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ABSTRACT

Particle Swarm Optimization (PSO) simulates the forage of birds or fish to find
an optimal solution, but it often traps in local optimum easily. To overcome this
problem, greedy mutation along with particle swarm optimization (GMSPSO) are used
to reduce trapping in local optimum and raise the probability to find an optimal
solution. It is tested on the twenty three benchmark test functions. GMSPSO finds
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o 1 =] 1l d'
ﬂ'WYe]‘ULLEJﬂ’J'Wﬂ"US‘liJiJﬂWiLWI‘HVI

2.1.2.4 NITENANAMUIIHATAINDUVDILABZBYNA
NIsAILINALSasANeUTBteUN1AYNFITIagluUsEYINS

TngvihnsawaeusuivesusazounAnuaunsn 2.1

Vi, =wV, +clxrand()x (P, — X, )+ c2xrand()x (G, =X ;) (2.1)
Towi
v, e ATlUTAN ¢ vesnrmISlvaiveseoyniad i
w fio ntviindsaglugg [0,1) Wrmueaudesvasaynie
Vi Ao Alufiafl d Gumﬂ's'mﬁ';lﬁuﬁuammﬂﬁ i
cl fia 1IN sRITFaTiAn LN
rand() h mﬁlﬁmﬂmieﬁﬁfqaﬁum (0,1)
P, fie AlUNAT @ Yed PBEST vedaynadl i
X% Ao AlUNAT 4 vesfmeuLANvBseynIAd i
c2 Ao AdhIsensigasianduuan
G, flo Arlufif @ voe GBEST

A o ° = Yy v a & a o o &)
Lll@‘V]']ﬂ']iﬂ']u’lmﬂ'l']lllﬁ'ﬂ@LLa’JﬂL@WﬂﬁqﬂLﬁmeﬂqu’Jmlﬂu‘lﬂ

ATINANBUVBARLBUNIANINANNTTN 2.2
X=Xy +Vy (2.2)

1aei

X, @8 alulian d vesrmeulvdvessuniad i
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pso ffidteulalumnganisdum Wevnsdumidineuudash
Thdeulaiidusssivinlinnsdumeimeungeas uiddoulaiidudafassinlidnnsdum
Fmeusioly  fegrvesdoulvliun druiuseunsiugsge dmnsuiidianuvaizas

a 1 I a o & ¥
ANIANNUUA LUUAU

2.2 35n15UuL

[ '
= =

78n150uN (hill-climbing search algorithm) wuuTuluiigedu (steepest-ascent

version) [4] {wisnispumilaenisidsumneuludidmaunfnitfneutagiuiasiign

o
1 v = I

vaenguAmauneglnalfsmianduiionalauiainnisdy 3ndunaziionnguainoun

q

InalRegaiuasuineuluuazresildsuineuludganananlunautinesldsudneuly

9 9 9

1a o

Tuiirnuetuesauninvgiwenndiifneulanfninfieglnaifes saieuveds

AN1150LARILAFa

Initialize current
Loop do
Select the highest-valued Neighbor to be the successor of the current position
If (fitness of the select neighbor > fitness of current)
then Current = neighbor

LY

1anN TIN5V UARaNE1eanludnna1e3s lawn

2.2.1 FEnstumnlaenisgu

n150ulaenTgu (stochastic hill climbing) [4] AsuanA1991n35N150Y

a X A o A and = ° a Y a ! = ° &
LGU']LLUUUUGUUWQQGUUQB ']ﬁu"\]g?jllLa@ﬂﬂ']@]@‘UVl@%ﬂﬂaLﬂ‘ﬂflll']ﬂaqll‘wufl LLa%ﬁ]']ﬂﬁ']m@‘Uﬂaquuzﬂg

1 [

duenaulaslanialunisidenAnounilausiunIuANT U IR Ut UL a9 N TUNS

q

[

Ay v I o @ vaa 1o Y v O o= v [ o ) a
au F"I’W]’EJUVIIWB’]"DL“LJ‘LlﬂWWBUIWHIWV]@ﬂ?WﬂWWBU{j%QUU fatudedenaluamounialuianig

q
[ '

