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AARuIN ¥ e5uneilsituiinsgunlylunisnaaes
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2.1 MsmAAImaUNMINZaNNgA (Optimization Problem)

Jyvminismiafimuigaufige (Optimization Problem) A9n1511AN

a o

A I a{' 2 ' = 5 o
Wangaufian (N1suiAigedian vsen1snianangn) lulawuveailandu
Toguszasdnlawunmun tneilsduinguszasiiuansauandiogluguresauns

NIANAAIEASLAGITIDENIFUN 2.1 hazaanisn 2.1

Eggholder Function

f21,x2)

E‘Uﬁ 2.1 Werdu Eggholder

2

f(x) = —(xqq + 47)sin <J|xd2 4Tty 47|) — xg1sin(y/lxgs — (xaz +47))  (2.1)

g f(x) Ao Henduinguszaa

x fig fuUsAIUAN (Control Variables)
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1. Unimodal problem fia nMsmaimsngauiigauuileiduingussasdniinung

97 Global optimum wag Local optimum Jugaiieariuiieagaiies Asgui 2.1

sala P

2. Multi-modal problem fia MsyAMvsgaugauuesituingUseasdninuig

D

1137 Local optimum 11131 1 90 Uazdlgn Global optimum LigagaLAg Nl fagui2.2

@ Global optimum

sUin 2.2 YggmmsmAivangauiianuu Unimodal

@ Global optimum
Local optimum

sUn 2.3 Jgyminismanimangauigauuu Multi-modal



2.2 Ugninisanagludiunisnnngavasivunianie (Trapped in Local

Optimum Problem)

Aa

Javnsdnlugendnananien Ae nsifununsaum (Agent) llanaunsadum

<

funtsineuiiugn Global optima (Global Optimum Sifissgaueuuitufidum i sl
JagimsfumdnAseumsfumnAny sigiununsiumnldannsavdumiediil
Fnaudningn Local optimum l#udatiuies (Local Optimum flldunmin 1 gauuiiud
Auvn) fesaegnslugy 2.4 szwuldiduunisdumdnisdumivdauinadndifea@umi
A B, uay Ousninitufinisdumseu ‘ gasununsAum iUl wuitameey (
Fitness Value ) iinidumisuassaunumsaumiagylimumunsaumiliannsogidim

AunLsAImeau( Converge to Global Optima ) 16t

@ Global optimum
Local optimum

Fitness Value B

Agent

Position

U 2.4 dedrauans Yuvinasinegludunisifngavasiiuiianie (Trapped in

Local Optimum Problem)



2.3 NsTUIUNMSAUMIANARBUNMINZaUNgALUUNgNaYNIA (Particle Swarm
Optimization, PSO[1])
PSO uBmamaiuanzaniigauuungueynailaiuussiunalaunaindsdnd

v a v

waiduitenannlunguinidde lnedinsineudsgun 2.3 4

Initial Particles

|

Evaluation:
Update PBest and GBest

Condition
Satisfied?

No

End

Update Velocity

!

Update Position

5UN 2.5 nsguIumsinnues PSO

NFUN 2.5 @1190853UIUNTEUIUMSTYINNUYBITNTIANTIINgaUNgaLuUNEaY
a1n1A (PSO) ¢ 5 Jumounsil

) =
Yunaun 1

Initial Particles : \Junisivuaansusulidunneyaiaves PSO tngas
° & o 1 ° A g v & s A Y
Amusaswrisnmundsiidululinamuavedamuresilanduiissesnisaz n
A8 argument x 194 f(x) 119 f(x) AAT optimum UBNIINUUILAINUAAT
puFithgtulumsiedeuil vewsazeynia laeunmsfmueasuiuazldisnig

GH



Tumauf 2
Evaluation : {{uduneumsussiduan fx) AUMsURIaUNIA  (Fitness
Value) sgnsihaimuiareseunia (x) imuinailaiduingussas fix)
Update PBest : Liudunaumsusuuuasumisinfianuesoyae
Tnetunouiloymeazisudioud fix) fidumis x veseymely
suntstlagtuuen fx) vowthumisiidfianvesoyniadiiumugs
luefn (A9 PBest) winAvuniavaseuniatudagiuinit ag
Auabisiniwes PBest ushuniswasounialulagiu uazen
999 PBest 1ur f(x) 7 x agiiumisilagdy
Update GBest : \futunounisuiuusesiumisiiiianvos
ounA (GBest) Tnsdumeuiiaztidn PBest osvnounAlugmn
Wisuifiguiumn  PBest  vateunaludiign  GBest gty

PBest Y@y ALY

) =
Yunaun 3

Condition Satisfied : [Juduneulunisnsiaaeu GBest Flaarnaudifia
walaudniold wnldfazaunisrvaiwees PSO wagynnlivzsiunsdumsiely
Tupauil 4 vie lngunagldnismvundiaiieuniaisly Local Optima lnetiuind

A o 1 a o A o = a ! [

nswdsusiurdsneunAnuIILseuinuelaaliliniswWisus GBest fiag
VYANIIAUN 138019NMUATIUIUTOUNTAUMIENAALIDNIINUINTOULURIMEANTS

AU

Tunaud 4

Update Velocity : iflumsusutssaanuisilunisindeuilviueunialag
ansadnaldnaunsil 2.2 dsiremiidenhlumuiuiunistogdu x fagld
A fx) TeeUAtuluseudaly euiussezmsiiisan)vosoyniasenis
soUrRIMTUABUAT  9nauMIITTLIneYMANeNENIZIARBUTILU RIS
PBest way GBest ag13dulaedisauys ry,m wasiluwuianaudineuntndu
smililineymeandeuiniifumiafsiuiiefuiuiinisdumsssouna
yannim 1 BaY ¢, UNTMRUAWINAY JA1UInnn 1 Lﬁaiﬁaigmﬂﬁm?{auvﬁwm

2
a o

fLUY PBest way GBest Hlantamumiagsuiusfinnagaslanineiu



t+1 _
Vid -

e

oV} + ¢y * (PBestg — x;q) + ;15 * (GBestyq — Xiq)

Vi e enudilunsindeunseuagiuveseunia

A

v fie anusilumsinfdeuniseuneuniivedaynia

o a

PBest;; Ao AuvitaiilAfnaudigaveseyn1aiiu
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d‘
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JUNDUN 5

10

(2.2)

Update Position : luduneulunisndeuiiliiueunia lnethaianus,

PnurndldunsiuiuAs LRy wansluaunisi 2.3 4

Tned

Xid+1 = Xid * Vid+1

Xigy1 PO Murdbiveseyna
Xig o nsvsveseyniatulagiy

ogtt - eausalunsiedeuiiseutiagiu

(2.3)
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2.4 MSAUNIAINBUFULUUAG 9
msfumAsngaufigntuaansautinsdumeg 2 sUsuy fe
1. msfunuaned (Local Search)
Local Search LHufumdmeuiiaigaluudnauilnddwmiveseyna

2. msrundueaning (Global Search)

1% '
~ =

Global Search Lun1sAufnaunffigaluiiufisng 4 veaiufinsAum

@ Global optimum @ clobal optimum

Local optimum Local optimum

Local Search Global Search

i‘iﬁi 2.6 NMIAUNIKUU Local Search wag Global Search
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INFUNISA 2.2 LAY PSO HUBULYHNTITAURIVUNUTLEENI9NA AU LY

[
&Y

YUEIUAIN PBest tagsvarvianmuvidluvneiiuain GBest lagssugiiouninaziadoui

1na (local) v3elna (Global) Aufiumnumsvassseslanuugalinl rn uay r, Nzgulus

= ¥ VLQJI %4 <

0 fiv 1 dgulsadesiasilunisaumiluszezlnduazaziinisdulnalunndd vaiumia
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aatuluunelin onaduszeglnavdelnatutuamndulalazsyosvinddulifitu q
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AIUUANYUENTAUMVBIUARZBUNIATIAUNUTEHENNINAUNUIVBIBUNA UsinE

aUNIMAINAMNUINANER TalaelulunsudiurasnisAumdLlvesoun1nazlaud
nsgarelumlulawuvesilandu Aslusynialaesiuaziadoun (Aum) lusseslnasniiu

| Ao a 4

YNAUNIA 1 ATINTOUNIAIAAUNUAILMUINANIANR ALY aqmﬂauﬁ%mﬁauﬁﬁwm
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o 1 Aaa 1 d' a v ! o [ = A
puwnusAiangaludluises q lnglunewsuduennindiuuindnasilunisndeunly

szolnanaylndtuiFes 9 luuiazseuaugsoyniainlu Local Optima ufign
2.5 Genetic Algorithm %32 UUAdURTLTINUINTIH [9]

Funoudaiugnssu ( Genetic Algorithm ) fla FBn1sumAimngaufigauuumis
florfendnnisvesnsdadenuiodfauinismissssuedlunisium Tneiindnniseyin
AsdFndfidinegldduiaannisuiuiuagitauinislididuanmiandould uasde
Adiddnmariinisnauiusauiign gnuesdsliiinmaitufiarldfunisiunenifaunnissing

[

5 vosnalimoll Tnedunoun13vinauves Genetic Algorithm figsil

Initial Population

Evaluation -

v

Selection

Condition
Satisfied?

l No

Crossover

v

Mutation

5UN 2.7 ns¥UIUN59191uvee Genetic Algorithm

[

INFUN 2.7 @1315085 U8 TURBUNITYINNIUYDS Genetic Algorithm ladisil
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7 =
VUNBUN 1

Initial Population : ¥1n1sudasdineuveslynileglusluuuves

Y 1

Tastaley waglilaslaloudanuiuwinduanuInyseansainnmus (28819 Initial

Population ¢agu# 2.8) lneusdazlastuleuiieulaiueynialu PSO uazilA1isudy

'
[ v

MnnsgululamuvesilanduiineinmsagAumaiingaungauie i

Population (Chromosomes)
1 0 1 1 0 0
0 1 0 0 0 1
1 1 1 0 1 0

Uil 2.8 fhegd Initial Population

Fumouii 2

Crossover : lutumauiivduidonuszonsaiumduronusiasuliusfes
Roulette Wheel (ipslulaulnufidraumnsangazilomagnidonunduvenug
usifugae famegnaguil 2.9) Wethanassuszansaignemsaauiug fegs
SUTl 2.10 87313 Crossover Azl TasTalwagnasditu (Gene) vasits

lasluloy Parent A Wag Parent B Wailog

Roulette Wheel

= Chromosome A
44%
» = Chromosome B

u Chromosome C

Chromosome D

gﬂﬁ 2.9 #388719 Roulette Wheel
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1 0 1 1 0 1 0 0 Parent A
0 0 1 1 1 0 0 1 Parent B
1 0 1 1 1 0 0 1 Offspring

5U# 2.10 fe819n13 Crossover

Junauil 3
Mutation : wsen1snateiiug Wunisdudaeue Gene Tulasluluugning

dalngirnuiiasdufivzyilifinnisnaieiugiuesiiafidosann daguil 2.11 freeg1anis

NANBIS
Before Mutation
gt eV - S~k o S\
After Mutation
1 0 1 1 - 0 0 1
5U# 2.1 29879713 Mutation
{T'umauﬁ4

Selection : n3an13sdnidonyszyansal Tuneuiazilunisdnden
Usgnsaiifannumnzanifiedulssnsalluseudall lnsagdnidenaumnied
Usgrnsaivhiuswauiisivual ¥ i

wifiuinfie PSO uag Genetic Algorithm(GA) finshumumisiinfianlulnunmes
larduidesnsazdumeniimnyauiigauasiisnismiunisesoyniauazaiislaslulen
Tnifisinsusuideriulaseyninvzindeulufishumislmifsienifiaasuiiediu GAfiasa
TasTuloalnianlaslulsufifarfiamagauariinns Mutation sewuifieaty ieassisidu
Stochastic search tagnutlgynn Local Optima LuLfgaiu waluguiunisasreainauln

PSO azmmnzAulgmlawuresilsiduly continuous @1u GA mugAULUU discrete
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=b.

