/ 000 11
6| 00 110
9/ 0100 1
10/ 01 0 1 0
17| 1 0 0 0 1
200 1 01 0O
(3:1,0:D)
m|abocde
11, 01 0 1 1
21| 1 0 1 0 1
25111 0 0 1
280111 00
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 33(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31

(2:1,0:D)

m|abocde
3/ 000 11
6| 00 110
9/ 0100 1
10/ 01 0 1 0
17| 1 0 0 0 1
200 1 01 0O
(3:1,0:D)

m|abocde
11, 01 0 1 1
21| 1 0 1 0 1
25111 0 0 1
280111 00

)

(2:1,1:D)
cube | a b c d e
3, 11 0 -011
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e):;(0,1,2,3,6,8,9,10 11,17,20,21,23,25,28,30,31)
(2:1,0:D)
m|abocde
3/ 000 11 (2:1,1:D)
6| 00110 cube | a b c d e
9/ 0100 1 3,11 0 - 0 1 1
10/ 01 0 1 0 9,11 01 0 - 1
17| 1 0 0 0 1
200 1 01 0O
(3:1,0:D)
m|abocde
11, 01 0 1 1
21| 1 0 1 0 1
25111 0 0 1
280111 00

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020 80/136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3>(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28, 30, 31)

(2:1,0:D)
m|abocde
3, 00011 (2:1,1:D)
6/ 00110 cube | a b c d e
9/ 010 0 1 3, 11 0 -01 1
10, 01 010 9, 11 010 -1
17/ 1 0 0 0 1 9,25 -1 00 1
2001 01 0 O
(3:1,0:D)
m|abocde
11 01011
21 1010 1
251 1 1 0 0 1
280 1 11 0 O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3>(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28, 30, 31)

(2:1,0:D)
m|abocde
3, 00011 (2:1,1:D)
6/ 00110 cube | a b c d e
9/ 010 0 1 3, 11 0 -01 1
10| 01 010 9, 11 010 -1
17/ 1 0 0 0 1 9,25 -1 00 1
2001 01 0 O 10, 11 0101 -
(3:1,0:D)
m|abocde
11 01011
21 1010 1
251 11 0 0 1
280 1 11 0 O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 3(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)
(2:1,0:D)
m|abocde
3/ 000 1 1 (2:1,1:D)
6| 00110 cube | a b c d e
9/ 010 0 1 3,11 0 - 0 1 1
10, 01 010 9,11 01 0 - 1
17| 1 0 0 0 1 9,25 -1 0 0 1
200 1 01 0 O 10,11 | 0 1 0 1 -
(3:1,0:D) 17, 21 10 -0 1
m|abocde
11, 01 0 1 1
21| 1 0 1 0 1
25| 11 0 0 1
280 111 00
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a, b, c,d,e) = 3(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30,31)
(2:1,0:D)
m|abocde
3/ 000 11 (2:1,1:D)
6| 00110 cube | a b c d e
9/ 0100 1 3,11 0 - 0 1 1
10/ 01 0 1 0 9,11 01 0 - 1
17| 1 0 0 0 1 9,25 -1 0 0 1
200 1 01 0O 10,11 | 0 1 0 1 -
(3:1,0:D) 17, 21 10 -0 1
m|abocde 17,25 1 - 0 0 1
11, 01 0 1 1
21| 1 0 1 0 1
25111 0 0 1
280111 00

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020 84 /136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 33(0,1,2,3,6,8,9,10,11,17,20,21,23, 25, 28,30, 31)

(2:1,0:D)
m|abocde
3, 00011 (2:1,1:D)
6/ 00110 cube | a b c d e
9/ 010 0 1 3, 11 0 -01 1
10, 01 010 9, 11 010 -1
17/ 1 0 0 0 1 9,25 -1 00 1
200 1 01 0 O 10, 11 0101 -
(3:1,0:D) 17, 21 10 -0 1
m|abocde 17,25 1 - 0 0 1
11 01011 20, 21 1010 -
21 1010 1
251 11 0 0 1
280 1 11 0 O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 33(0,1,2,3,6,8,9,10,11,17,20,21,23, 25, 28,30, 31)

