Optimization

(Representation)
(Reproduction) (Crossover) (Mutation)

(Chen Sha, 1999)
(Tate Smith, 1994)
(, 1998)

(Multi-Objective)

6.1
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() 200



6.1)
Minimize
C
/ j
oV I j
dij / j
TCR
(6.2)
Minimize Z = f ilr’(/;j )d,,
0 / j
Z TCR
v(rl [

(Weight Sum Approach)
(Total Fitness) (6.3)

Total Fitness = (WV Cost-fitness) + ( 2*TCR-fitness)

TCR

47

(6.1

(Centroid)



W1
(0]
2
(0]
Wi+w2 =1

6.2

6.21

1. Initialization
2. Reproduction 1

Reproduction
2.1 Evaluation

2.2 Selection

3. Crossover

48

(Cost)

(TCR)



6.2.2
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. Mutation 0

. Elitist
GAS
GAs
1 GAS
. Data Input
(Fix Width) (Fix Length)

(Area Ratio)

. Representation & Initialization

popsize

(Representation) (Initial Population)

. Evaluation

TCR

. Selection

. Elitist

Selection

Selection



50

6. Crossover

Pc
7. Elitist Selection

8. Mutation

Pm
9. Elitist

10. GAs-loop
(Stopping  Criteria) 2 1
39
/7R
6
39 1
11, Stop

6.1



l Start ,

\ 4
Initialization

>

\ 4

Evaluation

Reproduction ¢

Selection
[

Elitist

:

Crossover

.

Elitist

-

Mutation

-

GAs-loop

Elitist

Yes

Gen < MaxGen
OR

Iteration< Predefined Value

Solution &

Measure of

No
Performance

6.1



6.3
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6.3.1 (Chromosome Representation / Coding)
GAS
(
Chromosome) Binary string Non-hinary
String
Non-hinary string
2
(Department Order)
(Band)
(Band Width)
1
(Fixed Department)
2
5.1 3-2-4-5-1-6
6
2,451 6
3-1-2
3 Y 3 2 3
12
6.3.2 (Initial Population Creating)

GAs 1 1
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popsize

Local Optimum

6.3.3 (Reproduction)

(Evaluation) (Selection)

6.3.3.1 (Evaluation)



o4

(6.4)
f popsize A
[ (xi) = Vpg Xi (6.4)
Xi
6.3.3.2 (Selection)
popsize
GAS
(Roulette
Wheel) (Goldberg, 1989) (Slot)
| popsize
(6.5)
F - pO'YPSi.ZER X i) (6.5)
[ (xi) = ' /
I (Probability of Selection)
(6.6)

P H i =1,2,... ,popsize 6.6,
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I (Cumulative
Probability of Selection)
(6.7)
q = Y.P, (6-7>
1 1 1 2
(6.1) TCR TCR
(6.2) 2
(6.4)
Cost-fitness TCR-fitness
Total Fitness (6.8)
(6.9) (6.10)
Cost-fitness = (CostSum~-c) / Sum _of_(CostSum -c) (6.8)
CostSum = popsize
C=

TCR-fitness = (TCRSum-TCR)/  _of (TCRSum-TCR) (6.9)
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TCRSum = TCR popsize

Tcrj=  TCR

Total Fitness - ( 1*Cost-fitness) + ( 2*TCR-fitness) (6.10)

TCR
Wi (Cost)
0]
2 (TCR)
0]

WitW2 =1

popsize

1 (Random Number) r o [0.]]
2. r<qi qul <r <qt( 2«

< popsize ) i

popsize

6
1 V170.25 2=0.75



String No.
1
2
3
4
5
6
String No.
(1)
1
2
3
4
5
6
Total

Cost
(2)
31985.33
33839.00
31169.00
26537.00
31721.67
34427.00

189679

TCR

(6.9)

=0.1638

6.1

Order
[34 125 6]
[L 4235 6]
[235614]
[524316]
[524613]

[142536]