UNn

UAYNNYIVD

3.1 3FAsiudunsinulntdvansmAvtITaNngaLuunNguaun1AnIY
N13NAENUSVDIATILNUINANGAVBI8YAA ( The use of Global Best

position in rerun of particle swarm optimization : GBPSO [2] )

GBPSO Uuign1smiAimunzaungauuunguoyn1afignivmuiInnan PSo lng

o

3§miﬁﬁ]zuﬁ%mwaﬂmaﬁuﬁﬁmﬂ%ﬁ'mﬁ'u PSO wiaufilailgym Trap In Local Optimum
Tnonsinauludraduduasmiioudy PSO Undianiin usidelafiseynialiaiunsn
USudgsdiumia GBest Ansafududiuiusouiitmun (dulngdledamgnisaid oyaa
NnAzlilanusausuysaiiumis PBest lawuiAeiu) aghiednrseuniafineglu Local
Optimum 91n%4 GBPSO Aziignszuaunisnateius lnenisnatefiusiozdunis
UuiUApuAveaiisiua 20% vesiAnauauneunianndaEunsi 3.1) udals PBest &

= [

FRALLAEITUBYAIA agazinIsnIfumle PBest nvgaLiaNainunmiumumi

GBest antiuaznIsnateiusliundumis GBest Ingandunisusudsuaivesds
$1U7U 30% vosiiFvavIALA GBest Fapaumsfl 3.2 (WipaunsnasuneBnuuulidn fumis
GBest 1u6§umu§ﬁmﬁmﬁ’nmmLamaaaymﬁ U moufn Local Optimum #ignsinisnane
fug 2 wu) nsgurunisiifiunisudennain Local optimum wazgaslsiniaArdnoud
wanzanianldiiblu amfuagnduluvinssuaunisunfives PSO deuninasdinisfiely

Local optimum Tuasssaly vsemniredIfneuiafian GBPSO 9VN1SMEANTEUIUNTT

U
Xiqg = +(Xiq X (0.9 4+ 0.1 X rand())) (3.1)
GBesty; = +(GBesty X (0.9 + 0.1 X rand())) (3.2)
JGE

| D @FUVBIBYNIA
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o U

d Ao ARuYDILA
X AB ALVUIUBIBYNIA
GBest A1® FUNUINANGAVDEOUNA

rand() FiB N1FEUAIUY [0,1]

d‘ 1 Qadld %] [
INAUNITN 3.1 Uag 3.2 MUEAIINTT GBest Loz X TudRNInIsnaewug
sxUSuilasuludifoglutag 90%-100% vesAufsduagiud rand) Tigulduasd

Tenatia 50% Avndudydnuwalaludnty 9 910 + 10y = viSe - 10 +

Initial Particles

A 4

EENARNANT \ L IoN == Mutation |
| 1

Update PBest and GBest | ! e L ] |
1 | GBest :

: : :

! Mutate Particles ]

All Particles : Position E
stuck in The E .2 :
Local Optima? : Update PBest and :
! GBest !

No : L i
é"- . GBest Mutation !

! |

Condition
Satisfied?

No
Update Velocity

|

— Update Position

gﬂﬁ 3.1 TUABUYINIUVEY GBPSO
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3.2 YUABUITNITIIUNGUIUNIALUUNAINNAENFULNDNIAIAMULNUNTE (
Combine multi particle swarm in supporting trapping in local optima,

CMPSO [3])

CMPSO LHudsnsiignitaununann PSO Tagisnstagiisnmsdumeaniimangay
flgauuunanengueyniauaznsnaeiiugiiunianiu Pso Taelgeusasdiiientoonan
Local Optimum TaglupouBugu CMPSO azuuseynaduvatsngueyaiaMulti Group)
uiaznguazil GBest Wuvesnuesiliudaznguazdumeneulnglideaisafiuseniig

! 1 | a a a v A N
nqu NszuIUNIslazdIitUseansnInnsAuIwuy Global Search wadlaladingueunia

'
I a

agtloy 1 nquNAnegluy Local optimum 9841gdnseUIuAITIANIEURY CMPSO Ng

q

£
@

watuaginasnaneiug Tnsnisnaetustasdumsuuilasudedfisiua 20% ves
Srunuifvanuaunoyatayndadedaunsi 3.1 (Wuaunsnisnaietudifisaiuis 6epPso)
w9 PBest dishuvuaidediuounia wasinvuay GBest dduntufieniu GBest veIngy
duitliifin Local Optimum #e38n1sdu Wlevilay Local optimum wivinynngueyniafin
ag/lu Local Optimurn azsaueyn1adunquiiiea(Single Group) Wnenisnaneiuglnun

BUN1ANAILUYNENAIEANNTSA 3.1 waIN MUl PBest Huniufgniveunia antuae

'
A o

WIRWUS PBest ARAianfiannunidusunus GBest (M4 GBest Liteedtfgasuiuiiags
aunIA) wazyiNsnateiugliny GBest Tagasidunsusuaveadiiludiuay 30% voiif

NuALA GBest AEANNITH 3.2 IAUUNTTUIUATTAN 9 AzANUUNIINLDUIT GBPSO

(A HUNITUUY Single Group) AUATUTOUNITHIIUNAMUAVSOMAAINOUNATIEALID
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Initial Particlesinto N
Swarm

Evaluation:
Update PBest and GBest

Particles Mutation

i
Change GBest and GBest position

All Swarms
Stuck in The
Local
Optima?

Stuck in The
Local
Optima?

>

Merging Multi Swarm to 1 Swarm

= !
Cor?dn-tnon End Particles Mutation
Satisfied? Yes T
No GBest Mutation
Update Velocity ‘ l

Update Position |

JUN 3.2 TunounITviaUVeI CMPSO
NFUN 3.2 Au13aesuIeTunsumsIuYes CMPSO lasail
) =
Yunauh 1
Initial Particles : Wun1smuupeBusuliiunnetnIaves CMSO lagas

fuunsiule wazrnusalunisiedeudinieisnisdu ludueuniavianun 3 ngu

Tumaufi 2
Evaluation : L“fﬁlu%umaumsﬁszLﬁumﬁmawaqaumﬂ (Fitness Value)
IfunNNguUNIA AI8NISEAIAINBUTBIUNIAAIIMRIWTINATW TN Usase
Update PBest : ({uiunaunisufudssddmauiinfianvesoume
TnsiuneuiioynmasiSeuisudmnouesoymatuadnauiia
flgrueseymAes  (PBest)  wnArAmeUveseyMARNIY 9y
Avualyl PBest dAviiiuAAnauvaseynia
Update GBest L%%@Mﬂﬁﬂ%ﬂ@ﬁﬁﬁmauﬁﬁﬁqmﬁum;Jq
ounA (GBest) Tnsdumeuiiazthan PBest wosnounAlugm

Wibuieuiumin  PBest wetounAliuffan GBest zwiiu

PBest ¥038unATY
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JUNDUN 3

Update Velocity : iJunsusuugsaanuilunmsiedeunlviveynie

YUNBUN 4

Update Position : utusaulunisindeuiliiueynia

Tumauii 5
Slightly Mutation : ifudunaunisnanesiug Tnemsnanewuglutuneui
2wdl 2 Uy el
1. msnaneugnsdiniiiiesursnguayniafnlu Local Optimum

]
1 =

@nguinAnly Local Optimum %agndn 3 ngaunIsnatenug
sUMUUHALYMS Reset PBest iiuaumanndilunda a1ntuvin
N3RS LAWY ARILEIIINTUTUYUTS PBest fae
funtisoyma uazlutumeugarngaginisiudsusumiia GBest
yesngumEnsguien GBest vaanguauililsfnoglu Local

Optimum

'
' I

2. nsnanewugnsdifiynngueunaanly Local Optimum N3
naneWus ULz Rest PBest way GBest Trifumnndu
ouAA NNtuImhNssILnguaynaliudolfissnguien
sovniuagynsnaeiusliindmmiseynia udaviins
Ususe PBest frusuvilsveseynia antudunousofionsm
fuvitls PBest MRfigaLilanagyinisuiulserlv GBest uaylu

Jumaugaveazilunsnaneiugliunsmumis GBest
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3.3 "3§m'i'i'mLLaznszmanfcjuaqmmﬁ'aLLf’\'{]mummsaﬂiu Local Optimum
Y84 PSO (Merge and split particle swarm in reducing trapping in local

optima of PSO, MSPSO[10])

MSPSO  1TuABmsTiiamenIndBms  CMPSO  TagSnns  MSPSO  awiSusiu
NIPUIUNNIMENGUHE (Single Group) Lmuﬁ%lﬂwmamjuuw CMPSO msailuns
WuU Single group luASHasduntssfiunsiumiioutuds Sinsle Group w89 CMPSO Tae
szsiunsuuy Single group Wauninazsuauiinisinly Local optimum asusiuauads
fitwun @ununsnaneiugasuiiuuadsiicmun) naueuN1AITgNUUIBaNlUMaENgY
(Multi Group) ifteifisssAnBamnisfumuuy Global Search (33nsutsnguiuayld
Basihdwiuredeunia Modulo fuddungy wu winaguuseunalingy 3 fagihddiv
Y8398N1A Modulo 3 ynmFsLA¥IAY 0 ammé’wﬁ’uﬁ?msagiﬁﬂfcjm 3 Jud) lnenis
fuduntsuuy Multi Group luisiassifiunsvileusiu Multi Group 2893 CMPSO Tag

3

aganiunsiuauiidnununfaly Local Optimum ASUIIAUNMIMALA (F1UIUMNTNAIIRUS

]

ASUANNTATUR) wadsadulusuiiunisiuy Single Group ATEUIUNITIINLAILIUVINIU

A ! ) ::4' = o A o
LL‘U'U‘IJI‘UL?@EJ 9 Q‘Hﬂ?']ﬂgiﬂﬂ']ﬂ']m@‘l]ﬂwaiﬁ]ﬁﬁaﬂi'UiE]‘Uﬂ'ﬁV]%ﬂu‘Wﬂ'TVIu@

’ Initial Particles ]
1 Group: Single Group J

Process of PSO |<—

Stuck in
The Local
Optima?

1 Group: Multi Group [

Process of PSO
Group 1 ... Group N

Stuck in
The Local
Optima?.

Yes

| Reset PBest and GBest

i

Mutate all particles ‘

All Swarm
Stuck In The
Local Optima

elion and Bvaliaties | Reset Pbest/GBest for all
p Grou

¥
Mutate GBest

And Count No. Mutation

Reset PBest |

¥
Mutate the Particles of | | Mutate paticles and |
Group n GBest of all Group
¥

Change GBest with

No. Mutation =6 O another GBest's Group
Yes l—'| Count No. Mutation

Yes No. Mutation =4 No

Ul 3.3 TumeunTaLTDI MSPSO
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[

NFUN 3.3 @1013085UILTUABUVEI MSPSO Ladail
) =
Yunaui 1

Initial Particles : tJunisimuaansuduliiuyneyniaves PSO Tngay

AuaTiessuie wazanuslunsiedounisneisnisey

YUABUN 2

Process of PSO : Tumauilazidudunaun1syinauianuaves PSO

Junaui 3
Slightly Mutation : {udunsunisnataiug lnanisnaneiugluduneud

q#dl 2 JUwUU (EEnsnaneiugimileniuls CMPSO)

Tunaud 4
NMTEAUAIN5ALMSZ IS Single Group wag Multi Group Tumouitlu

FunoUMSRRNTANTNLINISAURILUL Single Group WaBwUY Multi Group Tneay
fvsanain 2 Seuly feil

1. n1sWaBuNSAUMNN Single Group Wy Multi Group ludaulil
mnnduouniadinisanly Local Optimum Wudwau 6 sevasvhmsiiarsandasy
EULmesﬁwwm Single Group Ju Multi Group

2. mswagun1saumain Multi Group 1Ju Single Group ludoulail
vnngueumAiin1sAsiu Local Optimum hud1uau 4 sevagimsfiansanidaey

EULmeﬁﬁummﬂ Multi Group U1 Single Group



unil 4

(%4

UENUNEUD

PSO WIS N sz aufigauuunguaun1afienen1sida wa PSO dumsdl

2 ¥ 1

Uayminsialu Local Optimum meudnede ((agun 4.1 asiiuledn PSO guimnandmeud

= LY (% 1

= 1 < 1 v <1 2 Aa 1 a Y v
mmxawqmamﬁ’mLiﬂumuﬁﬂ nILLAU PSO ﬁNLUu%u&Jiﬂw}iﬂﬂuﬂ’J g ANIRBINITAN

ANANTY PSO nauldanunsagiimanrnaunaianls)
ROSENBROCK

0 1000000 2000000 3000000 4000000 5000000

-10
PSO

Log(Bestfit)

-15
-20
-25

-30 -
Evaluation Call

a 1

SUTl 4.1 AiuanangAnssunsgimIsmeues PSO Uaums ROSENBROCK

4
S @ 1 v

o aa v sd & a aa ~ aa o ad a
ﬂ?im’gﬁmiﬂmEJ‘WL!ﬁﬂLﬂuaﬂiﬁﬂﬂwuwuaummLLf’flﬁU‘ﬂimeu PNLYUATNTIILIUAU

]

N1571191U 11U TIMATIMAN L ENNFALUUNENBUAIARIINITNABWRUSVRIAILNUING
ﬁqaﬂlaﬂaqﬂﬂﬂ ( The use of Global Best position in rerun of particle swarm

optimization, GBPSO ) 35nsilillugnizmamilentrisnisnareiugundiewidyminishia

ag/lu Local Optimum lagn1snaneiugiasisuvinauilesseuniafnaglu Local Optimum
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Vige1 = WViq + c17 * (PBest;g — x;4) + ¢, * (GBestjg — Xiq) (a.1)

Xid+1 = Xid + Vid+1 (4.2)

