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Abstract

Project Code: MGR4980517

Project Title: Large-scale multiobjective optimisation using evolutionary algorithms with
multiresolution design variables

Investigator: Sujin Bureerat, Department of Mechanical Engineering
Faculty of Engineering, Khon Kaen University

Email: sujbur@kku.ac.th

Project Period 2 years

Evolutionary algorithms are optimisers based on mimicking some kind of evolutionary
behaviours and randomisation. The methods can be used to deal with both single and multiple
objective optimisation problems. This project is concerned with the development of a multiobjective
evolutionary algorithm and its use for large-scale multiobjective optimisation. A numerical technique
termed multi-resolution design variables is proposed to enhance the searching performance of an
evolutionary algorithm for solving structural topology optimisation. In this research work, large-scale
multiobjective optimisation problems include structural topology optimisation, and design and
rehabilitation of water distribution networks.

The single objective version of population-based incremental learning (PBIL) is modified and
improved for multiobjective optimisation. A numerical scheme called normal line method (NLM) is
developed to be used for Pareto archiving in multiobjective PBIL. From the numerical experiments, it
is illustrated that the multiobjective PBIL method is arguably the best of multiobjective evolutionary
algorithms using binary codes compared with a number of well established MOEAs.

The proposed PBIL and other MOEAs using binary and real codes are implemented on design
and rehabilitation of the Yasothorn pipe network. The multiobjective optimisation problems can be
classified as small- and large- scale based upon the total number of design variables. The optimum
results show that the best methods for large-scale problems are MOEAs with the use of real design
variable while the best method among MOEAs using binary strings is PBIL. It is illustrated that the
inclusion of the current design solution of the network to the initial population leads to an enhanced
performance of MOEAs. The use of MOEAs is said to be practical for the design and rehabilitation of
water distribution network.

The use of PBIL combining with the approximate density distribution (ADD) for multiobjective
structural topology optimisation is demonstrated. The PBIL method is the best method for this design
problem compared to the others. From the numerical experiment, it is shown that PBIL is efficient and
effective when solving a multiobjective topological design problem. The method, although still
inferior to the classical gradient-based optimiser, can deal with all kind of topological design problems
which means unconventional problems can be posed.

The numerical technique called multiresolution design variables is developed and used with
simulated annealing (SA) for solving structural topology optimisation. The technique is said to be the
extension of ADD. The testing topological design problems have multiple objective functions while
weighted-power technique is used to convert them being one equivalent objective. From the optimum
results, it is shown that SA with the use of multiresolution design variables is superior to SA without
using such a technique. This is another step to make evolutionary algorithms more efficient in solving
large-scale topology optimisation.

Keywords: Topology Optimisation, Multiresolution Design Variables, Multiobjective
Population-Based Incremental Learning, Water Distribution Network Design, Multiobjective
Evolutionary Algorithms
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- Vector Evaluation Genetic Algorithm (VEGA) [61]

- MultiObjective Genetic Algorithm (MOGA) [11]

- strength Pareto evolutionary algorithm (SPEA) [15]

- None-dominated Sorting Genetic Algorithm (NSGA) [13]
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non-dominated sorting genetic algorithm (NSGAII) [14]
strength Pareto evolutionary algorithm (SPEA2) [16]

multiobjective particle swarm optimisation (MPSO) [62]
multiobjective Population-Based Incremental Learning (PBIL) [63]
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< A

] o . . a =] . a
nunamasi lignaseudr (non-dominated  solutions) 1Alumasndnunamasns Ia (Pareto archive) e

o

) 9 @ Y o Y @ Y {y 1 o o .« . . .
an iy'ﬁ'lﬁﬁ‘ﬂﬂ']ﬁﬂuﬂ1ﬂW]'E]‘]Jﬂ?ﬁlﬂﬁﬂﬂﬁ'ﬂﬂﬁiiNalﬂaElﬁllllQﬂﬂi?J‘]J\ﬂi“l!ﬂiﬂjﬂlﬂ\?ﬂ'ﬁﬁ1ﬂ'l§nq¢] (minimisation) i

