( , 2537)
Experimental Design (Mongomery,
D.c.,1997)

L (Objective Value)
Fitness

11

111

7.1



71
(MPS)
3 25 6,4.5 15
4 1 5,8,4,10 27
10 3 2356325563 40
71
(MPS)
6)

(Triangular Fuzzy)

112

(Objective  Value)

GAs

Fitness

0.79
5.6
2.2

MPS (

86

630,630  Triangular Fuzzy
2.58x10B  Triangular Fuzzy
1.054x103  Triangular Fuzzy

MPS

(Fitness)
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10

Local Optimum

0.7 08 09

0.7 08 09

10 15 20

1525 35

1525 35

1.0

1.0

(P

(

87

opulation Size)

10

- 2543)

25

45
10 5 5

(Crossover Probability : pc)

0-1.0
10 01 02 0304 05 06
(Mutation Probability : pm)
0-1.0
10 01 02 0304 05 06

(Selection Method)

2 Roulette Wheel
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Tournament Selection

5. " - (Crossover Method)

4 Non-binary

Modified One Point Crossover ( odMOX)
Modified Partially Mapped Crossover (modPMX)
Modified Order Crossover (modOX)

Modified Position Base Crossover (modPBX)

B w N -

6. (Mutation Method)

1 Inversion Mutation

2 Insertion Mutation

3 Reciprocal Exchange Mutation
4 Displacement Mutation

T. 1 (No. of Generation )

(Pilot run)
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(Montgomery, 1997)

15

15

(Interaction)

Pc=0.7
15
0.7
pc =0.7

[l,co]
[0,1]

[0,1]
[l,co]

0.7
15

89
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1) 14 Level Interaction 2
* *

2) 2rd Level Interaction 3
* *

3) 3rd Level Interaction
4) 4t Level Interaction

5) 5t Level Interaction 6

(Montgomery,DC., 1997)

-~ ~ - - ~ ~ e~ ~ ~ @~ @~ @~ ~  ——~



a

1.2 (Design of Experiment)
121
(Treatment Combination)
Fitness
2
122
L 1 ‘ (One-Factor- at- a-Time)
3 [ 1
(Full Factorial Design)
(Mongomery,
D.c.,1997)
Fitness
2 2 (Full Factorial Design)



Fitness
Treatment Combination

34 10 200 800 500
Fitness
Pilot Run 7.1-7.3

0of
0
0
0
| 5
104
03

0l *

o

11 3
Fitness 2
3 200 ’

Plot Fitness VS Genera tion

92
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7.2 4
Fitness 593

4 800

1 Plot Fitness VS Generation

0.9 S

08
(06
las

0.3

(2 |
1

°0 200 400 600 800 1000 1200 1400
Generation

7.3 10

7.3 10
Fitness 38

10 500 :

123

[

Fitness

7.3



Minitab Version13
2

Minitab Version13

14

94

Fitness

Fitness

(One-Factor-at-a-Time)
Fitness

2 ( Montgomery, D.C)

(ANOVA)
0.05

(Fisher's Pairwise Comparisons)
0.05

3 200

4 800 '
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) 3
1 500
2
141 3
7411 1 (One-factor-at-a-time)
3 1.2
g
Pilot Run
7.2 3
L (Population size) 5 510 15 20 25
1) 01 6) 0.6
2) 02 7) 07
2. (Pc) 10 3 03 8) 0.8
4) 04 9) 09
5) 05 10) 10
1) 01 6) 0.6
2) 02 7) 07
3 (Pm) 10 3 03 8) 08
4) 04 9) 09
5) 05 10) 1.0
4, 1 Tournament Selection
5, 1 Modified Position Base Crossover
6. 1 Displacement Mutation
7. 1 200
Treatment Combination 5+10+10 = 25
(Replication) 4

25x4= 100
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1) Fitness
11) (ANOVA)
ANOVA
1.3
7.3 ANOVA 3

One-way ANOVA: Fitness versus Pop_size
Analysis of Variance for Fitness

Source DF SS MS
Pop_size 4 0.0000000 0.0000000
Error 15 0.0000000 0.0000000
Total 19
One-way ANOVA: Fitness versus Pc
Analysis of Variance for Fitness

Source DF SS MS
Pc 9 (0.0000000 (0000000
Error 30 0.0000000 0.0000000
Total 39
One-way ANOVA: Fitness versus Pm
Analysis of Variance for Fitness

Source DF SS MS
Pm 9 0.0000056 0.0000006
Error 30 0.0000188 0.0000006
Total 39 0.0000244

