6.1

6.1.1

6.1.2

6.1.3

(Minimum

6.1.4

Part Set :MPS)

(Input)

) (Work Element)

) (Processing Time)



6.15

6.1.6

(Triangular Fuzzy)

(Membership Function)
6.1.7

(Addition of Fuzzy)

6.1.8

6.1.9

Max-Min Operator
(Objective Function)

6.1.10

6.2

1. Initialization
2. Reproduction
(Fitness)
3

(Makespan Function)

Reproduction



6.3

2.1 Decoding

2.2 Evaluation

(Fitness)

2.3 Selection

3.Crossover

4. Mutation

5 Elite Preserve strategy

1. Data Input

2. Representation & Initialization
popsize

(Initial Population)

wW

. Decoding

4. Evaluation

Fitness Value

5 Initial Elite Preserve strategy

(Representation)

Fitness Value

Elite Preserve Solution
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10.

11.

12.

Selection
Selection

Crossover

Mating Pool

Mating Pool
Pc

Post-crossover Elite Preserve strategy

Mutation

Pm

Elite Preserve Solution

Elite Preserve Solution

Elite Preserve strategy of Generation

Elite Preserve Solution

Preserve Solution
Preserve Solution
GAs-loop

1-10
Stop

Solution

Elite Preserve Solution

6.1

Elite

Elite
Elite

Preserve



GAs Loop |

Reprodution

4
( Initialization J
Y
Decoding
Evaluation
Initial Elite
> Preserve
Strategy
Selection
Crossover
Post-crossover
Elite Preserve
A
Strategy
Mutation
Elite Preserve
> Strategy of
i Generation

4 Max Ge

No

<

A 4

Elite Preserve

Solution T—

A

Only on the last generation

Elite Preserve Strategy

(o

Y
Solution &
Measure of
Performance

6.1
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6.4
6.4.1
(Chromosome Representation/Coding)
Chromosome
GAs Binary string Non-binary string

Non-binary string

(Minimum Part Set: MPS)

1) 1 1
) 1 bit bit
3) bit 1
4) bit
5) bit
MPS
6.1.4.1

(Initial Population Creating)
GAs
hit



2

12

1
3
12 3
2
(MPS)
3 12 3 ‘ 20 50 10
1:2:3 = 251
3 12 3 ' )
5 1
3
MPS
2+5+1 = 8 8 bit
3 8 bit
3 leaaly 1
hit
1-2-2-1-2-3-2-2
12 12 3 2
6.4.1.2
(Population Size)
GAs 1

GAs
popsize
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popsize !
Local Optimal
6.4.2
(Decoding)
12 3
20 50 10 2:5:1
10
1-2-2-1-2-3-2-2
1221232 2 10
1-2-2-1-2-3-2-2 2-2-1-2-3-1-2-2
6.4.3
(Evaluation)
Fitness
Fitness
1
(Input

Data)



6.1
(- Bnj, Cnj) —(iin] .08, bnitbn2+... b 0 1~0 2~.. cn) (6-1)
(A.J; Bnj, Cnj) ( )
j
(a,l, by, ¢,i) ( )
2.
Flow Shop
3.
6.2
fj-m (1) k=1~ [Km (1) k=1)J-dle[kJm (0 (6-2)
Ju,,(t) =
Blm (0 = k
Midle[k]m(t) = k
4,
6.2
()
AN . T |
/E\ "
am bm Cm i
6.2
5.
6.3 6.3



6.3
1 ['<a
Mo(t) = -~~~ a<t<h (6.3)
0 I >b
0(t) =
a =
( =1 )
h =
( = 0)
a
b
6. Fitness
Max-Min Operator 6.4 Fitness
max s(t) = max{min{ o ), juc(t) }} (6.4)
IUo(t) =
Juc(t) =

Fitness Max-Min Operator 6.4
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S(t
H (A
Ho(t)
1
”’*S / Mc(t)
0 ? L
T t
6.4 Fitness Max-Min Operator
LI
( Fitness )
T = (1*3
7. Fitness
Fitness Fitness
Fitness ' ' '
6.4.4
(Selection)
GAs Fitness
Fitness Fitness
popsize
2

Roulette Wheel Selection (Holland, 1975) Tournament Selection (Goldberg,1991)

6.4.4.1 Roulette Wheel Selection

Roulette Wheel Selection

Mating Pool Gas

2-6



(Roulette Wheel)

