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000000000000000000000000000000D00000 (Evolu-
tionary Computation: EC)0 0000000000000 O0OOO (Evolutionary Multi-
Criterion Optimization: EMO)0 00 00000000000000000O0O00O0O 2699
000 EMOODOOODOODODODOOOOODOODOODOOOOODDOOOOODOODOO0OO
00000000000 100000000000000000000000000000
000000000000000000000000000000000000000
0 (Genetic Algorithm: GA)O D 0000000000000 0O0GADDDODOOOO
000000000000000000 GAOODDOOODOOO00O0?2Mm
GAOODOODOODOOOO0O00O0D0D000DO00O00000000000 4P°H)GAD
000000000,0000000000000000000000000000000
0000000000000000000 100000000000000000000
00000000000000000000000000000000000000000
000 GAODODODOOOOO0OOO0OO0O0O0D010000000000000000000
0000000000000 00(000)0D000000000000000DODO0
0000000000000000000000000000000000000000
0020000000000000001000000000000000000000
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ggbobbobuooggbobobuoobooboobooooobobbbobooboood
gbogdgboboubuaoobooooogd
gbodgbuobiobuoooooboobboobbobbbuooboobbobaon
gbobobdgbuoobouoobbooboobuboooobobobooooobobbayd
good
0000000 GAQOUOOOODoOOoGADODOOUOODOOOUOODOOODDOODO
ggoogooboooboboouoooooboodgod

3.2 JUuoooood

000000000 (Genetic Algorithm: GA)OD OO0 0O0OO0O0OOOO0OOOOOOOO
0000000000000 000000000D0GAODNODO 1960000000 1970
000000 Michigan OO0 Holland D OO ODODOODODOODDOOOO 197500
“Adaptation in Natural and Artificial System!°® 00 0000000000000 O1989
0000000 Goldbergd “Genetic Algorithms in Search, Optimization, and Machine
Learning’® 000 0000000000000 D0000O00D0O0D0OO0OOOODOOO
0004170

0000000000 00ooooooooonooonoooooooDooooooog
000000000000 00000000000000000000DoO00DoO0D00
0000000000000 ooooo0ooooDooooDo0ooDo0oooooDo
000000000 D000000000000D00D000000 GAODODDODOOOO

GAOOOOOOO (Individual) DO OO000O000O00O000OOOCODOOO Chromosome
0000000000000 0000000000000000000000000000
000000000000 00000000000000D0O000D0O000O (Geno Type)Od
0000000000000 00000 (Pheno Type) 000000 OOOOOOOODOO
000 (Population) 00 00GADDOOOOOOOOOO (Selection)dO O (Crossover)O
0000 (Mutation) 0O O0OO0O00O0O00O0O00DOOOO0OOOOO0OOOODOOOODOOO
0000000000000 0000000000D0000D00D0DDO000DO0O00O0OOd
000000000 310 GAODODOODODOO

000 GAOOOOD 3200000000000000000000O0000

e Initialization: DO 0OOD0O OO
000000000000 0000000000000000000000O000O0O
000000000000 0000D (Population Size) D00 000000 OODO
000000ooooooooooooooon
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Objective Function

GA Operators

- Selection

- Crossover

= Mutation
etc..

T
)
/N
/1
/N

|
|

Decoding

: I Pheno Type

Encoding

Chromosome

00 Gene

O Individual

Geno Type

0O 3.1 Schematic of GA

e Evaluation : 00O
0000000000000 0000O000000D0O000000DO0 (Evaluation
Value) 0000000000000 OO0O0OO0O0OCODOOOODOOOOOOODOO
00000000000 ooDoo0oDoooooDoDo000oooooooooon
0000000000000 0000000000000000000000O000d0
00o000oDo0ooOoo0ooooDoooDoDo00g0oDooDon

e Selection : 00O
0000000000000 boooobLOoobbooOobOoooooo
000000000 bL00000oo0ob0 0o bLOoOooooObLobOooboboooo
oono

e Crossover : [
0000000000000 0OD0OD00D0ODO00000000000000000
0000000000000 000O00DOD0O0000DO0D0D0D00DODO0DO0O0O0O0d
000000oDoo0ooooooooDooDooooDoDoDoonDooooOoonon
0000000 (Crossover Rate) 000 0000 O0O00O0OO0OO0OOOO



14 030 00000000000o0a0

Initialization

Evaluation

—>| Selection

Crossover

Mutation

Evaluation

(92}
=Y

No _Terminate
Chec

+<
&
(2]