13 ANOVA
Fitness
(Pc)
F-test p-vaiue
0.05

Fitness 0.05

Fitness

1.00

3

96

*

0461

(popsize)

Fitness

(Pm)

p-value
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1.2) Fisher's Pairwise Comparisons
| ANOVA
Fitness
2)
2.1) (ANOVA)
ANOVA Fitness
74
7.4 ANOVA 3

One-way ANOVA: No. Generation versus Pop_size
Analysis of Variance for No. Generation

Source DF 55 VS F P
Pop size 4 2830 707 108 0401
Error 15 98.20 6.5
Total 19 12655
One-way ANOVA: No. Generation versus Pc
Analysis of Variance for No. Generation

Source DF SS MS F P
Pc 9 4435 493 0% 0503
Error K| 15665 522
Total RY 20100
One-way ANOVA: No. Generation versus Pm
Analysis of Variance for No. Generation

Source DF SS VS F P
Pm 9 880 98 08 0.567
Error K| 3400 13
Total R 4280

14 ANOVA 3
3 (popsize) (Pc)

(Pm) p-value 0.05



3
0.05
2.2) Fisher's Pairwise Comparison
3)
3.1) (ANOVA)
Fitness
1.5
7.5 ANOVA

One-way ANOVA: GAtime versus Pop_size
Analysis of Variance for GAtime

Source DF 0 MS F
Pop_size 4 6.501 1.625 3.24
Error 15 7.529 0.502
Total 19 14.030
One-way ANOVA: GAtime versus Pc
Analysis of Variance for GAtime

Source DF SS MS F
Pc 9 51.86 5.76 0.75
Error 30 230.81 7.69
Total 39 282.68
One-way ANOVA: GAtime versus Pm
Analysis of Variance for GAtime

Source DF SS MS F
Pm 9 13.26 147 0.60
Error 30 73.76 2.46

Total 39 87.02

ANOVA

0.042

0.662

0.787

98



15 ANOVA 3
p-value 0.05
0.05
(Pm) p-value 0.05
2 0.05
ANOVA Plot
74

Main Effect Plot

3
5 10 Popl_SSize 20 25
7.4
74
3
ANOVA 75
3.2) Fisher's Pairwise Comparisons

Fisher's Pairwise Comparisons

1.6

99

(Pc)



76 Fisher's Pairwise Comparisons 3
5105205
L 5 10
2 H20 %
5 10
1.6 Fisher's Pairwise Comparisons
)
2 G100 (15 20 25)
2
5 15
ANOVA
Fitness
»
01 07 Fitness
)
03 08 Fitness
3
5 15
01 07

03 08

100



ANOVA

7.4.1.2

1.1

1.1

(Population size)
(Pc)
(Pm)

!
2

~—

= 2

2

~—

S oo D - B

Treatment Combination

(Replication)

256x2= 512

1) Fitness

1)

18

101

(Full Factorial Design)

5 15
01 07
03 08
Roulette Whee! Selection
Tournament Selection
Modified One-point Crossover
Modified Partially Mapped
Crossover
Modified Order Crossover
Modified Position Base Crossover
Inversion Mutation
Insertion Mutation
Reciprocal Exchange Mutation
Displacement Mutation
200

2X2x2x2x4x4 = 256

(ANOVA)
Minitab Version13
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Fitness

ANOVA

7.8

F

usted SS for Tests

Adj MS

Sg Ad]

usin
Adj

Seq SS

f Variance for Fitness
DF

Analysis o

Source
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ANOVA

(Interaction)

18

Fitness

0.05

(popsize)

(Pe)

(Pm)

(popsize *Pc)

(popsize *Pm)

(Pc *Pm)

(Main

Plot

ANOVA

(Interaction)

Effect)

1.6

1.5



Fitness

Pop_size

Main Effect Plot

0.95399

0.95397

0.95395

0.95393

0.95391

7.5 Fitness 3
15 3
Fitness
ANOVA 18

15

7.6

1.6

Interaction Plot
0 ¢f 13 U R

«.9540
7 = 0.9539
7 7
8838
?):’[R: 7 A 0.9539
|
83138
éé‘m A [+ 0853
| ,ZMZE A A | foteens)
0.9539