Fusonaglildanaunvulutungnainussmaneulufianiaguimen
2.2.2 Bmstunlagidanniaidanusn

FBastunlaedanmadenusn (first-choice hill climbing) [4] 1Ju3sA5Tu

Wilpgnsdudnwuunils usknunIzduiendineuliinguniluaiAegldenAImeuINAFUTLY



FBdfvzasimeounuvduluidosgaunitazldfimeunniimneuilagiu 5didedde

WLNEAUNNSNLAINBUUSIANALAB9IIUIULNN
[} ¢
2.3 msnmﬂwuq

nsnateiug (mutation) fe nsiasumpeuluulifvessyniadadudiunies

BBaugnssu (Genetic Algorithm) [5] Tngazivdsuananduluidualuninldunnmieein
AnANLINTn detunsnateuginiludiuiudandesdeiis uiuduiuliaianunves

s

sumadsansaimualang anuinasdulunisnaisiug (Mutation Probability w39 P,

]

) winvinsnaneiugluduiudnuindefig uiuinuaudaniunveiayn1avzsendn
autazilulunisnsgageunia (Distribution Probability) nsnaneiugilaunsndivan

nsineglugegaduinsla

(3 v 6

N1sNaneRugUsENaUsiY 4 diume diudsznaunussynanisnalgwiug iy Anau

Ll 3

1 s 6

Y930UNA, aun1sNldlunisnargiug, seunagatiunsnaleiug uazduIunsnateiug

]

4

2.4 NITVIANMUIZENLUUBYAIANGNLUUNINITNA8WYS

9

Wesanmsmaugadkuvatniangudiniiadymiunisinedlugnanduinsd

o

=K

AT NN [2-3] Nandamillagldnisnarenusudndaliamsanasuivieantym
HlaegrsiivszansnimnsizdUgnilunislenisnargnudsauiun1smaAN RNz duLUY

9

AUNANGY
2.4.1 UJgywinisnanenugalaldsauiunisniAmanzaawuuagn1IAngy

A a D w fdo & Y o a 9 a s A DY)
iiedinasldnisnareiugnindusesdnisusumsdinesiiiertesiunisnany
wuslegluAmfimunzan dmnsfiweshildegludinmunzaufaziinymiiieadunis

nangRugauLla

2411 Jggvnanenwugiso
Yayminaneniugiss (Early Mutation Problem) fie n15¥in1snane

WuglutarnemsgiinmAmneuveteunIamieauYilieun 1A N sEeeentuilingg

9

AuminangiiunisAumisuuduunuiiowwnaindnisnateiuguestiulutufe seuiias

Y

o a v s = Y a A a Y | v
@7Luuﬂ'ﬁﬂa']EJWUﬁlIﬂ']u@EJIULL@%@JﬂWiﬂaWEJWUﬁQQJWﬂLﬂu‘lﬂ LN@Lﬂ@ﬁ%VWULLaU‘UgaQNGOLV

3

AU taukgnInshildnisnaneiug
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2.4.1.2 Usymnanenwugdn

q

Jaymnangiugdn (Late Mutation Problem) Aa n1siinisnany

v

ugtiulundminfisuniaiagiiimAneuLaasineglunanduivsidewnainsey

Mganiunsnatgiusiaunniuly Weaiadamitduawilvnisaundulidfivssansaim

wazgauidslondlunisnszangeunineenanNyagadurimsivevnAmeauluy

2.5 Ugymiilsndusinsgiu

[

Ugymnilarduninsgiu (Benchmark Test Function) Aildluinenfdinusiidudymia

o

(%
aaa

o o ° PR v o Y e v P
paan1sAnauifigaanmne v iululanimuatdymieiduniasgrunldidaglvraiig
WL ENLINNIIAIAIADULENILAaZ AL IRAIANUMLIZ AN DYNIIAIAINDUANINAID 191

6§

Yeynn Rastrigin Gaunumesndunsadinadansaail

£(x)=10d +i[x5 ~10cos(2zx, )] (2.3)

i=1

1ng

2 ANDUNL d 4R

o))

