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2.1 ﬂmmmsmﬁﬁmmzawqﬂ (Optimization Problem)

a

Tunsadiamansuazn19InemansnoNtLeeslalitdeureslyninisuiaia

=l

= Aaa I | N a
wingaunigavsetavinlunismaaaan [17] 1391 Jymnismanfiviungaudian fie Yy

o

voamsmAiidfigaandmeuidululdimuaviona1idntoisifio nsvnaigean vie
igavestlyviedlsidu Tasuansymoglusuvesaumemandamans

oy uide Herfdu Fnaldlumamengeaaviasantu Bondt flefduinguasasd
vi3e Hlefduitmang (Objective function) Fsluinendnusaduilfhteifuanasg il
nsinussdnSam 1 faddu ACKLEY fegu 2.1 anansauanslymiviegluguvesaunisns

ANAANEAS LARIANNIST 2.1

- sl
. u i "‘;}:ﬁ‘"’ ﬁ. 7

\l\
N AW vw««

""" 08
«l

JUAl 2.1 Haridfu ACKLEY

f(x)=-20 exp[— 0.2 /%ix,z J - exp(%icos(ZHxi)J +20+e (2.1)
i=1 i=1



Tned
o) Weddutwang
X - @ndsau (Control Variables) 39 AnauwIUnI
d - uuiifvestym
i : URveelgym

NJUT 2.1 azwiudn fleddu ACKLEY Wuflsddudmnenfidamluguuoy Multi-
modal Whwingvestamife nmsmen x il fix) fledieeiign

ﬁmmwmamﬁwﬁmmzamﬁqmLLU'Q;‘LJLLUUGU@@’[]@QWH 2 Snvaisil

1. Unimodal problem fla Jamnmsmaniiuangauiian vuiuiinisdumiififies
Global optimum igsgauieawitiy wiee1ana1lédn 9a Global optimum uazqn Local
optimum Fegaiieafu fsguil 2.2 n

2. Multi-modal problem #® ﬂmwwnwawwﬁwﬁmmxauﬁqm vuituiinsiumiiian

q

Local optimum fausiniiagnuly usiiign Global optimum gL FagUT 2.2 ¥

n.Unimodal 2.Multi-Modal

Local Optimum * Global Optimum

Uil 2.2 fogrsvesilan Unimodal wag Multi-modal

2.2 Ygwnsanlugaiinfigaianisil (Local Optimum Problem)

Aa

Jamnsdnlugendfiananizd fie nszuiumMsAuiIAmlisaungatulliaunse

I o Aaa = . A & I o Aaa a
meaAnaunfafanveslym w3egn Global optima (RaiilurAneunigavestymiasd

q



lowies 1 90 dendedeymving) e Wewinsunmayniifneglummnauansd vieqn
Local optima (gadifuAmimneuvesdym ondlldwarsganenilslgni) luiawnsariing

WwasuNeanlUAumMUIUNIUlADN

2.3 Bmamdivangaufigauuuayniangy (Particle Swarm Optimization,
PSO)

Bansmaumnzauiiganuueynangs [1,2] 3o PSO Wuwilslusaneifiuiiiui
fosflumaianldlunmsudidgmnsmendivngauiign laenisvinenwes PSO uananiy
WA 2.3 fueng

Initial particles

v

Evaluate Fitness Value

v

Update PBEST, GBEST

v

Update Velocity, Position

Condition
Satisfied?

NO

JUN 2.3 unulanmsvinnuves PSO

PNUNUAINITYIUYes PSO Tugun 2.3 aunsaesuigietuneunisvinianuves PSO



Sumauii 1

fvuaFuduliieynia (nitial Particles) fonsguiuvtaazamg
Buduvaseunianniadly search space ludunsuiasrhifissnsafeuiy
Tumauf 2

mMsUssiiluAAneuvesusiazeun1a  (Evaluate) Ao AISAILIMAIAIY
Witnzay (Fitness value) iuilanduinguszasd (Objective Function) o U4y
nsUSuUgeA PBEST way GBEST ludunoud 3 way 4 suddy
Fumauii 3

M3USUUTeAn PBEST (Update PBEST) Ae nsilusiazeuniaazyinnig
WiguiWgumauvgauveseyn1AfuaAl  PBEST ¥8ealed  MnAndnagyinng
U3UU3sAN PBEST maiAnmn simsnzanyadeyanadinngi
Tumaufi 4

M3USUUTeAN GBEST (Update GBEST) fe msiusiazeunnnazyinnis
WiguigumanumngauveseynAiuAl  GBEST  ¥ewnay  mInAninagyiinis
U3uUseen GBEST mumABismngasveseynIaiisnid
Tumaufi 5

M3USuUTIA57 (Update Velocity) @e n1susuugsmnuiivesusay
aqmmﬁﬂ#’ﬂuﬂ'ﬁm?{auﬁ Toe11A1 PBEST, GBEST wavaianuisatauutglunis
fual faaumsi 2.2

ﬁ,i“ = a)ﬁﬁ + ¢, (pbest — ff() + cyry(gbest — J?li) (2.2)

RGN

oittanudilusevtegiuveseynin

a

5L ANUSTANYeIBUNIA

pbest : AMUNUINANENTOUNIAGIUUALNULDD

q

D.

gbest : AMUNUINANZATOUNIAYNAIALNULAE

e AAslunsseus

w - ANFUUsEANSANULReY
r,ry o Adlannisduluge [0,1]

Xpo o AuvisvedaynIA



Yunaui 6
nsUTuUTIumLs (Update Position) fie msusuusaiuvisveseynaly
wwasufinnsunuaAnlUSwhunslnl Tnedraaldainmsusuussnnnusaly

JUABUN 5 WM lUNNTAIUIUANNANNNTIN9ES

X =xf + ot (2.3)
Tneivuali
xt o canumdadagiuveseynina
Xt duvidsdlvalvetounin
o aSaluseulagiuveseynia

Tumaudi 7

nsATIIARUAAraUYEaRIAT I IzaL (Condition Satisfied) tumaudl
\unsnsndeummeunazivualeuldlumvgadumney Aefiaammnauvie
yhauasuseuNIRumdme uidmuaudlivganisaueinisyan usdlaieel

ugnm s ulaenauluvinaulutunaui 2 Tnidnass

2.4 sUnuuTumsAumdinau

ANYULYBINTAUMAINBUYDY PSO dlag 2 JULUU g
1. MSAUMLUU Local Search
MIAUMILUL Local Search unisdumlndqusnasmuviady wWevhns
AuAmuMLefiAng uansdsgy 2.3 0.
2. MSAUNILUU Global Search
MMIAUMLUY Local Search tlumsAumiluuuwining inisaumilnaann

U uniady iienanviinisiialu Local Opima wansdisgy 2.3 2.
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T

refine j

from here

a

best solution
is missed

f.Local Search %.Global Search

sU 2.3 sduuulumsAumaney
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3.1 3FN15AUNIAIAMUUNIZANLUUAAIENGNAUAIA (Multi Particle Swarm
Optimization : MPSO)

ATNITAUNIAIAIIUWNIEANLUUA18NgUBUA1A (Multi Particle Swarm
Optimization) %58 MPSO [3,14] Alensuusnaueyninves PSO senilunananduees usiay
ngugosazlimnudfylufiveuuniisimie (specific region) luvarisn1snszaisuuy
$1m1z (a specific diversification method) azifufindulainusazngueesazisunszuiy
mMsvihauitlny videdlelns Fadunafiuaamainvangliueynia wagduusaseans-
AlUNITAUIAILAUS LY

PNN1INRaRUEItinItefivainuatenuin  MPSO  msngdnsunsAumAIAIY
wangauvestlayy Tnglangluy Multi-modal 713 Local optimum waneaa  @sluilym
WUU  Multi-modal  #aedn TeufAaN1sUsUaNnaIENINNSAUMILUY  exploration  uax
exploitation fstiu MPSO  Fulgtisnslumsuivaunatuldsenisutsnaulugsag
ANy wiagtasdulufinisdumuuy exploitation (individual sub-swarms) %38
WUy exploration (diversification method) agnslaegnmilsunuiiasneneruiunsiumit
AoaluUnNSoNAuNIIzziinavinlinsz UIUNIAUMAUTEANS A nILEas [15]
ﬁy’qﬁmiﬁwméfmﬁ’umaqLwiazﬂajmiaaﬁagjwammmagﬂmu%uagﬂiﬁ’ﬁ%miﬂizma

MvetaunAnandunsiagusas Multi-swarm fanagnandluiitednly

3.2 AFNITAURIAIAURUITANRUUBYNIANGUBE1959A157 (Fast Particle
Swarm Optimization : FPSO)  #a235n135AUN10E1959A5IKUURAINAATY
ngulagn1snaneRuguazn1snauius (Fast Multi-swarm Optimization with

Cauchy Mutation and Crossover operation : FMPSO )
ABNIAUMIAIANUMNZAULUUBUAIANGNDE 19N (Fast  Particle  Swarm

Optimization) %58 FPSO [5] gnAnAulag Li, Zhang Liu waw Kang ewAdymnisasiu
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Local Optimum 283 PSO Jslaauslndnisunisnisnateius (Mutation) ugaelunis
nsranefveteunAlind1du lagdsnsnateiusi FPSO Ldenldhenisnangiusuuuned

(Cauchy Mutation) lagldthanvszandldiuanuinasiunieteunia fsaunisdnaans

V', = v, exp(d) (3.1)

X =X+, 5 (3.2)
loe?l § uay & Ao ANlAINguveIADY

nsvhanres FPSO Tduduneulumsiusmsmumisazanndauuuned Taevi
Amugiunsiueuy PSO  TudiuveanisAuinsiumianas A sidansnesuiens
vhawldandsd (3.1) lutumeuusnazshmsdulssrnsisuduneunasyhmsuszananares
UNALAALAY MATTNs A utasAIEUUY PSO auaNnsh (2.2)  uay
(2.3) muglufumsfnaiuviuazanuidinuunedmuannisil (3.1) uaz (3.2) i
endilaanmsmuaveiwsazisinUsyianaiiothmanumnzauiilaain PSO (Peg)
wSsuiisuiumanuminzaudilaain Cauchy Mutation (Pg,) winanlwuRndtaziae
GT’]LL%ﬁﬂLLﬁZﬂ’JﬂuL%’Jﬁiﬁﬁ]’lﬂ%%ﬁNNﬂﬂHﬂ’l’iU%ﬁJﬂ?ﬂﬁ’lLmﬁﬂLLazm’lﬂJLé’ﬁjuL@\i

nstdimatinredungieyinli FPSO aunsavanuiinisialy Local Optimum lauay
flenalusumsmevluusnaduiisnenmfmunisiiniitues wi FPSO Afmaiitywmly
msfigimnounazAnegly Local Optimum fi5uAuly  FaldhunAnmsudsnga

sunreandunatenguuntiglunisdiiuaruansalunisaumaneuliniulazig

TomalunsadmeuldiZadu L, Zhang Liu uae Kang 39ldwmun FPSO u FMPSO [16]
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( Start )

Initial particles
Evaluate
x
. - v
Calculate candidate Calculate candidate
Position and Velocity of PSO Position and Velocity of Cauchy
Evaluate Evaluate

!

Compare Ppso and Pcm

.

Update New Velocity and Position

Condition
Satisfied?

NO

UM 3.1 uwnulansvieuves FPSO

BnsrumeguTInmuuaInatengulaenIsnaneiuduaznIsNauig  (Fast

Multi-swarm Optimization with Cauchy Mutation and Crossover operation) 39

a v

FMPSO udianasiiufifimwinnain FPSO Tag FMPSO vimsuuseunalungueasgwaney

nay (multi-swam) a1 duneums Crossover anldiitadindszansnmlunisgidives

aun1A  luusazsauNTYNNUTeIYNIABUN1AIEYINNMSUSUUTIUANIATIEAvBINgusLeY

wazUSulTIuARNgaresnguay Teyasvgnlisiuiuwasiseuiainnalans  Crossover

9 9

o § v & A Y % o 8 v & % )~ a a =
‘VWI']&L‘V]QQ‘NﬂGUEJ']EJ‘WUV]ITJﬂ']iﬂTJVi']GZNVHIVﬂ'J']QJLi'ﬂUﬂ'ﬁQLﬁﬂqﬁﬂaﬂauﬂqﬂﬂﬂiga‘mﬁﬂqwmqﬂﬂlu
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[V 7
Y

MUNNTUYRY FMPSO  Wasddliiium udsnud  (3.2)  Laza1unsnasuledunaunig

[

Crossover U84 FMPSO lgisil

TURBULIN: dnunsiazaunIavengy k, Wiinnisguidenauynia P, NANEANNGY
gngula

Tumeuiiaes: dwiuudaslii | veseunia P, tnefivualiiuniuasainuniives

auNA P NAAT | Aa Pyll] waz PI) anudsu Wivihnisdusayniaun 1 A1e1dnlaannnis

1 %

duoandndnsInNis Crossover (qc) Wivin1g Crossover 58mi1a aunA P AU P, muauns

9

Aoluil

P[i]=(1-a)*P[i]+a* P,[i] (3.3)
P,[i]=rand () * (P, [i] - P.[i]) (3.4)
Toofl  «a Ao Adilsannnnsdulutag 0 - 1
i Ao AvaeunIA P

Plil Ao sunusveseynina P 467 i
. = < aad
P,[i] A® ANNLIIUBIBUNIA P UAN i

Py  AB 8YNIANATIEN

9

(%
Y

Tupauiiany: H1neun1ATeInguaunIa k lisun1suTuUTIRIfularA1us,
ATUNLARAILIEANTTYINY wiideuuusslinuavielidifeulalunisusudselvinduly

YMNUNTURNDUN 1 DNATS

[
= 1

35 FMPSO flugiazyinlrlanaanslun1sAumAnauATuLAALNLT1LIUNITIANAIN DU
TULAAETUVBINTAUT LI UNY LI ANTUNDUVDINS Crossover U1938lunIsanTumnou

ATLANPINBULAINAL
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( Start )

! !