0.9539

Mny 0.9538

S
B
i

Fitness 3

Fitness

103
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}

(oopsize: rc ) 6.6 5
pc =0.7 Fitness pc =01
Fitness 15
P 0.1 0.7
>
(oopsize* pm ) 6.6 5
pm =0.8 Fitness pm =0.3
Fitness 15
Pm 03 08
»
{Pc *Pm ) 6.6 pc =0.1
pm =0.8 Fitness pm =03
pc =0.7 Pm
03 08
1.2) Fisher's Pairwise Comparisons
Fisher's Pairwise Comparisons 0.05
»
15 Fitness
5
)
0.7
Fitness 0.1
>
0.8
Fitness Tl 0.3

Fisher's Pairwise Comparisons
Fitness 3

15



0.7
0.8

1 Roulette Wheel 2. Tournament
2. modPMX
4, modPBX

1. modMOX
3. modOX
1 Inversion
2.Insertion

Ad £»

3. Reciprocal Exchange
4. Displacement

2.1) (ANOVA)
Fitness

79

7.9 ANOVA 3

Analysis of Variance for Generation, using Adjusted SS

Source DF Seq SS Adj SS Adj MS
Pop size 1 20935.7 20935.7 20935,
Pc 1 22631.3 22631.3 22631
Pm 1 9800.0 9800.0 9800
stype 1 652.5 652.5 652
ctype 3 6835.5 6835.5 2278.
Mtype 3 1699.3 1699.3 566
Pop size*Pc 1 14133.0 14133.0 14133
Pop size*Pm 1 5981.4 5981.4 5981
Pop size*Stype 1 760.5 760.5 760
Pop size*ctype 3 3251.2 3251.2 1083
Pop size*Mtype 3 434.3 434.3 144
Pc*Pm 1 9556.5 9556.5 9556
Pc*stype 1 1603.2 1603.2 1603
Pc*Ctype 3 2081.3 2081.3 693.
Pc*Mtype 3 1529.0 1529.0 509
Pm*Stype 1 1345.5 1345.5 1345,
Pm*Ctype 3 1807.8 1807.8 602
Pm*Mtype 3 3101.4 3101.4 1033
stype*ctype 3 503.8 503.8 167
Stype*Mtype 3 382.4 382.4 127
Ctype*Mtype 9 10127.2 10127.2 1125.
Error 462 191641.7 191641.7 414
Total 511 310794.7

for
F

50.
54.
23
1.
5
1
34.
14.
1
2.

0
3
3
1
1
3.
1
2
0
0
2

Tests

47
56

.63

57

49
37

07
42

.83

61

35

.86
67
23

45
49
40
31

OO OO OO OO O OO OO OO OO OO OO O

P

.000
000
000
210
001
253
000
000
176
051
790
000
050
172
299
072
227
060
750
820
004

105



Effect)

__ = =

7.9 ANOVA

(popsize)
(Pc)

(Ctype)

(popsize *Pc)

y

(popsize *Pm)

y

1.1

(Pc* Pm)
(Pc*stype)
ANOVA Plot
(Interaction)
77 18
Main Effect Plot

0.05

(Ctype*Mtype)

(Main

17

14

11

Generation




1.7

ANOVA 79
Interaction Plot
SIS \ T~ ||| 0
.5 "_P—— s ¥ YO B el i e et Bt R 0
P A \ — \_’\ \._. %::
® 0.1 ‘-—P; ——————— \\—-._. ————— 0
| el o Ol i SR
0.3 _zStype zou
- .\Qq.-;. +10
5 _‘Ctype ;
®1 ~;4ty-;e 0
7.8
18
)
(popsize * Pc) 6.8
Pc=0]
Pc=0.1 15
Pc 0.1 0.7
)
@opshe *Pm) 6.8
Pm=08
pm=0.3 15
Pm 0.3 0.8
)
(Pc *pm ) 6.8 Pc=0.1

pm=0.8
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Pm=0.3 Pc 0.7 Pm
0.3 0.8

{Pc*Stype) 6.8 Pc=0.1
2 Tournament Selection |

1 Roulette

Selection Pc-0.7 Tournament Selection
) {Ctype *Mtype)

6.8
1

Modified One point Crossover Inversion Mutation

Reciprocal Exchange Mutation
2 Modified ~ Partially Mapped
Displacement Mutation
Reciprocal Exchange Mutation
3 Modified Order Crossover

Reciprocal Exchange Mutation Insertion Mutation
4 Modified Position Base Crossover

2.2) Fisher's Pairwise Comparisons
Fisher's Pairwise Comparisons

15
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0.7

01
0.8
0.3
2 3 4
1
4 Modified Position Base Crossover
Fisher's Pairwise Comparisons
0.7 '
Tournament Selection
1. modPMX Reciprocal Exchange 2. ModOX
Insertion Displacement 3. ModPBX Displacement