(2:1,0:D)
m|abocde
3, 00011 (2:1,1:D)
6/ 00110 cube | a b c d e
9/ 010 0 1 3, 11 0 -01 1
10, 01 010 9, 11 010 -1
17/ 1 0 0 0 1 9,25 -1 00 1
200 1 01 0 O 10, 11 0101 -
(3:1,0:D) 17, 21 10 -0 1
m|abocde 17,25 1 - 0 0 1
11 01011 20, 21 1010 -
21 1010 1 20, 28 1 -100
251 11 0 0 1
280 1 1 1 0 O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

(3:1,0:D)

m|abocde
11 01011
21 101 0 1
25111 0 0 1
280111 00
(4:1,0:D)

m|abocde
231 1 0 1 1 1
30, 11110
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

(3:1,0:D)

m|abocde
11 01011
2111 0 1 0 1
25111 0 0 1
280111 00
(4:1,0:D)

m|abocde
23/ 1 0 1 1 1
30, 11110
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

(3:1,0:D)

m|abocde

11 01011

21 1 01 0 1 (3:1,1:D)
25, 1100 1 cube | a b cde
28011100 21,23 1 0 1 - 1
(4:1,0:D)

m|abocde

23| 1 0 1 1 1

30| 11110
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2-level optimisation by Quine-McCluskey method QM ex-4

vvvvvv

(3:1,0:D)

m|abocde

11 01011

21 101 0 1 (3:1,1:D)

25,110 0 1 cube | a b c e

28111 0 O 21, 23 1 0 1 1

(4:1,0:D) 28, 30 1 1 1 0

m|  abocde

231 1 0 1 1 1

30, 11110

&
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e):%3(0,1,2,3,6,8,9,10,11,17,20,21,23,25,28,30,31)

(4:1,0:D)

m|abocde
23| 1. 0 1 1 1
30| 11110
(6:1,0: D)

m| abocde
311 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e):%3(0,1,2,3,6,8,9,10,11,17,20,21,23,25,28,30,31)

(4:1,0:D)

m|abocde
23| 1. 0 1 1 1
30| 11110
(6:1,0: D)

m| abocde
311 11 1 1
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)

(4:1,0:D)

m|abocde
23 1 0 1 1 1
30 11110
(6:1,0: D)

m|abocde
31 111 1 1

(4:1,1:D)

cube | a b c d e
23, 31 1 -1 1 1
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

(4:1,0:D)

m|abocde
23 1 0 1 1 1
30l 11110
(6:1,0: D)

m|abocde
31 111 1 1

(4:1,1:D)

cube | a b c d e
23, 31 1 -1 1 1

30,31 | 1 1 1 1 -

Chittaranjan Mandal (lIT Kharagpur)
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

(0:1,1:D)

cube abcde
0, 1 00O0O0 -
0,2 00O0-0
0,8 0-000
(1:1,1:D)

cube abcde
1,3 000 - 1
, 9 0 -00 1
1,17 - 00O 1
2,6 00-10
2,10 0-010
8,9 0100 -
2,3 000 1 -
8,10 010-0

=<
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2-level optimisation by Quine-McCluskey method QM ex-4

(0:1,1:D)

cube | a b ¢c d e
0,1 0 0 0 O -
0,2 000 -0
0,8 0 - 00O
(1:1,1:D)

cube | a b c de
1,3| 0 0 0 - 1
1,9/ 0 - 0 0 1
1,17 - 0 0 O 1
2,6 00 -10
2,10 0 - 0 1 0
8,9 01 0 O -
2,3/ 000 1 -
8,10 0 1 0 - O
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2-level optimisation by Quine-McCluskey method QM ex-4

(0:1,1:D)

cube | a b ¢c d e

0,1 00000 -

0,2 000 -0

0,8 0 - 00O

(1:1,1:D) (0:1,2:D)

cube | a b c de cube | a b c d e
1,3 0 0 0 - 1 0,1,8,9 0 -00 -
1,9 0 - 0 0 1

1,177 - 0 0 O 1

2,6 00 -10

2,10 0 - 0 1 O

8,9 01 0 O -

2,3, 000 1 -

8,10 0 1 0 - O
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2-level optimisation by Quine-McCluskey method QM ex-4

(0:1,1:D)

cube | a b ¢c d e

0,1 00000 -

0,2 000 -0

0,8 0 - 00O

(1:1,1:D) (0:1,2:D)

cube | a b c de cube | a b c d e
1,3 0 0 0 - 1 0,1,8,9 0 -00 -
1,9 0 - 0 0 1 0,1,2,3 000 - -
1,177 - 0 0 O 1