End

0 3.2 Flowchart of GA procedure

e Mutation: 00O OO
0000000 (Gene) DOOODODODODODODODOD (locus)DODOODODODODODODODO
0000000000000 0000D0000000000000000O0O0000O
000000000000 000000000000000000000 DNAOO
00000000 0000000000000000D000000000o00goag
0000000000 (Mutation Rate) D000 O0OO0O0OOO0OOOOOOOO

e Terminate Check : 00O 0O
0000000000 L0000 bL00000bO00bU0D0 GAOoOUooooOoooao
ooooag

Goldberg D D00 ODGAODDDODDDODDODDDOOO 4000000000040
e UUOUODLODODOOLOOODLOOOODOOUODLODOO
e HUOUOOODLDOOOODLODDODOOU

e OO DOOUOOUOOODLODLDDODODLOOOUODLDODODOO
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e (000U 0O0ODLDODOODOODDODODODLODUODODOOOD
O0o00GADDOOOOOOOOODOOOO0OCOOODOOO0ODODOOOCObOOOOOO

e JOOOODO
GAO0OOOOOOoOOoOoOoOOopUoUOoDOOODDOOOOObODOOOOODOOOn
ooogooooboboboobbooboooboobbbob0ooooOoxgooboo
ogoooobobboooboooobbobooboboooobobooooobooooo
goboooooboboboooooooooolgooooboobooboboooobbo
gobobooooooboooo

e 00D000DDODDOOOO
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
oooo'37gg 330 GAODODOODOODOOOOOO0D0000000000
00000000000000 No60OOOODOOOODODDOOOOO0O No.1O
00000000000000000000000000000000000000
00000000000000000000000000000000

Optimum Solutions
A : global B,C :local A

" © ' Individual

0O 3.3 Schematic of GA search

e JODOOODODODOODOO
GAOODOO0OOOQOOO0OOOOOOODOOUOOODOOO0O0OOOOODOOOn
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3.3 ubooubobooooboonbooobod

Schaffer 0 0 VEGAO OOODOO0O0O0DO0OD0O0D0O0ODODODOOOOOOOOOO
000000000000000000000000000000000000000
000000000000000 EMO’01(Conference on Evolutionary Multi-Criterion
Optimization)¥"0 00 0000000000000 O0O0O000O0DOOODOOOOOOO
000000000000000000000000000000000 000 (Genetic
Algorithm: GA)D 000000000000 O0000 GAODOOOOODODOOOO
0o 180

000000000000000000 GAOODOOODOO0D00000000000
000000000000 GAOODOODOOOOOO0O00O

3.3.1 U0O0gbboOooobobodgd

00 GAOOOOOOO0OOOOODOOCOOOODOOOUODUODODODDODOOOO
goooooOOoOooooOoOoO0oOooOU0OocOOoOO0OooooODOoOoGACOOOODOoO
gbdbddboooboobuodouooobbuoooooobobbuoobobooobda
gogogbbobobobooboobobodobbooboobbuobboobboobaoobooad
000000000000 GADODOOOoOoto

O00oGAODOOOO0OODOOO0ODO0OUODOOODOOOODOOODODOObO
0000020000000000000000000000000000000000
ggbobbdobuoooooboubuooobouooooooooobbod

GAOOOOOOOODOOCOODOOODOODOOUOODOODOOOOODODOOOOO
ggoooboobooooboboboooboboolgoboobbboboobobobo
000000000000 00OO00O0000O0 (DOooODOU0ODO)OOo0DOooODOUODODOOOO
0000000000000000000D030000000000000000000
ggbboduooooobuoubobooobobbuoooboobooooobooboda

e JO00O0DOODUODOODOULDUD (ODDODOUBODOD)

0000000000000 000000000000000000noOgo

‘0000000000000 000000000000000000D000000000noogag
uooooobooooooobOoOoobOooboobobobooooooon

00000000000 GAOOOUOODUODOOODO0D000DOoooQ
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e ]00U0DOUDDUDOULULDOLDLUOD (UDODOOOODO)

0002000000000000000000000002"M0000000000000
1985000000000 GADDDODDDOO 0000000 Schaffer 1 VEGA (Vector
Evaluated Genetic Algorithm)3"0 000 19900 00000000000000000O0
0000000000000000 200000000000 000002000000
00000000000000000000 198900 Goldberg!®0 000000000
O000000000199300 Fonseca 00 00000 MOGA(Multi-Objective Genetic
Algorithm) P00 0000000000000 O00O0O00OODOOO0O0O0O0O0O000O0O0O0
00o0ooooo?24g

0 310000000000 GADDOOOODONONDOOODOOODDOONDNODO
000000000000 3100000000000

0 3.1 A brief history of EMO

Year | Name Proposer(s) Characteristic
1985 | VEGA Schaffer The first multi-objective GA
1993 | WBGA | Hajela and Lin Weighted function