15



Fitness
15

15
0.8

110

0.7

0.8

Tournament

ImodPMX 2. 0dOX

3.modPBX

Linsertion 2. Reciprocal Exchange
3. Displacement

Fitness

0.7
-2
4 modPBX

4 Displacement Mutation

15

0.7

0.8
Tournament Selection
Modified Position Base Crossover
Displacement Mutation



74.2 4
7.4.2.1 1
3 7.10
3
710
(Population size) 5
(Pc) 10
(Pm) 10
1
1
! 1
1
Treatment Combination
(Replication) 4

25x4= 100

(One-Factor- at- a-Time)

Pilot Run
4
5525 H 4H
5 01 6) 0.6
6) 0.2 7 07
703 8) 08
8) 04 9) 09
5 05 10) 10
) 01 6) 0.6
2) 02 7 07
3 03 8) 08
4 04 9 09
5 05 10) 10
Tournament Select
Modified Order Crossover
Displacement Mutation
800
5+10+10 = 25

m
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1) Fitness
11) (ANOVA)
Minitab Version 13
ANOVA 711
7.11 ANOVA 4 Fitness

One-way ANOVA: Fitness versus Pop_size
Analysis of Variance for Fitness

Source DF $$ MS F P
Pop”size 4 0.002879 0.000720 5.39 0.007
Error 15 0.002005 0.000134
Total 19 0.004884
One-way ANOVA: Fitness versus Pc
Analysis of Variance for Fitness

Source DF ss MS F P
Pc 9 0.004748 0.000528 281 0.016
Error 30 0.005631 0.000188
Total 39 0.010378
One-way ANOVA: Fitness versus Pm
Analysis of Variance for Fitness

Source DF SSs MS F P
Pm 9 0.005856 0.000651 1.99 0.076
Error 30 0.009798 0.000327
Total 39 0.015654

711 ANOVA 4
Fitness (popsize)
(Pc) p-value 0.05
(Pm) p-value 0.05
Fitness 0.05
Fitness 0.05
ANOVA Plot

7.9-7.10



0.77

0.74

7.9
ANOVA
0.76
0.75
T 074
0.73
7.10
Fitness

Fitness

Main Effect Plot

Pop_size

Fitness 4

1.9 Fitness
Fitness
7.11
Main Effect Plot
0.1 0.3 OSC 0.7 0.9
Fitness
7.10
ANOVA 6.11

113
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Fisher's Pairwise Comparison
1.2) Fisher's Pairwise Comparisons

Fisher's  Pairwise Comparisons
Minitab Version 13

7.12
7.12 Fisher's Pairwise Comparisons 4 Fitness
1. 51525 35 45 Fitness
L 555 BH Fitness
2 45 Fitness
5525 3
2. 0.1,0.203,...,1.0 Fitness
7 03 05 0.6
Fitness
) 04 07 08 Fitness
03 05
0.6
7112 Fisher's Pairwise Comparisons
»
Fitness 2 (5 15 25 35) (45) 2
Fitness
Fitness 2

4



(04 07 08)

2.)

7.13

ANOVA

115

One-way ANOVA: No. Generation versus Pm

Analysis of Variance for No. Generation

Source

DF
Pm 9
Error 30
Total 39
71.13
0.05

22)

Fitness 2 0.3 05 06)
2
Fitness 2
0.3 0.8
"' Fitness
(ANOVA)
ANOVA Fitness
7.13
4
$S MS F p
88 9.8 0.86 567
340 11.3
428
ANOVA 4
p-value 0.05

Fisher's Pairwise Comparisons

[ ANOVA
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3) r
3.) (ANOVA)
ANOVA Fitness
7.14
7.14 ANOVA 4
One-way ANOVA: GAtime versus Pm
Analysis of Variance for GAtime
Source DF SS MS F p
Pm 9 188941 20993 1.7 0.132
Error 30 370174 12339
Total 39 559115
1.14 ANOVA
p-value 0.05
0.05
Fitness
2 Fitness
04 07
4
115 45
103 08
04 0.7
7.4.2.2 2 (Full Factorial Design)
4 1.15