*GBest Position * PBest Position ‘ Particle Position . Local Optimum ‘Global Optimum - —p» Move Direction

A B
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a ~ a a a aa | Al a ]
M19199 4.1 Gni'NLLﬂ@NNaﬂ’ﬁLUiﬁJ‘ULV]UUﬂﬁgaWﬁﬂqwsﬂaﬂﬁﬁﬂqs‘wqﬂqwLV@J']%aiJV]q@izvn'N

35715 IMPSO, IMPSO(1) wag IMPSO(2)

IMPSO IMPSO(1) IMPSO(2)
NO Function
Evaluation Call | Evaluation Call | Evaluation Call
1 ACKLEY 1,968,821 5,835,952 5,354,479
2 GRIEWANK 354,382 592,003 540,235
3 RASTRIGIN 1,034,214 4,196,737 5,863,960
4 ROSENBROCK 1,948,092 90,889,876 90,009,370
5 SCHWEFEL 24,631,717 17,603,758 90,030,943
6 COSINEMIXTURE 348,837 695,917 683,749
7 EXPONENTIAL 675,615 1,513,783 1,211,554
8 LEVY 1,545,030 82,072,639 18,391,717
9 MICHALEWICZ 65,884 121,411 134,443
10 DIXON-PRICE 9.039 11,755 9,406
11 STEP 100,542 133,795 143,110
12 SCHAFFER 23,787 28,090 35,173
13 HOLDER 18,349 13,177 13,096
14 BEALE 32,650 31,834 32,248
15 SHUBERT 6,312 6,211 6,490
16 GOLDSTEIN-PRICE 11,883 11,908 11,917
17 SIX-HUMPCAMEL 2,326 2,350 2,521
18 SPHERE 5,312,789 8,287,615 8,342,965
19 Parallel 5,357,988 8,299,468 8,337,871
20 Rotated 5,264,152 8,086,366 8,234,425
21 CIGAR 5,345,748 8,391,610 8,339,671
22 BROWN 5,306,954 8,273,962 8,357,446
23 MULTIMOD 13,923,337 26,473,609 59,244,076
24 ZAKHAROV 26,918,558 84,186,127 84,636,262
25 TRID 90,737,162 81,832,699 312,157
26 EASOM 17,653 17,281 17,659
27 EGGHOLDER 38,121,753 48,622,978 59,487,913




30

A15199 4.2 M131uAMINaNTTIUTBUTEUUSEANSANUeIIT NS AIMINE AN AgATENINg

35115 IMPSO, IMPSO(1) kag IMPSO(2) (si9)

IMPSO IMPSO(1) IMPSO(2)
NO Function
BEST FITNESS BEST FITNESS BEST FITNESS
1 ACKLEY 0 0 0
2 GRIEWANK 0 0 0
3 RASTRIGIN 0 0 0
4 ROSENBROCK 0 6.53102E-26 3.64602E-28
5 SCHWEFEL 0 0 2,297.414964
6 COSINEMIXTURE 0 0 0
7 EXPONENTIAL 0 0 0
8 LEVY 0 5.69515E-27 0
9 MICHALEWICZ 0 0 0
10 DIXON-PRICE 0 0 0
11 STEP 0 0 0
12 SCHAFFER 0 0 0
13 HOLDER 0 0 0
14 BEALE 0 0 0
15 SHUBERT 0 0 0
16 GOLDSTEIN-PRICE 0 0 0
17 SIX-HUMPCAMEL 0 0 0
18 SPHERE 0 0 0
19 Parallel 0 0 0
20 Rotated 0 0 0
21 CIGAR 0 0 0
22 BROWN 0 0 0
23 MULTIMOD 0 0 0
24 ZAKHAROV 0 0 0
25 TRID 3.78956E-12 4.63842E-12 0
26 EASOM 0 0 0
27 EGGHOLDER 11.29705203 3710177858 37.37399082
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(1) | //**Initial particles, counter of each particle, Base and Deviation **
(2) | Initial V, X, PBest to 90 particle

(3) | All Particle in the Swarm provided Base = 0.90, Deviation =0.1, Threshold = 30, and Counter = 0
(@) | /77*** End Initial particles*****

(5) | While (Iteration < MaxGeneration):

(6) PSO Move()

(7) | /7****PBest/GBest Updating

(8) for i= 0 to SwarmSize: //Update PBest and GBest

9) if (Fitness(X(i)) < Fitness(PBest(i))):

(10) PBest(i) = X(i) //Improve. Update PBest

(11) Counter(i) = 0 //reset Counter

(12) else://No improvement

(13) Counter(i) = Counterf(i) +1

(14) if (Counter(i) > Threshold)://Mutation and reset Counter
(15) Counter = 0

(16) Mutate 10% of PBest(i)’s Dimension with eq(4.1)
(17 if(Fitness(PBest(i))<Fitness(GBest)):

(18) GBest = PBest())

(19) | //*****End PBest/GBest Updating®*****

(20) If (satisfied condition):

(21) Break

(22) Iteration = Iteration +1

5UN 4.6 sWEdaeuanIn1sInauYe IMPSO

NN 4.6 IWaIRanINITINNUIeY IMPSO  Tutiusuduresnisinemy s
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Initial Particles:
Base 0.9, Deviation 0.1
X, V, Counter=0
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1 ACKLEY 100 Multimodal

2 GRIEWANK 100 Multimodal

3 RASTRIGIN 100 Multimodal

4 ROSENBROCK 100 Unimodal

5 SCHWEFEL 100 Multimodal

6 COSINEMIXTURE 100 Multimodal

7 EXPONENTIAL 100 Multimodal
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ddu | Fodleridu U Snuaiziuitvesilediiy
in

8 LEVY 100 Multimodal
9 MICHALEWICZ 10 Multimodal
10 DIXON-PRICE 10 Multimodal
11 STEP 100 Multimodal
12 SCHAFFER 2 Multimodal
13 HOLDER 2 Multimodal
14 BEALE 2 Multimodal
15 SHUBERT 2 Multimodal
16 GOLDSTEIN-PRICE 2 Multimodal
17 SIX-HUMPCAMEL 2 Multimodal
18 SPHERE 100 Unimodal
19 PARALLELHYPER-ELLIPSOID 100 Unimodal
20 ROTATEDHYPER-ELLIPSOID 100 Unimodal
21 CIGAR 100 Unimodal
22 BROWN 100 Unimodal
23 MULTIMOD 100 Unimodal
24 ZAKHAROV 100 Unimodal
25 TRID 10 Unimodal
26 EASOM 2 Unimodal
27 EGGHOLDER 2 Multimodal

5.408N19NNA D

NAINNIINAABILUTDN 5.2 A111TaLARINALUA1T199 5.3 TneazidunisiuSeuliiau

HAENSNSAIMLEaLNgaivan 5 35013 Ao PSO, GBPSO, CMPSO, MSPSO wag 35M13

Paus (IMPSO) Iméf'gLL‘LJi%QﬂﬁmummumiNﬁ 5.1 LLazi’%miﬁmmszﬂmaawu

Hendunnnsgiu 277907 Fallsuastdennunsem 5.2
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A15199 5.3 1519KERHaNTSIUTEUEUUSEANEA MR IS MIMAIMINEaNNgA ¥ N INg
A5N5NTANITNIIURLY 1 nguayn1a PSO, GBPSO, IMPSO wagidn1sivinauvanengy

aunIA CMPSO, wag MSPSO

PSO GBPSO CMPSO MSPSO IMPSO
NO Function Evaluation Evaluation Evaluation Evaluation Evaluation
Call Call Call Call Call
1 ACKLEY 90,000,180.00 3,135,697.00 2,958,060.00 2,930,509.00 1,968,821.67
2 GRIEWANK 90,000,180.00 460,581.00 391,325.00 383,057.00 354,382.17
3 RASTRIGIN 90,000,180.00 3,836,991.00 3,169,668.00 3,947,736.00 1,034,214.83
4 ROSENBROCK 90,000,180.00 1,171,471.00 1,097,672.00 1,006,174.00 1,948,092.50
5 SCHWEFEL 90,000,180.00 28,652,968.00 29,740,709.00 25,644,435.00 24.631.717.17
6 COSINEMIXTURE 90,000,180.00 483,072.00 496,443.00 489,148.00 348,837.33
7 EXPONENTIAL 90,000,180.00 731,974.00 682,240.00 693,692.00 675,615.67
8 LEVY 90,000,180.00 2,397,063.00 2,280,170.00 1,933,746.00 1,545,030.50
9 MICHALEWICZ 90,000,180.00 176,389.00 119,337.00 163,624.00 65,884.83
10 | DIXON-PRICE 8,340.00 13,317.00 10,016.00 9,212.00 9,039.83
11 | STEP 90,000,180.00 123,529.00 121,235.00 120,291.00 100,542.50
12 | SCHAFFER 1,260.00 171,236.00 140,682.00 52,690.00 23,787.17
13 | HOLDER 8.280.00 17,822.00 18,261.00 13,267.00 18,349.33
14 | BEALE 12,210.00 32,291.00 32,317.00 32,353.00 32,650.17
15 | SHUBERT 2,220.00 6,248.00 6,061.00 5,745.00 6,312.67
16 | GOLDSTEIN-PRICE 4,140.00 12,025.00 11,949.00 10,919.00 11,883.00
17 | SIX-HUMPCAMEL 1,020.00 2,197.00 2,412.00 2,081.00 2,326.17
18 | SPHERE 90,000,180.00 5,435,301.00 5,412,248.00 5,406,769.00 5,312,789.00
19 | Parallel 90,000,180.00 5,438,400.00 5,453,967.00 5,398,414.00 5,357,988.83
20 | Rotated 90,000,180.00 5,371,351.00 5,348,542.00 5,333,830.00 5.264,152.17
21 | CIGAR 90,000,180.00 5,442,806.00 5,407,171.00 5,428,116.00 5,345,748.00
22 | BROWN 90,000,180.00 5,373,773.00 5,385,187.00 5,416,673.00 5,306,954.17
23 | MULTIMOD 90,000,180.00 14,777,380.00 14,356,234.00 14,522,362.00 13,923,337.83
24 | ZAKHAROV 90,000,180.00 88,409,486.00 84,659,455.00 84,884,260.00 26,918,558.67
25 | TRID 90,000,180.00 360,485.00 404,130.00 299.442.00 90,737,162.17
26 | EASOM 8,910.00 17,415.00 17,581.00 18,085.00 17,653.00
27 | EGGHOLDER 55,788,409.00 83,461,070.00 90,547,904.00 84,394,263.00 38,121,753.33
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A15199 5.4 A1519KaRHaN1sUTguEUUSEANEA MBI N IA IMANE AN AR TEnINg

ABN15NTN1TM1URUY 1 ngueynia PSO, GBPSO, IMPSO wagddn1sivinauvaiangy

aunIA CMPSO, uay MSPSO (si9)

PSO GBPSO CMPSO MSPSO IMPSO
NO Function BEST BEST BEST BEST Evaluation
FITNESS FITNESS FITNESS FITNESS Call
1 ACKLEY 10.719 0 0 0 0
2 GRIEWANK 0.078 0 0 0 0
3 RASTRIGIN 525.336 0 0 0 0
4 ROSENBROCK 1.33E-25 0 0 0 0
5 SCHWEFEL 11745.4 0 0 0 0
6 COSINE MIXTURE 6.499 0 0 0 0
7 EXPONENTIAL 4.55E-10 0 0 0 0
8 LEVY 98.566 0 0 0 0
9 MICHALEWICZ 0.538 0 0 0 0
10 DIXON-PRICE 0 0 0 0 0
11 STEP 328 0 0 0 0
12 SCHAFFER 0 0 0 0 0
13 HOLDER 0 0 0 0 0
14 BEALE 0 0 0 0 0
15 SHUBERT 0 0 0 0 0
16 GOLDSTEIN-PRICE 0 0 0 0 0
17 SIX-HUMP CAMEL 0 0 0 0 0
18 SPHERE 6.92E-322 0 0 0 0
19 Parallel 6.45E-321 0 0 0 0
20 Rotated 1.33E-320 0 0 0 0
21 CIGAR 2.16E-316 0 0 0 0
22 BROWN 1.44E-320 0 0 0 0
23 MULTIMOD 4.32E-246 0 0 0 0
24 ZAKHAROV 2.52E-84 7.3418e-321 0 0 0
25 TRID 9.09E-12 0 0 0 3.78956F-12
26 EASOM 7080 0 0 0 0
27 EGGHOLDER 26.56866629 0.0030044 0.004243 0.003645 11.29705203