Initial particles of Swarm G1 Initial particles of Swarm G2 Initial particles of Swarm G3

Process of FPSO

.

Crossover all particle with best

particle of random swarm

.

Update new position and

velocity

'

Evaluate

Condition

Satisfied?

JUN 3.2 urulan3vinauees FMPSO

3.3 JunaulTNISUTUUTIMIAIANNMNIZENNGALUUNGNBUAIALUUNAIN

v S

vanengulagldnisnszaedunisvesayniaiafnluaagaduiindsauiunig
LﬂﬁﬂuﬁqLmﬁwaqaqmﬂﬁﬁﬁqmmnsju (Improving Multi-Swarm by
Slightly Mutation Particle and GBEST of Stuck Swarm Along with
Randomly Selecting GBEST of other Swarm : MPSOSM)

v

MPSOSM [7] gaimunuivewntayymnsia Local Optimum ¥8s PSO lag735il
AIFELIUWIAANMTAUNILUU Multi-Swarm 11938 LANENTaNITAUMAINBULUY

Global 33ufun13 Reposition Weauniavedwsasngufnegly Local Optimum siuaing
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Reposition fuvtisves GBEST ilevnnguiislu Local Optimum faifiedu Tagdsnud
(3.3) wAnIDIITN1SYNATUYBY MPSOSM

MUl (3.3) awnsaesuneldin MPSOSM  Sufuvhaiunuuvatengueynia
Ingusaznque0szyINITUTUUTIUVLMAZAISINNUULIAATEY  PSO  AULUUILLIE
Ameunieaunsziasingslangumilsin Local optimum 1#inns Reposition eynianml
aunsil (3.5) wazlden GBEST Tyaluen GBEST wosnduduiildannisdy Feduneuiidu
msvfislenavesgaiiiondnuiinisia Local optimum shensiadeudiluds GBEST voeng
duun uitvnynngugesn Local Optimum 7igeLfieniu nnnguagsinig Reset PBEST
La¥GBEST 1a4NNguaINELyNs Reposition MusistasoynAmmaun1si (3.5) ¥iinis
funmAeLANEaITasoAYnFTINTiUSUUABuAN PBEST uay GBEST fign Reset
rounth wén3a Reposition AIMMS GBEST Yennguauaunisi (3.6) Ll GBEST
¥991nA GBEST Aumouiiin Local Optimum iilelifleunaiadeuiinduindagaiidn
Local Optimum ey Tagaunsildlunns Reposition Tuendunsidenasusumis

Yosoymaiisndnies ielioynatudinsiumameulilnaanusnaniu Jadunstie

annaluNITAUMILAZgNMAINEY

Xy =*(Xy x(0.85+0.3x rand())) (3.5)

GBEST,, = +(GBEST,;, x (0.85 +0.3x rand())) (3.6)

MPSOSM  Hianunsaundayminishnlu Local Optimum ld wagiaermneauiouyn
aun1snsrum  widesldanlunisgidmmneuiuuduiioniidiuiueynasens

1Jp8aq
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( Start )

|

}

Initial particles of Swarm G1

Initial particles of Swarm G2

Initial particles of Swarm Gi

Process of PSO G1

Process of PSO G2 Process of PSO Gi

By

NO

NO

<

GBEST G(i)
Unchanged>TR

GBEST of all | swarm
unchanged > TRR

YES

v

Reposition X of Swarm G(i)

Evaluate Fitness of swarm G(i)

A

Random select GBEST

G(random) where random # i

GBEST G(j) # GBEST G(random)

GBEST G(i) = GBEST G(random)

v
Reset GBEST and PBEST of all

swarms

I

Reposition all particles(X) 20%

Of its dimension

Evaluate Fitness of each swarm

I

Reposition GBEST 30% Of its

dimension of all swarms

»-
»-

sUN

Satisfied?

3.3 LAUAINITVINIIUTDY MPSOSM
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3.4 dunaulsn1TUTul IRz aNNganuunguaynialagldnis

[ o 4

nszmaﬁumﬂwaaaqmﬂLﬁaaﬂiuﬁ;ﬂqﬂauwm ( Reposition by Slightly

Mutation Particle with Particle Swarm Optimization : RPSO )

RPSO ifunsAuvmuuuniangueynin tesnwianuamsalunssumdmeuiuy
Local Search Tasfimsvhaluseudududiontu PSO  Unduslumeuiioyniadnegly
Local Optimum 3zimallAn1InTEAmwivetaynpgIslunsuanuiinisinatluge
Local Optimum w¥eusiaiin1s Reset GBEST wielalyfeyanandulufin Local Optimum i#a
Tag RPSO awiFuduaLLUY PSO shensguuszannsiaudu woldiwmiaTusuudarh
M3 Evaluate tomAneumangaundousiauiuuseen PBEST uay GBEST a1ntiuniianii
Ieunltlumsusudgeiimmaezanuilumsindeuiveusazeynian  agIuyinszuIuMs
FusuluiSes 9 auefney W3aURALUIA Local Optimum eid1d@nT8UIUNTT RPSO fd
913 Reset PBEST waw GBEST 91ntuagyiinis Reposition Litenszansaymelivan
910 Local optimum wazdfislomalumsiummmeuliinniy dwsdiuldainumuienis

¥4 RPSO 1 (3.4)

Initial particles

\
v

Evaluate Fitness Value

v

Update PBEST, GBEST

v

Update Velocity, Position

Reposition Particle

Trapped in
Reset PBEST & GBEST

local optima

Condiition
Satisfied?

JUN 3.4 urulsnsvinanuyes RPSO
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3.5 35M13RuAUN19YIUTNEU I U AU A NN FALUUNGNAUAIAGQEY
N15NA18NUSVDIATLNUINANGAVDI9YN1A ( The use of Global Best

position in rerun of particle swarm optimization : GBPSO )

GBPSOI[8] gﬂﬁwum%ﬁ@uﬁﬁmmmiﬁﬂu Local Optimum ¥849 PSO lngdanesiiu

[ [

Hagisudwinauniay PSO AuLuy Aulleaun1ainagly Local Optimum n1u58U7
A1MUALLLIGNTLUIUNITVDI GBPSO ABYININ1INTLANLAILNUIVBI0UAA PBEST Uag
o ! oA v = a o 1 =~
ALVIYRIBYNIATNATIAA GBEST mensideniudgusiiunivetoyniauay GBEST ilgq
] b4 = b4 LAY v o v a a = & !
dWndegielvioyniatudinsdumainauldlnaninuiuads Fudunistieaaiailuns
AUNILAEGIUIMIAIABY 2INTUILTIINITISUAUNITNIUYDY PSO 8nATY aundtazinly

Local Optimum A33dnly %38198A1A RO UNRNEATI9MEANTTUIUNITININU feazLiula

mﬂgﬂﬁ 3.5

( Start )

Initial particles

I
v \

Evaluate Fitness Value Mutate GBEST

E i

Update PBEST, GBEST

Mutate particles position

. f

Update Velocity, Position ]
Reset PBEST all particles

f

Reset GBEST

Trapped in

local optima

Condition
Satisfied?

Ul 3.5 unuifan1sviiauwes GBPSO
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UNUNEUD

Weaunteyninsinlu Local Optimum @83 PSO #viili PSO lilanansamaimneud
aa [ Y] & 1 d' = = a v ° &
Anaala Aaazmiuldanngu 4.1 Auansdanginssunsaummneuras PSO Nz

lilugiausnnsfumdmeauves PSO sunainsguinmAmeustasaLiessesiamile

1 a

uandislugaeiins e Busaasiiiuin PSO lanunsamemmeunifninduliviefned

Y [y

u Local Optimum "utes Fadudaymdrfyees PSO andymildnidenanevitudalavininis

Uulsmginssumseumaneues PSO wievdnuilgwumandl lidazdunsnanesius

aad 4

MIINaTU Msuusngueynineenilunqueos wagdsdu g 8nuin

ROSENBROCK

10

(]

o

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000

[
w

—PSO

Log(BestFit)
CTUNEEN
o (6] o

|
N
u

-30
Evaluation Call

g'ﬂﬁ 4.1 N5 PSO LansngRnIsun1sAUMAInaUTesileidy ROSENBROCK

msuvsngueuynimeenunguees vse MPSO  dadudnniudenlunisuilam
fandmfduiifion Wesmnidumsifslenidlunsdumdmeulinfedudues luasiie:
fufidumsanmiuanusalumsdumiameiiasie  Wesndunusymesenguiazanas
Tudewuiu finali MPSO guinmdmauuasfiin Local Optimum 1etndn PSO faagiiiulel

NNTMAIFUN 4.2 Tglunsivl PSO aiisewng 90 auniA uaviliiies 1 nau d@w MPSO
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1 3 ngu (G1 G2 G3) ngua 30 aun1A LeINTdUeUNAtYNIN I inT Wlgasth

N7 LagALiuIE LML G1 G2 way G3 @n Local Optimum Aauagdumnieiy

1000000 1500000 2000000

= PSO
s 10
4 —aG1
om
= -15
& —G2
—

20 —0G3

-25

-30

Evaluation Call

31]1'7i 4.2 nsU3guiisunisin Local Optimum 581319 PSO Aiu MPSO Tun1sAum
AMDUVDIIATU ROSENBROCK

1w o

Fanosfinuuy MPSO Muanslugy 4.2 udaznauiinisiumidudasededuriliiin
nskuminirsninlnsazdiuinie 3 nduinegign Local Optimum Auaziwmbefy us
sanesfiulunguiazdesiimsdomsteyadusswinnguitoliusasnguannsnthdeyanes
nauBuldlunsdumeoluly Inedaneifuiidenundnuuasimudofie Juneuisnig
Uiulgameimnumingauiigauuungueyniakuuainvatengulagldnisnsraneiumis
veseynaiilednlugagaduimnssauiunsasudunaveseyniafiafigaveangs vie
MPSOSM [7]

911 MPSOSM  agi#iu3n MPSOSM T43uAdaymnisinlu Local Optimum ves PSO
Tnen1suus PSO senidunansnguurasnauil GBEST vaeiies fuduudaznguazdinis
\ndeuiivesnguiliudasedefuaunsziangulangumilafineglu Local Optimum agldnns
nangfusiumisreseynia Taudanislddiumia GBEST a1nngqudullenanvil Local
Optimum usin1suussun1neandunatenauinlidnuiusyniasenquanasiinalinismd

1 @ i

Anautias wanandlungannngunsneglu Local Optimum thegafiu wiaznguialdnig

9

NANENUTURIDUNIAVBINGUAILBY wazUdazNgUNatenug GBEST 910 GBEST Andeniiu lng
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1 [ v =

uiazngunateusdasefuuazfanedl GBEST vesiiles JallnsAumiidudaszeefy
doannnisudseendunanenguilinisdumnirtuudffdededldnanulumsgdm
Local Optimum sniildnanisnuds magidedslsimstamnuaziulswnensandiuou
nguaslutisnavanzasdadumaiiunnuannsalumsfumdmmeuiameAiluy Local
Search Lfl9aAl1a1N15AUNIAIABUYDS MPSOSM as n¥ouduuiudseannislunis
Reposition Tregludasiiuauniniu lneldde B ivinnisusulsuasinunfo sunauidnig
FAUNGUIUAIAUUUKRAIN wmananﬁamehwnummzau (Combine multi particle

swarm in supporting trapping in local optima [9]) %38 CMPSO 1agn15%1411904

’ Initial particles into N Group ‘

1 |

Evaluate Particle Fitness Value Particle

GrouplG]
i

CMPSO azuansssgudi 4.3

| .

g |

’ Update PBEST, GBEST of Group [G] ‘

i

’ Update Velocity, Position of Group[G] ‘

Trapped in
local optima (GBESTIG] no
)

NO

improvement,

All swarm trap

NO YES
i v
’ Reset PBEST ‘ Merging Multi Swarm to 1 Group (N=1)
1 v
’ Reposition particles Group[Gr] ‘ Reset PBEST & GBEST

Random Group = R Reposition particles

v

Reposition GEBEST

(Change GBEST[Gy] = GBESTIR])

| |

| |
i '

| |

| |

! >

Group = Group +1 ‘

YES

Group < N

NO Condition

Satisfied?