NN =

ANOVA

7.15 4

(Population size) 2 15 45
(P) 2 03 08
(Pm) 2 04 07
) 1) Roulette Wheel Selection
2) Tournament Selection
1) Modified One-point Crossover
2) Modified Partially Mapped
4 Crossover
3)  Modified Order Crossover
4 Modlified Position Base
Crossover
1) Inversion Mutation
J 2)  Insertion Mutation
3)  Reciprocal Exchange Mutation
4)  Displacement Mutation
1 800
Treatment Combination 2X2x2x2x4x4 = 256
(Replication) 2
256x2= 512
1) [ Fitness
1.1) (ANOVA)
Minitab  Version13
7.16
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Analysis
Source

Pop size

Pc

Pm

stype

Ctype

Mtype

Pop size*Pc
Pop size*Pm

Pop size*Stype
Pop size*ctype
Pop size*Mtype

Pc*Pm
Pc*stype
Pc*Ctype
Pc*Mtype
Pm*stype
Pm*ctype
Pm*Mtype
stype*ctype
Stype*Mtype
Ctype*Mtype
Error

Total

Effect)

ANOVA ® 4 Fitness

of Variance for Fitness, using Adjusted

DF Seq SS Adj SS Adj MS
1 0.0160989 0.0160989 0.0160989
1 0.0007149 0.0007149 0.0007149
1 0.0000698 0.0000698 0.0000698
1 0.0001192 0.0001192 0.0001192
3 0.0016123 0.0016123 0.0005374
3 0.0010600 0.0010600 0.0003533
1 0.0000457 0.0000457 0.0000457
1 0.0000494 0.0000494 0.0000494
1 0.0000021 0.0000021 0.0000021
3 0.0013890 0.0013890 0.0004630
3 0.0003896 0.0003896 0.0001299
1 0.0000377 0.0000377 0.0000377
1 0.0000267 0.0000267 0.0000267
3 0.0003276 0.0003276 0.0001092
3 0.0008571 0.0008571 0.0002857
1 0.0000434 0.0000434 0.0000434
3 0.0003136 0.0003136 0.0001045
3 0.0004919 0.0004919 0.0001640
3 0.0003080 0.0003080 0.0001027
3 0.0003277 0.0003277 0.0001092
9 0.0008950 0.0008950 0.0000994
462 0.0575178 0.0575178 0.0001245

511 0.0826973

7.16 ANOVA
(Interaction)
0.05
(popsize)
(Pc)
(Ctype)
(Mtype)
ANOVA Plot

(Interaction)
711 712

for Tests
F P

129.31 0.000
5.74  0.017
0.56 0.454
0.96 0.328
4,32 0.005
2.84 0.038
0.37 0.545
0.40 0.529
0.02 0.896
3.72 0.012
1.04 0.373
0.30 0.582
0.21 0.643
0.88 0.453
2.29 0.077
0.35 0.555
0.84 0.473
1.32 0.268
0.82 0.481
0.88 0.453
0.80 0.618

Fitness

4

118

(popsiz* Ctype)

(Main
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Main Effect Plot

Pop_size Pc Pm Stype Ctype Mtype
0.7740
0.7715
A 0.7690
7 R PPy ST [CN Ny LN LA, L (IS ens " il DI SRR, \ e (I, SRS Sy |
c
S
=
0.7665
0.7640
R IR & o O Y5 %% AN A D B
7.11 ' Fitness 4

7.11
Fitness

Fitness ANOVA 7.16

Interaction Plot
g\ VI bt s

Pop_size — AL - — . 0.776

0.768

115 — v 0.760
0776

. 0.768
; 1

103 0.760
0.776

% . 0768

104 0.760
. 2stype 0776

0.768
o1 0.760
4ctype 0.776

+3 0.768
°2
o1 0.760

Mtype

7.12 Fitness 4

7.12 Fitness
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(Popsize*Ctype)
6.12 15
Fitness Fitness
15 3 Modified Order Crossover
45 Fitness
2 Modified Partially Mapped Fitness
3 Modified Order Crossover
1.2) Fisher's Pairwise Comparisons
Fisher's Pairwise Comparisons 0.05
)
45 Fitness
15
)
0.8
Fitness 0.