ANNNANITNAADIUAITINN 5.3 2zwand Evaluation Call ¥3831UIUNYINNITAUN
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Wuld WWesangaeyniaiidnuiudserinsal 90 fuarimunsaun1sAUmbIn 1 auseu v
Tdwuinsaumeaiunzgandululdunaanuszuna 90 d1u wselunimseiudiy
aa Ao 1Y) oA ~ ) a | aa H oA
WNISMslnudiduumsAumAivinzauigatesiian wnu1eAININIBTNITHUN AT
~ v | an = fu o
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a a aa | ad & ° PN
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~ su 1 vy | aaa ~ laaa a a
gauuilandusing q lideendnisau awmnunainnishn PSO Liiisn1suinuiieanain Local
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A o | | ax & ° ~ ~ fou 1 Yoo
nmun AoulludI1ure935 GBPSO uummmmmmaummmzawqmuﬁmww 9 JhE
25 f9A9u 11099910 GBPSO finTruiunisnateius inlnaiuisandnidsstgminisinly
Local Optimum tagzmAneulannia PSO weiiai139n1s GBPSO luiieudnuiunsslunis
AUAIRMBUAUITNTTBY o Nlin1slEIan1Inat gLy tNaudsnnilaidunldlunisveasu
GBPSO agmefivingauiianlatinidmnis Tudimwesds CMPSO, wag MSPSO 1iu Tunane
'z ° v P & & aa ~
9 Manduazausamamneulannil GBPSO Liledain CMPSO wag MSPSO wu 1Juasn15%
l¥nnsnangiusuagnIsAumAINmZauNgawuUraIenguauniIAInlglun1sAum vinl
CMPSO ag MSPSO @qunsanantaestdguniniasinlu Local Optimum thas L
AMUEINNTAIUNITAUIINALUU NI79 (Global Search) kaghuUwAU (Local Search) vinl
Aunlesan3195 GBPSO TuaSnisfunaus use IMPSO 350 5fla1unsaniAIa1naud
winzaungalaas 25 Maidunaziloseuliisuiuisnisdu 9 IMPSO 9xd1uIunsAuMm
Afivisauigatioaigads 16 deidumamauliisifian) ew1n3s IMPSO uld35ns
NAERUTIIIOUNIA W3ONABNISNIITUIAIAINBUNATIdAvaIuAAzaYNIATI0UN ALY
auesiinguunsunisnateiugeeulvy (Winludesseliynaunirmeadnaunfvulale
= U aad o N v ~ ¢ Al ° v A ° ~
willouudsau) mewsivivln IMPSO dflsAduniaiuisamanaulaiiangadnuiuuinign

Woeuiuisnisdu q lneidlefiansannilsnduaznuiimnisnisnlelunisneasilly
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ROSENBROCK
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g‘df/’i 5.1 NTINLAAINGANTTUNITAUMAINOUBIIS PSO, GBPSO, CMPSO, MSPSO, IMPSO
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JUN 5.2 n319ansdLIuNIINaeiug ad Evaluation Call g 9 98935 IMPSO vuilsidu

ROSENBROCK

31n3UN 5.1 N5 INLAAINEANTTUNITAUNIAINUVDITTNTANN 9 vuleidu
ROSENBROCK lniiunu X fia Evaluation Call (I¥aausilunsdumdneuvesusiaz3s)
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TUfsganilarznudn PSO tuazlilanunsavAdmeunavuldllanaunsinutumineaIy
71 PSO indgyminsineglu Local Optimum uanei1937n 35 GBPSO wag MSPSO 7ikileisy
Anaglu Local Optimum ua33zilisn1slun1snanuil Local Optimum Imamm‘%uaﬁ%%

GBPSO azwiuinilefiAneglu Local Optimum udrazdinsnanetugsitliadneudifign

9

ndulUugudvinisgimameulmifisduluniendsaulufigafaunsamadneuiiaan

vouileiduilly doun MSPSO azdiuldiniiefinsfin Local Optimum wérasiinmsnaneiug

o

ol

WULAEIAUIT GBPSO willadd113un15NaeiugAsUAINTIUIUNAIMUALAI98111NS
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meneuauemneufinfigavesilsidu 41 3 FWiasTnskaunieusuluriaduduus
| A A a \ I aa a vaa o & A a ~
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| o = v ° vy A a o v
szLLiﬂsuaqmimq’m%umiQmmmmaulmmwaamﬂ CMPSO 28L3UNITVNNIUMIYANT
wUsaunadu 3 nguCMPSO G1, CMPSO_G2, kaz CMPSO_G3) udaueniiufumainauyi
Taun1pvedaznaduiines wagiils CMPSO finagly Local Optimum EN135IUNGY
ounAan 3 nauu 1 nauudwvhnisnaneiusyilyienmmeuiaiannduluugudisgidnm
snovlmifirulunendluiigaisanusameidnoufiafigauosilsiFuld uasaaiieds
IMPSO azwiulirinlutdissusuresnsvinuasgidnmdinauladinil PSO, GBPSO, uax
MSPSO (a9 nilueuni1afiviinisnateiugluuas (@nsaglaainguin 5.2 nazuanli
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SCHWEFEL
45000
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35000
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2 25000 ——CMPSO_G1
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3 20000 CMPSO_G3
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10000
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5000
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CMPSOuaY GBPSO WuFAImauTidan AL EvaluationCall TnsiAesfu

/TQLIGBPSOHWHTF\WE}EHWEWNGLQEHEHCMPSO
DS .l_.l.z

0 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000 30,000,000 35,000,000 40,000,000 45,000,000 50,000,000
Evaluation Call

Uil 5.3 nmiuanswgAinssumsiumneuredis PSO, GBPSO, CMPSO, MSPSO, IMPSO

YuRandw SCHWEFEL
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SCHWEFEL lagiinu X Ae Evaluation Call Lazwnu Y AaAn Best Fitness agiiulainis
PSO az@nlu Local Optimum Fausidaausn 9 UOINITAUNT LLavaajmmsamﬁmaUﬁﬁﬁqﬂ
IFuAUNIT791 uanA9INIsMsBLATisMsManuTEan Local Optimum 1ag3% IMPSO
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ANANUIN N

ﬁﬁﬁ%’ummg’lu (Benchmark Function)

Handunnsgiu Ae dendundlidwsunaaeuuss@nsnnlunisfunmafimuizas

g (Optimization Problem) ¥e¥35n15viTedanea3fiume 9 lnglunsmaasvesing inug
wuildvinisnegeuISmsdumarininzauiignisae 4 vuilanduinsgiunman 27
flaidu wazaArAmevrewsazilenduazedlugy f(x) 39 x UuaziduAivesdifisng 9 ve9

AINBU WU S1FrUALATATUE 100 ARAMUIEAIINIRET x T9UA 100 3 Gry, Xy, o) Xy)

Dudu Tneflsiduminsgruaunsautseentaidu 2 Ussian mall

' [ ]
aa A aaa

1. Unimodal Function #i® nsvnefimunzaungauuilenduainsgundnunngys
Global Optimum uae Local Optimum tHugafieaiuwasliesgaded tneilsidudnvuey

R = v ° Aaa I [ o a v v
fiuenvezgumilouausafumanoufinfigaladte wiluanuduadaudilunany o dleidu

[

Adnwazdu Unimodal 28ifiuiIn1sAumIns U UKL a8 A UNURINSAUNILUUAIATY

Y

[ 4 o Aaa L = 1 (%
N398R m o UNANEAULTLITDIAB Y98N

e

a

2. Multi-modal Function fie MsvATvsgauNanuEiaAtuLnsgIuNINuNA

e =)

o

30 Local Optimum ¥nA31 1 90 wawlan Global Optimum ERnLAe VNI

lsiduiifianududounazmeinouninngaldeinndainduniidnuasidu Unimodal

Ingfenduinsgiun 27 Mndulisuazidenddoluil

A1319% .1 Sgazdunvesilnduinasgiunldlunmsyndey

, Uszian MUY YBULYANITAUNN . c:iﬂuﬁfsha 1 QUT m.ﬁq.ﬂ v
YaWandunInsgu sl - AL, susivinzauiign | findige
min» Amax (X1, X3, er) Xp) f(x)
ACKLEY Multimodal 100 [-32.768, 32.768] O, .., 0) 0
GRIEWANK Multimodal 100 [-300, 300] O, .., 0) 0
RASTRIGIN Multimodal 100 [-5.12, 5.12] , ..., 0) 0
ROSENBROCK Unimodal 100 [-2.048, 2.048] (1,..,1) 0
SCHWEFEL Multimodal 100 [-500, 500] (420.9687, ..., 420.9687) 0
COSINE MIXTURE Multimodal 100 [-1, 1] O, .., 0) 0
EXPONENTIAL Multimodal 100 [-5.12, 5.12] O, .., 0) 0
LEVY Multimodal 100 [-5.12, 5.12] (1, ., 1 0
MICHALEWICZ Multimodal 100 [-65.536, 65.536] (2.20, .., 1.57) 0
DIXON-PRICE Multimodal 10 [0, ] o, ..., 0) 0
STEP Multimodal 100 [-100, 100] (0.5, ..., 0.5) 0
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. A ludiAnng q veq Arenau
; Uszan U YDULIANITAURN w4 4 o
Farlanduunsgu i i K ) funisivinzauiign | findige
iy max (X1, X2, ey Xp) f(x)

SCHAFFER Multimodal 2 [-100, 100] (0, 0) 0
HOLDER Multimodal 2 [-10, 10] (-8.05502, 9.66459) 0
BEALE Multimodal 2 [-4.5, 4.5] (3,0.5) 0
SHUBERT Multimodal 2 [-10, 10] (0,0) 0
GOLDSTEIN-PRICE Multimodal 2 [-2, 2] 0, -1) 0
SIX-HUMP CAMEL Multimodal 2 [-2, 2] (0.0898, -0.7126) 0
SPHERE Unimodal 100 [-5.12,5.12] , .., 0) 0
PARALLEL Unimodal 100 [-5.12,5.12] ©, .., 0) 0
ROTATED Unimodal 100 [-65.536, 65.536] , .., 0) 0
CIGAR Unimodal 100 [-10, 10] , ..., 0) 0
BROWN Unimodal 100 [-1, 4] O, .., 0 0
MULTIMOD Unimodal 100 [-10, 10] O, .., 0 0
ZAKHAROV Unimodal 100 [-5, 10] ©, .., 0) 0
TRID Multimodal 10 [-5, 10] (-d?, .., d¥ 0
EASOM Unimodal 2 [-100, 100] ©, .., 0) 0
EGGHOLDER Multimodal 2 [-5.12,5.12] (512, 404.3219) 0

1. Wendunnsgiu ACKLEY

U n.1 flarfdusnmsgi ACKLEY

(%
)=

flarfdunnmsgiu ACKLEY Juilsiduiigndnegluuszian Multi-modal fewdifleridudl
98iN13n58318/2904 Local Optimum ABud1989 WANIIseAULaT Local Optimum 9
Aoy 9 arnduasluiios 9 aulufisdunis Global Optima tagfenduanuisananadu

sUwuvanNslaRaNnis n.1
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f(X) = —20exp(-0.2 %ixf) . exp(%icos(hxi )+20+e (n.1)

2. Hefdunnsgiu GRIEWANK

3UN 0.2 HaAtunsgIu GRIEWANK
flarduninsgiu GRIEWANK Wuilanduiigninegluuszunn Multi-modal fleriduid
Local Optimum N33/ NINUNNITAUNT UardvaulunnisAunIAsud1ening lay

anduilansnsananieenuluguiuuresaunis feaun1g n.2

(n.2)

'14000 i1

3. Weiduu1AsgIu RASTRIGIN

U .3 flefuannsgiu RASTRIGIN
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Abstract: This paper proposed the restart of
slow improvement particle with Mutation of its position.
This can alleviate the trapped in local optima problem of
Particle swarm  optimization (PSO). The main
characteristic of this method is the gradually restart of
particle instead of restart all particle at the same time
(rerun). This seems to maintain fast convergence of PSO
and avoid overhead of restart the whole swarm. The
performance of the proposed method is compared to
others algorithms with 26 benchmark test functions. The
results confirm the faster convergence with optimum
results of the proposed method in most test functions.

Keywords— Particle Swarm Optimization; trapping in
local optima; mutation;

I.  INTRODUCTION

PSO is a popular optimization problems method used
by many researchers[1]. It has been inspired by the
behavior of animal swarm. Each particle in a swarm has
its own memory of its best position and its current
position. Each individual particle in the swarm slightly
converges to the best position among all particles in the
swarm. This contributes to PSO fast convergence and
simple to implement. On the other hand, it tends to cause
all particle stuck in the same position (trapped in local
optima).

This paper proposed another way to extend PSO
search and avoid trapping in local optima problem. Many
researchers use rerun or restart of PSO new search with
random or mutation of all particle positions when global
best particle position (GBEST) has no fitness
improvement. This research use particle best position
(PBest) as an indicator to restart each individual particle.
Also, PBest is mutated instead of directly mutate particle
position. This has a drastically different effect since not
all particle restart at the same time and the overall search
continue in the same direction and tends to wider the

search from its current position toward the muted PBEST
and the current GBEST. In the case that all particle’s
PBest stuck in global optima (all particle has no PBEST
improvement for some duration) those particle can restart
at the same time and move toward their muted PBESTs
and previous GBEST.