D

[ a

Ao IuuliRvesdgm

<

x, - Ao Aludan § vee x fAegluyie [-5.12, 5.12]

a0 v

Wamnevesdymdde nmsmeames x fiviilid f(x) derdesiign uazAnouves

Jamilie x = (0,0, .., 0) Foild f£(x) =0

<

Tunsandymdidutymniiies 2 - 16 wsauisatanslguiludnwuznsa

>

'
aaa

ANMUFUNUSTENINAULRAT 1 VDIAINBULNUAIEY x1, ATMULAT 2 VBIAINBULNUAIY X2

WAZANAINMINZANVDIARDUWNUAIY f(x1, x2) Aaluguil 2.2
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Rastrigin Function

I ';,u' ‘t*

. i

TR '*,,p,‘;:,“ i ‘#"-'fi“uii M
gjg;;j f"\.frt LN ﬁ}: };ﬂ‘h ,m, I,‘;:ﬁ il i;# +3;:+ﬂ.;,‘.@;‘*’,f,¢ ,}
® ol U ww'”‘ ‘ m\l;* i fﬁ“ﬂ' \"Ip;*lui*

S

0. »*_"ih'“‘ “‘l.“ " 'f ﬂ, t?- '” ”{‘f\!ﬁﬂ

0. i 1 1. I o

wa -5 5

#1

sUfi 2.2 nsitanstlapmn Rastrigin 71 2 317

TudigiAumifuiidmeudifianaanummgandngg fu 15 3endmoudidaaay
mnganfaaluussnAmeuiieglndifesiui gaaadusing (Local Optimum) wagisiien
Fmeuiidaammnzanifiaaluussmmnauidululdfimuedt gnanduysal Global
Optimum) lutlymvilseaiiongaduims flesgaievdevatoqadlsusiaziignanduysal
Fesuagaiendadugaaadiinsaalagauidudunugegeduivsnariuniugud 2.3 191
Sundymisiangaduivéifissqaienin dymidgageduningifiesatien (Unimodal
Problem)  wagisuieniyyifiyagaduimivatsnin Jgwidlanaaduinsnaioge

(Multimodal Problem)
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Local Optimum

Global Optimum
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X

5UN 2.3 Inanduiivsuazangaduysailulsalicumusstdaymnd 1
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3.1 MsAMIIZENLUURYAANGUNTNITNateRuguuUSUAT LA

[ '
a Y = =

TeilgnAnAuTulaedatl adlsen (ALFI Alireza) [2] elasiussandldnisnateiugsiunu

£ <

AIAUNIBWUUKIOUNA WanANTUTNsUSUANEUUSEaNSUaImnus ALl Udsuwlaalatu

Y 9

sgrinnsAumlaeatdulssandvesanuinfuwazauiatunisnateiugiuasuainiue

ANLLUNZAUVRIAINDUNANARTDIUTEIINT

¥
=) o %

Filazhmsfumuvugseynatazlngyinisnatoiuglunden g fufunisivdsy
AunilsnuUnfvessounia Imaawmﬂﬂﬂé}"siuﬂizéﬁ'}ﬂiaxLﬂ?{auﬁvﬁﬂm PBEST  uag
GBEST \lovAnoufifiningie199eszsning PBEST wag GBEST wifiAmisilouniaiadeudi
wddlunmemusaiuime @seansoimusldtherdulszansveanmidaiu) Lilevi
nsdumusnalminfeglndaynimmdtudsoratlugimeufinninauldidusu uay
ouMAUIhazgnRAEug fioduUsnalmiqlureulwediniienn @weuwalunisnany

v

wsausamvualamgvuialunsnateiug) arluinisnatgiiusnsdumdineuazgn
$rfaegniglunguoymaviiu fafumsnaneiusTaweisveumnnisdunilindretu
TugAdediinsusvanadinszavivesnnaninfiundoniaumngaumes GBEST
anaadurialvinusdimsmniifuesnisirdouiivoseyniafiaranas uenainiidi
Tivwalunisnateiiuganasniunisanavesriuuizauves GBEST iunaliveulunly
nsnanestugiazuauas eynAIzedoufii v PBEST way GBEST n3stiuuagyinn1sdum
uinalwigienisnasiusluveviuafiuavasninduiesaindesnislilieyninciieg
N3¥91898N3N GBEST wagatnsngiinlunignanduysalladngeaaduysaleglnd GBEST
uananiinsnanewusitldtaznanefugiunisaseynianuuguluduiuniailndsae
mnuagdufiinnnivdundsilnanindesnansinsldnsuanuauuindi@euluns