Modified Partially Mapped Crossover  Modified Over Crossover
Fitness
Modified One point Crossover Modified
Position Base Crossover

4 Fitness 3

45
Modified Partially Mapped Fitness

Fitness



21)

ANOVA

45
0.8

0. 4.0.7
Roulette Wheel
Modified Partially Mapped Crossover

1. Inversion Mutation
2. Insertion Mutation

Tournament

3 .Displacement Mutation

(ANOVA)
Fitness

ANOVA

Analysis of Variance for Generation, using Adjusted ss for Tests

Source

Pop size

Pc

Pm

stype

ctype

Mtype

Pop size*Pc¢
Pop size*Pm
Pop size*Stype
Pop size*ctype
Pop size*Mtype
Pc* Pm

Pc*stype
Pc*Ctype
Pc*Mtype
Pm*Stype
Pm*ctype
Pm*Mtype
stype*ctype
Stype*Mtype
Ctype*Mtype
Error

Total

DF Seq SS

3450
19098
1957
27
96849
63334
3725
363
37384
81437
7297
74233
2874
62443
9789
18757
47086
84917
11477
105609
96536
462 10481454
511 11370095

W W PP WWERE

W W W Wk W -

o

Adj SS

3450
19098
1957
27
96849
63334
3725
363
37384
81437
7297
74233
2874
62443
9789
18757
47086
84 917
11477
105609
96536
10481454

Ad]

3450
19098
1957
217
32283
21111
3725
363
37384
27146
2432
74233
2874
20814
3263
18757
15695
28306
23826
35203
10726
22687

MS

OFRP P P OO0 O0O0O WO R PO OORR OO OO

F

15
.84
.09
.00
A2
.93
16
.02

65
.20
A1
27
13
.92
14
.83
.69
.25
.05
.55
AT

O OO OO O OO OO OOOO OO OO O oo

697
.359
769
973
235
426
686
899
.200
311
956
071
122
432
934
364
557
292
370
200
893

1.17

Vil
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117

modPMX

Fitness

ANOVA

Fitness

Fitness
7.11 7.12

0.8

0.7

Fitness

Displacement

45
08
0.7

122

45

Fitness

Tournament

Tournament Selection
Modified Partially Mapped Crossover
Displacement Mutation
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~N o o1 &

143 10

7.4.3.1

7.18

118

(popsize)

(Pc)

123

(One-Factor- at-a-Time)

Pilot Run
10

5 5 15 25 35 45
1)0.1 6) 0.6

10 3) 0.3 8) 0.8

)
10 3 0.3 8) 0.8
) 0.4 9) 0.9
5 05 10) 1.0
Tournament Select
Modified Order Crossover
Displacement Mutation
500

[T S U S

Treatment Combination 5+10+10 = 25

(Replication)
25x2= 50

2



1) [ Fitness
1) (ANOVA)
Minitab Version 13
ANOVA 7.19
7.19 ANOVA 10 Fitness

One-way ANOVA: Fitness versus Pop_size
Analysis of Variance for Fitness

Source DF ss MS F
Pop_size 4 0.0003150 0.0000790 1.56
Error 5 0.0002525 0.0000505
Total 9 0.0005685

One-way ANOVA: Fitness versus Pc
Analysis of Variance for Fitness

Source DF SS MS F
Pc 9 0.0001152 0.0000128 0.89
Error 10 0.0001440 0.0000144
Total 19 0.0002592

One-way ANOVA: Fitness versus Pm
Analysis of Variance for Fitness

Source DF SS MS F

Pm 9 0.0000648 0.0000072 1.00
Error 10 0.0000720 0.0000072
Total 19 0.0001368

7.19 ANOVA 10

Fitness
(Pc) (P)
0.05

Fitness 0.05

124

0.314

0.565

0.495

(popsize)
p-value
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1.2) Fisher's Pairwise Comparisons
| ANOVA
Fitness
2)
2.1) (ANOVA)
ANOVA Fitness
1.20
7.20 ANOVA 10
One-way ANOVA: No. Generation versus Pop_size
Analysis of Variance for No. Generation
Source DF SS MS F P
Pop_size 4 7816 1954 12.82 0.008
Error 5 162 152
Total 9 8578
One-way ANOVA No. Generation versus Pc
Analysis of Varian<;e for No. Generation
Source DF 55 MS F P
Pc 9 96820 10758 3.59 0.029
Error 10 29957 2996
Total 19 126777
One-way ANOVA: No. Generation versus Pm
Analysis of Variance for No. Generation
Source DF SS MS F P
Pm 9 49279 5475 173 0.204
Error 10 31716 3172
Total 19 80995
71.20 ANOVA 10
(popsize) Pc) p-value 0.05
{Pm) P-value 0.05
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0.05
0.05
ANOVA Plot
7.13-7.14