This paper is divided into five parts. The first part is
this introduction. The second part is the related works.
The third part is the detail description of the proposed
method. The fourth part is the experiment results of the
proposed and some other related methods on some
benchmark functions and the final part is the conclusion.

II. RELATED WORKS
A. Particle Swarm Optimization, PSO

The PSO is a popular optimization problem
method that has a trap in local optima problem. The
PSO was inspired from bird foraging behavior. By the
PSO’ particle will find the best position of food source
(global optima) which each the particle has an own
memory for remembering the best proper position of its
life (PBest) and they will share position information to
the other particles. If any particle found the best food
source of the swarm (GBest). The other particles will
move (EQ. (1), (2)) toward the best food source
position.

Vi=(wxV)+ClxR1x(GB—X;)+C2xR2x (PB;—X;) (1)

2

Where i is a particle, V; is a particle’s velocity, X; is a
particle’s current position, PB; is PBest, GB is GBest, w
is inertia weight, R1 and R2 are random weight between
[0,1], C1 is social parameter and €2 is cognitive.

X =V, +X



A. The use of Global Best position in rerun of particle
swarm optimization, GBPSO

This research extends PSO searching using restart
PSO by reset PBEST then slightly mutation of GBEST
and all particles at trapping position[2]. The slightly
mutation is only mutation some dimension of position
(20% of all particle position dimension and 30% of all
GBEST position) and the amount of mutation is small in
the percentage of current position (from 0.85 to 1.15 of
current position dimension X; as in EQ.(3), (4)). The
main assumption and strategy of this paper is that PSO
trapped position has most dimension in correct position,
so alter only some dimension randomly and only in some
small randomly amount will leads to the global optimum
solution. It use randomly and slightly mutation of particle
position and GBEST to attract particle to the optima
position.

X; = +(X; x (0.85 + 0.3 X rand(0,1)))

€)
(4)

GBest = +(GBest x (0.85 + 0.3 X rand(0,1)))

B. Combine multi particle swarm in supporting
trapping in local optima; CMPSO

This research extends PSO search by divide particle
swarm into multiple sub-swarms[3]. Each sub-swarm
search independently with its own GBEST and PBEST.
This wider the search globally across search space at the
cost of local search due to less number of particles in
each sub-swarm. To gain advantage of both multiple and
single swarm, the method starts with multiple swarm
and when a single swarm trap in local optima the
GBEST is set to those of un-trapped swarm randomly.
This change of GBEST and particle mutation (EQ.(5),
(6)) will pull the trapped sub-swarm from its trapping
position. In case of all swarm trapped, they are merged
into single swarm to emphasis on local search.

X, = £(X; x (0.9 + 0.1 x rand(0,1)))

)
(6)

GBest = +(GBest x (0.9 + 0.1 x rand(0,1)))

II. THE PROPOSED METHOD

To avoid PSO trap in local optimum and
enhance its convergence, this research use mutation to
alter particle position when it PBEST trapped. Each
particle has a counter keep tracking the number of
consecutive PBEST un-improvement in each iteration.
Each particle also has different mutation range from its
current position with its Base and Deviation parameters.
The 70% of all dimension particle’s PBest position is
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changed using mutation in EQ.(7) when its counter is
greater than its threshold. Only slowly converge
particles will reposition other particles that consistently
converge will not be changed. This is designed to
maintain fast convergence of PSO and also increases
exploration and convergence. Also only PBEST is
changed not the particle position nor GBEST. This
affects only the slow improvement particles without
effect the whole swarm

PBest; = +(PBest; x (Base; + Deviation; x rand(0,1))) (7)

The Pseudo Code of this strategy is as follow:

//**Initial particles, counter of each particle, Base and Deviation **
Initial V, X to 30 particle
Counter = 0
Particle 10% of Swarm provided Base = 0.70, Deviation = 0.6
Particle 20% of Swarm provided Base = 0.85, Deviation = 0.3
Particle 70% of Swarm provided Base = 0.90, Deviation =0.1
//#¥*%%% End Initial particles™****
Threshold = 30
While (Iteration < MaxGeneration):
PSO Move() //according to eq (1) and (2)
/1***%*pPBest/GBest Updating
for i= 0 to SwarmSize: //Update PBest and GBest
if (Fitness(X(i)) < Fitness(PBest(i))):
PBest(1) = X(i) /Improve. Update PBest
Counter(i) =0 //reset Counter
else://No improvement
Counter(i) = Counter(i) +1
if (Counter(i) > Threshold)://Mutation and reset Counter
Counter =0
Mutate 70% of PBest(i)’s Dimension with eq[7]
if(Fitness(PBest(i))<Fitness(GBest)):
GBest = PBest(i)
//**¥*%%*End PBest/GBest Updating****#*
If (satisfied condition):
Break
Iteration = Iteration +1

The behavior of the PSO in each iteration when
optimized 30-Dimensions Rosenbrock equation is
shown using graphs (figure 1-5) below:
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Figure 1 Particle 1’s position in the 4,775 iteration.



Figure 1 shows the behavior of only the first particle’s
position in its 30-Dimensions. The x-axis is iteration
number and the y-axis is position from -2.048 to 2.048
(Rosenbrock equation). Each iteration shows the
position of each dimension in different color. In the
beginning the vertical line is long since all dimension
position scatter across search space. The line is shorter
and finally close to 1 in all dimensions where particle
rarely moving around its local optimal position (at 1 for
Rosenbrock equation). The red color vertical line
indicates the iteration numbers with reposition of the
first particle occur. At the reposition point, first particle
PBEST is mutated that cause changes in particle
position due to the distance between PBest and particle
position as in eq. (1) and (2).
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Figure 2 Particle 1 PBEST in the first 4,775 iteration
with its reposition iterations in RED.
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Figure 3 Particle 1 PBEST in range 450 - 650 iteration
with its reposition iterations.

Figure 2 and 3 shows the first particle PBEST
convergent (y axis) at each iteration (x axis). The PBest
fitness value start with very high and converge to
optimum value 0 very fast (before 256 iterations). Then
PBest change very slowly. The red vertical lines mark
the iterations that first particle reposition occur since
there were no PBEST improvement exceeding the
threshold (30 consecutive iterations). The PBest value
increase sharply due to its position mutation. After some
iteration it converge to 0 again due to the PSO
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movement of the particle. This reposition and
convergence is repeated untili PBEST converge to
optimum around 4600 iterations.
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Figure 4 Number of particle reposition in each iteration.
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Figure 4 is the bar graph indicate the number of particles
that has reposition in each iteration. The X-axis is
iteration and Y-axis is the number particle with
reposition in that iteration. It shows that only few
particles from all 30 particles are reposition in each
iteration. This reposition has spread in many iteration
and not occur in every iteration. Most iteration with
reposition has only single particle reposition.
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Figure 5 Slow convergent particles reposition and
convergence.

Fig 5 shows the situation of swarm position where
reposition of slow convergence particles help improve
locating of global optima. The picture illustrated
situation of swarm position before and after unimproved
particles (two lower particles) reposition. The particles
with slow convergence due to low gradient in their
positions are reposition to other location to wider the
search. This contributes to faster converge since only the
very slow movement particles get reposition without
changing the whole swarm movement. Their reposition
create wider new search.
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TABLE II THE RESULTS OF PERFORMANCE COMPARISON

I. EXPERIMENT BETWEEN PSO, GBPSO, CMPSO, ECPSO
A. Benchmark Functions PSO CMPSO GBPSO ECPSO
Best Best Best
No. [Evaluatio |Best Fitness| Evaluation y Evaluation| _. Evaluation| _.
The proposed method, PSO, GBPSO, and CMPSO n Call Value can | gress | can |FEness ey | tness
are tested Wlth 26 benchmark test functions The details 1 /90,000,000 16.09617 | 6,681,260 0 1,728,575 0 287,631 0
of each functions are shown in Tablel. 2 [90,000,000{ 0.132201 | 989,420 0 263,522 | 0 | 137,401 0
3 [90,000,000{ 519.3665 | 3,485,140 0 [1667378] 0 [1,001,991] o
4 190,000,000 4.08E-19 | 46,362,352 0 [27,744252] o0 [2049929] o
TABLET BENCHMARK FUNCTIONS 5 [90,000,000] 11824.32 | 90,068,868 | 94.5486 [25,882,358] 0 [90,370,839] 4,421
i 6 90,000,000] 7.525656 | 1,398,090 0 338815 | 0 | 121,415 0
No. Equations Dim | Search Space Best Fitness 7 |90,000,000] 3.55E-09 | 873,530 0 350,866 0 129,455 0
1 ACKLEY 100 | [-32.768,32.768] | 0 8 [90,000,000[ 132.2282 | 2,423,806 0 3397121 o0 [3,193544] 0O
2 GRIEWANK 100 | [-300,300] 9 [90,000,000{ 0.617303 | 130,460 0 165,691 0 258,984 0
3 RASTRIGIN 100 | [-5.12,5.12] 0 10| 1,470 0 4,380 0 3,454 0 40,382 0
4 ROSENBROCK 100 | [-2.048,2.048] 0 11 [90,000,000] 15260 87,200 0 64,838 0 44,432 0
5 SCHWEFEL 100 | [-500,500] 0 12 7530 0 163,990 0 33,226 0 11,229 0
COSINE 13 [ 1,830 0 10,740 0 38,225 0 5,983 0
6 MIXTURE 100 | 3] 0 14| 11310 0 13,830 0 11,471 | 0 | 13511 0
7 EXPONENTIAL 100 | [11] ) 15 | 1,560 0 2,610 0 2,333 0 2,360 0
s EVY 100 | [10.10] D 16 | 2,880 0 3,750 0 4,195 0 4,444 0
9 MICHALEWICZ 10 [-0,Pi] 0 L =D " 94366 780 0 1,031 0 891 0
. =
10 DIXON-PRICE 10 [-10,10] 0 18 | 90,000,000 “> 16680320 0 |, 00| o |208865| 0
11 STEP 100 | [-5.12,5.12] 0 or0add
12 SCHAFFER 2 [-100,100] 0 19 | 90,000,000 323 16,647,120 0 4,239,304 0 2,096,375 0
13 HOLDER 2 [-10,10] 0 2.96439¢-
= BEALE > B3l o 20 { 90,000,000 722 16874290 | 0 |0 | o |2094132) 0
5 SHUBERT, 3 IZ0R0] B 21 | 90,000,000| 424%66€- | 16 983720 0 2,086,651 0
GOLDSSTEIN- 320 4,232,024| 0
16 PRICE 2 [-2.2] ] 4.94066e-
22 | 90,000,000 16,746,530 | 0 2,0047%]| 0
324 4,300,548| 0O
SIX-HUMP
17 CAMEL 2 [-2,2] 0 3.31997e-
23{90,000,000 *° 70 11202607 | 0 | o000l o [4660437| O
18 SPHERE 100 | [-5.12,5.12] 0 daid
> ¥ 24 [90,000,000(1.57353€-51] 90,000,607 [ 4.63E-53[53,506,857] 0 [9,551,552| 0
19 100 | [-5.12,5.12] 0 ! 5.0022E]
HYPER-ELLIPSOID 25 | 90,000,000(5.18412€-12 89,302 0 soss | o |90439850 )
ROTATED
p 26| 3,660 0 7,740 0 6,819 0 7,186 0
20 vl LB 100 | [-65.536,65,536] | O
21 CIGAR 100 | [-10,10] 0 I C
i ONCLUSION
22 BROWN 100 | [1,4] 0
23 MULTIMOD 100 | [-10,10] 0 This paper proposed the gradually reposition of very
2 ZAKHAOY 10 e < slow convergent particles along with mutation. These
25 TRID 10 [-100,100] 0 ) 8 p g N
26 EASOM 2 [-100,100] 0 two techniques work very well together to improve

trapping local optima problem and facilitate much faster
convergent to locate the global optima that cannot be
The Parameter of PSO, GBPSO, CMPSO and founded using conventional PSO. It also finds global
proposed method are C1, C2, W, Iteration, and Swarm optima much faster in comparing to other modified PSO.
Size, By C1 and C2 are set to be 1.496180, W is set to It is still needed improvement to find global optima of
be 0.729844, MAX Iteration is 3,000,000 and the size of the Schwefel and Trid functions.
the swarm is 30. The number of experiments of all
function is 10 times.