6

NANYNUG

]

(%
[

aa = aov Xo [ = o = [ 1 1% J J
AIUUITNITVINIUIFYUUNFUDNITUNITNINULKRUDUNY PSO NNBYINYNLIUIAN

o,

a I

AuUseansvesmnusnAuUAsuwUaslUALAIANULALN ALY GBEST TuseuninaAunm i

o

v [ o

N13NA1ENUTNERINATLIUAULTILALAMNUIVBIBUAIAYINAILT B UTRBLAITIVUIATENNS

9

nangRusAAziUAasuLladlunuAIAN LML EaLYDd GBEST Luutfeiu Tagn1sAIuIaen

9

s
a

dudszandvesmnuiufuwazvuialunisnateiugazsyivnseun1sinaunaunIsAIuIN

AT AL UNUITDI0UN A
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[%
[

TunoUNTYIMUYDI APSO Lﬁulﬂmugﬂﬁ 3.1

(‘Start)

A 4

Initialize position and velocity for
each particle

v

Evaluate objective function for
each particle

A 4

A 4

Update PBEST, GBEST

\ 4
Calculate mutation step size and
inertia weight

JL
Update velocity and position for
each particle

A 4

Apply mutation to the swarm

Stopping criteria satisfied

3UM 3.1 uanedunaunisminauves APSO

9N3UT 3.1 azdiudndinmsimuemnussaziwiiasuduresnaynialulszsns
ANAUINZ A VDI UAUIVBIBUNIAYNA bUUTEYINT IIN1TENAN PBEST Uag GBEST
WU iu PSO  AanfemuinAduyszansuainnusuiuiazuuinlun1snaienuga

PSO lifinmsAuwiantuil daandevinisewinanusilnivazdunidduivesouniannda

Tuuszvnsiwudeddu PSO wiazaulalasldmduussansvasnnusununaiuinlanau
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(%
Y [ [

wihivdsanyhnmsewaudanazyinisnateiudlagldvwinlunisnatsiiugieualineu
W dBwAne1991n PSO 1msguitlifinisnanesiug aavnefiviinisasisaeuioulalunis

NYANITAUNIG WAL ITU PSO
3.1.1 NINAEWUS

watiinlonialunisrunuusnaludganuddelddaaunisnareiugidnlulu
PSO n1snangiugluaideilvinlagnisiionauniaun 1 f131nUseyInswuuds wadviinis

nagRugiunveteynIntusiensidAngulaainnisuanuaswuuimddes uluaniu

9 q

unlun1snateRuguae luIniiafuiumisesoyntaignnaeiiug tagvuialunis
naeRUG R ULUaINNUAIALLNEEaNYDY GBEST laga1AIAuidnzaued GBEST e

1NNBAIVUIALUAITNANERNUTAILANINAIL LU WADIAIANUMLISELYD GBEST  HiAn

6
]
s

YDUWAIVUINLUNITNAEWUS

]

% |

<
Avzllavesnuluaie n1svinauliiesuIainLulAnninga

AIANNZANTRY GBEST fifnunniueaningninuiteuniaaiedieglnaannyngaduysain

gyhnsnangiugluuiinundenelilseusnalniggeeraiilugananduysel winen
AULANNZANTEY GBEST datestiuenvmineaiuineunanisqagindananduysaludaf

mstieynianateRuslutsiuuauelilieayniad19gnseaisoenan GBEST Aty

s

aunIARnaeNuguNUAvrAumusalndlfagdaeAumuaal GBEST uu n1snateiug

9

wuuiusnainagiinisidsuiundseseynaliidusiundslninieluszeznnsdagn
Avuadievinalunmsnaneiusudadeinisvasusuvisueseynialudaiumidlmside
Tndumisfndelonmafisnaidundduiflnasenludsidesnainnsuanuasuuy
BRGIGIY

nsnaneiudilagnisiionaynia 1 auA1AKUUELAINUTEYINTUWIINITNATY

Ly [

ftusdeaunisfl 3.1 Kol
X, = X, + M x RandomGaussian() (3.1)

