(Murata

. (Reproduction)

(Objective)
Variance)

51

Model Deterministic

1

51

Simple Case

Optimization Problem
, 199) (, 199%)
(Kim 199 )

(Representation)

(Criteria)
(Workload

Single

(Work  Element)



= Total Processing Time

T, -

/

(Single Model Assembly Ling)

9. Buffer Size
10.

11 (Input)
(Processing Time)
Relationships)

Machine Dominate

44

(Capacity)

( Zoning Restriction)

Flow Shop

(Work Element)

(Cycle Time)

(Precedence
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12. Measure of Performance Workload
Variance

5.2.1 5

1 Initialization
2. Reproduction
(Fitness)
Reproduction 3
2.1 Decoding

2.2 Evaluation
(Fitness)
2.3 Selection
3. Crossover

4. Mutation

5. Elite Preserve strateqy

5.2.2

1. Data Input
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2. Representation & Initialization
popsize (Representation)
(Initial Population)

3. Decoding :
4. Evaluation
Fitness

5. Initial Elite Preserve strategy

Elite Preserve Solution

6. Selection Mating Pool
Selection
7. Crossover Mating Pool
Pc

8. Post-crossover Elite Preserve strategy
Elite Preserve Solution
Elite Preserve Solution
9. Mutation
Pm
10. Elite Preserve strategy of Generation
Elite Preserve Solution
Elite Preserve Solution Elite
Preserve Solution Elite
Preserve Solution
11. GAs-loop '
1-13 15
12. Stop Elite Preserve

Solution

5.1



Reproduction ...

GAs

Initialization

P

A 4

Decoding

\ 4

47

Evaluation

< >
A 4

Selection

4

Loop

Initial Elite
Preserve

Strategy

Y

Crossover

R T TR

\ 4

Post-crossover
Elite Preserve

Strategy

Elite
Preserve

Solution

Mutation

R <

Yes

Elite Preserve
Strategy of

Generation

No

Solution & Measure

of Performance

Elite Preserve Strategy

Stop [

5.1

Only on the last generation




5.3

5.3.1 (Chromosome Representation 7 Coding)
GAs
(
Chromosome) Binary string Non-binary
String
Non-binary string
(Sequence)
Sequence-
oriented Representation
1) 1 1 Chromosome
2) 1 chromosome bit
bit
3) bit 1 m
4) bit
5) bit
6) bit

bit
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M1 3257 984 14 13 11 6 10 12

15] 1 Chromosome 15 bit
15 1
2 3
5.3.2 (Initial Population Creating)
GAs 1 1
popsize
1
1 1 m(m )
bit bit
popsize
GAs
bit
(Infeasible Solution)
ALB

(Feasible Solution)

53.2.1 (Precedence
Metrix)

(Precedence Metrix) 5.2
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CEL

nowu

5.2

mxm

(Row)

24

mxm

2,3

0-1



020201 135
24 2 6
53.2.2 ALB
bit
bit
Precedence Metrix
1 (Task without Predecessor)
Precedence Metrix 0
2.
bit 1
bit
3.
Precedence Metrix 0
4.
5. 1 4 bit
53.2.3
5.3.2.2
1 GAs
GAs

GAs
popsize



5.3.3

1

popsize
5 5.3.2.2 popsize
Precedence Metrix Precedence Metrix
5321
popsize

Local Optima

(Decoding)

ALB

(Decoding)

52



534

51
5.1 2

1
1-3-5-4-2-6-7-8-10-9
2434332221
10

1=135
2=426
3=78109

(Evaluation)

Fitness

53

2
1-5-3-2-4-6-7-8-10-9
2353432221
10

1=153

2=246

3=78109
Fitness

Fitness



54

(Workload
Variance)
51
Fitness Function 5.2
1 (Xi)= 1 XXi (5.2)
v =1
XI Workload Variance
Workload Variance Fitness
5.3
real ct = max(77) l=1,2,.,N (5.3)
5.4
Total Idle Time -~ (real et-TI) (5.4)
55
n ﬁ??xioo X
real CTJ

Line Eff. H (5.5)



5.3.5

Fitness

53.5.1

55

XI Fitness Function

Fitness Function

(Selection)
Fitness
Fitness
popsize Mating Pool
GAs

Tournament Selection (Goldberg, 1991)

Roulette Wheel Selection

( popsize )

Fitness popsize 5.6

popsize

F- £f(X1) (5.6)

f(X I) = Fitness /

(Probability of Selection)
5.7
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f{X1 - :
pi txl) | =1,2, ...,popsize (5.7)
F
3. (Cumulative Probability of
Selection) 5.8
@ - 2>] (5.8)
5.2 5.3
5.2 ?
String No. Fitness p|
1 15.000 0.200 0.200
2 22.000 0.293 0.493
3 12.000 0.160 0.653
4 9.000 0.120 0.773
5 17.000 0.227 1.000
75.000 1.000
0/1.00
0.20
n22 nan
0.773
012
n2a3
n1A
0.653
0.493
53

5352  Tournament Selection

Roulette Wheel Selection
Fitness

Tournament Selection



a b W N R

N

:|>

Pool

@)

0.320
0.178
0.891
0.457
0.936

ri< g

popsize)

r2<qi

popsize)