2,6 00 -10

2,10 0 - 0 1 O

8,9 010 0 -

2,3/ 000 1 -

8,10 0 1 0 - O
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2-level optimisation by Quine-McCluskey method QM ex-4

(0:1,1:D)

cube | a b ¢c d e

0,1 0 00O -

0,2 000 -0

0,8 0 - 00O

(1:1,1:D) (0:1,2:D)

cube | a b c de cube | a b c d e
1,3 0 0 0 - 1 0,1,8,9 0 -00 -
1,9 0 - 0 0 1 0,1,2,3 000 - -
1,177 - 0 0 O 1 0,2,8,10 0 -0-0
2,6 00 -10

2,10 0 - 0 1 O

8,9 010 0 -

2,3, 000 1 -

8,10 0 1 0 - O
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 52(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28,30, 31)

(1:1,1:D) (2:1,1:D)
cube abcde cube abcde
1,3 000 - 1 3, 11 0O -011
, 0 -00 {1 9, 11 010 - 1
1,17 - 000 1 9, 25 -1 00 1
2,6 00-10 10, 11 0101 -
2,10 0-010 17, 21 10 -0 1
8,9 0100 - 17,25 1 -00 1
2,3 0001 - 20, 21 1010 -
8,10 010-0 20, 28 1 -100
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2-level optimisation by Quine-McCluskey method QM ex-4

(1:1,1:D)

cube abocde

1,3 000 - 1

, 9 0 -00 1 (2:1,1:D)

1,17 - 000 1 cube abcde

2,6 00 -10 3, 11 0 -011

2,10 0-010 9, 11 010 -1

8,9 0100 - 9, 25 -100 1

2,3 0001 - 10, 11 0101 -

8,10 010-0 17, 21 10 -0 1
17, 25 1 -00 1
20, 21 1010 -
20, 28 1 -100
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2-level optimisation by Quine-McCluskey method QM ex-4

(1:1,1:D)

cube abocde

1,3 000 - 1

] 0 -00 1 (2:1,1:D)

1,17 - 000 1 cube abcde

2,6 00 -10 3, 11 0 -011

2,10 0 -010 9, 11 010 -1

8,9 0100 - 9, 25 -100 1

2,3 0001 - 10, 11 0101 -

8,10 010-0 17, 21 10 -0 1

(1:1,2:D) 17,25 1 -00 1

cube abcde 20, 21 1010 -
1,3,9, 11 0 -0 -1 20, 28 1 -100
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2-level optimisation by Quine-McCluskey method QM ex-4

(1:1,1:D)

cube abocde

1,3 000 - 1

] 0 -00 1 (2:1,1:D)

1,17 - 000 1 cube abcde

2,6 00 -10 3, 11 0 -011

2,10 0 -010 9, 11 010 -1

8,9 0100 - 9, 25 -100 1

2,3 0001 - 10, 11 0101 -

8,10 010-0 17, 21 10 -0 1

(1:1,2:D) 17,25 1 -00 1

cube abcde 20, 21 1010 -
1,3,9, 11 0 -0 -1 20, 28 1 -100
1,9,17,25 - - 00 1
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2-level optimisation by Quine-McCluskey method QM ex-4

(1:1,1:D)
cube abocde
1,3 000 - 1
] 0 -00 1 (2:1,1:D)
1,17 - 000 1 cube abcde
2,6 00 -10 3, 11 0 -011
2,10 0 -010 9, 11 010 -1
8,9 0100 - 9, 25 -100 1
2,3 0001 - 10, 11 0101 -
8,10 010-0 17, 21 10 -0 1
(1:1,2:D) 17,25 1 -00 1
cube abcde 20, 21 1010 -
1,3,9, 11 0 -0 -1 20, 28 1 -100
1,9,17,25 - - 00 1
2,10, 3, 11 0 -01 -
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2-level optimisation by Quine-McCluskey method QM ex-4