1993 | MOGA Fonseca and Fleming | Pareto-based selection
1993 | NPGA Horn and Nafpiliotis | Niching

1994 | NSGA Srinivas and Deb Non-dominated Sorting

1999 | SPEA Zitzler and Thiele Archiving + elitism

2000 | NSGA-IT | Deb Crowding distance

2001 | SPEA2 Zitzler and etc Archive truncation + improved fit-

ness assignment shceme

3.3.2 VEGA

Schaffer 01 0198500 0000000 GAODODOODOOOOODOODOODODOOD
0000 000 (Vector Evaluated Genetic Algorithm: VEGA) 0000 0 341 VEGA D
000000000000 000000)000000000000000000000
oooooo

VEGADOOODOODOOOODODODDODO00DO0 GAOOOODOODOO0D0O000
O00000O0O0VEGAOOOODOO 34000.0 340000000000VEGAD
0000000000000000000000000000000000000000
O000000000000000000000000000000000000000
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ggboboouobobuobuouooobooobodan

The objrctive

function 1p==s===czc-z=z-
The pfu’[jal '
opulation 1 [

t popu ! 11
generation . : generation
. —

popration The partial : popration

population P |;

Selection Crossover & Mutation

0O 3.4 Schematic of VEGA

ggboooood
000000 MOOOOO NOOOO VEGAOOODOOODOODOOODO
Stepl OO0OO0O0OO0O0O0::=100000000000000000g¢=N/MOODOO

Step2 0000000000 j=14(i—1)xq00 j=ixq000000000000
00000000000

F(2?) = fi(a?) (3.1)

Step3 UODOODOOOODOO ¢gODOOOUODOOODOOD ROOODOO
Step4 OO0 0O:=MOODO Stepb0000DOODOOOO¢=¢4+1000 Step200

Step5 DOOOO0OOO0O RO00O0 POOOOO (P:Ui]\ilPZ-).PDDDDDDDD
ggboodgbuoobooooobbd

g

VEGAOOOOOOOODOOOOOOOoOoooOOoooOoOooooooooooood
OO0 GAODOO0OOOOOOO0O0O0000O0 VEGADOODOODOoooooooooo
ggbodbooboboobboobuooooobbobbobooouobboooo
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g

VEGAOODOOOOOOD1O0DODOOO0ODOO0ODOO00O000DOD00DO0OO0OvVEGAD
gbbbobooboobbbuobobobbdoubooboboboououoboobobon
gboouodouooooobuoobuoooboobboboooouoooboooood
0000000000 00O00O0O00O0O0O0O000OO0DDOOOOOUOOOOO (O 3.5)0

A

© | © Dominated Solution
O Oo O Non-dominated Solution

O
o
@)

|9

Pareto-optimal solution

)
o

(%)
O 00O
@)

-
f1

0O 3.5 Distribution of Pareto Solutions in VEGA

3.3.3 WBGA

Hajela 0 Lin 0 1993 00 WBGA( Weight-Based Genetic Algorithm )0 000 O 257
O00000D0000000D (2310 00)0000000000GADODOOOO
0000000000000000000000000000000000 100000
000000000000000GADOOOODOOO0ONO0O0O0DONONONoDODoOon
000000000,1000000000000000000000000000000
O0000OWBGADOODOOOOOOOOOODDOOOODOO0OO0OO0O00000000000
00000 20000000000000

a) D0000O00ODOODOOOOO
b) 00000000 (DO0O0O0OO0ODOO0OODOO0DOO0O0ODOOOOOODOOOOOoDoOon)

gbboobooooobbobooogd
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a)J0000000DODODOODOO

000000000000 WBGAOUOOOOOOOoOOoooOooDoobboooooo
0000000000000000000000000000F(z) =%, wfi(z)000
Dw;,00000000000000000000000000000O000O000OO000O0O
gooodotoooooooooooobo oot oo onoooon

0000000000 x'00000000000000000

. .
F(xl)zzwﬁ% (3.2)
j=1 J J

D(S.Q)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDD(S.Q)DDDDxQDDDDDDDDDDDDDDDDDDDDDDDDQ
goooo0ooooooootooooooobo soboonoooooooooooon 3.20
gooooo

0 3.2 A example of weight vector Table
T 1 2 3 . 9
Weight vector (0.1,0.9) (0.2,0.8) (0.3,0.7) ... (0.9,0.1)

0000000000000 00OO0O0ODO0U0OODODOO0O0ODO0OO SkeoOoooooo
ggboodobbooobobbobuoboobbboobuooboobbooououooood
00000020000 ¢:0 j000000000000004d,;0000000000

%

— )
w X

dij = |}, — ]| (3.3)

00000000000 d,;0000000000 Sh(d;;) 01000000000 (niche
count) ne; 0000000 0ne0 Sh(d;;)000000000000000000000
00 F = Fx!)/n; 0000000000000 Sh(d;;) 0000000000000
0000 (oshere) 00000 j00000000000000000000100000
0000000000000 (34000000

dij ) ‘
Sh/(dl j) - 1 - Ushaj're’ /Lfdivj S Oshare; (34)
7 0, otherwise.