B. Experiment setup

REFERENCES

. 1. J. Kennedy and R. C. Eberhart, “Particle Swarm Optimization”,
C Exper iment Results IEEE International Conference on Neural Networks, pp.1942-

The performances of each algorithms are 1948, 1995.

compared in Table 2, where evaluation call is the total ~ > Y: Cheypoca, K. Siriboon, and B. Kruatrachue, “The use of
. Global Best position in rerun of particle swarm optimization,

number of benchmark function revoke to find the fitness Applied Sciences and technology , pp.610-613, 2018.
value of particular particle positions when the GBEST 3. L. Poempool, B. Kruatrachue, and K. Siriboon, “Combine multi
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find global optima in 2 benchmark test functions, it Sciences and technology , pp.416-419, 2018.
locates global optima very much faster in half of the test
functions. This is due to both gradually reposition of

particle and the mutation of its trap positions.
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AMunAUe PBest Uasaynia Tngvinnisusuldsuiasidudnisguinuiulifned 10%,
20%, 30%, 50%, 70% uaz 100% FILUFAAINAAINATITIN A.1

i o § s ] o aad o o 14 1 o 1
13199 A.1 G]']'iNNﬁ“UTULUE]’iL“ZI‘L!G]ﬂ'lﬁE‘:!llT\]']‘L!’J‘LJ%JGWW%VI’]ﬂ’]Sﬂa’WEJWUSTLWLLﬂ@']LLWLN PBest

VNBUNA
10% 20% 30%
NO Function Evaluation Evaluation Evaluation Best
Best Fitness Best Fitness
Call Call Call Fitness

1 ACKLEY 1,999,600 0 1,221,809 0 985,834 0

2 GRIEWANK 325,595 0 326,621 0 295,547 0

3 RASTRIGIN 1,032,020 0 1,168,477 0 964,014 0

q ROSENBROCK 2,148,655 0 3 577,766 0 2,183,237 0

5 SCHWEFEL 32,619,299 0 90,394,233 | 828.7796151 | 90,385,150 2486.9163
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10% 20% 30%
NO Function Evaluation Evaluation Evaluation Best
Best Fitness Best Fitness
Call Call Call Fitness
COSINE
6 361,158 0 334,265 0 313,510 0
MIXTURE
7 EXPONENTIAL 691,640 0 436,949 0 359,842 0
8 LEVY 930,403 0 2,559,632 0 984,294 0
9 MICHALEWICZ 83,690 0 47,233 0 55,063 0
10 DIXON-PRICE 10,306 0 7,401 0 5,859 0
11 STEP 99,499 0 151,159 0 81,076 0
12 SCHAFFER 26,491 0 22,626 0 18,820 0
13 HOLDER 5,812 0 7,106 0 5,078 0
14 BEALE 32,903 0 32,262 0 30,650 0
15 SHUBERT 4,878 0 6,146 0 6,423 0
GOLDSTEIN-
16 12,901 0 12,628 0 12,545 0
PRICE
SIX-HUMP
17 2,251 0 2,521 0 2,341 0
CAMEL
18 SPHERE 5,302,422 0 4,846,608 0 4,607,995 0
19 Parallel 5,307,624 0 4,825,814 0 4,576,683 0
20 Rotated 5,249,335 0 4,818,753 0 4,627,950 0
21 CIGAR 5,333,011 0 4,864,130 0 4,604,364 0
22 BROWN 5,321,306 0 4,875,771 0 4,637,777 0
23 MULTIMOD 13,894,740 0 11,709,856 0 10,610,053 0
24 ZAKHAROV 26,784,684 0 24,241,929 0 23,145,163 0
25 TRID 90,735,164 | 2.72848E-12 | 90,580,202 | 1.27329E-11 90,524,920 | 6.3665E-12
26 EASOM 19,394 0 17,789 0 18,860 0
27 EGGHOLDER 92,998,903 | 2.721768375 | 92,999,162 | 65.06109961 | 92,999,221 | 65.0610996

i o ¢ 13 ] o aaa o Ly L% I o 1
13199 A.2 G]']’i'lﬂNﬁ‘Ui‘UL‘UE]'3L‘Uu(ﬂﬂ?i?jlﬁﬂuﬁuwﬂﬁ/ﬁ]%%?ﬂ'ﬁﬂa’]EJWU'E?LMLLF]G]']LLMUQ PBest

UVBIBUNA (MD)

50% 70% 100%
NO Function Evaluation Evaluation Evaluation
Best Fitness Best Fitness Best Fitness
Call Call Call
1 | ACKLEY 789,789 0 674,255 0 569,993 0
2 | GRIEWANK 296,008 0 272,387 0 263,000 0
3 | RASTRIGIN 947,237 0 972,729 0 1,035,365 0
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50% 70% 100%
NO Function Evaluation Evaluation Evaluation
Best Fitness Best Fitness Best Fitness
Call Call Call
4 | ROSENBROCK 1,832,673 0 1,488,959 0 2,191,481 0
5 | SCHWEFEL 90,378,765 | 3079.107973 | 90,376,407 | 4855.682992 | 90,368,677 | 4145.052984
COSINE
6 271,643 0 268,980 0 252,485 0
MIXTURE
7 | EXPONENTIAL 302,723 0 284,974 0 265,060 0
8 | LEVY 2,243,275 0 3,707,970 0 2,783,669 0
9 | MICHALEWICZ 63,878 0 66,837 0 167,638 0
10 | DIXON-PRICE 9,835 0 8,397 0 22,549 0
11 | STEP 83,482 0 79,230 0 93,188 0
12 | SCHAFFER 21,324 0 21,803 0 37,300 0
13 | HOLDER 29,257 0 15,264 0 8,578 0
14 | BEALE 35,085 0 33,529 0 33,731 0
15 | SHUBERT a9 0 6,601 0 4,967 0
GOLDSTEIN-
16 12,900 0 12,638 0 12,000 0
PRICE
SIX-HUMP
17 2,161 0 1,351 0 2,611 0
CAMEL
18 | SPHERE 4,398,405 0 4,276,836 0 4,226,677 0
19 | Parallel 4,416,749 0 4,339,128 0 4,218,847 0
20 | Rotated 4,389,782 0 4,262,360 0 4,201,911 0
21 | CIGAR 4,317,943 0 4,281,858 0 4,236,390 0
22 | BROWN 4,402,655 0 4,279,925 0 4,198,853 0
23 | MULTIMOD 9,314,771 0 8,296,346 0 7,845,413 0
24 | ZAKHAROV 22,397,255 0 22,282,645 0 22,506,832 0
25 | TRID 90,473,596 | 2.72848E-12 | 90,449,080 | 3.63798E-12 | 90,434,845 5.45697E-12
26 | EASOM 18,220 0 17,389 0 16,935 0
27 | EGGHOLDER 11,235,645 0 91,867,884 | 0.000860206 | 91,868,608 4.38187E-05

INNaN1INAERINSUSUUBsIduAnIsdudwILdAnasinsnateiuglunns e a.1

way A.2 axiulaintunate 9 fidunanisldidesidudnsnaneiudiuinndt 10 Wesidusd
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A.2 NMsUsuiBuNanT1sUSUT LA HwAReiduans g

o

Hendunnsgruntdlunisneasddunuideilagnimualiiandunaiunsausu

AR 16 Flaiduain 27 Heddu) leliiRegn 100 18 nrsneaedluiitelliadunis
YSudgudnueiialiunilanduuinsgiu (aeundualigsdnuiulifieey Aududeunse

ANUEINVRIHeNTUNIATTINIEBRLTuasuiy) nelianagldlunismaassilazdl 3 dArpe

30, 60, wag 100 If a11509HANINARRILATIANT19 A.3

A13199 A.3 M1TMANINANTISUTUTIWIULRMLATIIATUNIR g1

30 Dimension 60 Dimension 100 Dimension
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 | ACKLEY 1,051,389 0 1,318,052 0 2,006,782 0
2 | GRIEWANK 220,397 0 292,396 0 338,189 0
3 | RASTRIGIN 166,480 0 491,361 0 1,112,104 0
4 | ROSENBROCK 165,758 0 687,259 0 4,289,240 0
5 | SCHWEFEL 551,796 0 3,424,230 0 18,366,391 0
COSINE
6 78,428 0 168,582 0 318,157 0
MIXTURE
7 | EXPONENTIAL 108,560 0 406,329 0 670,784 0
8 | LEVY 130,970 0 389,283 0 1,055,479 0
9 | MICHALEWICZ 36,608 0 41,905 0 46,393 0
10 | DIXON-PRICE 11,006 0 11,731 0 10,306 0
11 | STEP 21,373 0 51,557 0 94,234 0
12 | SCHAFFER 20,097 0 29,957 0 22,324 0
13 | HOLDER 52,346 0 8,665 0 5,444 0
14 | BEALE 30,084 0 33,450 0 32,082 0
15 | SHUBERT 5,780 0 9,652 0 6,791 0
GOLDSTEIN-
16 12,179 0 12,628 0 12,639 0
PRICE
SIX-HUMP
17 3,067 0 2,793 0 2,881 0
CAMEL
18 | SPHERE 1,159,703 0 2,679,851 0 5,344,092 0
19 | Parallel 1,134,842 0 2,697,477 0 5,304,550 0
20 | Rotated 1,108,514 0 2,669,502 0 5,333,046 0
21 | CIGAR 1,146,298 0 2,714,546 0 5,275,331 0
22 | BROWN 1,131,012 0 2,620,032 0 5,329,826 0
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30 Dimension 60 Dimension 100 Dimension
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
23 | MULTIMOD 2,432,469 0 7,870,240 0 13,876,069 0
24 | ZAKHAROV 4,681,032 0 14,020,138 0 26,809,630 0
4.5475E- 1.81899E- 6.36646E-
25 | TRID 90,736,477 90,737,605 90,738,132
12 12 12
26 | EASOM 17,912 0 15,988 0 20,363 0
27 | EGGHOLDER 3,974,082 0 92,999,264 65 1,520,389 0

= ] v o aag v ! & o < v
Mnuan1sUTBuisuRanT sUTUT LR bun s dunnsgulunise a.3 sl
I a o aa £ za o b% o 1% < [
PEaTwudfnnTuRgyhlimeneulssntuuiy
A.3 NM13USULUABY Threshold Tun13na15auUs UL UASUALILIY IR IUNLSN ANV
21n1A (PBest)
BNsnateiugsiveumavesitaalelusideatuild Threshold Tuni1siansan
[ 1 o N 1A £% A BA r-ﬂl '
nsnaneugliuaiiumis PBest ¥atounInRgil 30 SUNITAUNY NionABLile PBest lign
UFudsaanfnsianiuauasu 30 saUMsAUMAEYNIsNaeRuglalad1umUs PBest vasaunIA
v v N @ = = U ::l' < 1 !
nsnaaasiumvetidadunmmeasiasiUssuiisunanisuiuiaeu Threshold Wuesig

oA

7 TngAwes Threshold fiazldluntsnnassilil 4 Arde 30, 50, 100, uag 150 amnsagHa

A1SNAADSLUFITaUN M1519 A.4

A15199 A.4 A1519KANISUSUABY Threshold TunsiansauUsuLagus iU an LU

ANgavetoun1A (PBest)

30TH 50TH 100TH 150TH
Best
NO Function Evaluation Best Evaluatio Best Evaluatio Best Evaluatio
Fitnes
Call Fitness n Call Fitness n Call Fitness n Call
s
10,705,76 13,114,37
1 ACKLEY 2,006,782 0 3,239,857 0 0
9 4
2 | GRIEWANK 338,189 0 436,372 0 549,042 0 653,161
3 RASTRIGIN 1,112,104 0 1,152,746 0 2,889,526 0 2,983,976
ROSENBROC
4 4,289,240 0 3,016,901 0 5,448,340 0 1,235,887
K
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30TH 50TH 100TH 150TH
Best
NO Function Evaluation Best Evaluatio Best Evaluatio Best Evaluatio
Fitnes
Call Fitness n Call Fitness n Call Fitness n Call
5
24,112,79 40,476,03 24,494.73
5 SCHWEFEL 18,366,391 0 0 0 0
2 4 2
COSINE
6 318,157 0 596,122 0 840,127 0 931,889 0
MIXTURE
EXPONENTIA
7 670,784 0 937,524 0 1,506,680 0 2,142,379 0
L
8 LEVY 1,055,479 0 1,898,382 0 2,599,867 0 2,858,694 0
MICHALEWIC
9 46,393 0 62,787 0 94,053 0 92,794 0
Z
10 | DIXON-PRICE 10,306 0 10,535 0 9,361 0 7,831 0
11 | STEP 94,234 0 131,501 0 165,794 0 173,529 0
12 | SCHAFFER 22,324 0 26,180 0 20,383 0 20,983 0
13 | HOLDER 5,444 0 7,502 0 36,715 0 11,251 0
14 | BEALE 32,082 0 30,525 0 33,031 0 33,661 0
15 | SHUBERT 6,791 0 5,855 0 6,301 0 5,761 0
GOLDSTEIN-
16 12,639 0 12,424 0 11,791 0 13,231 0
PRICE
SIX-HUMP
17 2,881 0 2,881 0 2,521 0 3,331 0
CAMEL
18 | SPHERE 5,344,092 0 7,228,335 0 8,376,956 0 8,683,417 0
19 | Parallel 5,304,550 0 7,363,070 0 8,538,346 0 8,476,293 0
20 | Rotated 5,333,046 0 7,184,319 0 8,047,403 0 8,481,683 0
21 | CIGAR 5,275,331 0 7,306,235 0 8,245,236 0 8,160,415 0
22 | BROWN 5,329,826 0 7,243,173 0 8,572,251 0 8,617,916 0
22,562,36 25,702,41 26,825,92
23 | MULTIMOD 13,876,069 0 0 0 0
6 8 3
34,711,12 46,359,07 54,998,30
24 | ZAKHAROV 26,809,630 0 0 0 0
6 0 0
6.36646 | 90,479,62 | 5.45697E | 90,342,48 | 4.5475E
25 | TRID 90,738,132 1,463,919 0
E-12 8 -12 6 -12
26 | EASOM 20,363 0 17,958 0 15,248 0 18,926 0
91,799,42 90,599,66
27 | EGGHOLDER 1,520,389 0 65 7,036,956 0 65
7 6

nNan1sUSsuisuxan1sUSuasy Threshold Tun1sfansanUSuLUAsUa AL

' '
aa

YOIUNUINATIgAvaIaunIA (PBest) Tuns1e a.6 aziiulidnnisuiulasu Threshold Tu
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N15saNUSUAs Ui lsva U Nanuaseynia (PBest) tudout1elinanons
Anuausalunsaumaneuluraty o Mandusgisunn Iaenindiwau Threshold Baoy
989l Evaluation Call ey winfAeds Threshold wegAnuLTIlunsAumAmneUdstna

v ¢

A.4 N15NNaBIUSUUASUAT IALNAILUS IUENN1ITNITNANENUS

Tunuddeiisnmsnateiugidudnnszuiunismile dnaeg nuniudianuide ns

naaesluiitetiiulunmsveasssulasuabiunfmudstuaunismsnaleiug(@unis a.1)