Ul 4.3 unufannsvihauues CMPSO
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nmMsvaaedlunuids CMPSO (Maruan 1) aziudidle CMPSO Yinsanduau
nauaslunafvinzay fo neufinnngudnegi Local Optimum duviafediu esn
nanauAumluswiadeafunsiindiuusymasenguungu)iailenavilifiuay
anunsolunsdumianIzinuy Local Search fualsinsguinmmeuiivsyansnmanniy
mafideldinismegeulagnisusoyniadu 1 ngu 2 ngu uag3 ngulunisiudunis
AUNIAIAIANBU mﬂﬁuﬁWﬂWiam‘hmumjuaqmﬂaamﬁa 1 ngu ilennngueyniafialy
Local Optimum flgaieniiu FsanuanismaaesdinansuugUi 4.4 agifiuinnsiEududum
Fedrnunguiitesniituansodumednoulfifindt Fsansoazdldisiuiungs

%

FnueunalunguiinasdenisgiiimAmimneutiesnnideandnurunguililunisauniag
° i i g a X o8 w "y ° v g X < aX 2

FurueunIAdenguaunIAniinIw i linsgiiimAmeulastutues Tunsdiiluns
AUMIYA Optimum vasleAtu Rosenbrock 100 T# laevns wuu 1 Agy 90 YAIA 2 Ny
Nduag 45 oUNTA kaL3 NaN NANAT 30 BUNIA NNTBLIBAINBUNYA Optimum WAISNI

FIUIUBYNIALUNGNUINNTNIDANBUNBUANT U

ROSENBROCK

g ACMPSO_1G
——26_CMPSO_G1

[ T NN ANTEWeT - -

| ——2G_cMPSD_G2

=
=1

Hh K B G_CMPSO_Meges
%
H " i ——3G_CMPS0_G1

Log| BestFitness)

[
n

——3G_CMPSD_G2

——35G_CMPSO_GS

SG_CMPSO_Mergec

20 1 I VIO O 1 T

-25

A TRTY
N

20 | !
Evaluation call

U 4.4 nsvluansnsmageuNsUUsIIWIUNGIB YN ALeNAGaY CMPSO
Mnuanaaesuandluzun 4.4 nedidedslaiuuAniiuiulsedanesiiu CMPSO
IngAnua AUt INUBINITAUNIAINOULUYININSAUMIAIAINBUAIENGNOUNALTES 1

AN WIUNMSALIMAIY Multi Group wuu CMPSO wielieuniavinnsgeinmameulimstu



24

Tugausn Jseunaviudumianaranuiiniuuifnres PSO suuwuulUaudeynaynia

<

Anlu Local Optimum 98%11n13 Reposition AwntsvasannIAkay GBEST lnga1fnanias

(%
a0

vhiumeuildeludn 6 Ay andudiin Local Optimum azvihn1sutsngueyniaeniiy
vang | naugsLiialfinaa1ua1unsalunIsAumILUY Global Search ua¥¥1n"3 Reposition
Munisveseyniansuiafiuaeuiifn Local Optimum wagsumiisyes GBEST Bsaed
GBEST #ign Reposition agdaszrofuiiiudmaungy Tnsfudaznguazioniudiiunis
FumnArfnausg1edasyauusaznguiinsfnlu Local Optimum 8nass Tunsdiifiiieaun
vnanguvintuiianlu Local Optimum 191013 Reposition fumiisweseyniauazld GBEST
yeanguduiiliainnsduuiiu GBEST vesnguiliin Local Optimum widwnnguiinisin
Local Optimum Agaieniulviidagnausiinis Reposition Auniisveseyaiakag i
183 GBEST n¥aurhnsnsiadeuseulunsfin Local Optimum dasusnuseudidiviuals (@
afa) awviimsansuaungudesfunduiiioatu warndulugduneulunisdumnilusuuuy
Single Group 8nASs Tae MSPSO Hasinishumaduiusening Single Group fiu Multi-
Group WaweA A ReuTimIzauvEoAsUToUNSILAmNUA Faus15eniatnedui 33
nM3suAznsTINenguaynatilauiUyninisinlulaneaseudtiuvesiitesle (Merge
and split particle swarm in reducing trapping in local optima of PSO, MSPSO)

MSPSO Fitumaunsvieud "’zyyﬁ’wza%mwialﬂﬁ

1. n153.9nA1 PBEST waz GBEST

N3¥UIUNISSLINAN PBEST WAz GBEST auiintunislu Single Group way Multi Group

uazAnduraunsyuInns Reposition Tasavhmsaidnen PBEST uaz GBEST lufirgean

v

(maximum)  iledesfulalliioynngidmen PBEST way GBEST wiivilveyninfislu
Local Optimum uazagldfimsdmuaan GBEST Tuai Fadurveshumisiafigavesngu
ouNANAIINNIT Reposition Tneilaiin1g Reset A1 GBEST aziiiur1 GBEST au sumisii
fin Local Optimum 39nanaa3eaziinng Reposition GBEST 8t fatiunnsitlyl Reset GBEST
Afinséesumnis GBEST 91113 Reposition agflfiasusnis Reset A1 GBEST 9lsl GBEST

#lna3ainga Local Optimum il
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2. msldiunisnangaainnguau

Tupeuiaziinvuanzlunsdinsiumwuy Multi Group wihtiu Tegidlongulangy

| Yo v 1

wilsAnlu Local Optimum aziUAsudiuils GBEST waanguiidalyivinfusn GBEST weq
nauduiileinnnsdy el GBEST veangudufisounavesnguiidnliigaainnisin Local
Optimum
3. N15 Reposition %38 Slightly Mutation
n13 Reposition #38 Slightly Mutation Lﬂusﬁu’umaumiﬂ%’umﬁauﬁwLmﬂ,iwmmgﬂm
waz GBEST Ay ldlunisuidaymnisiialy Local Optimum wagdadunisifinloniald
symadsuiilUFum A reuTiuTnadue e umAnduindsgaiiin Local Optimum

q

a a v U ! a . ! o ! aa | U a1 dl U
W lnefivedanninlunisfia Local Optimum ﬂ’]ﬁ]']LLﬂ/iUQIU%JG]G]’N"’] UNAZUATINEIINY

[
a ] Y

Global Optimum agfiifissuresfifvinduniiaiflunsawasinagliniandiunuenidu

Global Optimum Fnerdinusatuidslsviusuasudumidunisnateiuglieslutig
AU Aardsusuiudifanafudies 20% - 30% gassaufifvaue onaniulufindg
Wasuazasuaindundadnlaiifu 10% dadunstisannailunisfumuazgidim
fmou Tagtasiidonunriinisnszateazaglutig 0.9 - 1 vesAnfn lastunaulunis
Reposition wusaenilu 2 @i fe
3.1 N9 reposition ﬁ’nmﬁwmaqmﬂ
fupoutiaziintundsanouneineglu Local optimum laasdulunsd
ASAUMUUY Single Group ¥3e Multi Group Tngazvhnsideniuasusiiums
voseynALiisaud 20% vesdifviusatoyma Saagiiniadonideunios-

NEYB0UNIA 50% otouNIANgniden Twwanwuaun1si (4.1) legld

LWATDIVUNEY +

Xy =Xy x(0.9+0.1x rand())) (4.1)

ARMAsUTUARD 10% veelifvanus TulRwaidazidunisivasuegaunndaas

luiUBsuagrauau(Slightly Mutation) mufifinuslagen 0.9 + 0.1 « random()
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3.2 N3 reposition ATUWUY GBEST

(%
[

HfumuminuAgiuns Reposition veariumiseynALNE AT ILILLR

a

Azinsdsuiindudy 30% 111999103015 Reset A1 PBEST wag GBEST Aouf
LITUADU 3.1 war 3.2 sauulunisyindusou 3.1 A1 GBEST auidusiuinus

WeITUaUNIANATIEAMAINTS  Reposition  nuuludumeutiszgudguniy

q

o '
(% v aaa

WNINANDA 30% VDINANIAUA mﬁuﬁﬂ""]LLéj’Jﬁi’lWJmJGWlLﬂ§SULLﬂaﬂ%1ﬂﬁﬁ
GBEST \usnnilaniie 50% vessiurufiivaun (nefifoausiinsumisoynia
uazsuvs GBEST egflfendumeudiin Local Optimum Ty 50% l#fu191n
20% mou Reposition uvieyniA wazdn 30% nnsfitheyniATin
Reposition ({u GBEST) muaunsil (4.2) wagshmsideniasuiesomansves

oynA GBEST 50% vaseynAfigniden
Gy =+(Gy; x(0.9+0.1x rand())) (4.2)

nssvumstansaiatuldiilunsdiingueynaduiuy  Single Group
uay Multi Group Tnglu Multi Group asiinduamglunsdiinnnauinedlu
local optimum ey
4. N13AATIUIUNGUBUNIA
nszvIuMsansuaungueynadutuseuiiiuawansslunsAuL U
%39 Local Search lgnszuIUMIAUNILUY Single Group %138 aATIUIUNGUOUNIALYERE
Fies 1 ngueymAazfintuiienssuaunsfuvAmfneuLuy Multi Group vhns3lnddy

[

dlofinlu Local Optimum AsUdWIY 4 50U ?iamiami”muﬂfjmf“ nUszasALilaLiy
aruanansolunmsdumuuuianedlitueynia silfeuneaunsamendmeuldania
Tassadstoyavesmsudanguueseynnazlilasiaing Aray lnefiEudueyaed
90 ayA tuveenidu 3 ngu symaluazegiingsilaaglinig Modulo Index veseynA
Tnenguuesayninazyiniy Index va3aynin Modulo 3 fatfu Swarmi0], Swarm[3] uaz

Swarm[6] zaglunguiieniuiliesain Index Modulo wdawwiniu 0 misldlassasietivinli

Wasudwungulddelaeindesniswdeunn 3 nquidu 2 nguiwAddsudiuuily
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[

Modulo %8¢ Index 210 3 18 2 uenaniisaadendemumiseuniafieglunguiftannsn
dsiounsdrtnlulungalvaingsainns Reposition dafiumsdoanssywinanguusnainsg
1gh1umne GBEST aghawfen
5. AsNsIuIUNgueYNIA

nszvaumaissnungueymaduduneufifisanuannsalunisdumluuun
n¥13 3 Global Search aiAntwilonguounia 1 nau vinssndduilenlugn Local
Optimum ¥ 6 AT mﬂﬁ'uﬁwmﬁnizm&Jaﬂgmﬂaamﬂumjuéaaf] lumadediesuu
3 ngu TnenisifudiuiunguenniaiiingUszasdiftaifiafuiluniséunilieynia
ansnsodumdaeuldniiely

N3EUIUNITNUVRNITNITTINLAENTEAENFUa LA AL LA UYMINSARY Local

a

Optimum ¥83 PSO %38 MSPSO wandfa U7 4.5 4ae 4.6 uazuNuRINI sy uLanInegy

a.7
Initial swarm (90,1,X[1,V[1,GBEST,PBEST])//number of particles, number of swarm, particles positions (1)
While(not finish) (2)
lteration++ (3)
If number of swarm = 1 (4)
for all particle p in a swarm (5)
Update particles p position using normal PSO from EQ (2.2,2.3) (6)
Evaluate particle p positions and update its PBEST and GBEST (7)
If GBEST unchanged for Max_iterations(100): (8)
reset GBEST 9)
for all particle p in a swarm (10)
reset p’s PBEST value to maximum (11)
randomly mutate p positions by EQ[4.1] //20% of p’s dimension (12)
Evaluate particle p positions and update its PBEST and GBEST (13)
Set GBEST to randomly mutate GBEST positions by EQ[4.2] //30% (14)
Number of single group Reposition ++ (15)
If Number of single group Reposition = 6 (16)
Set number of swarm to 3 //divide a swarm into 3 sub-swarm (17)

SUN 4.5 S9E91809EAINITYINGIUYRI MSPSO

Y
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NNTWETIa0INIUARINTYINUYE MSPSO U7 4.5 Badumsvisuvesdanesiinly
AIUNSEUIMUUU Single Group TngluiasuduNsUaEinNIsEwIRUY PSO fuluy
Rlul,ﬂaﬁaigmﬂaﬂh Local Optimum %lfilj’lgiﬂszmuﬂ’li Reposition WU Single Group U84
MSPSO Feazuiuldannussiaii 8-15 Aevinns Reset A1 GBEST way PBEST 91nijuriinis
Reposition funLIY8981AA p ALENNTST 4.1 wagyiins Reposition HuaUes GBEST
pwaunsi 42 wezaunduldvimsdumuuy PSO Funuudnedt  Teenszuiums
Reposition WU Single Group Hawvavaa 6 a%q ‘\]Wﬂﬁjjuawﬂ'lﬂ‘\]%ﬁ’]ﬂ’]‘ﬁLLUﬁﬂEjiJE]Hﬂ’]ﬂ

sanilu 3 nqu AIUTIVIAT 16-17 waLISUAUNTAUMLUY Multi Group Asaguandluzun 4.6

Else (number of swarm # 1) (18)
for all sub swarm s in a swarm (19)
for all particle p in a sub swarm s (20)
Update particles p position using normal PSO from EQ (2.2,2.3) (21)
Evaluate particles p and update p’s PBEST and sub swarm s GBEST (22)

If all sub-swarm trap in the same local optima: (23)
for all sub swarm s in a swarm (24)
reset sub swarm s GBEST (25)

for all particle p in a sub swarm s (26)

reset particle p PBEST 27

randomly mutate particle p positions by EQ[4.1] (28)

evaluate particle p positions, update its PBEST, sub swarm s GBEST (29)

randomly mutate sub swarm s GBEST using EQ[4.2] (30)

Else (not all sub-swarm trap in the same local optima): (31)
for all particle p in a trap sub swarm s (32)
reset particle p PBEST (33)
randomly mutate particle p positions by EQ[4.1] (34)
evaluate particle p positions, update its PBEST (35)

set GBEST of a trap swarm s to GBEST of other randomly sub swarm with - (36)

different GBEST

Number of multi eroup Reposition ++ (37)
If Number of multi eroup Reposition = 4 (38)
Set number of swarm to 1 (39)

SUN 4.6 S9@91999L@AINTSYIN9IUYDY MSPSO (519)

Y
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INIHATIADINTWANINITVINNUYRY MSPSO 3UT 4.6 Faulunmsieuvesdanesiiulu
dUVBINTAUMIUUY Multi Group Iaglugiasusunsiny uiagnguasinnisAumuuy
PSO siuwuuludaszuwenaendiniu usavnquiiAn PBEST waz GBEST uvesmuias auidled

v

nsdalu Local Optimum azid1gnszuanns Reposition daudseenidu 2 nsdl fie fwn
N Local Optimum figaiienifu (Uss¥indl 23 - 30) usiaznguazyin Reset A1 GBEST uaz
PBEST fiaw 21n1uyiin1s Reposition FUMNDI0YNIA p VOILARZNENALALNNTT 4.1 Uaz
¥1M13 Reposition MUVisues GBEST vesusagngunuannsn 4.2 uafdifieauduiangs
wihiudiasly Local Optimum (UsS¥iAfl 31-37) 9¥11n15 Reposition Lawwﬂejuﬁamwhﬁ?u
Tneasi3uaIn Reset A PBEST vadnguilin a1ntuvinn1s Reposition suvtsaseynia p
PAANNTT 4.1 daud1 GBEST Ufuusslaeiasuedumia GBEST vesnguitAnliviniue
GBEST wosnguduilénnnnisdu el GBEST weangudufseunavesnguiidnlyivanain
N137A Local Optima FanseuIuns Reposition Luu Multi Group ﬁ]zﬁﬁfl’jﬂﬂm a4 ﬂ%ﬂ mﬂﬁ?u
sgihnsrungueyniadu 1 ngu (Ussiad 38 - 39) uazunduluAumuLUY Single Group
(Uit 4.5) ol Tnestsiiiuneunisduvues MSPSO 4 aevhauadufuluan sewiauuy

Single Group iU Multi Group AUNINELLIBANAINBUNRNZANIDATUTBUNSAUMNIYUALT

UULDY



Initial particles

Process of PSO

Trapped in local optima

Reset PBEST & GBEST

v

Mutate particles position

v

Evaluate

v

Mutate GBEST

v

Count_repo_single++

NO

Count RE S=6

NO

Condition
atisfied?