1ne

a

X, @8 @neunid d veseunanviinsnateiug

M fo vwalunisnaneiiug

RandomGaussian()  fo A1gulaainnisuanwaswuuinidi@eu (Gaussian
=
%
&

a

Distribution %38 Normal Distribution) @il tedsidu 0 wazArmuslsUus1du 1 1ae

[

Hulumuannisn 3.2 6] waygui 3.2 dsil
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1 b soo
f(XZ,U’U):\/EGe( uf o) (3.2)

10y
flxuo) Aeledduarunuiniuvssaiiuiiagiunuuaeiiles (continuous

probability density function)

X fiAnagluyag (-0, o0)
1 fio Anadsreanisuanias Sandu o
o fio dhudssuumesgiuveanisuanuas dandu 1
o’ Ao ArruUsUTIu dandu 1
7 fio Aaedl fendu 3.14159
e fio Aaaf ey 2.71828
0.3 ! ; ! ! ; ; ! : !
.45 . . .
0.4
.35
0.3
E 0.25
" 0.2
.15
0.1
.05
0.5

JUN 3.2 wanen1suanuadkuuinddeuddianadodu 0 uazAanuususaumdu 1

91n3UN 3.2 LIUIINITHANWAIRU UL AT B UT ANz sEdnT la o N UL

v

nsldu 1 daugenuuanegfl x=0 drugiuvesszdadan f(xu o) 1nd 0 udldidu 0 Fovi

T ngulatienaglugi (-0, ) lngaidulasinazeglng 0 wagazedlnaain 0 livesin

Y
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Y1 a

wienfe dlontafivzdulaaiilnd 0 winndreiilnasin 0 WwestununeawIneynadl

lomaaggnnateiuglusmundsilnauinnindunusilnaaindiuriasutuies uenani

3

A Y I3 Y 1 I3 @
ﬂ']ﬂq@J‘lﬂaqu'ﬁﬂLUUUjﬂLLaga‘UﬂﬁﬂﬂquuqzﬂgLUu 0.5 wmnu

'
1A

AMNAUNSA 3.1 i1 RandomGaus sian() 813 JuaAaduuinuseduau

' £
a =

@M Yo g Yo aa a = @y A o aa a1 oa X =
ﬂlﬂquiVQWG]@UIUQJW d 919UAN Gﬂu‘Viiaa@laﬂﬂ‘l@l LN@F’]']W@UiUVlﬂ?JW@']"U@Jﬂ']LW@JGUu‘ViTE]

'
oA

anasuegiuAnguliinliaunisn 3.1 vmsnaneiugusasaugdneulufianideila
laglenalunisnangiuglugalnamneuininniigailnaainAineuilodanldn1suanias

wuund@eulunisduen

YunlunsnateNugaIunTaRIalaINaunIsn 3.3 fall

M =Upperbound x tanh[l X F(G)} (3.3)
a

1ng

M fo aunlunsnaneug daasis 0 3A1 Upperbound

]

Upperbound e angeaaiidululsvesuinlifum fegrautu insdumdiney
ey nianTusnsgIu  Rastrigin lnsAumameulugae 512, 512  lunndia
Upperbound fifeen 5.12

tanh() Ao aridulamesludnunuiaud (hyperbolic tangent function) @slsien
Tugas [0, 1] Snwauzaasilaiduduansdoguil 3.3

a fo Aadidsdannnnndy 0 iwasadvuelivintualaflduioas el

WINAUAIAIUMLNS ALVBIAIADUNANENVDIUTZUNTISUAUA LS

9

[

F(G) fie Ammumizautasraauiffianueusyyinsdilmaus 0 [usuld
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tanhia)

3 14 4

a

[
(Y

JUN 3.3 Uaninsmauduiussznineenves tanh(a) Wagd1uianase a NTA1Ae 0 Wudu
U

AMNAUNITA 3.3 wiuina F(G) damdaus 0 Wuduluuay o fiAnuinnin 0

VK tanh() 1alueae [0, 1] ¥l Upperbound AAUAI91n tanh() vl M ey

Y

Tuane 0 §9A1 Upperbound €181 F(G) fiauaniiili M daunndazana F(G) a0
Yegyinlh M Talessniulume