6.2

Cost-fitness

S

0.1663
0.1643
0.1671
0.1720
0.1666
0.1637

1.0000

6.1

6

Band

[112 2]

13 2]

32 1]

2 112]

[11121]

[11112]

TCR
@
244.67
236.00
184.00
188.00
239.56
230.00

1322.23

Cost-fitness

TCR-fitness
o)
0.1630
0.1643
0.1722
0.1716
0.1638
0.1652

1.0000

5

Cost
31985.33
33839.00
31169.00
26537.00
31721.67

34427.00

Total fitness
(6)
0.1638
0.1643
0.1709
0.1717
0.1645
0.1648

1.0000

TCR

2

(6.9)

TCR-fitness

100

TCR
244.67
236.00
184.00
188.00
239.56

230.00

0.1638
0.3281
0.4990
0.6707
0.8352

1.0000

6.2

(6.7)

[0..1]

57

[(0.25%0.1663)+(0.75*0.1630)]



6.3.4

6.3.4.1

Ne

6.3
0.652588 Str4 Total fitnessiO. 1717
0.349701 Str3 Total fitness:0.1709
0.900537 Str6 Total fitness:0.1648
0.002097 Str2 Total fitness:0.1643
0.551275 Str4 Total fitness:0.1717
0.401578 Str3 Total fitness:0.1709
(Crossover)
popsize
1
(Ne)

Pc

Pc

N e

58
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| Ne 1 popsize

0 1 1 1 1
0
1
| Ne 1 1
| Ne popsize N
1
5 Ne
Nel2
6.3.4.2
Nel2
! I
(Goldberg,1989)
3
PMX  (Partially Match Crossover) 0X (Order
Crossover) ex (Cycle Crossover)
Goldoerg 3
Goldberg 2 PBX
(Position-Based Crossover) OBX (Order-Based

Crossover) 5



1 PMX

[1/-1]

1
opo
7:=[984[567[1320]
»2=[871 123019546]

[4 6]

“17 Pi
: ' #
6 =[984]2 301 ##]
=[8XLI5671954#]
(Map) 2
6 30/ AT 00

01 = 19842301657]
02=[8015679243]2

| =[894[567(1 320]
02-(871123019546]

0,= [894|567|1###]
02= [8#1 |230|9#4#]

5

PMX

5

[4.6]

23

PMX

#
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ol

o 1 1

[5671###11894
~ [23014#419481

o 1=
0 2=

P;=[2034859176]
P2=[5921067384]

]
]

[567)230(1 894]
[230156719481]

CX

Pi
o=[2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I
/2 F A oo\ ]
(25
% '
0 1= [2 -5 e ]
R R 6]
6 02
0. =[2-5---0]
02z [9=f--- 4]
(;=[2--4-5-6]
0 2=[5--1-6---4]
4
012 [2--4-5-1 -6]

0 2=[5--1-6-3-4]

p2

61



P2

02

0, =[2934057186]
02=[5021 869374]

PBX
OX
»1=[2034859176]
p2=[5921067384]

Pi
Pi
1
p1=[2034859176]
P2=[5921067384]

0] =[###d8 #O4EHE]

4 9
P2=[5#2106738#]

S [52
Po=[5#2 106738#]

01=[521 4069738]

OBX
PBX

Pi =[2034859176]
P2=[5921067384]

Pi

Syswerda

0i

P1

0i

Syswerda

62

01



Pi
p2

P, =[20348591 76]

/

0/:[#4###### 9]

p2=[5921067384]

0 =[5421067389]

A, AAAAAAA

p2=[5921 067384]

0i

p2

6.2

Pi
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i=i+1

Taieinn

MU

62

GAS

lailay

i=0
i<3
o

#3149 Band Width

.