YES

3
L]

U

X
N

e
v v v
Process of PSO_G1 Process of PSO_G2 Process of PSO_G3
[ [

NO |
Condition NO Trapped in
atisfied? ocal optima
YES

All swarm trap

YES

v v

Reset PBEST Reset PBEST & GBEST of all Group

- I

Reposition particles Group[G]

Reposition particles of all Group

v

Random Group = R v
(Change GBEST [G] = GBESTIR] ) Reposition GEBEST of all Group

\ |
v

Count_repo_Multi++

YES /\ NO
Count RE M =4

4.7 LHURINITVIN9IUY9 MSPSO

0¢
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Hendu Inensvaaesladnisldisvesnuidensgame Uil

1.

ﬁmimmﬁmmzauﬁqmwumjmaymﬂ (Particle Swarm Optimization,
PSOI1,2])
FBNITAUNIRENTIATIUUNAIENGNBUNIALALNITNATBTUTAZNITHANTUS
(Fast Multi-swarm Particle Swarm Optimization, FMPSO[16])
FBnsfumtuneuiBnisufulsmataunEaNTiaaLuUN YN ALUY
varnvanengulaglinisnszaeiumisveseynaiiefnlugnaaduinssudu
AsLAsuduntavesoynIAfianigauesngy (Improving Multi-Swarm by
Slightly Mutation Particle and GBEST of Stuck Swarm Along with Randomly
Selecting GBEST of other Swarm, MPSOSM[7])
fumeuiinsusulgmanunzaniiaauuungueunialasldnisnszane
Fruniavesoyniailofnlugngadusing (Reposition by Slightly Mutation
Particle with Particle Swarm Optimization, RPSO)
FBnsFudunsinulmivesnisma iz auiigauuunguoynAfIsng
nanesiusveiumLsfiAfignuedoynia (The use of Global Best position in

rerun of particle swarm optimization, GBPSOI[8])

UABUITNITIIUNGUBYNIALUUNAINYANYNGULNONIAIAIULNU LAY

e

(Combine multi particle swarm in supporting trapping in local optima,
CMPSQI9))

AFnnsunaznszanenguoyniaileusdyminisialy Local Optimum w84
PSO (Merge and split particle swarm in reducing trapping in local optima

of PSO, MSPSO)
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AIsEmesndunldlunsideuiisuasgnimualvlianyiniuvewnaassves

NATeillunndane3iiy Feavgnimualifsm1sned 5.1 muang

[

M99 5.1 Asilwesiugiunldneassiuilsiduninsgiu

N1913003 ATNT53LNDS
d1urueuniA (Population Size) Mldlunisnaassnsdiiidu 1 nqu
90 8YNA
BUNA
Puunguusseynafildlunisnaassnsdifidualsngueynin 3 N

J1uIUYNIA (Population Size) NlFlun1snaassnsdidunane

30 9UNA/NGY

NANOUNIA/NGY

Srunuseuildlunisussaananisnnaes 10 Ay

AAudes (Inertia Weisht; ) 0.72984
ﬂ'ﬂmﬁmiﬁﬂui (Acceleration Evaluation; C1=C2) 1.496172

LRV AazHandu (Dimension)

ANUAITIN 5.2

IuuseuNINgalglunsnaaes (Generation)

1,000,000 s8U

NSIULUUTAIENENDUNTA

Frunuseuiitiuindaly Local Optima (Threshold of trapped) 100
$1unuasslunisnszansrasaynia(Threshold of Reposition) nsdl
AMYIULUY 1 NuaunIA /
$ruunsslunsnszanereseuna(Threshold of Reposition) N3 .

5.2 nInnaay

AT dlavinnseasnUssuisuLiaTnussaNSAnseinedanasiu PSO, RPSO,

GBPSO, FMPSO, MPSOSM iag CMPSO fusanasfiuiiiiaus(MsPso) Tnsnaaauuuiiarsdu

1m351U(Benchmark test function) $1u3u 27 WA (A1ARWIN)
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Tnglunuddeiiinnisveassuuilenduuinsgiunmun 27 faidu (nanwan) loy

pUsJuitendy Multimodal $1u7u 18 #efdu wag Unimodal $1u1u 9 #andu A uula

ANUAITIATUAN

A15199 5.2 anuazkarduIuiifvaaiandu

Fotleridu % AnuauzvaIranYu
ACKLEY 100 Multimodal
GRIEWANK 100 Multimodal
RASTRIGIN 100 Multimodal
ROSENBROCK 100 Multimodal
SCHWEFEL 100 Multimodal
COSINE MIXTURE 100 Multimodal
EXPONENRIAL 100 Multimodal
LEVY 100 Multimodal
MICHALEWICZ 10 Multimodal
DIXON-PRICE 10 Multimodal
STEP 100 Multimodal
SCHAFFER 2 Multimodal
HOLDER 2 Multimodal
BEALE 2 Multimodal
SHUBERT 2 Multimodal
GOLDSTEIN-PRICE 2 Multimodal
SIX-HUMP CAMEL 2 Multimodal
SPHERE 100 Unimodal
PARALLEL HYPER-ELLIPSOID 100 Unimodal
ROTATED HYPER-ELLIPSOID 100 Unimodal
CIGAR 100 Unimodal
BROWN 100 Unimodal
MULTIMOD 100 Unimodal
ZAKHAROV 100 Unimodal
TRID 10 Unimodal
EASOM 2 Unimodal
EGGHOLDER 2 Multimodal
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5.4 NANIINAQDY

e INAaeIMILTeT 5.2 arutsmsensuanssaseniiu 2 dau drunsnidunnsg
Wisuileuusavsnmseninedanaiiiuily 1 nueunalumsiumardnoudsazuansly
M5197 5.3 wag 5.4 drwdiaeadunsuieuiiisuszwindanedfuilivarengueyaialu
nsfumAAmeUdsuandlunsed 5.5 uay 5.6 Tasieaesdiuriinimaaouuuilaidy
wnasgiusi 27 fliduluiate 5.3 TneseasiBenvesisasiladfueiuislunienan n deld

ANNIIABDIANUAITIN 5.1 WAL 5.2

a = = a a i o ax ada °
M990 5.3 AN5ILEAINANITIUTIULNEUUTEEANTATINTENINNDANDINUNUNITNINULUU 1

ngueynIA PSO, RPSO, GBPSO wagitiausiiiduluumansngueynia CMPSO FUMSPSO

PSO RPSO GBPSO(30)* | GBPSO(90) | CMPSO MSPSO
NO Function Evaluation | Evaluation | Evaluation | Evaluation | Evaluation | Evaluation
Call Call Call Call Call Call
1 ACKLEY 30,115,176 5,106,860 1,650,657 3,135,697 2,958,060 2,930,509
2 | GRIEWANK 5,290,716 471,592 290,627 460,581 391,325 83,057
3 | RASTRIGIN 13,997,841 2,442,045 2,035,588 3,836,991 3,169,668 3,947,736
4 | ROSENBROCK 724,874 90,048,115 8,185,827 1,171,471 1,097,672 1,006,174
5 | SCHWEFEL 51,283,412 43,860,919 28,803,838 28,652,968 | 29,740,709 | 25,644,435
6 | COSINE MIXTURE | 47,399,480 556,134 333,556 483,072 496,443 489,148
7. | EXPONENRIAL 5,064,847 1,249,951 333,145 731,974 682,240 693,692
8. | LEVY 1,117,264 3,412,657 3,643,987 2,397,063 2,280,170 1,933,746
9. | MICHALEWICZ 9,490,158 113,034 77,111 176,389 119,337 163,624
10. | DIXON-PRICE 8,034 17,213 24,202 13,317 10,016 9,212
11. | STEP 81,980,437 109,751 63,111 123,529 121,235 120,291
12. | SCHAFFER 20,380 24,481 53,955 171,236 140,682 52,690
13. | HOLDER 7,097 14,857 19,867 17,822 18,261 13,267
14. | BEALE 30,538 31,915 11,803 32,291 32,317 32,353
15. | SHUBERT 6,589 5,857 2,439 6,248 6,061 5,745
16. | GOLDSTEIN-PRICE 11,798 11,636 4,233 12,025 11,949 10,919
17. | SIX-HUMP CAMEL 1961 2,241 931 2,197 2,412 2,081
18 | SPHERE 64,780,130 5,397,412 4,294,113 5,435,301 5,412,248 | 5,406,769
19. | Parallel 27,382,808 5,417,563 4,365,020 5,438,400 5,453,967 | 5,398,414
20. | Rotated 6,137,700 5,388,812 4,302,733 5,371,351 5,348,542 | 5,333,830
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PSO RPSO GBPSO(30)* | GBPSO(90) | CMPSO MSPSO
NO Function Evaluation | Evaluation | Evaluation | Evaluation | Evaluation | Evaluation

Call Call Call Call Call Call
21. | CIGAR 8,360,121 5,407,012 4,380,980 5,442,806 5,407,171 5,428,116
22. | BROWN 50,726,208 5,386,134 4,387,605 5373773 5,385,187 | 5,416,673
23. | MULTIMOD 139,223 15,426,328 11,342,805 14,777,380 14,356,234 | 14,522,362
24. | ZAKHAROV 88,352,774 | 85,329,067 | 29,999,950 88,409,486 | 84,659,455 | 84,884,260
25. | TRID 28,234,935 | 1,530,782 147,171 360,485 404,130 299,442
26. | EASOM 14,095 17,917 6,710 17,415 17,581 18,085
27. | EGGHOLDER 18,594 84,800,595 30,172,287 83,461,070 | 90,547,904 | 84,394,263

a = = a a i o ax ada °
M990 5.4 A151LEAINANTIUTEULNEUUSEEANTAINTENINNDANDINUNUNITNINIULUU 1

naueaYATA PSO, RPSO, GBPSO uayiithiausiiuluumatongueynia CMPSO AUMSPSO

($19)

PSO RPSO GBPSO(30)* | GBPSO(90) | CMPSO MSPSO

NO Function BEST BEST BEST BEST BEST BEST

FITNESS FITNESS FITNESS FITNESS FITNESS | FITNESS
1 ACKLEY 4.56869 0 0 0 0 0
2 GRIEWANK 0.150842 0 0 0 0 0
3 RASTRIGIN 395.992 0 0 0 0 0
4 ROSENBROCK 1.53E-27 2.9336E-29 0 0 0 0
5 SCHWEFEL 6612.63 0 262.9399 0 0 0
6 COSINE MIXTURE 4.28574 0 0 0 0 0
7. EXPONENRIAL 5.55E-16 0 0 0 0 0
8. LEVY 96.7221 0 0 0 0 0
9. MICHALEWICZ 0.442787 0 0 0 0 0
10. | DIXON-PRICE 0 0 0 0 0 0
11. | STEP 37 0 0 0 0 0
12. | SCHAFFER 0 0 0 0 0 0
13. | HOLDER 0 0 0 0 0 0
14. | BEALE 0 0 0 0 0 0
15. | SHUBERT 0 0 0 0 0 0
16. | GOLDSTEIN-PRICE 0 0 0 0 0 0
17. | SIX-HUMP CAMEL 0 0 0 0 0 0
18 | SPHERE 0 0 0 0 0 0
19. | Parallel 3.96241e-321 0 0 0 0 0
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PSO RPSO GBPSO(30)* | GBPSO(90) | CMPSO MSPSO
NO Function BEST BEST BEST BEST BEST BEST
FITNESS FITNESS FITNESS FITNESS FITNESS | FITNESS
20. | Rotated 0 0 0 0 0 0
21. | CIGAR 1.4822e-318 0 0 0 0 0
22. | BROWN 9.88131e-324 0 0 0 0 0
23. | MULTIMOD 449.13 0 0 0 0 0
24. | ZAKHAROV 5.92879e-323 | 2.638E-290 3.41E-38 | 7.3418e-321 0 0
25. | TRID 2.7T3E-12 0 0 0 0 0
26. | EASOM 0 0 0 0 0 0
27. | EGGHOLDER 65.0611 0.00172513 0.025918 0.0030044 | 0.004243 | 0.003645
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a ~ = a a i o ax aa o
M15790 5.5 A1519LARAINANTITIUTIUNEUUSLENTNINTENINI0aNDINUNLNITNIUNR Y