e 1 msnseudr (dominance) smualdt £(x); i = 1,...p feilanduthming & fi(x)) < fi(x)

dwmsunni e {1,...,p} wazli j Taoh £(x,) <f(x2) amnsaagdIdan x; aseudr x; @euunudie x, < x, .
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= J o J o ¥ g o
E“IJ‘VI 2-2 uﬁmNamazfluTﬂmuﬁumﬂQﬂ%mﬂmmﬂﬁmﬁmw mﬂgﬂuﬁﬂﬂwmmmamaﬂ X; ATDLUNING
A ' o o Yy d = A A o 2 '
NAY X X3 Xy h1°I,v!"’ll‘fl‘l$‘1/l X5 llllfq]ﬂﬂiﬂ‘u@"liﬂﬂ X1 “lugﬂﬂmaﬂﬂwmum‘wuwﬂsamwmwamaﬂ X1 BINNIYNITUIN

a A A o o
Wﬁmﬁﬂﬂlﬂﬂ ‘m)g“lumamwwumﬂiamm%zgnmamﬂ% X

A

pp)

X5

=).

2-2 Wunaseuhuenamas x, [64]

71

e 2 wamaaﬁ‘lﬁgnmauh (non-dominated solutions) sual¥ G feyavesnamasyuia N,
wamao x, € G Goniwamasi lignaseudlu G 14T x € G fasovdr x,

d‘ Ay o A
fl]']i’]?flh/'l 2-3 Waﬁlaﬂ‘ﬂllllgﬂﬂﬁﬂﬂﬂ']ﬂﬂ X1, X5 LA X¢

A
1 & \
1
| |
—_—d
q =
JX3
X7
11 J\
| D &
= T1
X r“! X2
[e——
X5

v

fi

517 2-3 mimFamsAaassnamash lignaseud [64]

u EY

lunszuaumsiuanddnay msmmamasi hignaseuiramsasildlasns1fwasndueanis
o . . § as { a J [ dy
A30141 (dominance matrix) A Fuaadsmarirluased 2-1 wdwud 4; annsanldasil

Lx, <x;
:{ ! (2.2)

Y 10;otherwise
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4

4 a o ° ° ' ° o
e ldmas ndueansasouiwdn AUIUWIAMIYNATOUINVDINAINDY X; @il
N
B, = Z 4; (23)
i=1

~ ' U o ¥
Hamay x; Liﬂﬂ31walﬂﬁﬂﬂhlll§]ﬂﬂiﬁmxﬂiﬂ Bj =0

{ a o o v W y [} o
A1519% 2-1 Lmﬁﬂclfammﬂﬂﬁsswamaﬂﬁ"lugﬂmfmﬂ A [64]

X1 Xo X3 X4 X5 X¢ X7
X 0 1 1 1 0 0 1
X2 0 0 0 0 0 0 0
X3 0 0 0 1 0 0 0
X4 0 0 0 0 0 0 0
Xs 0 1 0 1 0 0 0
X6 0 0 0 0 0 0 0
X7 0 0 0 1 0 0 0
> 0 2 1 4 0 0 1

317 24 uaaTrlasn i lvestumeu3siiannmsuuunareiimine nszuiunsdumdneus udude
ﬂizsmmsgdéfu (initial population) GT;Q"lﬁ’mi]mmidmmmm?ﬂcﬁﬁmi"mﬁuwamaﬂﬁ"lajgﬂﬂsauiw mm‘fuﬁwmi
wamlszansgn (offspring) Mnszainsvieus e 18szmnsgnudaiimsmailsdduthunevomamasly
Uszmnign mnfuﬁwmﬁﬁﬂaiiwamaﬂﬁhlligﬂmauﬁwmnggﬁﬂmwmmﬂiwmigmxazﬁm%ﬂﬁlmm?n%ﬁwa
maedi lignaseuinan e 18nguvesnamanii lignaseiigalmi ldunudinamasiilignaseudraiily

a ¢ o o a < Ay o A o v o
AT DY ‘V]Wﬂﬁ‘l_]iﬂﬂi;\i!llﬂiﬂ“IﬂJiiﬂwamﬁﬂ‘ﬂhlilgﬂﬂi@‘UNVllILif’)EJG]ﬂuﬂigﬂﬂﬁq@]ﬂTiﬂu‘VﬂﬂWQ?}U NﬁmﬁﬂWHiI@]