Fitness

F

Pi

Selection)

6.1

String No.
1

ol BB ow D

1
( popsize )

popsize 6.5
popsize
['m (6.5)
[ (Xi) =  Fitness i
(Probability of Selection) ‘
6.6
S (XD) . .
I =1,2, ..., popsize 6.6
P pop (6.6)
(Cumulative Probability of
6.7
gi= 2P, (6.7)
j=l1
6.1 6.5
Fithess ni qi
0.950 0.221 0.221
0.750 0.174 0.395
0.800 0.186 0.581
0.920 0.214 0.795
0.885 0.205 1.000
4.305 1.000



0100
0.795
0.581 0.395
6.5
r 0 1 1
) Tl < q, ' 1
) qll< <ql { 2 < /< popsize)
Mating Pool
rl 0.185
gl (0.221) 1
No.1) Mating Pool rt 0.650
g, g3 ga(q3<ri< g4
4 (String No. 4) Mating Poo
4 Mating Pool

Roulette Wheel Selection

Roulette Wheel Selection

Mating Pool

6.4.4.2

Tournament Selection

Rou

2 Fitness

lette Wheel Selection

Roulette Wheel Selection

Fitness

qt
(String

popsize

Fitness



(&2 B = S I\ RN

Tournament Selection

1. 0 1 1
) ri < qi
) qur < ri < qgt ( 2< | < popsize) /
2. 0 1 1 r2
) r2< qi
) gi <12 <qt { 2< i <popsize)
3. Fitness 2 Fitness
Mating Pool
String No. 1 string No. 2 Fitness
2 String No. 2 Fitness
String No. 2 Mating Pool
4. 1-3 Mating Pool popsize
Fitness
Fitnessway ( ) Mating Poo
Fitness
6.2 Tournament Selection
1 2
il 9.>rl Fitness g 4.1 Fitness
0.320 0.395 2 0.750 0951 1.000 5 0.885 5
0.178 0221 1 0.950  0.607 0.653 4 0.920 1
0.891 1.000 5 0.885  0.762 0.159 1 0.950 1
0.457 0.581 3 0.800  0.018 0.200 1 0.950 1
0.658 0.795 4 0.920  0.406 0.493 3 0.750 4
Lqi r 3 6.1)
6.2 Tournament Selection
1 Fitness



Fitness
Roulette Wheel
Pool
2
Mating Pool
} Tournament Selection
} Tournament Selection
Optimal
Mating Pool Crossover
Mating Pool
2
2
6.4.5
(Crossover)

(Crossover Type)
4
2.Modified Partially Mapped Crossover (modPM
4 Modified Position Base Crossover (modP
) (Cro

Pc
(Ne)

I

2 Fitness
2

GAs

Mating

Tournament Selection

Local

1.Modified One point Crossover ( odMOX)

X) 3.Modified Order Crossover (modOX)
BX)
ssover Probability : Pc)
Pc
(Parent)



Nc/2

(Parent)”
(Offspring)”

6.45.1
popsize
Mating Pool (
) (Ne)
(Pc)
r 0 1
Pc
r Pc 1 2

r Pc Ne Ne

Ne 1 popsize
1 1 1

Mating Pool 0
Ne 1 1
Ne popsize !

1

Ne
Ne/ 2
6.4.5.2
2 ]
2 [

Non-binary string

3



1) Modified One-point Crossover ( odMOX)

MO X
(Crossover Point : Xp)
bit 1 Xp ' 1 H1 bit 1 Xp
2 H2
5
2
P1=122211]113113]
;_Y_J
H1
P2=1231 11123121 1]
H2
H1 ' 1 H2
2 *
01 E(222111% ¥ x84+
02 3 2edelnlodad A5 ok &1 A 2]
P2 01 1
01 X P2 P1 Y02
1 02 x

01=[22211|****xx]
P2 = [x3xx1 Ix31x11]

02 =[231 11 |***x*x]
Pl=[x22xx|x1x113]



P2 01 P1 02

01 =[22211313111]
02=023111221113]

2) Modified Partially Mapped Crossover (modPMX)
Partially Mapped Crossover(Goldberg
and Lingle, 1985) 2 (1, ]

2 46 PL=[123]
P2=[331]

P1={121]123|31211]

P2=[122]331|1 121 1]

01=[121}331[31211]
02=[1221123111211]