PBest;; = +(PBest;; X (Base + Deviation X rand())) (A.1)

muwdsnagldlunismeaesiiil 2 yadiuushe YaTinile Base: 0.9, Deviation: 0.1(YALAEU
NUITENUNEUD), wasyANaed Base: 0.9, Deviation: 0.2 IaeiiuUsyannilaazaiunsa
WaguuUasevessumus PBest Tagluaig 90%-100% veddiumils PBest iuuazillona
= [ % = & | @ =i a ]

50% M19zNaUA1IA + LUU - 139 - 1JU + d@rumidagandosazainisaidasunlasan
Aunaves PBest Tiagluyia 90%-110% veasiunia PBest ihinuaziilaniadn 50% Mg

[y ! IS = < = =1 ] Y o v 5
nauA1an + 10w - 138 - 10U + Fanisneaesluasitiznnassienan 10 SoULENNHATNS

-dl % o 6 vd' -d'
Wadeil IneNaansNINAReaINNT0a laNn1esen A5

a a a a a ) a ! DR
MN197194N A.5 G’]’]ﬁ'NLLﬁ@QN@ﬂ']iLUiUUL‘V]EJ'UU53amﬁﬂqweﬂaﬁﬂqi'ﬂﬂa@@ﬂillLﬂaﬂu@qiﬁuﬂm?

wUstuaunIsnIsnAeussEnIndILUsynvlle Base: 0.9, Deviation: 0.1(yaiAe iU

'
a

Mmiawe), Wagyniiged Base: 0.9, Deviation: 0.2

gndivila ynfians
NO Function
Evaluation Call Best Fitness Evaluation Call Best Fitness
1 ACKLEY 1,968,821 0 80,996,785 1.18424E-15
2 GRIEWANK 354,382 0 370,935 0
3 RASTRIGIN 1,034,214 0 1,827,716 0
4 ROSENBROCK 1,948,092 0 2,724,040 0
5 SCHWEFEL 24,631,717 0 28,345,523 0
6 COSINE MIXTURE 348,837 0 353,734 0
7 EXPONENTIAL 675,615 0 19,526,291 0
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sqmﬁwﬁa sqmﬁam

NO Function

Evaluation Call Best Fitness Evaluation Call Best Fitness
8 LEVY 1,545,030 0 1,414,893 0
9 MICHALEWICZ 65,884 0 55,211 0
10 DIXON-PRICE 9,039 0 10,544 0
11 STEP 100,542 0 95,927 0
12 SCHAFFER 23,787 0 29,002 0
13 HOLDER 18,349 0 20,671 0
14 BEALE 32,650 0 32,583 0
15 SHUBERT 6,312 0 6,439 0
16 GOLDSTEIN-PRICE 11,883 0 12,046 0
17 SIX-HUMP CAMEL 2,326 0 2,988 0
18 SPHERE 5,312,789 0 5,395,752 0
19 Parallel 5,357,988 0 5,339,995 0
20 Rotated 5,264,152 0 5,309,545 0
21 CIGAR 5,345,748 0 5,335,971 0
22 BROWN 5,306,954 0 5,325,937 0
23 MULTIMOD 13,923,337 0 14,175,246 0
24 ZAKHAROV 26,918,558 0 27,085,819 0
25 TRID 90,737,162 3.78956E-12 90,736,459 6.36646E-12
26 EASOM 17,653 0 17,997 0
27 EGGHOLDER 38,121,753 11.29705203 23,271,913 10.84329657
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UNT 5 (A19797 5.1) hazyinNISNARINIAUA 5 SOULAILINAGNSULRAYNY TIN1SNAaDIL

nuazdunsInalUl

1.1 nMnaassliulasudiunisvasdnaunangavaslyniludedunuedu

99995 IMPSO

IINNANITNARBIUNTS) 38N15 IMPSO HuansanIAInouLaalasIngnie 16
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ety uazanuisamimneunangalaae 25 Wity lunismaaesaseilislavinisvaaey
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9¥d 2 W/N1UAN AB

1. msvnassUSulasudiuntsussmneunIsnisuInAnsilaLAdIwAdsA o uTia
ﬁqmaumazﬂﬂﬁ%’u TneAraafiilfeil 0.1, 0.01, 0.00001, Lag 25% Wo3 Upper
Limit (#1519 9.1)

2. manaaesUiulasuiuisesdineufenisuandiavgulaelundasiAndall

Wi (Random Shift) #9m1519914a9 (BS54 4.2)

M1319 4.1 A1TNANITNAERIUTULUAEWLTUIRIANBUNATIgAvaailandus1e 9 Aiens

UINAIAN
0.1 0.01 0.00001
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 ACKLEY 90,313,517 5.04E-14 90,328,894 4.33E-14 90,397,968 | 4.69E-14
2 GRIEWANK 587,713 0 391,590 0 349,167 0
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0.1 0.01 0.00001
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
3 RASTRIGIN 65,297,001 9.1E-14 61,231,836 1.592E-13 64,004,918 9.1E-14
[ ROSENBROCK 6,854,264 0 2,226,810 0 4,221,361 0
5 SCHWEFEL 33,383,590 0 21,695,284 0 26,434,516 0
6 COSINE MIXTURE 90,449,427 2.8E-15 90,495,916 2.487E-15 90,762,033 2.1E-15
7 EXPONENTIAL 90,453,160 5:55E-16 90,501,670 4.88E-16 90,776,596 5.33E-16
8 LEVY 1,037,641 0 1,462,089 0 1,582,002 0
9 MICHALEWICZ 53,841 0 46,195 0 63,495 0
10 | DIXON-PRICE 91,261,333 0.1361 91,478,407 0.0027077 91,813,328 3.34E-09
11 | STEP 93,474 0 96,289 0 94,514 0
12 | SCHAFFER 43,152 1,339,982 31,773
13 | HOLDER 6,684 0 7,856 0 20,600 0
14 | BEALE 32,371 0 32,451 0 33,023 0
15 | SHUBERT 6,328 0 6,909 0 6,537 0
16 | GOLDSTEIN-PRICE 12,052 0 12,251 0 11,130 0
17 | SIX-HUMP CAMEL 1819 0 2,433 0 2,215 0
18 | SPHERE 860,223 0 906,530 0 1,004,498 0
19 | Parallel 872,655 0 903,925 0 986,213 0
20 | Rotated 943,454 0 9,31 2 0 1,029,864 0
21 | CIGAR 903,424 0 901,342 0 1,034,472 0
22 | BROWN 854,668 0 860,996 0 1,024,804 0
23 | MULTIMOD 1,036,670 0 1,108,265 0 1,182,876 0
24 | ZAKHAROV 90,980,323 1.88E-17 90,977,640 1.15E-19 90,980,090 1.22E-25
25 | TRID 72,729,135 5.6E-12 90,738,192 4.729E-12 72,606,242 4.5E-12
26 | EASOM 19,859 0 17,642 0 17,111 0
27 | EGGHOLDER 74,718,821 61.1705 37,328,962 | 1.0847307 | 39,442,091 13.5564
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M9 4.2 A1TNNANINABBIUTUUABUIULIYRIANBUNANgAURIaATUIa 9 MEnIs

UINAIRIN aznisuanAdudavluusasiavilimidu

Shift 25% of Upper limit Random shift IMPSO Original
Function
NO Evaluation Evaluation Best Evaluation | Best
Best Fitness

Call Call Fitness Call Fitness
1 ACKLEY 90,285,270 4.97E-14 90,293,441 5.12E-14 1,968,822 0
2 | GRIEWANK 23,653,841 0.002463215 | 18,886,356 | 0.0014792 354,382 0
3 RASTRIGIN 24,956,040 0 90,458,980 | 2.5868935 1,034,215 0
4 | ROSENBROCK 2,921,703 0 7,644,375 0 1,948,093 0
5 SCHWEFEL 34,896,815 0 13,796,241 0 24,631,717 0
6 COSINE MIXTURE 90,431,538 3.19744E-15 | 90,451,758 | 2.487E-15 348,837 0
7 | EXPONENTIAL 90,435,594 5.55E-16 90,456,288 | 4.88E-16 675,616 0
8 | LEVY 851,033 0 806,138 0 1,545,031 0
9 MICHALEWICZ 55,870 0 79,246 0 65,885 0
10 | DIXON-PRICE 91,959,714 8.34872509 | 90,964,749 | 0.2403151 9,040 0
11 | STEP 103,390 0 122,806 0 100,543 0
12 | SCHAFFER 21,356 0 21,487 0 23,787 0
13 | HOLDER 145 0 1354.6 0 18,349 0
14 | BEALE 33,458 0 32,340 0 32,650 0
15 | SHUBERT 6,253 0 5,969 0 6,313 0
16 | GOLDSTEIN-PRICE 10,436 0 11,566 0 11,883 0
17 | SIX-HUMP CAMEL 2359 0 2125.4 0 2,326 0
18 | SPHERE 827,025 0 859,329 0 5,312,789 0
19 | Parallel 820,139 0 862,292 0 5,357,989 0
20 | Rotated 807,549 0 829,032 0 5,264,152 0
21 | CIGAR 827,776 0 843,055 0 5,345,748 0
22 | BROWN 91,687,762 0.757357231 848,028 0 5,306,954 0
23 | MULTIMOD 923,596 0 981,870 0 13,923,338 0
24 | ZAKHAROV 91,030,273 2.06E-14 90,986,006 3.28E-16 26,918,559 0

25 | TRID 89,974,609 2.91038E-12 | 90,761,178 | 4.366E-12 | 90,737,162 | 3.8E-12
26 | EASOM 17,676 0 18,730 0 17,653 0

27 | EGGHOLDER 18,600,805.4 0 1,639 0 38,121,753 | 11.2971

@ Y % a o 1 o d'
PNNANTNARDILUAITIE 0.1 ey 9.2 %3Lﬂul(ﬂ’)ﬂﬂ’]iﬂiUL‘UﬁEJu{?ﬂLL‘VIUW@Q@’W]EJU‘V]

Ananvesilaiuunsguludsiuniduiuinaiunsmeainauredds IMPSO lnaund IMPSO
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LANUITOVIAINBULIDNG 25 WIRTU(RIN 27 Wandu) watllodn15USUAs U wALIAIAIRBU
a <@

angavesilandundinudi IMPSO azmidA neulReLiies 19 flandu iefeliaiuisam

Ameaulsns 8 Meidudailsndudiulugiluuszian Multi-modal Nfimudutousiogudd

1.2 Msnaasdsauniiey nsUsuildsudiunisvasrnaunangavasdynily

L

sfunaduvesisn1s GBPSO(30 aun1A), GBPSO(90 aynm), MSPSO(90

aUn1A) wuaz IMPSO(90 aun1A)

= = o a ° | ° Aaa
A58 4.3 MTNNANTIARRLUSEUEU NMsUSuRsusLmisuasRneunnAgaveslym
TUgasiumus 25% veavaulunn1sAumeuuY (Upper Limit) 98935015 GBPSO(30 an1a),

GBPSO(90 aun1m), MSPSO(90 aunR) way IMPSO(90 a14n1A)