Main Effect Plot

82

72

62

52

42

Generation

32

22

S ) (O i |

Pop_size

1.13
10

113

ANOVA 1.20

Main Effect Plot

250
150
50
I 1 T T |
0.1 0.3 0.5 0.7 0.9
Pc
7.14

10
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1.14
ANOVA 1.20
2.2) Fisher's Pairwise Comparisons
Fisher's Pairwise Comparisons
1.21
7.21 Fisher's Pairwise Comparisons 10
5 15 25 35 45
1. 15
2 525 35 45
15
0.1,0.2,03,.,1.0
1 0.1
2 0.2 0305 06 0708 09
1.0
0.1
1.21 Fisher's Pairwise Comparisons
»
2 (15 (5 25 35 45
2



15 3

(01 (02 03 0506 0.7 08 09  10)

2
2
0.1 0.6
3)
3.1) (ANOVA)
ANOVA Fitness
f
1.22 ANOVA 10
One-way ANOVA: GATime versus Pm
Analysis of Variance for GATime
Source DF $S MS F
Pm 9 32505 3612 1.67
Error 10 21595 2159
Total 19 54100
1.22 ANOVA
p-value 0.05

0.05

1.22

0.217

128
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Fitness

2 Fitness

7.4.3.2 2

10 1.23

7.23

(Population size) 2
(Pc) 2

(Pm) 2

2

4

4

1

1)
2)
)

N

)
)

s W

1

w N

)
)
)
)
)

4

Treatment Combination

(Replication) 2
256x2= 512
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02 08
10

15 35

01 06
02 08

(Full Factorial Design)

10
15 35
01 0.6
0.2 0.8

Roulette Selection

Tournament Selection
Modified One-point Crossover
Modified Partially Mapped Crossover
Modified Order Crossover
Modified Position Base Crossover
Inversion Mutation
Insertion Mutation
Reciprocal Exchange Mutation
Displacement Mutation

500

2X2X2x2x4x4 = 256
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1) [ Fitness
11
Minitab Version13
ANOVA 1.24

7.24 ANOVA 10 Fitness

Analysis of Variance for Fitness, using Adjusted SS for Tests
Source DF Seq SS Adj SS Adj Ms F p

Pop size 1 0.0027473 0.0027473  0.0027473 35.41 0.000
Pc 1 0.0010986 0.0010986 0.0010986 14,16 0.000
Am 1 0.0003920 0.0003920 0.0003920 5.05 0.025
stype 1 0.0002559 0.0002559 0.0002559 3.30 0.070
Ctype 3 0.0085979 0.0085979 0.0028660 36.94 0.000
Mtype 3 0.0034868 0.0034868 0.0011623 1498 0.000
Pop size*Pc 1 0.0000188 0.0000188 0.0000188 0.24 0.623
Pop size*Pm 1 0.0000165 0.0000165 0.0000165 0.21 0.645
Pop size*Stype 1 0.0000538 0.0000538 0.0000538 0.69 0.405
Pop size*ctype 3 0.0005013 0.0005013 0.0001671 2.15 0.093
Pop size*Mtype 3 0.0003015 0.0003015 0.0001005 1.30 0.275
Pc*Am 1 0.0000045 0.0000045 0.0000045 0.06 0.810
Pc*stype 1 0.0000131 0.0000131 0.0000131 0.17 0.681
Pc*Ctype 3 0.0004034 0.0004034 0.0001345 1.73 0.159
Pc*Mtype 3 0.0004838 0.0004838 0.0001613 2.08 0.102
Pm*Stype 1 0.0000053 0.0000053 0.0000053 0.07 0.794
Pm*ctype 3 0.0002783 0.0002783 0.0000928 1.20 0.311
PMtype 3 0.0000924 0.0000924 0.0000308 0.40 0.755
stype*ctype 3 0.0002443 0.0002443 0.0000814 1.05 0.370
Stype*Mtype 3 0.0001880 0.0001880 0.0000627 0.81 0.490
ctype*Mtype 9 0.0035532 0.0035532 0.0003948 5.09 0.000
Error 462 0.0358421 0.0358421 0.0000776
Total 511 0.0585788
7.24 ANOVA 10
(Interaction) Fitness
0.05

» (popsize)

} (Pc)

} (Pm)

> (Ctype)

» (Mtype)

> (Ctype*Mtype)
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Fitness

1.15

Pop_size

ANOVA

1.16

Plot

(Interaction)

Main Effect Plot

Pc

Pm

Stype Ctype

Mtype

0.9260

0.9235

0.9210

0.9185

3 0.926
40918

- 0.910
- 0.926

40918
-4 0.910

L 40926
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7.15 Fitness 10
7.15
Fitness
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ANOVA 6.24
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7.16 Fitness
(Ctype*Mtype)
6.16
Fitness L 4
modPBX 1 Inversion Mutation Fitness