0(3.4)000000000000000 Sh(d;;)D000000 (d;;)0000000
00 10000000 0000000 000000000
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000Sh(d;;) 0000 i0 n 0000000 (350000

N
ne; =Y Sh(d;) (3.5)
k=1

ggobago

0000000000000000000000000000000000
Step1 00OO0D f;00000 0000 fM"00000

Step2 OO0 i=1,2,..., NOOOODOOOOOOOOO diy = e, —2k 000000
0000 (3.4) 000000000000 Sh(dix,)000000

000000 :00000000 n; 00 (35)0000O0ODODO

Step3 000 i=1,2,...,NOOOO F/ = F(x')/nc; 0000

g

WBGAOOOOO GAODODODOOOOOOOOOOO GAODO wBGAOOOOOO
gbogobbobbuoooboddl xpoobbobubooboboboobbobodaon
OO0 GAOOOOOOOODOooOoo

g

WBGADOODOOOOODODOOOODOODODOODOO0O0O000DO0O00000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000 oooooog

0000000000000 D00000000000000000000000000
0000000000000000000000000000000000WBGADODODO
0000000000000 00000 294

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0ooog
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b)0Ooooooo

O00000000O0VEGAOODOOOOODODO00000000 KOOOOoOoOo
Doooo0 w®(k=1,2,..., K\)0OODODOODOODODOOODODOOODOOO NOOOO
0 (3200000000000 «®WO0000000000000000NOOOOOO
0.®O0000000 N/KOOODODOODOODOODO0O «»®Wo0000000000aQ
000000000 0000000000000000000000000000000
0oooogod

0000000000 KOODOOOOODOOOOO0O0000000100000 1
0000 (000000)00000000000000000000000000000
000000000000 00000000

O0000000000000000000000000 KOOOOOOO00O w® (k=
1,2,...,K)00000000000000000000000000000000000
0000000000000000000000000100000000000000
0000000000000 000000000000000000000000000
Oooo00

ggboooood

goboobobooobooobobbobobobbo0oRKOoOoboooobooobo
gbboooboooooooooMOiOoboboboooooooo

Stepl DOOODOOOCODDO k=10000000O

Step2 O000000»WOOOD0O0O02Y0000 F;0000000000000C0

My £ (@) — fmin
F(zW) = Zwi?gv)M (3.6)

J max __ fmin
j=1 fJ’ fJ’

00000 FOOODOOOODOOON/KODOO.OOOOOOOOOOOO P
ggooooo

Step3 P, 000000000 O0OOOOOOO. NNKOOOOOOODOOOOOOO

Step4d 00 k< KOOOOKD 100 (k=k+1)00 Step200000000000O
gbobobobuobooooobobobbooo P:UszlPkDDDDD. 0o |P|< N
gooboooobooooboobooboobooobob NODODo
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Step 2000 NOOODOOOOO KODODOODOOOOOOOoOoooODOoOO KxN
gooooobbbbobobOKO NOOOOOobbooboooobooobooooo
Ooo0ooooooooolw)oooo

g

gobooooooboobboboooooboboo 2b0b0b0000b0boobDbo
ggbdbuoboooboobbobooooboboboobooobOobooboboad
ggbobuooooooobboboobobobbuooobobbuooooobbad
gogoooo

g

gbogdgbbobboooboobboboobobooobboooboooobooboobooood
gbogbobuoboboogbobooboooobobboouoooboobobobboboad
goooo0oOopoooOGAOOUOOODOODOOODOODOOOODODOOOOODOOOO
gogbobbouoboobbuoobuoboobobuooobbobbaooobooggdyd

3.3.4 MOGA

199300 Fonseca0 00 0000 O MOGA (Multi-Objective Genetic Algorithm)!950 0
0000000000000 00D000o00ooOooMOGADODODODODODOOODOOO
gooodbobbboodgbboooobboboboaoan

goobbooooboobbbbh X0 OobbbobobbooobbbooXx;gbog
r(X;) O

r(X;) =1+mn (3.7)

oooboooobooobooooobooooooooobobooboono se0bO0o0obOon
elo0ooooooooooboooobboon

gbobdoobubouoobobbodoobuoooobobbbobooobobobobad
0000000000000 0 (oo 1000)000oDU000oOoOOoOooOOoOOO
godd