] o

Jasa o 1 qyd a a J A @ Il I~ dyd 1
flﬂﬂﬂ151“]5’)‘5'J'Jﬁll‘LﬂﬂﬁL‘Hﬁ?uﬂi’)ﬁlﬂ"lfﬂqlulllﬁiﬂ“lﬁ_liiﬂﬂﬁlﬂﬁﬂﬂqﬂﬂﬂﬂifﬂU\ﬂuumﬂ i’)‘c’JNlliﬂG]ulWﬂmﬁﬂuﬁﬂﬂ’ﬂ

CY

Y
@ a

AlszmueauIveans In (approximate Pareto front) mniu sz lifimssuilseduiniiitauimseem

A 1 Y
!Lu’]ﬂl'ﬁNWHﬁI@]VILL?Ju@iQUlﬂ

Initialization, k&= 0

v

Produce offspring from parents

A

y

Non-dominated sorting

A

Activate an archiving technique if necessary

k=k+1

end

= g o 3 ada o
jjlh/l 2-4 I“V\Iﬁ‘]ﬂi“l/lLL’U'U‘VI’JVlﬂ‘UﬂQEU1'!13]?Ju’J‘ﬁ’J'JﬁHuTﬂTiLHJU‘HﬁWElLﬂTHiﬂEJ
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Population-Based Incremental Learning

3.1 nszuaumsmnaBIntavvas PBIL

Population-Based Incremental Learning (PBIL) fadufluismsmawvingangauunldilszans
YpINamay (population-based method) w?aamﬁ‘i’ﬂndJu&ifumu?ﬁ‘ii’mmmiﬁﬂgﬂxmuwﬁa Tﬂwé’ﬂmiﬁyugm
32 PBIL dlusuneudilszinasvesmsnizang (estimation of distribution algorithm) ﬁ@gi“lugﬂuuuashq
$19 M3 PBIL  Tumsmawmnzaugauuudhwnedenivauelu [65]  uazaniuldimsdszand1453
FFannmsiiegraumsnats druviwesni3 el Idimsann PBIL  dmsuldudilamnmsmaumnzauga
nuuranethvinedsseazidealu [63] waz [66] Fawualsz@nsamues PBIL lumsvuunvesns laves
i‘]iymmimfhmmzmJqmmuwmmﬁmmaﬁmwmﬂ?EjmﬁEm'lﬁ'ﬁn%umu%%??mmmﬁéuﬁﬁﬁmmuzf;m

3% PBIL 1¥daiisontmamesvesnnuhaezdiulumsmsuaadsznnsdeedlugivesiiavgiuans

a o P o @ , & , \ & A 4 o 015 \
37 3-1 waasdIvgvoInAmes (REaNY) Yvoannutazdy aanuiezduluntiae Tomeanziiny ‘10 oglu

L]

o da Y o A a o o ' A < v %
ﬂaauuﬂﬁaﬂﬂamnummﬂi%mi ‘I]”Iﬂ?jﬂ ﬂiZGBWﬂiﬂ@!Lﬂ'JEUE]\?lNﬁﬁﬂ“H mﬂmamﬂugﬂ‘n 3-1 %zmu‘lmw LIALADT