(1:1,1:D)
cube abocde
1,3 000 - 1
] 0 -00 1 (2:1,1:D)
1,17 - 000 1 cube abcde
2,6 00 -10 3, 11 0 -011
2,10 0 -010 9, 11 010 -1
8,9 0100 - 9, 25 -100 1
2,3 0001 - 10, 11 0101 -
8,10 010-0 17, 21 10 -0 1
(1:1,2:D) 17,25 1 -00 1
cube abcde 20, 21 1010 -
1,3,9, 11 0 -0 -1 20, 28 1 -100
1,9,17,25 - - 00 1
2,10, 3, 11 0 -01 -
8,9, 10, 11 010 - -
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

m

1
o

1,3,9, 11 0 -
1,9,17,25 =
2,10, 3, 11 0
8,9,10, 11 0

—L—L‘D
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = >2(0,1,2,3,6,8,9,10,11,17, 20, 21,23, 25, 28, 30, 31)
(0:1,2:D)
cube | a b c d e
051,8,9 O - 0 0 -
0115273 0 0 0 = = ' :
0,2,8,10| 0 -0 -0 (0:1,3:D)
cube | a b c d e
(1:1,2:D)
0,1,8,9, 0 -0 - -
cubela b cde 2,10, 3, 11
1,3,9,11 0 - O = 1 J 3 3
1,9,17,25| - - 0 0 1
2,10, 3, 11 0 -0 1 -
8,9,10, 11 010 - -
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =>(0,1,2,8,6,8,9,10,11,17,20, 21, 23, 25, 28, 30, 31)
2,6 | P
17,21 | P,
20,21 | P,
20,28 | P,
21,23 | Ps
28,30 | Pg
23,31 | P,
30, 31 | Pg
1,9,17, 25 | Pg
0,1,8,9,2,10,3,11 | Pyo
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

m

Pls 2| 3|6 |8 |9 10|11 |17 | 20|21 |23]| 25| 28] 30 | 31

Py X X

P, X X

Py X | x

Py X X

Ps X | x

Pe X | x

Py X X

Pg X | x

Pq X X X

P1o X | x x| x| x | x

&
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17, 20,21, 23, 25, 28, 30, 31)

m

Pls 0

-
N
w
o

10

1

20

21

23 25 28

30

31

P X X

Py

P3

Py

P

Pe

P7

Pg

Py X

P1O®XXX
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20,21, 23, 25, 28,30, 31)

m

Pls 0 1 2 3 6

10

11

20

21

23 25

28

30

31

P, X X

Py

P3

Py

P

Pe

P7

Pg

Py X

Po | () | x| x| x

P10 is an essential cube
f=ac+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a.b,c,d,e) =33(0,1,2,3,6,8,9,10, 11,17,20,21,23,25,28,30,31)
Pls | 6 | 177 | 20 | 21 | 23 | 25 | 28 | 30 | 31
P | X

P, X X

P3 X | x

Py X X

Ps X | x

Ps X | x
P; X X
Pg X | x
Py X X

f=ac+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = ;(0, 1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)
Pls | 6 |17 | 20 | 21 | 23 | 25 | 28 | 30 | 31
P | (O
P, X X
Py X | x
P, X X
Ps X | x
Pg X | x
P; X X
Pg X | x
Py X X

f=ac+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)

Pls | 6 |17 |20 | 21 | 23 | 25 | 28 | 30 | 31
P | (%)
P, X X
P3 X | x
Ps X X
Ps X | x
Ps x | x
P; X X
Pg X | x
Py X X
P, is an essential cube
f=ac+abde+
w
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m
Pls 17 20 21 23 25 28 30 31
Py X X
P3 X X
P4 X X
Ps X X
Pg X X
P; X X
Pg X X
Py X X
f=ac+abde+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m
Pls | 17 [ 20 | 21 | 23 | 25 | 28 | 30 | 31
P, | X X
Py X | x
P, X X
Ps X | x
Ps X | x
P, X X
Pg X | x
Py | X @

_.\
I
Y
ol
+
[
ol
Q
o
+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

m

Pls 17 20 21 23 25 28 30 31

P, | X X

Py X | x

P, X X

Ps X | x

Pg X | x

P, X X

Py X | x

Po | X x)

Py is an essential cube
f=ac+abde+cde+

v
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

m

Pls 20 21 23 28 30 31

Py X

P; | X | X

P, | X X

Ps X | x

Pg X | x

P; X X
Pg X | X

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)
m

Pls | 20 [ 21 [ 23 | 28 | 30 | 31
P, X

Py | X | X

P, | X X

Ps X | x

Pg X | x
P; X X
Pg X | x

P3 dominates P B
f=ac+abde+cde+

Chittaranjan Mandal (lIT Kharagpur)