GBPSO (30) GBPSO (90) MSPSO(90) IMPSO(90)
NO Function
Evaluation Best Evaluation Evaluation Best Evaluation
Best Fitness Best Fitness
Call Fitness Call Call Fitness Call
1 ACKLEY 30,011,045 3.91E-14 90,122,082 2.8422E-14 90,113,228 2.84E-14 90,285,270 4.97E-14
GRIEWAN
2 3,768,588 0 16,602,189 0 2,145,092 0 23,653,841 0.002463215
K
3 RASTRIGIN | 30,015,705 1.98992 16,423,044 0 19,888,830 0 24,956,040 0
ROSENBR
q 30,007,521 2.47E-30 1,453,961 0 1,046,760 0 2,921,703 0
OCK
SCHWEFE
5 773,649 0 598,345 0 253,220 0 34,896,815 0
L
COSINE
6 29,580,683 1.78E-15 3,334,295 0 4,077,945 0 90,431,538 3.19744E-15
MIXTURE
EXPONEN
7. 30,025,260 3.33E-16 90,213,510 2.2205E-16 90,212,490 3.33E-16 90,435,594 5.55E-16
TIAL
8. LEVY 4,784,018 0 3,179,031 0 3,440,608 0 851,033 0
MICHALE
9. 117,230 0 213,305 0 235,770 0 55,870 0
WICZ
DIXON-
10. 30,292,413 507.1195 90,885,557 505.169 90,892,363 505.169 91,959,714 8.34872509
PRICE
11. STEP 156,122 0 170,057 0 207,654 0 103,390 0
12. | SCHAFFER 6,646 0 314,933 0 31,611 0 21,356 0
13. HOLDER 27 0 71 0 64 0 145 0
14. BEALE 11,777 0 32,437 0 30,890 0 33,458 0
15. SHUBERT 2,166 0 6,084 0 5,766 0 6,253 0
GOLDSTEIN- 1.44E-
16. 30,149,097 6.92E-08 90,415,655 1.1175E-08 90,456,082 10,436 0
PRICE 09
SIX-HUMP
17. 39 0 24 0 a2 0 2359 0
CAMEL
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GBPSO (30) GBPSO (90) MSPSO(90) IMPSO(90)
NO Function
Evaluation Best Evaluation Evaluation Best Evaluation
Best Fitness Best Fitness
Call Fitness Call Call Fitness Call
18 SPHERE 1,216,435 0 853,324 0 831,432 0 827,025 0
19. Parallel 561,975 0 803,967 0 844,132 0 820,139 0
20. Rotated 1,588,820 0 854,944 0 769,933 0 807,549 0
21. CIGAR 3,190,619 0 870,580 0 828,087 0 827,776 0
0.75735723
22. BROWN 30,140,085 | 6593.705 90,372,198 2,935.57 90,354,281 558.776 91,687,762
1
MULTIMO 1.00E+1
23. 30,157,148 5E+09 90,460,093 1E+10 90,506,375 923,596 0
D 0
ZAKHARO 1.00E+1
24, 30,215,256 1E+10 90,622,881 1E+10 90,630,857 91,030,273 2.06E-14
\Y% 0
2.91038E-
25. TRID 169,527 0 196,046 0 537,131 0 89,974,609
12
26. EASOM 6,555 0 { 51 0 15,177 0 17,676 0
EGGHOLD
27. 83 0 58 0 59 0 18,600,805.4 0
ER

A1519 9.4 A5 NHNANISNA AU UEU

n15USUAgUAILMLIY0IAIRNBUTIATIAN VDY

Handuludadiunisau arunisvindatavdulaelundasand

Al

) Do

GBPSO(30 a1n1@), GBPSO(90 aunim), MSPSO(90 aun1m) ag IMPSO(90 aun1n)

Y U89IoNIS

GBPSO (30) GBPSO (90) MSPSO (90) IMPSO(90)
NO Function
Evaluation Best Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness Call Fitness
1 | ACKLEY 2.84217E-
30,011,279 | 4.61853E-14| 90,127,597 90,113,228 2.84E-14 90,293,441 5.12E-14
14
2 | GRIEWAN
20,050,143 0 435,057 0 2,145,092 0 18,886,356 | 0.0014792
K
3 | RASTRIGIN | 30,022,767 | 0.99496 90,190,333 | 0.994959 19,888,830 0 90,458,980 | 2.5868935
4 | ROSENBR 1.54074E-
30,007,208 | 1.30655E-28 | 90,099,176 1,046,760 0 7,644,375 0
OCK 29
5 | SCHWEFE
30,023,356 | 4,665.21 90,069,904 | 2,963.49 253,220 0 13,796,241 0
L
6 | COSINE
30,027,672 | 1.77636E-15| 2,784,075 0 4,077,945 0 90,451,758 | 2.487E-15
MIXTURE
7. | EXPONEN 2.22045E-
30,030,574 | 4.44089E-16| 90,225,885 90,212,490 3.33E-16 90,456,288 4.88E-16
TIAL 16
8. | LEVY 3,891,261 0 2,852,403 0 3,440,608 0 806,138 0
9. | MICHALE
162,463 0 250,286 0 235,770 0 79,246 0
wiczZ
10. | DIXON- 0.106628 0.240315
bR 30,169,389 | 0511376 | 90,769,322 90,892,363 505.169 90,964,749
ICE 1 1
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GBPSO (30) GBPSO (90) MSPSO (90) IMPSO(90)
NO Function
Evaluation Best Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness Call Fitness
11. | STEP 142,355 0 159,208 0 207,654 0 122,806 0
12. | SCHAFFER | 269,188 0 19,696 0 31,611 0 21,487 0
13. | HOLDER a6 0 183 0 60 0 1354.6 0
14. | BEALE 11,201 0 31,671 0 30,890 0 32,340 0
15. | SHUBERT 1,977 0 6,533 0 5,766 0 5,969 0
16. | GOLDSTEIN-
3,808 0 11,163 0 90,456,082 1.44E-09 11,566 0
PRICE
17. | SIX-HUMP
47 0 283 0 42 0 2125.4 0
CAMEL
18 | SPHERE 4,027,797 0 825,767 0 831,432 0 859,329 0
19. | Parallel 1,739,006 0 833,126 0 844,132 0 862,292 0
20. | Rotated 251,895.5
30,032,429 90,175,049 | 290,769 769,933 0 829,032 0
0
21. | CGAR 940,544 0 807,307 0 828,087 0 843,055 0
22. | BROWN 9,166,308 0 843,343 0 90,354,281 558.776 848,028 0
23. | MULTIMO
4,976,291 0 1,476,241 0 90,506,375 1.00E+10 981,870 0
D
24. | ZAKHARO 9.18078E-
30,000,250 90,004,479 | 8.62E-30 90,630,857 1.00E+10 | 90,986,006 3.28E-16
v 24
25. | TRID 156,199 0 287,507 0 537,131 0 90,761,178 | 4.366E-12
26. | EASOM 6,840 0 17,854 0 15,177 0 18,730 0
27. | EGGHOLD
15,246,915 | 9.2369 90,335,863 | 2.72177 59 0 1,639 0
ER

'
a

NABNITNAADIUAITI 9.3 1Ay 1.4 WU BTN1SUS RS UANLAUUDIA N B UNA

(%)

fanvosiladdulusiumisdusenmsuindiavdulaglundasdaaflenlsivindu villvinnds (
GBPSO(30), GBPSO(90), MSPSO(90), IMPSO(90) ) diflsfidudilaianunsanidneuldiiny
waneilandu waruilsiduiiiaarmeundumainaulisininiy (memeuaslisinia
nMsfumnuUldinsufuuasuiuvdsdineuiidign vesiladdu) wasilunsiladduiliae
ANNBULANAUNIAIRBULAYININANLIUAY MAImBULat1n31nsAURILUUlUTinNg
USuiasudumisdineuiiifian) lnsainnanisnaasddunisns 1.3 wuin GBPSO(30) Ll
gunsannAneulang 10 HeAdu, GBPSO(90) wag MSPSO(90) luaunsamainaulang 7
ey, Tuvasdt IMPSO(90) lalaunsamdneuld 8 Heidu deunainuanisvaaasluniss

4.4 WU GBPSO(30) lalanunsanamaulane 10 #Hendu, GBPSO90) luaunsavnamaule
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89 9 Wandu, MSPSO90) laianusamamaulang 7 Handu Tuvaesn IMPSO laanunsann
Aaula 8 Wy ANTEDINANITNAABIMEITIN 1.3 kaEA1319 1.4) ilrladeasUiniied
nsUSuUAgumwnsAnauNfnaaveailanduis GBPSO, MSPSO wag IMPSO 3gmAInau

WwelilpgauiaieuiuranisAumuuuliiinisuiuiisuiunismangavesilanduyaans
a0isanisAumiuuldinsUsulUdeuiunlsnangavesileanduglan m1s19i 5.3 uay
15199 5.4 Tuundl 5) uagds MSPSO, GBPSO uag IMPSO dulauanunsalunisauniiled

nsUSuAsumusiaNgavailantulnalAg i

1.3 MInnasslTuaguiunlivasAnauiangavesilsnduludediiunau

A28n15UN 0.1 KAVINISNAFEBUA83S IMPSO NIN15USULUABUALUTARE

AauUsYynfinile Base: 0.9, Deviation: 0.1 wazfulsyaNaas Base: 0.9,

Deviation: 0.2 (s7gagidgnuagnanisnaaausiiwlsvaasyaiuuldiinisusulasu

° | Aaa a vl N
G]’]LWIUW]WVIE"!G] a’liJ'lﬁmNﬁ]’]im’leﬂ‘Vl ATANUIN A KRIUBD ﬂq)

A139 4.5 M1T1KANNANITUTULAsuALTUITasAInaunRNgavaaian Ul Ugesiunuaau
MENITUIN 0.1 kaINNIINAaaUMIETs IMPSO insUsuGsuaunIsnateiugmesiwys

“qoﬂﬁ‘wﬁﬂ Base: 0.9, Deviation: 0.1 LLazﬁjLLﬂiﬂgmﬁaaﬂ Base: 0.9, Deviation: 0.2

ﬁﬂ‘ﬁwﬁa igﬂﬁaaa
NO Function
Evaluation Best Evaluation
Best Fitness
Call Fitness Call
1 ACKLEY 90,313,517 5.04E-14 90,312,773 4.9738E-14
2 GRIEWANK 587,713 0 754,994 0
3 RASTRIGIN 65,297,001 9.1E-14 42,415,881 9.09495E-14
4 ROSENBROCK 6,854,264 0 4,977,660 0
5 SCHWEFEL 33,383,590 0 28,623,309 0
6 COSINE MIXTURE 90,449,427 2.8E-15 90,448,485 3.19744E-15
7 EXPONENTIAL 90,453,160 5.55E-16 90,452,130 4.44089E-16
8 LEVY 1,037,641 0 1,057,210 0
9 MICHALEWICZ 53,841 0 75,241 0
10 DIXON-PRICE 91,261,333 0.1361 73,009,877 0.113131116
11 STEP 93,474 0 94,982 0
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yadinia qﬂﬁam
NO Function
Evaluation Best Evaluation
Best Fitness
Call Fitness Call
12 SCHAFFER 43,152 0 24,847 0
13 HOLDER 6,684 0 43,093 0
14 BEALE 32,371 0 33,473 0
15 SHUBERT 6,328 0 6,449 0
16 GOLDSTEIN-PRICE 12,052 0 12,446 0
17 SIX-HUMP CAMEL 1,819 0 2,612 0
18 SPHERE 860,223 0 916,069 0
19 Parallel 872,655 0 868,340 0
20 Rotated 943,454 0 945,438 0
21 CIGAR 903,424 0 887,978 0
22 BROWN 854,668 0 891,247 0
23 MULTIMOD 1,036,670 0 1,047,912 0
24 ZAKHAROV 90,980,323 1.88E-17 90,981,016 1.43437E-17
25 TRID 72,129,135 5.6E-12 76,768,823 3.27418E-12
26 EASOM 19,859 0 17,033 0
27 EGGHOLDER 74,718,821 61.1705 55,929,730 38.98371967

'
=

91091319 1.5 M1T1MAAINANTUSULURB UM U nauaanvasilenduluds
AWMU A18N15UIN 0.1 WAIVINSNAERUAILIT IMPSO NinsUTuwdsuaunisnaney

'
% v =

wgmeiuUsyaiuisiazyaiians ssnudnsmulsyaivilsawisonansulaianiiduds

' '
Y

yadans 13 ety luvngidudsyefiaesannsadmasulfiinidudsyeiinds 6 fleddu
uariulsansntuansadreuliLAflsddulatiun 19 flafdumiouty damn
finsanuasUsuiisunadnsesiauUsiidesyn aznuilunmsnaassi nsuiudsudh
wlsliufaunsnaneiugiinasionuiflunsdumdneuann uilinuannaunneisiddny

ANMSUANNEILTOTUNNTAUMAINDULYD
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