ATIIFBULOIING

}

v

VL@T"g@ q933600U

UNUNG? DYARATILAN

6.3.5 (Mutation)

6.3.5.1

(Pm)

Bard Wth
Band With

64
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6.3.5.2
! 3
1 (Reciprocal Exchange
Mutation) 2
4 6
=[L2345678
A/
49
=[12365478 9
2, (Insertion Mutation)
1
4 6
m=[12345678 9
2
=123 5789
2=[456]
mi ! 6 !
121235789
1=[L2357845693
3, (Random Seqeunce
Mutation)

4



6.3.6

GAS

(Elitist

GAS

m=[12345678 9
m=[1234 sss4]

m-[L2346598 7

GAS

GAS

GAs

66

6.2
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6.4 GAs

GAS

6.4.1 (Data Input)

6.4 6

6.53

6.5

1 3 1*3 5
2 9 2*3 5
3 3 1*3 5
4 1 1*1 5
5 2 1*2 5
6 6 2*3 5

]

]

6.3
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6.6

136

116

551

605

63

191

50

941

635

63

55

136

569

71

104

90

77

622

193

65

179

591

607

174

162

175

611

667

13

156

n < o N <+ o

< W T o 77 X

63

VU705 1412=0.75

Y)

GAS
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PMX
0.7
Reciprocal Exchange
01
6.4.2
6.5
2
1
, 6 6 6
6.7
String No. Order Band
1 [1 36425 [12 111]
2 [3164 25 [12 12]
3 [126543 [32 1]
4 [3254 16] [312]
5 [L2345 6] [312]
6 [564213] [2 13]
6.4.3
[ TCR
Cost-fithess TCR-fitness Total
Fitness 6.8



String No.

1

2

Total

6.4.4

6.8
Cost
31861.11
30558.00
30354.00
26130.00
25022.00
29197.00

173122.11

Cost-fitness

0.1632

0.1647

0.1649

0.1698

0.1711

0.1663

1.0000

Total Fitness

String

6.9
6
1244

6.9

No. Total

6.10

0.1559
0.2981
0.6130
0.5886
0.7329

0.1621

TCR TCR-fitness
224.22 0.1637
222.00 0.1641
206.00 0.1667
178.00 0.1712
186.00 0.1699
220.67 0.1643
1236.89 1.0000

6.8

[0..1]
|

Fitness orPi
0.1636
0.1643
0.1663
0.1709
0.1702

0.1648

Strl Total fitness
Str2 Total fithness

Str4 Total fitness

Str4 Total fitness:

Str5 Total fithess

Strl Total fitness

6.10

0.1636
0.3279
0.4941
0.6650
0.8352

1.0000

: 0.1636
: 0.1643
: 0.1709
0.1709
: 0.1702

: 0.1636

Total Fithess

0.1636

0.1643

0.1663

0.1709

0.1702

0.1648

1.0000
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String
1

2

String

No.

6.4.5

No.

6.4.6

Pc

6.11
6.11
Order Band Cost TCR
[1 364 25] [12 111] 31861.11 224.22
[3164 25] [12 12] 30558.00 222.00
[3254 16] [312] 26130.00 178.00
[3254 16] 312 26130.00 178.00
[ 23456] [312] 25022.00 186.00
[1 364 25] [12 111] 31861.11 224.22
1
6.12
6.12
Order Band Cost TCR
[1 36425 [12 111] 31861.11 224.22
[316425] [12 12] 30558.00 222.00
[3254 16] [312] 26130.00 178.00
[3254 16] [312] 26130.00 178.00
[123456] [312] 25022.00 186.00
[1 36425] [12 111] 31861.11 224.22
PMX
pc = 0.7 10%

() 0.7%6=4.2
6.13

71

Total Fitness

0.1630

0.1636

0.1704

0.1704

0.1697

0.1630

Total Fitness

0.1630

0.1636

0.1704

0.1704

0.1697

0.1630



String No.
1
2
3
4
5
6
3 4
1
4-6
String
0,
02

Cost

6.13

Order
[L36425] 0.8059
316425 0.5807
3254 16] 0.6055
3254 16] 0.4877
123456 0.9354
136425 0.7023

1
f : 2346
TR

P]=1316425]
p2=1325416]
3 5

Msp) 1 5 6 6

9 =[325416]
02=[316425]

6.14 1
Order Band
[3254 16 [312
3164205 [12 111]
6.14
02

72

ri<o.7 (Pc)
Selected
Selected
Selected
3 ' 2
0 1
6
2-3

51 2 2 1

Cost TCR
26130.00 178.00
31721.67 239.56
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| ) 4
21 =[325416]
b2=1136425]
) 4 )
(Map) 3 2 2 36 5 5 6
0, =[236415]

02=0125436]

615 .