1)

2 Insertion Mutation

Fisher's Pairwise Comparisons

Fisher's Pairwise Comparisons 0.05
35
Fitness 15
0.6
Fitness 0.1
0.8
Fitness 0.2
modPBX modOX Fitness

Modified One point
Crossover Modified Position Base Crossover

Inversion Mutation Fitness

Fitness



1.25

modPMX

2.0)

7.25

133

Reciprocal Exchanged
modOX
Fitness
10
35
0.6
0.8
Roulette Tournament Selection
modPMX modOX
1. Inversion Mutation
2. Reciprocal Exchange Mutation
3. Displacement Mutation
(ANOVA)
Fitness
ANOVA
ANOVA 10

Analysis of Variance for Generation, using Adjusted SS for Tests

Source
Pop size
Pc
Pn

stype
ctype

Mtype

Pop size*Pc
Pop size*Pm
Pop size*Stype
Pop size*ctype
Pop size*Mtype
Pc*An
Pc*stype

1
1
1
1
3
3
1
1
1
3
3
1
1

CF

Seq S5
25637
259515
1671
174456
131441
1464
184870
14546
9427
46597
124773
21102
18276

Adj S  Adj MB F p
25637 25637 1.41 0.236
259515 259515 14.23 0.000
1671 1671 0.09 0.762
174456 174456 9.57 0.002
131441 43814 2.40 0.067
1464 488 0.03 0.994
184870 184870 10.14 0.002
14546 14546 0.80 0.372
9427 9427 0.52 0.472
46597 15532 0.85 0.466
124773 41591 2.28 0.079
21102 21102 1.16 0.283
18276 18276 1.00 0.317



Effect)

7.25 ANOVA 10 ,

Analysis of Variance for Generation, using Adjusted SS for Tests
Source DF Seq ss Adj SS Adj M F p
Pc*Ctype 3 81461 81461 27154 1.49 0.217
Pc*Mtype 3 194960 194960 64987 3.56 0.014
Pm*Stype 1 12631 12631 12631 0.69 0.406
Pm*ctype 3 64769 64769 21590 1.18 0.315
Pm*Mtype 3 99272 99272 33091 1.81 0.144
stype*ctype 3 100343 100343 33448 1.83  0.140
Stype*Mtype 3 144536 144536 48179 2.64 0.049
Ctype*Mtype 9 47891 47891 5321 0.29 0.977
Error 462 8424733 8424733 18235

Total 511 10184371

1.25 ANOVA 10

}

}

}

ANOVA Plot
(Interaction)
1.17 7.18
Main Effect Plot
Pop size Stype Ctype Mtype

170 o
= 160
8

140 -

130 A

K

10

134

(Main
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2 Tournament Selection

135

1 Roulette Selection ANOVA 1.25
Interaction Plot
Pop_size e [ e | B ?,_.\.’/: e ::’
e e [t [ IS
002 . Stype \/ :::
ks ezt %2
: Mtype E
7.18 ?
10
7.18
>
(Pc* Mtype ) 7.18
3 Reciprocal Exchange Mutation
Pc=0.1
pc =0.6 ANOVA 1.25
2.2) Fisher's Pairwise Comparisons

Fisher's Pairwise Comparisons

Roulette Selection

0.05

Tournament Selection



0.6
0.1
Pairwise Comparisons
»
Pc=0.6
3 Reciprocal Exchange Mutation
10
35
0.6
0.8
Tournament Selection
modPMX  modOX
Reciprocal Exchange Mutation
3) Fitness

Fitness
7.15
7.16

modOX
Fitness
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10

1.5

Fisher's Pairwise Comparisons

1.26

7.26
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35

0.6

08
Tournament Selection
Modified Order Crossover
Reciprocal Exchange Mutation

(ANOVA)
0.95 Fitness
Fitness

One-Factor-at-a-Time  Full Factorial Design

5 15 15
01 07 0.7
03 08 0.8
Tournament
ModPBX

Displacement
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4
10
Factorial Design
1.26

Tournament

1.6
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15 45
03 08
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01 06
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Full Factorial Design
45
0.8
0.7
Tournament
ModPMX
Displacement
3H5
0.6
0.8
Tournament
ModOX
Reciprocal Exchange
Full

(One-Factor-at-a-Time)

(Full Factorial Design)
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