NN F(G) #A1dn (euninsneg13eglnaaingngaduysel uazAneuna

=

& | Y ¢ v Y o g v A & A v PN
Vla@‘ﬂ@\‘iﬂigsﬁ']ﬂiﬂ@q‘ﬂaﬁ‘lﬂagﬂ"lﬂf\]@E‘j@aﬂu\ﬁm@’)ﬂ) LLa’J‘W'ﬂ,‘W M NﬂWNWﬂUULWQIW@HﬂWﬂVI

q U q
gnnatesiuganunsanu Ul geenalisngeduysalegluusnalminguaitdu diunisi
(% L3 Aaa

F(G) fimiey (aynasis oveglnagagaduysaliazineuniiignueslssynsieissy

q
(%

Inagmanduysalae) wawihli M dandeetuiiolviaunianielinszatgeenluandiney
NangavesUszynsuarduilieuniangnnatgiugtuvinisaumuialnadnaunnian

299U INTINAIE

a/ a n‘ a
3.1.2 AdNUTERNSVRIAUTUAY

s

d15U PSO  udAduuszansvesmnusuiuduainsivinlieuniandoudn

[

= & a Yy v v X Y ¢ al = i a P
L@EN‘LU‘WNF’\I'J']NLi'lLﬂllll']ﬂU'Nu@EJ‘U'NGU‘U@%ﬂ‘UWQuVI 29499 3 Iuallﬂ']i 2.1 LLWITN']‘U'JQEJ‘U
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nsldaduuszansvesmnusufuiaunsadsualdnaeanisaunivitlieuniandoud

a < a £ 5y = 4 ' a
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1 4

& a U cal ! & o = Yo A
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symailomaifisilumsdunuuinalmidsorahlugmsdunuananduysalld Tuvniinig
flounaBesiostufooyniaadeudilulufianie PBEST waz GBEST nsaunniufvily
oumaiilemavoslunsfunuuinalmiqusiagludalonalumsfummpouuinasemiig
PBEST waw GBEST :ndu ftunisuiurdinszansvesaruniududunisusulenalu
nsfunuusalniquaslomalunisfumenounadq GBEST axtulusnddeiseldldan
FusyAvsiAsunlamurimiumnganues GBEST lagfuunanidaiananmngas

Y839 GBEST  fimunniuaavangaiiditeynaiasiiageglnaainyagaduysel iivenaziiy

v a

lonalumsaunuananduysaiidesiialonialunisaunvuiiaalnduuaededluusuliien

| v

FUUTEANTV9ANNSUALTANNIN LALHDANAINULNLIZANYDY GBEST  fA11aetiusa

mngaNLIneuNanieeveglndngaduysaiuay AwdesinlunanifenisazAuniuIion

1 (%
(= SO VAN Y] 1

a9 GBEST In51z3ngadiysaio1davagiitiu fatluaisazanduuszdnsas annfinaniun

9 9

Ly

agUliiuiieiaziialenalunisrunugegaduysallimnndundeddvioyniaseg Aunusm

1 Y

Tnioaunineglnainyegnduysaluazauniusalng GBEST Wesunraglndynga

duysellaen15USVAduUsEANEU0IAULTAUAINAIANNN U 2AN VDY GBEST 9

[
ad A

puszasaverisiielilamnouinvulnelveunindumusnalviuasusiigseu GBEST
[T NGB

¥
=]

IINFUNIIAIUIUAINMTIVDIOYNIATATUAUNTTN 2.1 A3l
V., =wV, +clxrand )x (P, =X , )+c2xrand()x(G, - X, )

1ng

w o A9 AduUsEANnSveIAuT LAY

dnsunismianuruzauuuvayatanguuy w tuAiasid@sanlidngg
WaguwUawasnn1sAum widmsun1smAmEnzauLuUaYn1ANENNIN1INA1eT LT UY
Usuanlsiy w i luaiasuniamasnn1sAumsuaIAN sl v o unfNanves
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1
w= 0.5{1 + tanh[— x F(G)} (3.4)
(24