O00000DO0O000oU0OO0oU0b0bO00Ob0O0DOFonsecal FlemingO OODO OO
goobooooboooobobbobooooboobbobobs3sgoooooboooon
0000 (0 3400000000000000000DDODO0ODOODODOOOOOODOOO
gbboddbuooobobdooouoooobbobbooobod«:0ju0boobd
ggggooodd
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fa(x)
o

f1(x)
0 3.6 The concept of Pareto-ranking

M i fo\?
fi =1
dij = Ezﬁaﬁ—éﬁ> (3.8)

k=1 \7k

0 (3.8)0 frax fin( 040 0000000000000000000O0 (3.4)000
0 Sh(d;) 0000000000 00000000000000000000000

nei =Y i, Sh(ds ) (3.9)
j=1
0 (390000 4, 00000 ~000000000000000
oooooo

MOGAOOOODOOOOOOUOOODDOOOO

Step1 0000000000 (u(j)=0G=1,...,N):i=1)000 p(G)0OO0O jO
00000000000000000

Step2 0000000000000 00000040000 70 r=14n000
00000000000 /0000 wur,) 00000 (u(r) = p(r) +1)0

Step3 ¢« < NOOUOO¢=¢4+1000 Step2000000000O000 StepdDODOO

Step4 wp(r;) >00000 000000000000 "0000000O0CO0OOCOOO
00000000 00O00O0o0D0OOo0o0ooooooOoOO s.1)oooooo
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ri—1

Fi=N =% p(k) = 0.5(u(ri) 1) (3.10)
k=1

000r=1000004000000 (3.10)0 F;=N—0.5(p(1)—1)0000
00000000 F,000x(1)00000000NOO N—p(1)+100000
0000000000000000 r,=100000

Step5 D00 » 0000 ;0000000000000 0O0O0OO0O0OODOOODDOOO
0000000000000 39oooUooooooooooooo FJ’-:Fj/ncj
ggodbobbbobobboboboodooooboobooboooooobobobobon

ooooooo
Fip(r
F = MF’. (3.11)
J w(re) F J
k=1 "k

Step6 00 ro <r*0000r.,=r.+1000 Stepb00000000O00OOO00O0OO
googd

ooooooooo 000 1000 (D0)0000DU0DOOODOOOOODOOOoOO
r, 000000 (00)0000C0000oOooooooooo

g

MOGADOOOOOOOOOUOOOODOODOOOOOOOOooooooooboOooo
gooooMOGAOOOUOOODOODOOODOOOOODOOOOOOOOOOODOOO
Oo000o0ooOOo0ooOoooooooooooooooDoOooOoMoOGAOOOOOO
ggdgoboobuoogoobbuodobouoboooooobooboon

g

0000000000000 00000000000000(@00 100000000
0)000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000 0000000000000000000000000000000000000
0 240

O0OMOGAODODDOOOOODOOOOODDOODOOODODODO0O0DOO0ODO00DOO
0000000000000000000000000000000000000000
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gbogbbbbduooboobuooooobbbbobobobobboooobabd
gbgbobouogobooobboooobobuooobooooboboboobobobobayd
ggboogouoboobogobuouooobbobuouoboboboboooobbod
gbggbbbdooobobooobobbobboobuouoobooobooobaoon
ggo

3.3.5 NSGA

000000 GA(Non-dominated Sorting Genetic Algorithm: NSGA) O 01994 OO
Deb, Srinivas 00 0000 0000000000000 2000000000019890
0 Goldberg*"0 00 00000D0ODDODODDD 10000000000 (non-
dominated sorting) D000 0000000000000 O0OO0 DOOMOGAODOO
NSGAODOOODOOODOODOOO0ODOO00O000000000000000000000000
0000000000000000000000D0D00000ONSGADOODDOO0
0000000000000o0o0 (3.12)0000

Py SRR I
k k
dij =D (m) (3.12)
k

ggobago

OOONSGAOODOOOOOOOOODOOODOOOOOOOOOOO NSGAODOOO
gddoodouoboboboobbuobbuoobobooobboboobooboooabg
ggbooboooodd

Stepl OO0 r=10000
Step2 OO0 (P)OOOOOOOOOOOCOOUOOOOOODO 0000
Step3 DO0O0O0OOOOODOODO POODOOOr=r4+10000

Step4 00000000 OOOOOOOO (DODOPODODOOOOO)OStep2000 Step
gbogoog

gooooOooo MoOGAOOODOOOOOODOOODOUOODODOOODODODOO
goobooobooooboooobo 3.70goon
NSGAOODOOOOOOOoOoDOoOOoODODoOoODODOOooOOoDOoOOooO
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.....................