NaNeUNIA FMPSO, MPSOSM, uag CMPSO fudanasiuitiaus (MSPSO)

a=x a

FMPSO MPSOSM CMPSO MSPSO
NO Function Evaluation Evaluation Evaluation Evaluation
Call Call Call Call
1 ACKLEY 270,000,270 9,976,302 2,958,060 2.930.509
2 GRIEWANK 2,481,354 770,810 391,325 383,057
3 RASTRIGIN 270,000,270 4,345,610 3,169,668 3,947,736
a4 ROSENBROCK 10,501,839 90,091,792 1,097,672 1,006,174
5 SCHWEFEL 270,000,270 61,064,589 29,740,709 25.644.435
6 COSINE MIXTURE 28,729,593 1,201,142 496,443 489,148
7. EXPONENRIAL 270,000,270 1,296,088 682,240 693,692
8. LEVY 270,000,270 14,123,690 2,280,170 1.933.746
9. MICHALEWICZ 4,698 160,782 119,337 163,624
10. DIXON-PRICE 39,366 11,273 10,016 9212
11. | STEP 853,497 168,154 121,235 120.291
12. | SCHAFFER 55,890 37,754 140,682 269
13. HOLDER 270 24,890 18,261 13,267
14. BEALE 28,134 34,733 32,317 32,353
15. | SHUBERT 835,137 5,752 6,061 5745
16. | GOLDSTEIN-PRICE 7.587 12,091 11,949 10,919
17. SIX-HUMP CAMEL 2,430 2,375 2,412 2081
18 SPHERE 29,501,145 12,751,789 5,412,248 5.406.769
19. | Parallel 29,886,219 12,822,032 5,453,967 51398.414
20. | Rotated 29,239,218 12,546,220 5,348,542 5333.830
21. | CIGAR 29,677,239 12,788,264 5,407,171 5428116
22. BROWN 29,484,621 12,845,110 5,385,187 5.416,673
23. | MULTIMOD 270,000,270 33,288,076 14,356,234 14,522,362
24. ZAKHAROV 270,000,270 90,000,307 84,659,455 84.884.260
25. | TRID 2,447,145 2,722,421 404,130 299,442
26. EASOM 270,000,270 18,981 17,581 18,085
27. | EGGHOLDER 27,006,642 81,266,763 90,547,904 84,394,263
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a ™ = a a i o a=x aa o
M1579N 5.6 ASILEAAINANIFIUTULNEUUSLENTNINTENINI0aNDINUNUNITNIUNRY

naueaun1A FMPSO, MPSOSM, wag CMPSO Fudano3fiuiitaus (MSPSO) (s9)

FMPSO MPSOSM CMPSO MSPSO
NO Function BEST BEST BEST BEST
FITNESS FITNESS FITNESS FITNESS
1 ACKLEY 1.42E-14 0 0 0
2 GRIEWANK 0 0 0 0
3 RASTRIGIN 744.0536 0 0 0
a4 ROSENBROCK 0 3.47345E-28 0 0
5 SCHWEFEL 8402.694 12 0 0
6 COSINE MIXTURE 0.014792 0 0 0
7. EXPONENRIAL 1.44E-16 0 0 0
8. LEVY 0.946714 0 0 0
9. MICHALEWICZ 0 0 0 0
10. DIXON-PRICE 0 0 0 0
11. STEP 0 0 0 0
12. SCHAFFER 0 0 0 0
13. HOLDER 0 0 0 0
14. BEALE 0 0 0 0
15. SHUBERT 0 0 0 0
16. GOLDSTEIN-PRICE 0 0 0 0
17. SIX-HUMP CAMEL 0 0 0 0
18 SPHERE 0 0 0 0
19. Parallel 0 0 0 0
20. Rotated 0 0 0 0
21. CIGAR 0 0 0 0
22. BROWN 0 0 0 0
23, MULTIMOD 157.7624 0 0 0
24. ZAKHAROV 9.355664 2.8602E-170 0 0
25. TRID 0 0 0 0
26. EASOM 1.69E-06 0 0 0
27. EGGHOLDER 6.50611 0.0005422 0.004243158 0.003645

A15199 5.5 1Az 5.6 WumTNnannansiUSeuisuUssansanseningsanasiud

fnmsheumanengueynia FMPSO, MPSOSM, waz CMPSO fudanesfiufitniaus(MSPSO)
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Absrgei—This paper proposed wsing mulfi swarm to lessen
trapping i local optima problem of Parfice Swarm
Optimization (F30). The use of mulfiple swarms cam increase
wider global search at the cost of decrease narrower local search.
Hence, the use of moltiple swarms alope can’t solve the frapping
problem. This paper evtends the wse of molfi swarm by merging
all the swarm imto single groop to enbanced local search when
peeded This can increase the local search ability of muolt swarm
and increase the chance of the trapped swarm to move fo other
pearby local optima. The proposed method & compared o
similarly comparable modified P50 and other similarly multi
particle swarm withont merging nsing 26 beachmark functions.

Egywords—Parricle  Swarm  Opfmization; PS0;  muitiple
TWATM; METFmE

I INTRODUCTION

The nse of nmltple swarm to improve Tapping in locsl
optima problem has been widely used by many researcher [3],
[4]. By divide swarm into nmldple groups with their own
particles and best position of the group (GBEST), the entire
swarm can sesrch more wildly with mmitiple group swanns
exploring toward their owm GBEST. But, since there is less
mumber of particles in ezch group, the local search performance
around muifiple GBEST is reduce Also, mmiltiple swanms can
exchange their search informanon through GBEST and particle
positions which can sometime cause the enfite groups to search
closer. Thiz tradeoff berween gzlobal and local search and
exchange of informstion can sometmes results in beter
solution bt forther improvemsnt are needed .

In order to take advantage of both zlobal and local search
thizs paper uses the global search in the beginning of the search
and finally use local search at the end to improve the final
solution. The time to switch Som global search to local search
is when all the swarm can’t be improved and trapped in the
same local optima.

To show the effectiveness of the proposed method, it is
tested with 26 benchmark fimctions and conparing to PSO
with the same kind of particle nmitadon when wapped and
similar manltiple swarm with fixed mumber of swarm.

This paper organized into five sections. The frst section is
thiz intreduction. The second secton reviews the melated

previons works and their algorithms. The third sectons explain
the proposed method and its algorithm The fourth secton is
the experiment results comparing the propesed and other
selected methods. The final section is the conclusion.

IO PREVIMUE WORE

A Particle Swarm Optimization, P50

P50 i one of the most popular mets-henmistic algorithms.
It was proposed by Eennedy snd Eberhart in [1], [2]. It was
inspired by swarm behavior of birds to find food source which
is applied for solving of optimization problem. This algoritim
starts from random imitial parameter for a swarm of birds or
particles in the search space. After that Particles will move
throngh search space toward the best encounter position of all
particles (GBEST) and the best own position of particles from
previons search Each of the particles is replaced by the
velocity and positon which updsted in each round of the
search as follows:

T = wify + cyrand; (fy — &) + cprand, (f, - %) (1)

I =X+ (]
Where ¥ and T are the current position and velocity of a
particle k, ¥, is the previous position of a particle k, 17, is the
velocity of a particle k ¢; and c; are acceleration comstants,
rand; and rand; are random number bemwveen 0 and 1, o is the
imitial weighe, §, is the best position in history (PBEST) and
i, 1= the best position of the swarm({GEEST).

B. Fast Multi-swarm Oprimization with Cauchy Mutation and

Crozsover operation, FMPSO

FMPS0 [4] = a2 omlti-particle swarm with Canchy
mutation and cross over. Each swarm has its own GBEST and
moving toward its GBEST. Each iteration, a particle selects its
next position from position generated from nommal PSO and
Canchy mmtaton from its current position whichever has the
betier Gimess. Then, each particle in & swarm perform crossover
with the best parucle of a random swarm before staring the
next iterafion.

ST5-1-5366~4556-5r15%31.00 <2016 IEEE
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€ 4 Modyfed Mult-Swarm Optimization with Interchange
GEEST and Particle Rediztribution, MPSOIR

tod, Eruatrachoe and Sirnboon [5] proposed A
Modified Mulfi-Swarm Optimizaton with Interchange GBEST
and Particle Redisiribution (MPSOIF). They recommend using
position of neighboring GBEST and using method of nmitation
to change the position of each partcle when a singls group of
swarm fraps in the same posidon for some mumber of
iterations. The use of other swarmm GBEST is aim to guide the
swarm out of its previous wapping (GBEST. Even if both the
rap swarm’'s GBEST and the neighbor swarm's GBEST are
mear or at the same position the mutation of particle positions
can also improve the chance to escape the same optima point

0. Improning Mult-Swarm By Shghthy Wutation Particle and
GREST gf Stuck Swarm Alowng with Randomiy Selecting
GREST gf other Swarm, WP505M
Chengkbnmiod, Emamracme and Sidboon [§] improved

their works by randomly use of other swarm GBEST instead

off fixing the same neighbor GBEST and reduce the nmitation
range and mmrtstion probability in “ Improving JJuli-5warm by

Slightly Mutation Particle and GBEST of Stuck Swerm Along

with Fandomly Selecting GBEST of other Swarm MPSOSM ™

MPSOSM use mmiti-swarm of PSO. Each swarm search
and trap in its local optima. When a swarm is apped, the
particle position of the oap swarm is shightly mmted fom is
cumTent position and the best fimess of the tmapped swanm is set
to those of random other swarm. This can increase the chance
of the rapped swarm to move to other local optima. But, if all
the swanms are wapped in the same local optima, each swarm
will first perform particle position mutstion fom its ourent
position followed by nmtation of its GEEST. All swarm will
search in slightly different ares, since each swanm perfiorms
mutation to different particle positions and diferent GBEST.
Even thouwsh the MPSOEM performs better than nonmal PSO
and some omilt swarms PS50, some of the benchmark fimctions
siill struck in local opama.

II. THE PROPCSED ALGORITHM

The proposed slzorithm “Combine nmla particle swarm™
(CMPS0) starts with global search with nonltiple swarms as of
MEPSOSM. But when all swarm trap in the same local optima,
particle of all swarm are slightly nmitated and group inte ons
single swam And the GBEST of the merging swanm is from
the slighfly mutstion from the previous trap GBEST. This will
increase the local search ability due to more particles searching
toward the same GBEST.

The pseudo-code of our alzorithm iz shown in Alzorithm 1.
The process of PSO is activated in line 1 to 4 of Alporithm 1.
This process will nm umtl swarm stuck in local optima
exceeding some mumber of iferations. If all swarm trapped m
the same local optima, they will process in line 5 to 10 where
all PBEST: and GBESTs are reset and all swanm merge o
single swarm and all particles” position is reposition slighthy
from its CETEnt position to increase the chamce to find better
nearby optima. Coly 20% of all particle’s atoibute are chaneed
using (3) with 50% chance of reversing their sipgm Since a
swarm move toward GBEST, to avoid rapping at the same

72

GBEST position, GBEST is firstly reset and reposition all
particles in swarms. GBEST from the best reposition parficles
is then slighty modified GBEST using {4) with 30% chance of
atmibute change The GBEST atinbute change probability is
increase to force wider search But, if swarm trap in different
location it process in line 11 to 15 where swanm particle
position is also muate with (3), it GBEST is set to GBEST of
other random swarm with different GBEST. The mmber of
swarm still the same more than one growup will indtially search
to the same GBEST. But since each swarm has their own
GBEST, it may change and finally search in different location

GBEST, = £(GBEST, * (09 4 0.1 x rand(1))  (3)

Kig = X = (09 + 0.1 % rand()]) @
Ao I : PEmmo cone

(1} Enitaal parsicks positons(R| VT GBEST.PEEET])

o ticles o all ing normal BSO

(3} Updss particl VIrArm nsing o

{#) Evaluate particles frons (3) and update PEEST and GBEST of all swazm

{5 Hall sob-sweamm tap in the same local cptma

() reaat PFEEST of all particles, mest GBESTS of all rwamms

{7 randepshy omtate of 21l particle posdticns by E0[3]

{E) wraiam all particks positions and wpdate it FEEST

= Sqt GHEST to mandomly mutate GEEST of e Snt swanm positions
by EQLI]

{10 Sat numbar of wammme to | Vall mam will e the same GBEST

(11 Elss {zotall sbe-swams Tap in the mams local cptima)

{1I) reaat FEEST of all particles, et GEEST of trapped swarms

{13} randoely mrstasion of all partick pesitions of Tap mam by EQ[3]
(15 wnabmts all particle positions ad PBEST
{15) sat GBEST of all map swarm to GBEST of cther adomly swam
with &fferont CBEST
IV. EXPERIMENT

4. Banchmark Test Funcrions

The proposed algorithm is compeared the performance of
another slzorithm on 26 benchmark test functions [7], [8]
which are described in Table I as below:

TAEBLEL Becidari TEST PINCTIONS
Bee=t
Name = Best
5o Punctien Search space I‘i;hﬁs Dim| poceen
Value
1 [acxiey RE-1X 7T 2 o 0.
1 | CRECWARK 3 |30 [ 100 [
3 [ rasmmicEs M E[-5. [LLIZF ] 100 [
4 [ ROSINROCK. | X €|-204 2 0mr ] 3 [T
% | scamwmmn. X £ [-200,500 a 1o "‘f‘:'ﬁﬁ;_:l
& [ooamn M E[-1,0F [] 100 [
T [morosmma. | Xepr AT ] 3 o,
B [y NEFSRAITE [ 100 [T
O [ MOCHALIOWICE | € [-52.0 fuo 434 | ] W | 2, 1T
10| DoomereE. | x€ |0, P [ In [
L1 | ster X 100, I00] [ we | o g
12 | swnn 3 [-100, I [ - [
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Best