' o = s Y Y
ﬂlﬂﬂﬂ??ﬂumglﬂuﬁuﬂnﬂmﬂﬁfnllﬁﬂﬁﬁ1@ﬂ§$%1ﬂiqﬂﬁﬁ1ﬂﬂﬂ1ﬂ"§ﬂ

population 1 population2  population 3

5

0
1
0
1

—_— O = O

I 1
0 0
1 1
0 0

(=
S = O =
—ese
SO~ O
—_ 0 O —
[N el
S = ==

1
1
0
, 0

Probability Vectors
[0.5,0.5,0.5,0.5][0.5, 0.5, 0.5, 0.5] [0.25, 0.5, 0, 0.75]
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{ 7 ' < { Y o s
ﬂﬁ 3-1 (ﬂ’.]?JEJ'N"’U?Nl’mmf)iﬂ’NSJ‘Ll'ITleJ“L!lmgﬂiz%?ﬂiﬁﬁﬂﬂﬂﬁﬂﬁﬂ“ﬂnﬂm@i

Qo

~ o @ U 3 4 a
lunsdlvesmsdszgnald PBIL dumswinwmnzavganuuvaiothvuieiu e ldinannuvainvaie
o & Y ) ¢ ' & V& P o A A ¢ &
lutlsznsves PBIL suiludealdnawmesveannuiinsdlusnnnnuianames adiudelnamos nnnimia
P ' Zo a ¢ ' & . . ~ o
ARSI 1UTINNFUNANDS UUINUATNFUBIAMULITU (probability matrix) [63] MWeuunuale P luduaou
4 9 a % a ¢ a ¢ ' & S 4 p " o o
SUAY PANUANNPAUAVDUUAT NFYDIANNU T UL YNAIA LT 0.5 FIHNIBANVNTMINTZBAAAY “0
199 & o Jq Yo o o v A o A o s
uaz “1” widluuwineauy 1MUImNINY Avuald N asdwumamaslulszanns [ Asdwiunamesves
' 3 Aw ] A o 0w v @ a ¢ , &
anunztlunaesmsls tag n, AeANUEMVOIRNAITIUAOITIHIUNAIRAY A9 ATUILAT NFURIANLI Y
~ 3 A A oA s ' ' ~Aq Y Aa 1 Iy
sty 7 x n, Tasnusazuarveauasngasnames veannuieziludesn 1§l umsnanlsemnnsdomiu
U N/ wamay
a 1 ° . . ] ' ' ' 9
mswaallszanns luuaazsouveanisaiuam (iteration) 9z lavinmssaunguilszyinsdos I nguidn

A

Y @ u’)’ o ' 7 1 { 9 g o 1 o
AYNU flﬂﬂuu‘vnﬂ’li‘ﬂWﬂWT@Q‘WQﬂ%HLﬂWﬂM’IﬂﬂJﬂQWﬁmﬁﬂiuﬂﬁllﬂigslf’lﬂiﬁﬁi%iﬁﬁulﬂ ﬂluﬁﬂuﬁﬂiﬂﬁﬂﬂﬁﬂﬂﬁiﬁwa

a

d' ] o 1 |q' Y v d' ] o o d' '
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o S o o a ¢ , < o a ¢ v Ay o o :

“I’ia\ﬁ]'lﬂuuvl'lﬂ'liﬂiﬂﬂijﬂlﬂﬂﬁﬂ“]f"ll’fNﬂ’J'lllu']i];"/L‘]Ju ﬂ?iﬂiﬂﬂi‘ﬂm{ﬂﬁﬂ“]ﬁ]zcl‘]fwalﬂﬁﬂﬂvlllgﬂﬂﬁﬂ‘ﬂﬂ'lcluﬂ'ﬁuﬂaﬂﬂ'l
a ¢ a ¢ o o A th a < o ' ' = ¢ Yo A
VOUPANUAVIUNATNS F1HSVUDIN i VOUNUATAS 1519 H5DAIUIUA MUV DA UAYDY P Vlﬂﬂﬂu

P;ew — [);ld (1 _ LR) + I;jLR (31)

4 T o Y .
1o Ly € [0, 1] 5on11A10as1msiseus (learning rate)
7 A a s .th a g & Yy a ax ' A o '
b, Aveawuah /" veawamasiiiluavguaes Fag ldesieiimawvariluduaousie
[ J 9 Y o J a 4 ] 1< 9
wenINMslivliesmes P ajgaums (3.1 uad isawnsndsulpauueinguesnnuiinagiludig