NAUNITN 3.4 w3 tanh() ATt [0, 1] vild w Teaneglugag [0.5,

11 6 F(G) fldannvirld w Sewnnuazanasdt widr F(G) fiandesvili w Tentdee
<@ (%
wazanansIanulUme
A < 4 a1 < 1 a [

91NauN159 2.1 aziiudngn w darunanusiludfazdeslunimanusuny
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Initialize position and velocity for
each particle
v
Evaluate objective function for
each particle
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A 4

Update PBEST, GBEST
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Update velocity and position for
each particle
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Apply mutation to the swarm

BEST stability exceeds the No
threshold?

Apply reposition to the swarm
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For each particle i do
For each mutation j from 0 to RM do
For each dimension d do
If rand() < PM then
TXq = Xig + Xig % rand()

End if
End for
Update PBEST and GBEST with Tx, new position from mutation
End for
End for
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If continuous GBEST stability reaches or exceeds TR
Reset PBEST and GBEST
For each particle do
For each dimension do
If rand() < PR then
Xig = Xg % Xig x rand()
End if
End for
End for
End if
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Greedy mutation *

Greedy mutation
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Reset counter TRY =0

4

Find new position by mutation
equation

v

Evaluate the new position

s the new position better than
current position?

No

Replace the current position with
the new position

Y. r

Increase TRY by 1 Reset TRY =0
l

) 4
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Is TRY equal or higher than MAX_TRY
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1. Initialize position and velocity for each particle

A

2. Evaluate objective function for each particle

]

y

3. Greedy mutation using (4.1) for each particle

A

y

4. Update PBEST, GBEST

!

5. All particles are set to do PSO search, evaluate the
fitness and update PBEST, GBEST

PSO search

v

A

6. Each particle choose a search

11. Update velocity and position

for the particle

1L

12. Evaluate the fitness

A 4

13. Update PBEST and GBEST

14. If fitness is improved

Yes

mutation search

15. Change to Greedy

Greedy mutation

A A

7. Greedy mutation using (4.2)

A 4

8. Evaluate the fitness

A 4

9. Update PBEST and GBEST

A A

10. Change to PSO search

No

A

No /
16. All particles do?

17. If stop condition is met
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A15797 4.1 LAAINSLATOUNVBIBUNIAMIT 0 AguATOUN 170-193 21NN15NAGBI GMSPSO

59U | AT 1 | dwniedad 2 | Armanumunzan | GBEST ASAUNN

170 -6.23E-08 3 5.51E-12 1 | n-1.1401689420713535e-007
171 -8.33E-08 5! 9.55E-12 1 | n-3.8101438052003461e-008
172 6.15E-08 -1 5.15E-12 1 | n 2.7312242572631096e-007
173 4.61E-08 2 5.10E-12 -200 | s2/370

174 6.80E-08 -1 4.10E-12 1| n2.197475208414241e-008
175 4.62E-08 -1 3.94E-12 -200 | s3/206

176 -2.79E-08 -1 3.74E-12 1 | n-1.9894919486237611e-007
177 -3.65E-08 -1 3.66E-12 -200 | s4/391

178 -4.87E-08 -1 6.71E-12 1 | n-3.368201922582924e-008
179 1.64E-08 -1 6.82E-13 1 | n 1.7245829100768539e-007
180 1.13E-08 -1 6.28E-13 -200 | s5/461

181 5.75E-08 -1 1.03E-11 1 | n 1.2175421548949913e-007
182 -1.87E-08 -1 1.14E-12 1 | n-2.1640868359734966e-007
183 -2.71E-08 -1 1.13E-12 -200 | s2/199