Name . Best
No. Fencticn Search space I:i,if:'-“ Diim Pasiti
13 | s KE [-10,10pF a 2 "'_‘I":‘;fv
14 | neas XE [424 357 a &,...01}
13 | =mnmerT AE [-10, 107 ] a,..a
16 | conemman KE [-12F a -1}
17| =x-inmar e [-22F a "'_TI'_"TI
18 [ TR ME [-100, 10 1 ] (P
1% | =mnzz AE [-IZAIZF 1 I 3,0
20| pazansim, KE [-L1ZA12F 1 I
21 | ROTATID ME [-23.504 A5 TM T 1 [T J
22 | cioas: KE |10, 107 1 I .. 2}
23 | nrows XE [-14T 1 100 1, ..
24 | munmison AE [-10, 107 [] 100 ]
27 | zaknarine KE [-2, 100 [ I
26 | manom ALE [-100, 10 1 z

The benchmark test fimctions are both mimodsl snd
multimodal problems. The wmimodal problem is search space
has one local optimmom while the local optinmm snd global
optinmum are the same points. Cm the other hand the problem
of nultimaodal is search space there are many local optima and
only one point in the local optinmm is the global optimom

From Table I Functions 1 - 17 are multimods] test
functions and 18 - 26 are unimodsl test fimctions. This mensy-
six (26) benchmark test fimctions were used im this the
EXETIMEDT

B. Experiment setup

The proposed alzorithm is compared with MPSOSKL
FMPSO and the modified PSO (FES0). BP30 is 3 nomal
single swarm with particle reposition when Tap in local optima
in the same way as CMPS0O except that there is no GBEST
reposition and GBEST is set to the best posidon of particle
affer reposition.

For a fair comparison, all alporithms have the same
parameter &= follow: The dimension of parameter is set to be
100. The value of C and C: are set to be 1486180 and the
valoe of @ is set to be 0.729844. The pumber of iteration is set
to be 1,000,000 The populstion size of FFS0 is set to 90
particles and the population size of MPSOSM and CRPSO
have 2 cazes: They were separated info 3 groups (each zroup is
set to be 30 partcles) and into 2 groups (each sroup is set 1o be
45 partcles)

Onr alzorithm ran on a Laptop Motebook with a CFU
Intel® core™ i5-320007 (@2.20GHz and 4 GB of memory
(FLAMD). Algorithm is written im C++ on Microsoft Visual
Smdie 2015, The mmber of experiments of each fimction is 10
fimes.

. Experimenit Rasults

The results of the experiment are showmn in Table II This
table shows the performance of related alpomithms and the
proposed algoritim. Cmly CMPS0 can locae global optims in
all test functions. MPSOSM and FAPSO fal to find global
optima in four and nine test functdons respectively. BPS0 miss
global opima only one function. The number of evaluaton
calls of CMPSO (45*2) has 12 out of 246 test functions with

mininmun evaluation call (the underline munber). BPS0 also
has 826 finctions with minimom evaluation call, but the
munber is closer to those of CMPS0. Owerall, CMPS0 has
better performance than BPS0, FMPS0 and MPSOSM.

TAELEIL THE RESULTS OF EMPERIMENTE oF EPSO, FMPS0,
MPSOSM ann CMPE0
. EFanre; | FAIPSD | MPSOSM] MPSOSM | CMPSD | CMPSG
| Fuume- o3y | medy | pasen By | psen
tes [CEreTwFv| EC |BF| EC |BF| EC | BF| EC |BF| EC |EF
[ i I N ] Il e ) el B P I
i fmmme | mam| s || 0 [ [ w0 || o | =
b [ | il 8 fesars] m fame [ 0 Jomem | 0 [amon] s |
[ o (R ] o s |10 IR ET
1 [emmm. focsim | o [rasms| i foss u ne Juma| o [mm
i | mm| s - VAR | 5 | maag | ®
g RSS [FPU Py Ss— T e R P [ [P e —
& | mra| & jraam| e s :; i an | :':'. R ET D
i iy oy e e ey P, .~ e P e
S [mren] pm | 8 | mem |8 | wmm |5 | am | 8 | e | 8 | mes
i fo am| o [em | 0 | ma B
s |uwrem | amam| 8 | mom | 8 | aum % | mm
scasan am | s [ @ [0 | wm BES
o |mman men | 5 | mms |0 | 0w e
mnan | a | 8 |weem | 8 | wm s | wm | &
i [wesmss | am | [ |6 | e s [ mam [ |
met | qam | 6 | ae |8 = e
¥ [rm vngm| o [smm | 8 | s B
o o | nome| & fmmes| s s s | B
e P I ) I ) 5 | nanza
0 furom | maml o frrss] 0 fuoss 5 | wm
2 [ams mogw| o [meams| 0 fms 5 ||
o o | mmom| @ s | 8 foess 5 | =
30 [ fromme | o |seem| e s =
3 [rowess bopmue [ & |rosmme] an fros [ s |mere] o
34 [Raacm wan [ 2 psam| ST um s | mmm |
L = e mambear of [ darion cxll
" e B Feram Vil
M- M
o e dl = o
| |
|
| |
Y { [ |
{ 1
| '
VI
- i JUNIA® | |
i {‘l: 11—
Lid
mauim

Fig. 1. Comvergence re of 2l algonithm in Smction Rosanhmock

Firpmre 1 shows comverging of Rosenbrock fimction It
shows the GBEST walue in log scale on Y-sds and momber of
evaluation coumnt (time) on X-axis. The vertical jump change of
GBEST value is due to the changing of GBEST position when
the rapping ocours. Since each alzonthm performs differently
on the wappinz, the coovergence to the optimsl poinf i
different. FPS0 only mme particles for 20% of its dimension
so GBEST of FPS0 after trapping is stll better than those of

418

73



CMPS0O which has additionally mumed for 30%. Since afier
trapping all swarm are combined into single group, it has better
local search smd comvergence faster than WMPSOSM which
share the same algorithm wntl all swanns wap. Ooly CAMPS0
and FMPS0 reach optima (indicated by star) and CMPSO
comverge faster than FAMPSO buat slower than BFS0 (RPS0 do
not reach optima).

V. CONCLUSION
Thizs paper presents Combine mmilt particle swarm in
SUppOItng wapping in lecal opimsa by merging all the swarm
into single zroup to enhanced local search The proposed
method not only find global optims in all fest fonction of 100
dimenzions b also use less oumber of evalustion function
calls in half of the test fimctions.
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A15719% A.1 msreuanaanIsildsulesidudvesiwiudaviazyihnisnaleiuguetoyna

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

1 ACKLEY 4,205,392 0 3,463,749 0 2,366,757 0
2 GRIEWANK 365,759 0 343,907 0 346,421 0

3 RASTRIGIN 3,612,852 0 4,981,758 0 3,815,913 0

4 ROSENBROCK 947,327 0 946,389 0 5,278,062 0

5 SCHWEFEL 16,687,196 0 17,834,066 0 34,711,194 0

6 COSINE MIXTURH 574,849 0 553,857 0 539,980 0
7. | EXPONENRIAL 743,441 0 727,883 0 738,275 0
8. | LEWY 1,671,887 0 1,973,691 0 1,569,918 0

9. MICHALEWICZ 234,990 0 143,230 0 169,289 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 128,452 0 121,920 0 131,900 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0
15. | SHUBERT 6,439 0 6,439 0 6,439 0
16. |GOLDSTEIN-PRICE 10,760 0 10,760 0 10,760 0
17. [SIX-HUMP CAMEL 2,003 0 0oy 0 2,003 0
18 SPHERE 5,432,596 0 5,430,227 0 5,421,850 0
19. | Parallel 5,532,355 0 5,525,623 0 5,525,656 0
20. | Rotated 5,502,375 0 5,503,082 0 5,503,415 0
21. | CIGAR 5,379,552 0 5,379,439 0 5,378,346 0
22. | BROWN 5,397,673 0 5,387,857 0 5,396,337 0
23. | MULTIMOD 14,837,221 0 14,987,233 0 15,312,832 0
24. | ZAKHAROV 85,357,944 0 84,336,016 0 84,485,189 0
25. | TRID 340,649 0 290,386 0 141,741 0
26. | EASOM 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER 90,567,828 0.005078 90,543,127 0.001781 90,515,830 0.000895
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A1519% A.2 MseuEnIanIsilasulesdudvesiwIulAfiazyihnsnateiugretoyna

GR)
50% 70% 100%

NO Function Evaluation Best Evaluation Best Evaluation Best

Call Fitness Call Fitness Call Fitness
1 ACKLEY 2,369,656 0 2,717,210 0 1,931,923 0
2 GRIEWANK 345,805 0 345,077 0 343,022 0
3 RASTRIGIN 4,724,498 0 7,842,412 0 3,585,404 0
a4 ROSENBROCK 4,028,872 0 1,694,711 0 3,935,051 0
5 SCHWEFEL 90,087,053 355.026 90,063,685 1,539.41 90,053,407 1539.41
6 COSINE MIXTURE 525,574 0 514,285 0 463,961 0
7. EXPONENRIAL 698,236 0 757,065 0 597,363 0
8. LEVY 1,482,691 0 2,505,965 0 4,155,179 0
9. MICHALEWICZ 298,851 0 115,903 0 936,342 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 101,799 0 109,855 0 93,552 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0
15. | SHUBERT 6,439 0 6,439 0 6,439 0
16. | GOLDSTEIN-PRICE 10,760 0 10,760 0 10,760 0
17. | SIX-HUMP CAMEL 2,003 0 2,003 0 2,003 0
18 | SPHERE 5,422,037 0 5,423,645 0 5,425,074 0
19. | Parallel 5,527,043 0 5,527,115 0 5,531,076 0
20. | Rotated 5,506,307 0 5,503,581 0 5,502,880 0
21. | CIGAR 5,381,770 0 5,380,225 0 5,379,802 0
22. | BROWN 5,390,091 0 5,394,764 0 5,389,501 0
23. | MULTIMOD 14,580,826 0 15,078,780 0 15,094,539 0
24. | ZAKHAROV 85,795,973 0 84,479,216 0 84,631,190 0
25. | TRID 221,761 0 211,708 0 105,837 0
26. | EASOM 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER 90,470,360 0.000643 90,428,118 0.004101 90,398,601 0.003015
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A.1.2 Wiguiigunanisnaaesduiuianinlnsimuizanlunisduivion

FNUIVD9 GBEST laazyinnisnnane Wu 10%, 20%, 30%, 50%, 70% Wwas

100% lngwesidudnisnaneiusiunisveseuninvziu 20% Tunnnsd A9

WUAAINANIUATTIN A.3 Uag A.4

A15719% A.3 MseuanIanIsUdsulesdudvesTwILlATIazyiN1sNaeNUGUIGBEST

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

1 | ACKLEY 4,255,888 0 3,721,045 0 3,463,749 0

2 | GRIEWANK 346,396 0 344,676 0 343,907 0

3 | RASTRIGIN 3,223,459 0 3,457,330 0 4,981,758 0

4 | ROSENBROCK 954,438 0 1,061,742 0 946,389 0

5 | SCHWEFEL 26,607,904 0 19,489,710 0 17,834,066 0

6 | COSINE MIXTURE 591,517 0 583,051 0 553,857 0
7. | EXPONENRIAL 1,025,910 0 569,139 0 727,883 0
8. | LEVY 1,783,343 0 2,823,760 0 1,973,691 0

9. | MICHALEWICZ 112,766 0 112,835 0 143,230 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 126,282 0 128,620 0 121,920 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0
15. | SHUBERT 6,439 0 6,439 0 6,439 0
16. | GOLDSTEIN-PRICE 10,760 0 10,760 0 10,760 0
17. | SIX-HUMP CAMEL 2,003 0 2,003 0 2,003 0
18 | SPHERE 5,424,462 0 5,424,566 0 5,430,227 0
19. | Parallel 5,524,846 0 5,528,191 0 5,525,623 0
20. | Rotated 5,502,649 0 5,502,392 0 5,503,082 0
21. | CIGAR 5,381,629 0 5,381,419 0 5,379,439 0
22. | BROWN 5,391,210 0 5,395,646 0 5,387,857 0
23. | MULTIMOD 15,237,789 0 15,150,868 0 14,987,233 0
24. | ZAKHAROV 86,304,025 0 84,224,330 0 84,336,016 0
25. | TRID 298,060 0 238,764 0 290,386 0
26. | EASOM 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER 90,669,352 0.005782 90,595,025 0.006525 90,543,127 0.001781
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A13197 A.4 ananINansiasuesidudvesinunudiffioeyhnisnaneiugues GBEST

GR))
50% 70% 100%
NO Function Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness

1 ACKLEY 3,258,769 0 4,130,730 0 2,579,836 0
2 GRIEWANK 348,608 0 344,381 0 368,523 0
3 RASTRIGIN 4,584,406 0 7,088,471 0 3,334,060 0
a4 ROSENBROCK 939,698 0 841,517 0 949,130 0
5 SCHWEFEL 33,385,934 0 40,934,281 0 28,383,304 0
6 COSINE MIXTURE 473,960 0 539,539 0 500,618 0
7. EXPONENRIAL 682,028 0 497,442 0 515,020 0
8. LEVY 1,648,297 0 2,932,894 0 1,837,689 0
9. MICHALEWICZ 143,230 0 113,310 0 117,847 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 120,842 0 120,222 0 109,516 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0
15. | SHUBERT 6,439 0 6,439 0 6,439 0
16. | GOLDSTEIN-PRICE 10,760 0 10,760 0 10,760 0
17. | SIX-HUMP CAMEL| 2,003 0 2,003 0 2,003 0
18 | SPHERE 5,423,312 0 5,424,130 0 5,422,737 0
19. | Parallel 5,525,436 0 5,530,403 0 5,536,282 0
20. | Rotated 5,502,155 0 5,502,124 0 5,509,164 0
21. | CIGAR 5,380,495 0 5,380,540 0 5,384,098 0
22. | BROWN 5,392,579 0 5,395,723 0 5,395,209 0
23. | MULTIMOD 14,980,871 0 15,042,149 0 14,858,031 0
24. | ZAKHAROV 85,913,139 0 88,852,900 0 84,869,667 0
25. | TRID 199,313 0 128,673 0 217,747 0
26. | EASOM 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER 90,464,114 0.007612 90,414,574 0.001682 90,381,978 0.003302

99915297 A.3 Uag A.4 HUIINITNAIBNUTVEIGBEST 30 LUasidurves

o '
0 IS =

uuliiviaiunves GBEST Winadfiasudlewiisuiuilesiduiauy
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A.2 N1snaaaslsulasuduiuiinvasnengunlglun1snaaag

NAIsNeasdluuni 5 ruiuiavesilandunldlunisneassazidy 100 18 910

= 1

#157197 5.2 Tuund 5 9219iuan 910 27 denduasdlandundy 100 08 o8 18 Hesdu Tu

Y

LY

99U 1NN1TNAADINDLAAINANITNAADUNISUSULUASUTIUIUL AV NIATUN LY I un1S

a

710809 LAYNAABITEWINIIUIULAN 30, 60 kay 100 AITLEAIHANIUATISIN A.5

A15199 A.5 ANS1ILEAIHANISNAARUTILIUNRANTGIUNISNAAD

30 Dimension 60 Dimension 100 Dimension
NO Function Evaluation Best Evaluation Best Evaluation Best

Call Fitness Call Fitness Call Fitness
1 ACKLEY 1,138,948 0 2,846,532 0 3,463,749 0
2 GRIEWANK 180,965 0 241,900 0 343,907 0
3 RASTRIGIN 371,609 0 1,243,951 0 4,981,758 0
4 ROSENBROCK 144,621 0 554,995 0 946,389 0
5 SCHWEFEL 2,610,823 0 5,267,913 0 17,834,066 0
6 COSINE MIXTURE 93,803 0 269,295 0 553,857 0
7. EXPONENRIAL 78,147 0 418,965 0 727,883 0
8. LEVY 185,497 0 622,432 0 1,973,691 0
9. MICHALEWICZ 143,230 0 143,230 0 143,230 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 20,364 0 59,200 0 121,920 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0
15. | SHUBERT 6,439 0 6,439 0 6,439 0
16. | GOLDSTEIN-PRICE 10,760 0 10,760 0 10,760 0
17. | SIX-HUMP CAMEL 2,003 0 2,003 0 2,003 0
18 | SPHERE 1,106,081 0 2,453,651 0 5,430,227 0
19. | Parallel 1,119,646 0 2,460,238 0 5,525,623 0
20. | Rotated 1,102,907 0 2,403,054 0 5,503,082 0
21. | CIGAR 1,124,217 0 2,503,500 0 5,379,439 0
22. | BROWN 1,109,168 0 2,457,118 0 5,387,857 0
23. | MULTIMOD 2,135,886 0 5,905,215 0 14,987,233 0
24. | ZAKHAROV 5,104,512 0 24,314,837 0 84,336,016 0
25. | TRID 245,017 0 329,126 0 290,386 0
26. | EASOM 18,290 0 18,290 0 18,290 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
27. | EGGHOLDER 90,534,885 0.00638 90,553,880 0.007006 90,543,127 0.001781

1091579 A.5 LAl iLINIUUTATNARDNTAUMAINOU tagd1urulANTDeNN

A11150MAAR U LALEININTIUIUTATILNNNI

A.3 NM1sMaaasUiulUaBuAl Local Optima Threshold

nnaveaedluuni 5 isdenld Local Optima Threshold # 100 Aaiilaaunia
liAsundasasu 100 sevazinnsnanestugiuvisuesoyniauay GBEST mudoulud
famun Tuhdeiiazinisnassuileuaninanisnagounisu3urddsusi Local Optima
Threshold Tnenaaadsewingd Local Optima Threshold 1 30, 50, 100 wag 150 58U

WUAAINAN LRI NN A6

A1397 A.6 MITLERINANITNAGOUAT Local Optima Threshold

Threshold 30 Threshold 50 Threshold 100 Threshold 150
NO| Function Eyaluation| Best | Evaluation| Best | Evaluation| Best |Evaluation| Best

Call Fitness Call Fitness| Call Fitness Call Fitness|
1 | ACKLEY 1,449,316 0 1,872,889 0 3,463,749 0 4,556,670 0
2 | GRIEWANK 327,198 0 340,462 0 343,907 0 379,863 0
3 | RASTRIGIN 2,201,441 0 4,558,714 0 4,981,758 0 5,181,935 0
4 | ROSENBROCK| 1,820,636 0 1,062,660 0 946,389 0 902,060 0
5 | SCHWEFEL | 31,713,876 0 30,145,155 0 17,834,066 0 35,454,410 0
6 | COSINE

488,546 0 497,005 0 553,857 0 548,262 0

MIXTURE

7. |EXPONENRIAL | 428,437 0 592,867 0 727,883 0 906,618 0
8. | LEVY 1,320,158 0 2,652,951 0 1,973,691 0 5,539,242 0
9. |MICHALEWICZ | 45,046 0 369,487 0 143,230 0 250,816 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0 6,893 0
11. | STEP 96,134 0 111,265 0 121,920 0 154,171 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0 20,731 0
13. | HOLDER 7,920 0 7,920 0 7,920 0 7,920 0
14. | BEALE 32,641 0 32,641 0 32,641 0 32,641 0
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Threshold 30 Threshold 50 Threshold 100 Threshold 150
NO| Function Eyaluation| Best | Evaluation| Best | Evaluation| Best |Evaluation| Best

Call Fitness Call Fitness| Call Fitness Call Fitness|
15. | SHUBERT 6,439 0 6,439 0 6,439 0 6,439 0
16. | GOLDSTEIN-

10,760 0 10,760 0 10,760 0 10,760 0

PRICE

17. | SIX-HUMP

2,003 0 2,003 0 2,003 0 2,003 0

CAMEL

18 | SPHERE 5,407,706 0 5,419,970 0 5,430,227 0 5,426,996 0
19. | Parallel 5,502,179 0 5,511,496 0 5,525,623 0 5,529,567 0
20. | Rotated 5,488,216 0 5,493,186 0 5,503,082 0 5,506,805 0
21. | CIGAR 5,374,165 0 5,376,418 0 5,379,439 0 5,384,236 0
22. | BROWN 5,380,600 0 5,386,047 0 5,387,857 0 5,394,766 0
23. | MULTIMOD | 48,330,117 0 15,982,810 0 14,987,233 0 14,207,848 0
24. | ZAKHAROV | 91,107,580 |394.974 | 90,321,454 | 36.023 | 84,336,016 0 84,825,475 0
25. | TRID 167,329 0 153,975 0 290,386 0 320,502 0
26. | EASOM 23,658 0 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER | 91,252,984 |0.006338 | 90,958,591 [0.004809 | 90,543,127 |0.001781 | 90,391,867 |2.36E-05

9INR15799 7.6 9ELTUIT A1 Local Optima Threshold finason15AUNIAIAIRBUY

Weovin1siivunal Local Optima Threshold 91 30 58U way 50 59U gifiuiaemnauls

Yauninflesinunai Local Optima Threshold 7 100 50U wae

=

191147 Evaluation Call

11nAItuRaNHeATY Ve A1 Local Optima Threshold 7 150 89U #9711472u Evaluation
Call lngsautouninlunsaiiaoaiAiney ki uauilsnduiilnedineuiiiosninai Local
Optima Threshold 71 100 L8150 59U 2 A1azla9AIRaURIATUNINNTT Daudluneilendy

954 Evaluation Call 11nn71A1 Local Optima Threshold #i 30 wag 50 58U

(4 dl o 1 ﬂl
A.4 MInaaasliuasuanuiungunldlunisnszaieaynia
d‘ Y o o ! et ! ! =

nnsnaaedtuuni 5 ladnuadiuiungunldlunisuuingueuniaiieldluns
AUMILUU Multi Group 71tdlun1sveaedfie 3 ngu nauag 30 aunia luride A.4 1agyins

= @ = ° 1A 1 ] =
naaeuieLanNanIsnaaaun1sUTuUdsuduungunldlunsudsnguannianldlunig
NPa8s LgyiNIsNAgauTENINTINIL 2 NaY Nquay 45 BunIA, 3 NaY Nquay 30 aunIA

waE 5 NG NANAE 18 BUNIA AIALUAAINANINAITINN A.7
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18x5 30x3 45x2
NO Function Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 ACKLEY 3,146,190 0 3,463,749 0 2,896,065 0
2 GRIEWANK 343,907 0 343,907 0 343,907 0
3 RASTRIGIN 3,874,863 0 4,981,758 0 4,780,330 0
4 | ROSENBROCK 946,389 0 946,389 0 946,389 0
5 | SCHWEFEL 29,146,517 0 17,834,066 0 37,027,842 0
COSINE
6 553,857 0 553,857 0 553,857 0
MIXTURE
7. | EXPONENRIAL 737,961 0 727,883 0 1,104,448 0
8. | LEVY 2,215,069 0 1,973,691 0 2,579,700 0
9. MICHALEWICZ 143,230 0 143,230 0 143,230 0
10. DIXON-PRICE 6,893 0 6,893 0 6,893 0
11. | STEP 121,920 0 121,920 0 121,920 0
12. SCHAFFER PON 51 0 20,731 0 20,731 0
13. HOLDER 7,920 0 7,920 0 7,920 0
14, BEALE 32,641 0 32,641 0 32,641 0
15. SHUBERT 6,439 0 6,439 0 6,439 0
GOLDSTEIN-
16. 10,760 0 10,760 0 10,760 0
PRICE
SIX-HUMP
17. 2,003 0 2,003 0 2,003 0
CAMEL
18 | SPHERE 5,430,227 0 5,430,227 0 5,430,227 0
19. Parallel 5,525,623 0 5,525,623 0 5,525,623 0
20. Rotated 5,503,082 0 5,503,082 0 5,503,082 0
21. CIGAR 5,379,439 0 5,379,439 0 5,379,439 0
22. BROWN 5,387,857 0 5,387,857 0 5,387,857 0
23. MULTIMOD 15,180,440 0 14,987,233 0 23,030,509 0
24, ZAKHAROV 84,426,842 0 84,336,016 0 84,231,390 0
25. | TRID 312,262 0 290,386 0 256,347 0
26. | EASOM 18,290 0 18,290 0 18,290 0
27. | EGGHOLDER 90,575,098 0.00593 90,543,127 0.001781 90,565,630 0.000737
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Idnindenvsiruaungudu 3 ndu nduaz 30 euna vuzReIfullowlITIIUNgULAEe
Wied 2 ngu nauag 45 aynia Ananedgiduiuimeamaeulddinindentuuy 3 nqu
Aatun1swdanguesnidu 3 nau nauaz 30 eyna Judurmimunzaufianlunisnaaeuis

MSPSO

A.5 NM3NAaRIUTUAEUIINILATIIUNIINTLIYIUNIANILUUNAIENEUDUNA

WAZWUU 1 NANDYAIA

nnsnaaedluuni 5 ldAvuadiuaunisnszatgegniALuy 1 ngueyaa
(Reposition of Single Group)ﬁ 6 A% WAZWUUNAIENZUBUNA (Reposition of Multi
Group) 71 4 afs luthde a.5 Sazvhnsvaasuiieudneranismageunsuiuddousiuam
ﬁ%u’qﬁisﬂumsﬂszmsjaumﬂﬁgﬂmwmanajuaqmmammu 1 pgueuna lagviinsnaaey
3%%1719015 Reposition of Single Group (S) 1 a%1 - nns Reposition of Multi Group (M) 1