AFTUIUNMSHAAFY (mutation) A9
P = P} (1-m,)+rand(0 or I).m, (32)

d' A 1 d' a Y
110 m,; ADAINTADUVDINAATY
79 9 o 1 I a a @ ] @
Tomalumsiszgnalsauns (3.2) gniviualasanuiingdluvesnmsnaluasusuferiolunsalves
Fa
TUADUITIFINUFNTIN (genetic algorithms)

A

= dy J 7 Y an
Tumsfnyi Mueg bj ﬁ"li]”l‘iﬂﬂflﬂﬁ’t‘)\ﬂ‘ﬁﬂﬁ
scheme 1 /hmsidenkamasaavgIudoIs Ul 7o < N Hamas Tagmsgu A1 l_»,. Aoaunas Iy
v ¢ 4 a o
ADANUVDINAIRAINYNIAdNITATUY

v
scheme 2 guidonaniingas w; dususiuimim

F= iwifi
i=1

- e ) oo,
namasd lignaseudinlie F deshgavzgnidenldlumsdiunlaeuaives P lu 3.1)

@ a 4 ] 1] 9 1 o g// an
wannmMsUsulyunaTngyeanuiivzunar Ty lusenanenszuIunsmuInveITuAouId

ada o [l

Panmsuvuvarethuuiede luszuiseumsmuadidiiaumsdnlngauisedunminamash lign
o MY o v < o Y4 a ¢4 Ay o o q ¥ a om
asoudIddudnunn dusununamasianue Anwasndinusamasi lignasondr (A) sz ldwasndglivua
Tuaiunn vazdnegsi ¥aeuiiumes 1duteanuiideudiann naziieiige szdanalineuiiunes liawisa

o ' v g £% £% A o o a a 2 o v ° a o
Maweeld  daymiiaunsoudlaldTasnmsinudrduiumsdnnilsdndnlunszuiumssiuiansednay
[ J =~ 1 ad .. . 9 [ < a . @
AFZUIUMIAINET (FonI1IBnsednaman (archiving technique) dvisuRnlumasng Pareto archive wdnms
o v o A Sa S A 9 v o A v a oa
Mauvesddduiumstiae ludusudu szdesszysmrumamasgeganeygyialdinulumasnsnuramas A
<) o L!‘L!yd J . . ° k3 A 1 o A
Wudwou N, wamas Tufitisenivuaves A (archive size) Tunnsouvesmsmivam dwamash hignasoudll
1 v o A o A 1 A A 9
WA N, MdutdumsnsesnamasiziiueauramasueaIuesniin A Iaoiidou luAe 1wdsensni
Ao A 19 ¥ A A [ Y ad 9 o d? ad 1
vanvateveswamashduraooglnuinigamineniull1ld F3nsewamasldgnitmuninuinaleisivu
adaptive grid algorithm (AGA) [11] #1%1u PAES, nearest neighborhood method (NNM) [16] 141u
v
SPEA2, crowded-comparison approach [14] fil#1lu NSGA2 w5035 PBIL #3d0ldiaueisidudnin
I v
(normal line method, NLM [66]) #sfis10azidoanadl
aa 3 a § 1 1 < an dyw an
ndudmin ldlszgndlduufaiiugmuediuvesaulu [5] ed1lsfaudsmsiiduisnslu (5] 14gn
o E S ' [ Qy a 3 A 9 g o . 1 v
Wnlfluanumsaifuanareiu Taodwss Tuduneusududeosiing normalise miladFuithrueueswamas
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faviyaly A aall
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uip= max min (3.3)
i =)
A min & 1o o 4 thy Ao w '
($\)G] f; ﬂf‘]ﬂ"l@Tf!ﬂﬂJ@\‘lW\iﬂ“]fULﬂ"lWiﬂﬂﬂ 1 llﬂmﬂmi!,iENamumwwﬁlunqummwamaﬂiu A

) {
£ femgegavesilsndnthvuedn i
nszUIUMsAIIIFTIEIavYe I TIdudInd s umsmin iz angauuuaeutmuenaaslugli 3-2