Fitness

popsize

FitnessITa

gi >,

0.493
0.200
1.000
0.493
1.000

5.3

5.3

a N 01 - N

Fitness

Fitness
22.000
15.000
17.000
22.000
17.000

o7

Fitness

1 1 1
G]<ri<g ( 2<t<

1 1 r2
qti<r2<g (  2</<

Fitness
Mating Pool
Mating Pool
Fitness
) Mating
Tournament Selection
2
i>r2
2 | Fitness
0.951 1.000 5 17.000 2
0.607 0.653 3 12.000 1
0.762 0.773 4 9.000 5
0.018 0.200 1 15.000 2
0.406  0.493 2 22.000 2
c Qi r 3 5.2)
Tournament Selection
Fitness
Fitness
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Fithess Roulette Wheel 4
Mating Pool
GAs
Tournament Selection 4
Mating
Pool
53.6 (Crossover)
53.6.1
popsize
Mating
Pool ( ) (Ne)
(Pc)
1 [ 0 1
2. Pc
3 r Pc 1 2
4 [ Pc Ne Ne
1 Ne 1 popsize 0
1 1 1 1
Mating Pool 0
1
+  Ne 1 1
o Ne popsize
1
5, Ne

Ne/ 2
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5.3.6.2

Ne/2
2 ‘ (Parent)"
2 ‘ (Offspring)"
6
1) Modified One-point Crossover
2
(Crossover Point ; X p) 1 [, -1]
13 | n
it 1 Xp Parent 1 H it 1 Xp
Parent 2 H2
P,= 984/56713210]
HL
p2=[ 87112310954 6]
H2
HL Offspring 1 H2
Offspring 2 #
0, =[984 |##satt4]
02 =[87 LI###nutt]
P, , 02 X p2
p2 0, X P1

02=[871 I####HER]
0,= [0 X456 XX32 10

0, =[984|hEskEEH]
P2=[x71|2310%5%6]
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P, + 02

0,=[9847123 1056]
2=[871 94563210]

2)  Partial Match Crossover (PMX)
PMX

1"
P =[984|567|1320]
02=[87 1]2309546]

[4,6] “|

P1 q X
#
,=[984|230| L###]
02=[8X115671954+#]
(Map) 2 5 5 23 6 6
50 17 7 0 “1”

Q=[9842301657]
02=[8015679243]

3)  Cycle crossover (CX)

P =[2034859176]



p2=[5921067384]

P1 p2

= [ ]

22 [5 s ]

02 5
1 b ( )
= [2 o5 e ]
225 -rrf e ]
0 02

01=[2-—5---6]
2=[5-b---4]

00 =[2--4-5-6]
2=[5--1 -6 -—4]

ot =[2-34-5-1-6]
2=[5-21-6-3-14]

02

00=[2934057186]
02=[5021869374]

4)  Order Crossover (OX)

“l”
0, =[894]567] 1320]
02=[871123019546]

02

01

01

61



S (8941567 1148¢]
02 = [8#1 [230(9#4#]

( 0, 1 02 9
0,= [5671###11894]
02 = [230|###(9481]

0,= [567/230[1 894]
02 = [230]567]9481]

B) Position-Base Method
Syswerda
M. and Chen, R., 1997)
P=12034859176]
P2=[5921067384]
pl
P1 0

P, =[2034859176]
p2=[5921067384]

0, =[###4# #9#4##]
P,

p2=[5#21 067384#]

n2
p2=[5421 06738#]

0, =[5214069738]

[4,6]

62

ox (Gen,



6)

Order-Base Method

Syswerda

5.3.6.3

pf
p,=[2034859176]
p2=[5921067384]
Pl

n2

0, =[# 548 NT 440
| |

p2- [5921 067384]

n2
0,=[5421 067389]

A IKAAIK A,

02=[5921067384]

(Repair Method)

2-5

Kim

Position-Base

(1996)

Precedence Metrix

63
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3)
4) Precedence Metrix
B) 1-4
Mating Pool
GAS
53.7 (Mutation)
Random-Sequence Mutation
{Pm) [ [0,1]
Mating Pool r

{Pm)

{Mp) 1 [ LIM1] m
1} I n
1 Mp 1 Mp

§
P =[98534216107
0 =[9853khtt#]

( 9853) Precedence Metrix



53.8 (Elite Preserve strategy)

(Elite Preserve Solution)
Elite Preserve Solution
Elite Preserve Solution

GAS
3
1) Initial Elite Preserve strategy
! Fitness
Preserve  Solution)
Preserve Solution GAS

2) Post-crossover Elite Preserve strateqy

Solution
Elite Preserve Solution

65

Fitness

GAs 3

GAs
Fitness

(Elite
Elite

popsize
Elite Preserve

Elite Preserve Solution
popsize

10
Fitness
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2687945 1264  Fitness 10 12
8 12 Fitness Elite
Preserve Solution 12 8
Elite Preserve Solution
12 Elite Preserve Solution 10

3) Elite Preserve strateqy of Generation

popsize
Elite
Preserve Solution Post-crossver Elite Preserve
Strategy Elite Preserve Solution
Elite Preserve Solution

10
Fitness 5683194677 Fitness 9
6 Fitness ~ Elite Preserve Solution 9
6 Elite Preserve Solution Fitness
Elite Preserve Solution 9 5 Fitness
Elite Preserve Solution

54

5 (Initialization) (Reproduction)
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(Crossover) (Mutation) (Elite
Preserve strategy)

Sequence-oriented Representation

3
(Decoding)
(Evaluation)
(Selection)
Tournament  Selection
MOX PMX cx OX PBX OBX
Random  sequence
Mutation

GAS 1

GAS
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