ﬂ%ﬂ, S3-M3, S5-M5 ey S6-Mad ﬁq%uammamumiwﬁ A.8

M13199 A.8 MINUARKANIVAdOUNTUTUUABUTIUATIlUNIINSEIBBYAALUUTIANY

NANBUNALAZIUU 1 NGNOUNTA

S1-M1 S3-M3 S5-M5 S6-M4
NO | Function |ryaluation| Best | Evaluation| Best | Evaluation| Best |Evaluation| Best
Call Fitness Call Fitness Call Fitness Call Fitness
1 | ACKLEY 3,352,561 0 3,690,059 0 4,115,887 0 3,463,749 0
2 GRIEWANK 342,444 0 343,907 0 343,907 0 343,907 0
3 | RASTRIGIN 4,427,507 0 4,051,414 0 3,362,368 0 4,981,758 0
4 | ROSENBROCK| 918,022 0 932,433 0 946,389 0 946,389 0
5 | SCHWEFEL | 22912464 0 37,610,669 0 37,189,415 0 17,834,066 0
COSINE
6 716,224 0 894,369 0 574,253 0 553,857 0
MIXTURE
7. | EXPONENRIAL | 776,791 0 791,687 0 959,180 0 727,883 0
8. | LEVY 2,001,427 0 3,052,342 0 2,307,077 0 1,973,691 0
9. | MICHALEWICZ 122,249 0 143,230 0 143,230 0 143,230 0
10. | DIXON-PRICE 6,893 0 6,893 0 6,893 0 6,393 0
11. | STEP 125,324 0 121,920 0 121,920 0 121,920 0
12. | SCHAFFER 20,731 0 20,731 0 20,731 0 20,731 0
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S1-M1 $3-M3 S5-M5 S6-Md
NO | Function |gyaluation| Best | Evaluation| Best | Evaluation| Best |Evaluation| Best
Call Fitness Call Fitness| Call Fitness Call Fitness|
13. HOLDER 7,920 0 7,920 0 7,920 0 7,920 0
14. BEALE 32,641 0 32,641 0 32,641 0 32,641 0
15. SHUBERT 6,439 0 6,439 0 6,439 0 6,439 0
GOLDSTEIN-
16. 10,760 0 10,760 0 10,760 0 10,760 0
PRICE
SIX-HUMP
17. 2,003 0 2,003 0 2,003 0 2,003 0
CAMEL
18 SPHERE 5,802,065 0 5,430,227 0 5,430,227 0 5,430,227 0
19. Parallel 5,528,153 0 5,525,623 0 5,525,623 0 5,525,623 0
20. Rotated 5,503,127 0 5,503,082 0 5,503,082 0 5,503,082 0
21. CIGAR 5,390,542 0 5,379,439 0 5,379,439 0 5,379,439 0
22. BROWN 5,392,946 0 5,387,857 0 5,387,857 0 5,387,857 0
23. MULTIMOD 18,498,877 0 15,030,130 0 15,278,209 0 14,987,233 0
24. ZAKHAROV 89,998,904 |2.37E-254| 89,999,825 |[5.75E-308 84,197,653 0 84,336,016 0
25. | TRID 485,957 0 204,140 0 303,567 0 290,386 0
26. EASOM 18,290 0 18,290 0 18,290 0 18,290 0
27. EGGHOLDER 90,557,944 | 0.00203 90,554,831 |0.000399 90,545,214 |0.000811 90,543,127 10.001781
21nA1519 A.8 azwiuiilefinnsinuansnddunuuviangueynaitosiuly
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n1staauAwl YN duNIn g

Tuunilvihnsveassudsuiuniswearmaaunananveslamiaindiunian (0,0)

Tdusuniadu wiensideudunislawvesileiduuinsgiu osinngfnssunsaum
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A1MBUYDY PSO FevNIsiadiouilumAneuiinanauninAnangnazldfuudiviensu
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A o v Al aaa o ~ v A ) I o a
sauidmualilunisAum ewinisndiavedduwilduivangiunismeiineuiiaglu
AL (0,....,0) Felavinsmeasadeudmunisvesineulilegifumia (0,...,0) laenis
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3.1 nMsnaasaldsudiumnilsvasaAInaunangaludiunuiduginanasgay

U5eANSNINYB935 MSPSO

nmsveaedluundl 5 Fftuauerio MSPSO agifiuinanunsnnaAneuiifiign
¢ 26 leridu warldnarmsduminesuldidnindanesiiudug luneruanisddinng
BoufuniasAAnauLiienaaeUUsYavE A Mwe8ane3TiuMSPSOT Tnedundsiiden
1YAINAeUTIUT 2 N5dl AD ASAITILADUR LML IYDIAIRIABUAIEAITUINAIAT 0.1,
0.01, 0.00001, 25% VewaUWAUUTBIAAzTe Ty ) uaznsaidousundivesmmaausie

N5UINAMNLAAINNITEY (Random Shift) FaM1T19AUE"4

A1519 4.1 AT NBEAIHANISAUMIAIAINBUVBIID MSPSO Taavinn1ssUag umwileuasan

° Ao v o oA
ﬂ?ﬁ]@UVI@V]EjWIUENG]’]LWMQ@UG]

0.1 0.01 0.00001
NO Function Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 ACKLEY 90,137,466 2.84E-14 90,143,201 2.84E-14 90,190,920 2.84E-14
2 GRIEWANK 1,129,863 0 1,284,684 0 367,051 0
3 RASTRIGIN 6,938,312 0 6,402,999 0 4,423,270 0
4 ROSENBROCK 14,226,005 0 2,211,629 0 3,012,856 0
5 SCHWEFEL 24,415,618 0 32,133,500 0 36,003,198 0
6 COSINE MIXTURE 2,088,899 0 4,573,808 0 1,067,616 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

1. EXPONENRIAL 90,221,919 2.22E-16 90,259,047 2.22E-16 90,428,090 2.22E-16
8. LEVY 1,819,074 0 1,791,119 0 3,073,863 0

9. MICHALEWICZ 105,328 0 1,080,145 0 219,759 0

10. | DIXON-PRICE 103,983 0 90,872,727 0.003142 90,886,001 4.20E-09
11. | STEP 113,490 0 148,212 0 114,113 0
12. | SCHAFFER 17,425 0 397,409 0 19,921 0

13. | HOLDER 6,946 0 5,400 0 7,920 0
14. | BEALE 30,348 0 32,502 0 32,987 0

15. | SHUBERT 6,686 0 5,285 0 6,529 0

16. | GOLDSTEIN-PRICE 11,118 0 11,389 0 12,021 0
17. | SIX-HUMP CAMEL 54 0 6,827 0 2,003 0

18 SPHERE 869,587 0 954,097 0 987,300 0

19. Parallel 872,893 0 825,055 0 968,094 0
20. Rotated 840,375 0 824,415 0 1,035,827 0
21. CIGAR 788,566 0 1,041,639 0 1,003,716 0
22. | BROWN 899,223 0 824,641 0 948,429 0
23. | MULTIMOD 1,656,827 0 2,100,169 0 1,298,456 0
24. | ZAKHAROV 90,002,520 | 6.236-31 90,005,733 4.65E-33 90,006,342 4.70E-39
25. | TRID 165,568 0 70,613 0 324,081 0
26. | EASOM 18,939 0 19,769 0 18,560 0
27. | EGGHOLDER 238,670 0 8,107,867 0 90,527,958 | 0.005074

A519 9.2 A5 1LEAINANITAUMIANAIBBUTDII0 MSPSO TaevinnsiUaguiwLitdadnn

Aneuananludwiuviadug (de)

Shift 25% of Upper

Random shift

MSPSO Original

limit
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 | ACKLEY 90,113,228 2.84E-14 90,116,970 2.84E-14 3,463,749 0
2 | GRIEWANK 2,145,092 0 5,359,618 0 343,907 0
3 | RASTRIGIN 19,888,830 0 15,070,312 0 4,981,758 0
4 ROSENBROCK 1,046,760 0 90,087,871 1.48E-29 946,389 0
5 SCHWEFEL 253,220 0 90,063,065 4623.63 17,834,066 0
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Shift 25% of Upper

Random shift

MSPSO Original

limit
NO Function
Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness

6 | COSINE MIXTURE| 4,077,945 0 1,758,777 0 553,857 0
7. EXPONENRIAL 90,212,490 3.33E-16 90,222,664 3.33E-16 727,883 0
8. LEVY 3,440,608 0 1,663,571 0 1,973,691 0

9. MICHALEWICZ 235,770 0 135,882 0 143,230 0
10. | DIXON-PRICE 90,892,363 505.169 90,609,356 0.090251 6,893 0
11. | STEP 207,654 0 132,324 0 121,920 0
12. | SCHAFFER 31,611 0 17,935 0 20,731 0
13. | HOLDER 64 0 180 0 7,920 0
14. | BEALE 30,890 0 34,231 0 32,641 0
15. | SHUBERT 5,766 0 4,414 0 6,439 0
16. | GOLDSTEIN-PRICE| 90,456,082 1.44E-09 12,742 0 10,760 0
17. | SIX-HUMP CAMEL 42 0 14 0 2,003 0
18 SPHERE 831,432 0 867,536 0 5,430,227 0
19. | Parallel 844,132 0 925,256 0 5,525,623 0
20. Rotated 769,933 0 90,186,647 331,995 5,503,082 0
21. | CIGAR 828,087 0 947,315 0 5,379,439 0
22. | BROWN 90,354,281 558.776 948,402 0 5,387,857 0
23. | MULTIMOD 90,506,375 1.00E+10 1,472,982 0 14,987,233 0
24. | ZAKHAROV 90,630,857 1.00E+10 90,003,965 3.06E-29 84,336,016 0
25. | TRID 537,131 0 283,321 0 290,386 0
26. | EASOM 15,177 0 17,886 0 18,290 0
27. | EGGHOLDER 59 0 90,734,001 24.302 90,543,127 0.001781
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GBPSO (30) GBPSO (90) MSPSO
NO Function Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 ACKLEY 30,011,045 3.91E-14 90,122,082 2.8422E-14 90,113,228 2.84E-14
2 GRIEWANK 3,768,588 0 16,602,189 0 2,145,092 0
3 RASTRIGIN 30,015,705 1.98992 16,423,044 0 19,888,830 0
q ROSENBROCK 30,007,521 2.47E-30 1,453,961 0 1,046,760 0
5 | SCHWEFEL 773,649 0 598,345 0 253,220 0
6 | COSINE MIXTURE| 29,580,683 1.78E-15 3,334,295 0 4,077,945 0
7. | EXPONENRIAL 30,025,260 3.33E-16 90,213,510 | 2.22056-16 | 90,212,490 3.33E-16
8. | LEVY 4,784,018 0 179,031 0 3,040,608 0
9. | MICHALEWICZ 117.230 0 213,305 0 235,770 0
10. | DIXON-PRICE 30,292,413 | 507.1195 | 90,885,557 505.169 90,892,363 505.169
i1} STEP 156,122 0 1ger oy 0 207,654 0
12. SCHAFFER 6,646 0 314,933 0 31,611 0
13. | HOLDER 27 0 71 0 64 0
14. BEALE 11,777 0 32,437 0 30,890 0
15. | SHUBERT 2,166 0 6,084 0 5,766 0
16. | GOLDSTEIN-PRICE| 30,149,097 6.92E-08 90,415,655 1.1175E-08 90,456,082 1.44E-09
17. | SIX-HUMP CAMEL 39 0 24 0 42 0
18 | SPHERE 1,216,435 0 853,324 0 831,432 0
19. | Parallel 561,975 0 803,967 0 844,132 0
20. | Rotated 1,588,820 0 854,944 0 769,933 0
21. | CIGAR 3,190,619 0 870,580 0 828,087 0
22. | BROWN 30,140,085 | 6593.705 | 90,372,198 2,935.57 90,354,281 558.776
23. MULTIMOD 30,157,148 5E+09 90,460,093 1E+10 90,506,375 1.00E+10
24. ZAKHAROV 30,215,256 1E+10 90,622,881 1E+10 90,630,857 1.00E+10
25. | TRID 169,527 0 196,046 0 537,131 0
26. | EASOM 6.555 0 17,151 0 15,177 0
27. | EGGHOLDER 83 0 58 0 59 0
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GBPSO 30 ayn1a wag 90 ayn1A fiu MSPSO

GBPSO (30) GBPSO (90) MSPSO
NO Function Evaluation Best Evaluation Best Evaluation Best
Call Fitness Call Fitness Call Fitness
1 ACKLEY 30,011,279 4.61853E-14 90,127,597 2.84217E-14 90,116,970 2.84E-14
2 GRIEWANK 20,050,143 0 435,057 0 5,359,618 0
3 RASTRIGIN 30,022,767 0.99496 90,190,333 0.994959 15,070,312 0
q ROSENBROCK 30,007,208 1.30655E-28 90,099,176 1.54074E-29 90,087,871 1.48E-29
5 SCHWEFEL 30,023,356 4,665.21 90,069,904 2,963.49 90,063,065 4623.63
6 COSINE MIXTURE| 30,027,672 1.77636E-15 2,784,075 0 1,758,777 0
1. EXPONENRIAL 30,030,574 4.44089E-16 90,225,885 2.22045E-16 90,222,664 3.33E-16
8. LEVY 3,891,261 0 2,852,403 0 1,663,571 0
9. MICHALEWICZ 162,463 0 250,286 0 135,882 0
10. | DIXON-PRICE 30,169,389 0.511376 90,769,322 0.1066281 90,609,356 0.090251
11. | STEP 142,355 0 159,208 0 132,324 0
12. | SCHAFFER 269,188 0 19,696 0 17,935 0
13. | HOLDER a6 0 183 0 180 0
14. BEALE 11,201 0 31,671 0 34,231 0
5. SHUBERT 1977 0 6,533 0 4,414 0
16. | GOLDSTEIN-PRICE] 3,808 0 11,163 0 12,742 0
17. | SIX-HUMP CAMEL| 47 0 283 0 14 0
18 SPHERE 4,027,797 0 825,767 0 867,536 0
19. Parallel 1,739,006 0 833,126 0 925,256 0
20. | Rotated 30,032,429 251,895.50 90,175,049 290,769 90,186,647 331,995
21. | CIGAR 940,544 0 807,307 0 947,315 0
22. | BROWN 9,166,348 0 843,343 0 948,402 0
23. | MULTIMOD 4,976,291 0 1,476,241 0 1,472,982 0
24. | ZAKHAROV 30,000,250 9.18078E-24 90,004,479 8.62E-30 90,003,965 3.06E-29
25. | TRID 156,199 0 287,507 0 283,321 0
26. EASOM 6,840 0 17,854 0 17,886 0
27. EGGHOLDER 15,246,915 9.2369 90,335,863 2.72177 90,734,001 24.302
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