AHq Y1 o ' o oo ~ ' . Y A A ' :’/ =~ ' Y
ﬂqﬂ‘ﬂal‘l’iﬂW]TGIWU’ENLL@]a%WQﬂ%uLﬂWﬁMTﬂLiﬁlﬂ’J'@ﬂﬂ’E']ﬂ?fllf] (anchor pomts) AUNFDUICHINYATNADILTINIUTY

Yy a

4
o o 1 . o Y T Y 1 1
g Initle 91MITuIIMsu1iagAv 13984 (reference points) :149u N, 3aliiweguuduy InidlelasiiszozH1aszning

v '
A Yy A ' Y

] o 9 2// A a 5 o 9 = @ A I
N audeIn lundiferdunaindiugasedaazdmintudug Indledaaaslugll wamasnazgainulu

a

v v
a 7 @ o

1 H 1 @ y 1 4 4 <
wasng A fenamas N, mnedlndnuidudminia N, idunniga Tugii 3-2 namasignideniivenulu A fie
yangndousoy Inenseudmasudullse
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ATZVIUMIAMUIAFIFNAVUDITFUAININT T 1Az D eAdail

Normalise the objective values of all the non-dominated solutions

Find N, reference points

Fori=1to N,

Compute the distances of the non-dominated solutions to the i™ normal line
Find the solution having minimum distance to the i line

Save the solution to the archive

Remove the selected solution from the selecting pool

Next i

NN R LD =

ax 9 & Y o a a ' 4 a v o and Vo 2 a
TWiduaamnzgaaeiuIsaaillu [67] ualuanuiueswar Madeddsuuand19iu Iagduir

Utopia Line

U

normal line

v

9
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%Léﬂ@]\iﬂWﬂﬁ?ﬁ%ﬂﬂiﬂﬂNamﬁﬂ

(o))

71U 3-2

s { 4 a < ' 3 a g
TWamsnvos PBIL uaaslugilii 3-3 e Prob fowasngvoinnuiivzilu Pareto Avwasndinunamay
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‘Vlllilgﬂﬂif]‘ﬂ\ﬂ P ﬂﬂﬂi&’“]ﬂﬂi“l’iiﬁ]ﬂqn"llﬂﬂNmﬂaﬂiulmﬁ%iE)U"llfNﬂﬁﬂTLl’Jm b ADNARAYAVIIUTD LAY f Ao
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Initialisation
k=0
Prob” = [0.5]mxn;
Pareto’ = {}

A
Find by
Non-dominated
sorting f(P")

A 4

A 4

Find a population
P* = {b;} = eval(Prob")
Function evaluation f(P¥)

Multiobjective population-
based incremental learning
(PBIL)

Find Pareto’"' by
Non-dominated
sorting f(P*) U Pareto*

A 4

Update the probability matrix
Prob*"' = update(Prob")

k= k1

31/ 3-3 Taminves PBIL

3.2 mMsnagevaussousvad PBIL

A

Activate the normal
line method to remove
some members of
Pareto""

msnaaevassouzlumsmdineuves PBIL  lagndniumslasldilgnimsesnuuuvateiladdn

o 1 d o ' I
hrneitainiuilyvimegevmasgiuiaua 8 flywinande Jamaesiladduihvine F,, F,, Fs, Fy, Fs

Y a 3 dylv (= @
uag Fg 91n10na1591904 [19] ﬂtgmmﬁaammum6ui]muﬂums’mmmmn“lumsmwamaﬂmmwnﬂmn
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gﬂxmnﬁ;ﬂu'lﬂ“lﬁ'ﬁ‘im’mﬁmﬂiaaﬂuuuﬁi%ﬁa n =30 uaﬂmﬂﬁyﬁaﬁﬂmuﬁmﬂaau F; FON problem 910 [68]

waz Fg SPH-m problem 310 [69] flaynin Fg Hveuvavesduilseenuuuii x; e [-5, 5].
Fumeuitisannmsummarodhmined 1dmageus iy PBIL  sielszifivaussauzves PBIL o