f2(X)
prs

:fl(IX) — fl(X) —

(a) Pareto Ranking method(MOGA) (b) Non-dominated Sorting method(NSGA)

0 3.7 The concept of Non-dominated Sorting method

Step 1 OOOOOOOO0DOD ospere DOOOO00OO e0DO00D0Fpin=N+ej=1
ggod

Step2 0O00OODODOOOOODOOO POOODOOOOODOOOOOOODOOO:
(P, P, ..., P,) =Sort(P, %)

Step 3 D00 OO0 p0000000 ¢OOOO0

Step 3a F\” = Fin —¢0 0000000000000

Step3b 0 (3.4)0000 p0000000O00OO0DODOO ne, 000000
R o
Step 3¢ FJ‘-Z:—JDDDDDDDDDDDDDDD
ney

Step4 00000 AO0000000000000000000 Fyip =min(FY : g € P;)0

Step5 j=j+1000000000 P,0000000000 P00 (j<p)000 Step
3000000000000000000

g

NSGAOOOOOODOOOoOOOOOOoOOoOoOoooooooooooooooooDod
O0o00O00O00o0ooooO0CoOO000000oooooDooOoOooONSGAOOO
gbobobbodobobooooboouobobooboobobobuoobooboooobbod
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ggboobodobbduuboooooobbbobbobooooobobobooobooboobobog
gboodbuoouoboboobobbuoboooboooo
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0000000000000 000000000000000 ogwe00000000
O0ONSGAODODOOOO oaere 000000000000 OOOODOOOOOOOO
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3.3.6 NPGA

NPGA (Niched Pareto Genetic Algorithm) O 00 1994 0 O HornO Nafpliotis 0 0 0O 0O O
000000000 O0OMOGAONSGADOODOOODOOODODODOOOODDOOOOO
02 ONPGAOOODOODOODOODODOOOOOODOOOOOODODDOOOOOOD
0000000000000000000000000000000000000000
000000000000000000000000000000000 YO NPGADO
0000000000000000000000000000000000000000
0o00DO0O0O00oooooo

NPGAODODOOOOOOOOOOO

NpGAOODOOOOOOOOOOOOOOODOOOODOOOOOOO NODOOO P
o0 20000+:0j00000000D000DO00O0DO0DOODOODODDOOOOO
tiom(K N)OODOOOOOOOOODOOODOOOOODOO20000¢0 000000
gbogdgboooooood

gooboooooboooobooobooobbooooo 1oboobo0obooogo
ggbobdgbobuogbobobobiobuo«:0yboobooooobbbobooboobbdg
ggogbobogobuoooobobbbboboobboooobuog -0 y0004004
gbobobbubouooobdobbuooooboououobooogog

Oo0oOoooo 20000040 j000000000 Q,000000 NPGADOOO
gbbdbouooobobobbuooooobayd

winner = NPGA-tournament (i, j, Q)
Step T1 000 POO 4, 0O0DODO0O0 T3; 000000

Step T2 ;0000000 T;; 00 000000000000 jO0000000 73,0
U, 0b0ddoooood
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Step T3 D0 ODo; =000 o; >00000:0000000000000000
Step T4 00 o; >000 o, =00000,;0000000000000000

Step THh 000000000 0OODOOOD |Q<200000004¢0 j00000500
0000 00000000000 0O00000oO0OoD|R|>20000000
ooooUOOooDb+«0 j00000000000D0O0O0O0OOODOOOOO
000000000000 00000000 oshere DO0ODODODODO (ke)O
oooooooboooboooouoo 0000000000 dgOODOO
gbbbdoubooooboouoobood

M ik \ 2

m=1 m
D(S.lB)DDDDfnTaXD fnrfblinD mUJO000000000000000000
goooooooood

Step T6 OO0 Onc; <nc; UO0O ;000000000000 O0O0y0000000
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0 3.8 The SPEA fitness assignment scheme
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0 3.9 Schematic of the NSGA-II procedure
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0 3.10 The crowding distance calculation
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0 3.11 Comparison of fitness assignement schemes in SPEA and SPEA2
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0O 3.12 Archive truncation method used in SPEA2
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0 7.1 Optimization System
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0 7.1 Specification of the target diesel engine
Injected Fuel Volume 40mg/st
Injection Timing ATDC-5.0°

Injection Duration 18.0°
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0 7.2 Coding method
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0 7.2 GA parameters

population size 100
crossover rate 1.0
crossover method 1X
totale length of the chromosome | 12x 10 bit
mutation rate 1/120
total evaluation number 20000
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0 7.3 Cluster System