SCLD

February 6, 2020

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = (0,1,2,3,6,8,9,10, 11,17, 20,21, 23, 25, 28,30, 31)

m

Pls 20 21 23 28 30 31

P; | X | X

P, | X X

Ps X | x

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

m

Pls 20 21 23 28 30 31

P; | X | X

P, | X X

Ps X | x

Ps X | x

P7

x
>

Pg X

x

P,:f=ac+abde+cde+abcd+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3>°(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)

m
Pls | 23 | 28 | 30 | 31
P, X
Ps | X
Pg X | x
P, | X X
Pg X | x

P;:f=ac+abde+cde+abcd+
SCLD February 6, 2020 118/136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)

m
Pls | 23 [ 28 | 30 | 31
P, X
Ps | X
Pg X | x
P, | X X
Pg X | x

P dominates P4

P;:f=ac+abde+cde+a

becd

+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

m
Pls 23 28 30 31
Ps | X
Ps X | X
P, | X X
Pg X | x

P;.f=ac+abde+cde+abcd+
v

February 6, 2020

120/136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28, 30, 31)
m

Pls | 23 | 28 | 30 | 31
Ps | X

Pg X | x

P, | X X
Pg X | x

P dominates Ps5

P;:f=ac+abde+cde+abcd+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)

m
Pls | 23 [ 28 | 30 | 31
Pg X | X
P, | X X
Pg X | x
P;:f=ac+abde

Chittaranjan Mandal (lIT Kharagpur)
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m
Pls | 23 | 28 | 30 | 31
Ps X | x
P, | X X
Py X | x

23 dominates 31

P;:f=ac+abde+cde+abcd+
SCLD

February 6, 2020
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)

m
Pls | 23 | 28 | 30
Pg X | X
P, | X
Pg X

P;:f=ac+abde+cde+abcd+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m
Pls | 23 | 28 | 30
Ps X | x
P, | X
Py X

Pe dominates Pg

P;:f=ac+abde+cde+abcd+

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28,30, 31)

m
Pls | 23 | 28 | 30
Ps X | x
P, | X

P;:f=ac+abde+cde+abcd+
v
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

m

Pls 23 28 30

Ps OO,
P | (O

P¢ and p, are essential cubes

P;:f=ac+abde+cde+abcd+abcé+acde
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3>°(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)

m
Pls | 20 | 21 | 23 | 28 | 30 | 31
P, | X X
Ps X | x
Ps X | x
P, X X
Py X | x

P,:f=ac+abde+cde+

@

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020 128 /136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) =3>°(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25,28, 30, 31)

m

Pls 20 21 23 28 30 31

P | (%) X

Ps X | x

Ps X | x

P, X X
Py X | x

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)

m

Pls 20 21 23 28 30 31

P4® X

Ps X | x
Pg X | x

P, X X
Pg X | x

P4 is an essential cube

P;:f=ac+abde+cde+acde+

Chittaranjan Mandal (lIT Kharagpur) SCLD February 6, 2020

@

130/136



2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

m
Pls | 21 [ 23 | 30 | 31
Ps | X | X
Ps X
P, X X
Py X | x

P;:f=ac+abde+cde+acde

_|_
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28,30, 31)

m
Pls | 21 | 23 | 30 | 31
ps | ()| x
Pe X
P, X
Py x | x
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 5(0,1,2,3,6,8,9,10,11,17,20, 21, 23, 25, 28, 30, 31)
m

Pls 21 23 30 31

Ps | ()| x

Pe X
[ X X
Py X | x

Ps is an essential cube

P;:f=ac+abde+cde+acde+abce+

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10,11,17,20, 21,23, 25, 28, 30, 31)
m

Pls 30 31

Ps | X

P; X

P | X | X
P;:f=ac+abde+cde+acde+abce+

@
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m
Pls | 30 | 31
Ps | X
P, X
Ps | X | X

Pg dominates Pg and P7

P;:f=ac+abde+cde+acde+
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2-level optimisation by Quine-McCluskey method QM ex-4

f(a,b,c,d,e) = 53(0,1,2,3,6,8,9,10, 11,17, 20, 21,23, 25, 28, 30, 31)

m

Pls 30 31

AEORIO)

Pg is an essential cube

P;:f=ac+abde+cde+acde+abce+abcd

P;:f=ac+abde+cde+abcd+abcé+acde

Both decisions lead to (distinct) solutions of the same cost

@
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