String Order Band Cost TCR

0, 2364 15

02 125436 [312] 25540.00 192.00

6.15 0\ 2
01\
: Pi 0/
2
6.16

616

String No. Order Band Cost TCR Total Fitness
1 1364205 [12 111] 31861.11 224.22 0.1623
2 [3254 16] 312 26130.00 178.00 0.1699
3 316425 [12 111] 31721.67 239.56 0.1605
4 [3254 16] 312 26130.00 178.00 0.1699
5 [123456] 312 25022.00 186.00 0.1692
6 [125436€] [312] 25540.00 192.00 0.1683



6.4.7

617

String No. Order

1 136425
3254 16
316425

2
3
4 3254 16]
5 [123456]
6

[125436]

6.4.8

String No.
1

2
3
4
5
6

Band
[12 111]
312
[12 111]
312
312
312

Pm

- 01

0.1*6 = 0.6

r

6.18

618

Order
136425
[3254 1¢6]
[316425
[3254 16]
123456
125436

74

6.17
Cost TCR Total Fitness
31861.11 224.22 0.1623
26130.00 178.00 0.1699
31721.67 239.56 0.1605
26130.00 178.00 0.1699
25022.00 186.00 0.1692
25540.00 192.00 0.1683
10%
Pm
r ri <0.1 (Pm)
0.9798 -
C.4193 -
0.8291 -
0.0902 Selected
0.2713 -
0.1318 -



String No.
5
6.
String No. Order
1 136425
2 3254 16]
3 316425
4 [125436]
5 123456
6 125436
6.4.9
GVl
String No. Order
1 136425
2 [325416]
3 [316425]

String 5=[325416]
2 15
String 5=[3254"6]

String 5=[125436]

4 6.19
Order Band Cost
125436 [12 12] 26015.61
4
Band Cost TCR
[12 111] 31861.11 224.22
[312] 26130.00 178.00
[12 111] 31721.67 239.56
[12 12] 26015.61 192.00
[312] 25022.00 186.00
[312] 25540.00 192.00
6.21
Band Cost TCR
[12 111] 31861.11 224.22
[312] 26130.00 178.00
[12 111] 31721.67 239.56

75

TCR
192.00

6.20

Total Fitness
0.1627
0.1701
0.1608
0.1684
0.1695
0.1686

Total Fitness
0.1627
0.1701
0.1608



62L( )
String No. Order Band
4 [125436 [12 12]
5 [123456] [312]
6 [125436] 3172
GAs-loop

6.5

GAS

Cost
26015.61
25022.00
25540.00

TCR

TCR
192.00
186.00
192.00

76

Total Fitness
0.1684
0.1695
0.1686



L
2,
(Band)
3.
Y
)
6.5.3
1
2,

20
20

77



6.5.4.1

20)

GAs

(W1)

78



10.

11,

(Fixed Width)

L
(

79

[ (From/To)

(Area Ratio)

AEIQ

(Fixed Length)
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12

6.5.4.2 GAs

GAS
GAS

610 15 20

3. 5 PMX
CXOXPBX  OBX
4,

5. 3
Reciprocal Exchange Mutation, Insertion Mutation Random
Sequence Mutation

6. 0

I

GAS

GAs



TCR

6.6

5
(Reproduction)
(Elitist)

Reciprocal

81

GAS

GAS
GAs-loop

TCR

(Initialization)
(Crossover) (Mutation)

5 PMX OX ex PBX  OBX
3
Exchange Mutation, Insertion Mutation Random Sequence



Mutation

GAs-loop

GAS

TCR

82

TCR
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