NPGA, NSGAII, SPEA2 uaz PAES d@au PBIL usneoniluaesitae PBIL1 14 schemel lumsdfuilss

a 4 ] < 9 @ a 4 1 | @
wa3nsveInusdly wag PBIL2 14 scheme2  Tumsidsuilyauasnguesnnuuivziu isiannsada

1 ada o @ ya 7 o @ a { a v o
MNIANYURII M IauIms ladsil 3 1dnsealenesilundn (NPGA, NSGA and SPEA)3tal#iuaduiu

4 E2
ana o @

wan (PAES) uazismsdszanaaivesmsnszate (PBILI, PBIL2) 333 annmsnanuaiildvuiaveslszrns
[ o o ) o 1 A y
Wi Np = 100 $wausevvesmsiiade 100 dwsuynailymmsmaununzangs endunsaivesilym F7 ¢

v Vo o ° <4 a 74 {y o
leummmﬂswmsmmu 30 uazmmuiammmimmmgﬂu 30 "U‘Ll']ﬂﬂlf]\illl@'lﬁﬂ“ﬁlﬂﬂwamﬁﬂﬁl{lhgﬂﬂiﬂﬂﬂﬁ@

@

Qs}/ 9 v & @ @ = A 1 an
100 muﬂiﬂﬂmmumwmgﬂmswmﬂummmgmﬁmﬂn 30 vian 518@13&’8’]EJﬂﬂlﬁ]\ilﬂﬂuqﬂlﬂﬁﬂﬂﬂlm’USU’E'NLWlﬁg’J‘ﬁ

@

b4
=
NU

f=)}

- NPGA the number of randomly selected individuals for tournament selection is 30, the next
generation consists of 50 (15 for F;) non-dominated solutions and 50 (15 for F;) members
from the tournament selection, crossover probability is 1.0 and mutation probability is 0.1.

- NSGALII crossover probability is 1.0 and mutation probability is 0.1.
- SPEAZ2 crossover probability is 1.0 and mutation probability is 0.1.
- PAES uses (1+1)-PAES and adaptive grid archiving technique.

- PBILI uses the first probability matrix updating scheme, learning rate LR = 0.5 (constant),
the number of probability vectors / = 20, mutation shift m,; = 0.2 and mutation probability is
0.02.

- PBIL2 uses the second probability matrix updating scheme, learning rate LR = 0.5
(constant), the number of probability vectors / = 20, mutation shift ms = 0.2 and mutation
probability is 0.02.
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4 k4 i
uRazduAeuITYNI U A asveIw s lavoauaazilyimadey 30 a5y Tasdedwamasi lign

U

o Ay v o Y A 29w a s A
ﬂiﬂljﬂiflllﬂfluiﬂ‘ﬂ"ll@ﬂﬂﬁﬂ1u3miﬂﬂ’r{(ﬂﬂ1Elﬂ’fJLl,1!’Jﬁllf)\1°W1!iI§] Tumsnadovuaussouzd 1Fm51imos LT
o A o A 2 ~a o &
ANTTOULADININD AIUNY C 1ay M sauUeINaAIY
{beB;EIaeA:ain (3.4)

C(A,B)::l B]

e A taz B Aeuuiveans Talag
Y
nniewd C(A, B) = 1 wamassisviualu B gﬂﬂiauﬁm%mwﬁuwamaﬂuA 1 C(AB) = 0
1 [P A o a Jd dy o A A a J £ a
ey lifinamaslaly A fnseudwamaslu B wisiwmesusraussouzdinaosfomsiimes M Funa

nIMI¥euiuves M, M, uaz M; Afienulu [19]

M (3.5)
M, +M,

iie M, Aosimasosszezmaszr e Taf 10nms ¥ unous 3 fannmsfununvesis Ia
ﬁwmﬂmumlfuq

M, 151U Ians NI 8@ IvD LIV INT 1A

M; 151U Ian 3 V188 U0 LIV AN 10

2 " M : & ' a1
vinaums szwiu 1da M dwaaaiunvesns Tadudniuurveaws Ianidia M g
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6.2 Simulated Annealing
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