CPU Pentium III (1GHz)*32
Memory 512 Mb
OS Linux2.4.4
Network FastEthernet
TCP/IP
Communication library LAM
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0 7.3 Derived non-dominated solutions
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0 7.4 Calculation time

Total culculation time(sec) 11425 (About 3 hours)
The average execution time of one trial of HIDECS(sec) 11.86
The execution time of only master node running(sec) 525

gbooboobo1l1boo4b00boobooobobbboobobobboboooo
gbooooobooboboobobobobbooobbboobobboobbboo 200
400000000000 000O0DOOODOOO0DODOOO0ODOOOO0bLOOobOobOOOO
god

Oooo ONOx-ODDOOOOOoOOoOoOOoOO 7e0DOOODOODDOOOOD 760 OO0
010 NOxOOobooooooo400bbO0oooooboooobobooooooboobogn
oobooooooooi1bob40b00D00O00DbOOOObDOODbDOOOONOxOO
goobooobooboooooboooboboooboobobooboobooo re0000O
gboboodgobooobobboubouoogoobbgd

goooooNCGAOOOOOODOOOODOOOOOOOOOOOODOoOoOoOooooo
1ggobobooboobbbobooooobbboobooooooooboobobooooDo
ggboduboboboobobuobooooobbboboooobbuoooobood
gbgogboobbobbooobbuobubooobobooboobobboooooay
gogbdgbbobuoooobboboboboooobobobobooboboboooo
000000000000 O00O0 NCGADODDOOUOooooooood

ggod

O0O0DOo0ooOo0oooOoDoOoODO000ODO0oO0DOOODOO0O NCGADODO
000000 NCGAODOOUOOODOOODOODODOOOOOOO HIDECSOOOO
goobooobooobobbboboboboooboon 740000

O 74000000000COO0OO0O0ODODOOONCGAODOODODOODOO
00000000 oOoOoONCGAODOUOOODOOOOoOoDOoOOooDoooooooo
gbobooguoboboboooooobdobboboboobooobobooboboon
5%0000000000000000000000000O0O0OOONCGADOOOOOO
0000%% 000000000000 000D0000OO0DO 3000DO0ULOOOObLOO
ggdodboboboooooobboobooobooboooobobobbooboad
oo0 HIDECSOOOODOOODOOoDOOooOooobOobooobOoobobobooooo



128 U070 OD000OO0000000000000000000

GAOOOOOOOO HIDECSOOOOOOOOOOOO0O00ooooooooooooo
gboogbouoouaon

7.2.3 OO

gboboboboboooobgobuooboboobbooobooooboboooobobadyd
goboooobboboooobboboobooboboooooboo1b0booooboogo
000000000 HIDECSOODOOOODOOOOOOOOOOUOODODOOONCGADO
0000000000000 NCGAODOODOODODOOOOOOOODOOODODOODODOO
oooboooobobooooooobboOoobDbOoDoDboDbOobOODONOxnOOoDbOoOoDo
gboobuooobboobooboodgbaaan

oobooOooO0obOooooONOxDODOOoDbOooooo

NCGAOOD OOOODoOoOooDOooooooooooooooo

goooNOxDOODooobbooooo

ooooNOxDODODOoDboooo

000 GAOOOD HIDECSOOOOOOO

gbodgougoogobobgd

e IO DOUDLODLODLOOOOLOO

e HUUOUOODLDODLODOLODODODLODLODLOOOO

73 Uuuogboboooooobbooboobooog

00000000000000000000000000000000000O000 NCGA
00000000000000000000,00000000000000000000
0000000000000 40000000 0000000000000000000
0000 *¥0oo000000000000000000000 10000,000000
0000000000000000000000000000000000

000000000000000000000000000000000000000
00000000,20000000000000000.000,0000000000
000000000000 0000000000000000000000000000
00000.000000000000000000000 000000004 PPEXSE
oooooooo



7.3 W OO0000000000000000A0 129

0000000,00000000000000000000,00000 GA(Neighborhood
Cultivation Genetic Algorithm :NCGA)*2"00 0000, SPEA2, NSGA-IIOOOOOO
0000000000000000.

7.3.1 0O0OO0oooooo

0000000 000,000000 (LSHO0000D0O00O0000000000000
0oooooo,%0goooo0o0o0io00000ooooonoooooooo. o8
000000000000000000000010000,0000000000000
000000000000000000000000000

000000000000000000000000000000000000, 00
000000000000000000000000000,0000000000000
0.000,00000000000000000000000000000000000
00000000.00000000000000000000000000,00000
0ooooooooooo.

gooogood

0000000000000 00000000000000000,00000000
0000000.00000000000,000000000000000000000
0000000000,0000000000,0000000000000000000
0oo0oooooooooo.