X
01 3 1 02 2 1
X 3 01 1 X
2 02 1
01=[121]331|x1211]
02 =[1X211231112 11]
(Map) 1 3

3 1 3 2 2 3
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01=[121]331|x1211]

f 1
02:[1X2I1t231112 11]

01 =[12133121211]
02 =013212311211]

3) Modified Order Crossover (modOX)
Order Crossover (Davis,1985)

2
2
1 2
2 4 6
1(P1) [2 23] 2 (P2) 12 3]
(01 02)
*
Pl =[112223333]
01:[***223***]
02:[***123***]
fit
P2=0123123233]
P2 01 P1 02
1 X
Pl =1 12223333] Pl=[x1x22x333]
VfV 02:[***123***]
01:[***223***] |ff
P2 =]1xx1x3233] P2 =1123123233]

P2 * 01
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PL=[112223333]

111
113223233]

Pzz[ﬂgﬂm.323y

P1 * 02

1

PL = [A 2213 333]

02:[[24143333]
Ut

RE=T 2 @)1 23325380

01 =[113223233]
02 =[122123333]

4) Modified Position Base Crossover (modPBX)

Position Base Crossover (Syswerda)

2
3 5
PL=[12112331211] P2 =112233111211]
t !
01=[xx1x 2xx X X XX] 02=[xx2x 31112 11]
p2 ' 01 01

P1 02 02
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PL=012112331211] P2 =[122331 1121 1]

[ I
1=1231 32 02=011213231211]

Al AAA A
P2=[Y2233111211] PL=[1/112/31211]
1
01 =[23132111211]
02 =[11213231211]
Mating Pool
6.4.6
(Mutation) !
) (Mutation Type)
' 4 L.nversion Mutation 2.Insertion Mutation 3.Reciprocal
Exchange Mutation 4 .Displacement Mutation
) (Mutation Probability : Pm)
Pm
Pm
) (Nm)
6.4.6.1

popsize

Mating Pool ( )



(Nm)
(Pm)
1) [ 0 1
2) Pm
6.4.6.2
4

1) Inversion Mutation
Inversion

=[1 221 2322]

[2127]
=[12]2123]22]

S[1212123122]
|

1
=[1213212 122]

2)  Insertion Mutation
Insertion

=[1 221 2322]

[



3)

4)

(2129

s=[12212322]
S:[123£1222]

Reciprocal Exchange Mutation
Reciprocal Exchange 2
2 3 6

=[1 221 2322]

=[1231 2222]

Displacement Mutation
Displacement Insertion

Inversion 2

=[12212322]

=[1212123122]
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8l

2
s=[12]2123]|2 2]
s:[1|2f23|222]
Insertion ( )
6.4.7
(Elite Preserve strategy)
(Elite Preserve Solution)
Elite Preserve Solution Fitness Elite
Preserve  Solution
GAs
GAs 3

1) initial Elite Preserve strategy

Fitness
Fitness
(Elite Preserve Solution)
Fitness Range Time
Range Time

Elite Preserve Solution GAs
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2) Post-crossover Elite Preserve strategy

popsize
Elite Preserve
Solution
) Fitness
Elite Preserve Solution
» Elite Preserve Solution
popsize
» Elite Preserve Solution
Fitness Range Time
Elite Preserve Solution Range Time

I 10
Fitness 0.80
0.75 082 0.78 0.90 0.85 0.77 092 0.95 0.77 Fitness
10 0.95 9 0.95 Fitness
Elite Preserve Solution 0.95 9 Elite
Preserve Solution 0.95 Elite Preserve
Solution Fitness Range Time

popsize

3) Elite Preserve strategy of Generation

popsize

Elite Preserve Solution Post-crossver Elite Preserve
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Strategy Elite Preserve Solution
Elite Preserve Solution
10 Fitness 0.77
083 091 080 0.79 096 0.78 0.85 0.75 0.74 Fitness
0.96 6 Fitness Elite Preserve Solution 0.96
6 Elite Preserve Solution Fitness Elite
Preserve Solution 0.96 10 Fitness
Elite Preserve Solution
6.5
(Optimization
Problems)
(Objective Value)
Fitness Fitness

» Non-binary string

Roulette  Wheel

Tournament
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» 4 modMOX
0dPMX modOX ~ modPBX
Non-binary string

» 4 Inversion Insertion
Displacement  Reciprocal Exchange
»
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