0000000,000000000000000000 458 LsI00000on
0000000000000000000000 (Sequence-Pair)*®1 BSG>¥500 000
0000000000000000000000000000000000

0000,BSGO0OO0O00D0000O0DOOODOOONONOOOOOODOOOO0OO
000.00,0000000000000000000000

oooooog bOboboooobboobOoooobooooboobbooob2000
o(_Iryo0o000oc0ooooo0o0oo0oooooooOoo0. DoooooO (-, ry)0
gooooboobob2000000000Db0O0DLODODLDOO. 0 77000000
gbogoooaaao.

0 770,000 2000000XY00T_, ;00000000000 0O0COCOO
0000XYOOOOOooooooooooooooooopoor., ry0=Xyxy)oo
r_ oo r,goog xXxoyoooooobooobooooooboboooboobo X
oyoooooboobooooooboboo bbooor-googoboooooboooo



130 U070 OD000OO0000000000000000000

r,000000000000000000000000r_0000000000r,.aog
0000000000000 000 7.7(b)000 (20000000000
000000000000000000000000,0000000T_,7,0000
000000000000000000000000000.500
000006000000000000000O 78000.0 7.8(c)00000OO(I,
r))00000000000000 000000000000 D000000000000
000000000000000000000000000 7.8(c)0 (M., T,)0000
00000000D000000 780b)0000000000DODODOO 7.8b)0000O 7.7

(F_r+) N\ HI,/

Xisthe leftof Y <ummmp (XY, XY) (M) = (XY YX)
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(a) relative position of each block (b) concept figure

0 7.7 Concept of sequence-pair

e a | b
C
d
f
(a) floor plan (b) relative position
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- - > 4

r r. direction of block

(¢) coding of solution

0 7.8 Coding example of sequence-pair



7.3 W OO0000000000000000A0 131

width

height

0 7.9 Horizontal/Vertical Constrain graphs
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7.3.2 0O0O0OO

o0o0o0OO0,000000000000C0000DODODODO NCGADODDODOODOODOO
O. O00,NCGAODOOODOOO ZitleeOODOOOOO SPEA2, DebOOOODOOO
NSGA-II, 000000000 NCGA(non-NCGA)OO OO .

GAOO

god oootooo,bbbddooooboooooooooooononobobooooon
( Placement-based Partially Exchanging Crossoverd PPEX)0 000 2P 0000, 00
uggooooogboobooooouo, oo oboooood
gooooooooogo.
PPEXOOODODODODOOOODOO.
Step 1: 000 0O0ODOODOODOOOOOOOOO11O0O00O00O0.
Step2: 00000 OOOO0ODOOOOOOODOODOODOOOOOODOOOODOODOOOO
M. OOOOODOOoOoODoOOoOOOOO M, OOOO
M. OOOOOoOoor_ryoobooobbooboobobboooboon
Step 3: M, 00000000 O0OO0O0ODOOOOOOOO
00000000000,0000000000000000000%00000000
N I I A A
0 7100 PPEXO0O0O0O0OOOO40000000000.00000,010000
0ooo0ooooQoOoOoO0ooU0b0UOU0g e,b00O00OO0OOO (M)OOO. OOODO,
(T_, T'y)=(da, da) 000000, 000000 200 (I, T'y)=(ad, ad) 000000
00oooooooo0. b0ooooooooooo (M,)ODODDODOD 1000 10
oo oo ooooogd
gooooogo.

oot odobbooobbo,ubobooboobobbooouooboooboobg
gogogoboood.
g

000,000000000 400 (33,50,100,5000000)0000000 NCGA
ggbb,oboobooobooood

‘000000000 (oblique grid), 0 7.8(b) 00 0.



7.3 W OO0000000000000000A0 133

Parent 2 Child 2

0 7.10 Placement-based Partially Exchanging Crossover(PPEX)

0000000000, ZitzlerDODOOOO0O SPEA2°™0 DebO0 O O00D00O O NSGA-
00000000000 NCGAD 3000000000000 non-NCGA (non-NCGA)
0000 400000.

GAODOODOO

oooDOoO0 GAODODOOOO 75000.

O 7.5 GA Parameter

number of blocks | 33, 50, 100, 500
population size 200
crossover rate 1.0
mutation rate 1/bit length
terminal generation 400
number of trial 30
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0 7.13 Derived non-dominated solutions(33 blocks)
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0 7.18 Derived non-dominated solutions(50 modules)
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0 7.19 Derived non-dominated solutions(100 modules)
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0 7.22 Derived non-dominated solutions(500 blocks)
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