184 -5.73E-08 -1 9.96E-12 1 | n-1.067025567287374e-007
185 -2.71E-08 -1 3.54E-12 1 | n 6.5097635599797921e-008
186 -0.64E-08 -1 3.48E-12 -200 | s4/242
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GMSPSO
50U | AVl 1 | drunediad 2 | Areanuanzau | GBEST ASAUR
187 2.98E-08 -1 1.52E-12 1 | n 1.5709325596216742e-007
188 2.64E-08 -1 1.48E-12 -200 | s2/210
189 3.15E-08 -1 1.68E-12 1 | n 5.1429404170532045e-009
190 -2.32E-08 -1 1.20E-12 1 | n-1.2186147539879252e-007
191 -1.88E-08 -1 1.176-12 -200 | s2/181
192 -2.72E-08 -1 9.98E-13 1 | n -8.4034505036278972e-009
193 -2.09E-08 -1 9.91E-13 -200 | $2/195
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A15197 4.2 LAAINITLAREUNVDIDUNAMT 1 Aausisaun 170-193 31AN15MA883 GMSPSO

50U | AW 1 | sl 2 | Aeanuwminngay | GBEST ASAUMN

170 6.81E-09 -1 2.38E-13 1| n-1.4461749528224093e-007
171 1.03E-08 -1 2.25E-13 -200 | $3/370

172 -4.91E-08 -1 4.80E-12 1 | n-1.3697215430801794e-007
173 -6.21E-08 -1 7.61E-12 1 | n -2.8997362840823029¢-008
174 2.71E-09 -1 1.20E-14 1| n 1.5103113472720177-007
175 9.17E-10 -1 4.44E-16 -200 | s2/202

176 4.82E-08 -1 5.67E-12 1| n 1.1022916749383986e-007
177 -3.92E-08 -1 2.64E-12 1 | n -2.0369021294757956e-007
178 -3.49E-08 -1 2.63E-12 -200 | s1/232

179 -3.08E-08 -1 1.14E-12 1 | n 2.8354425676348175e-008
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GMSPSO
50U | Auvideddl 1 | druvuediadi 2 | AAanuwunzay | GBEST ATSAURN

180 -2.10E-08 -1 1.10E-12 -200 | 52/350

181 1.19E-08 -1 1.20E-12 1| n 1.0954994225484797-007
182 2.07E-08 -1 2.09E-12 1 | n 1.8587130296187686e-008
183 -9.65E-09 -1 3.39E-13 1 | n-1.0357866570366487e-007
184 -9.65E-09 -1 3.39E-13 -200 | s0/176

185 -2.37E-08 -1 2.17E-12 1 | n-4.4557162899537567e-008
186 -1.16E-09 -1 1.42E-14 1 | n 8.0882254721138021e-008
187 -2.88E-09 -1 8.44E-15 -200 | s2/249

188 1.97E-08 -1 2.04E-12 1| n 6.5816811518252241e-008
189 5.42E-09 -1 1.20E-13 1| n -5.2826293659728039-008
190 7.91E-09 N 8.13E-14 200 | $2/293

191 -1.80E-08 -1 6.02E-13 1 | n -5.8008382012887628e-008
192 -5.41E-09 % 2.71E-14 1| n 3.9641650093557866e-008
193 -1.33E-10 \ 0 0| s4/22
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5.1 Ugymilendunnnsgiu

HanFunltnaaaudanoSRuTI N uknI a1 UL 23 [7-15] Hendulatiruneasu
PSO, APSO, MRPSO Wag GMSPSO wud1uiu 100 Assualrtnasnsnlaudsauiiieuiu

[
I (%

Handumantiinadl

A13799 5.1 uanesieastdenuaalaymileanduninsgiusnge

a P ¢ o o aa a
7 Yol ndu Uszian AU YaULYNYRIUIH
1 Ackley Multimodal 50 [-32.768, 32.768]
2 Griewank Multimodal 50 [-300, 300]

3 Rastrigin Multimodal 50 [-5.12, 5.12]

4 Rosenbrock Multimodal 50 [-2.048, 2.048]
5 Schwefel Multimodal 50 [-500, 500]

6 Shaffer’s F6 Multimodal 2 [-100, 100]

7 Step Multimodal 50 [-100, 100]

8 Cosine Mixture Multimodal 50 [-1, 1]

9 Exponential Multimodal 50 [-1, 1]

10 Sphere Unimodal 50 [-5.12, 5.12]
11 | Axis parallel hyper-ellipsoid Unimodal 50 [-5.12, 5.12]
12 Multimod Unimodal 50 [-10, 10]

13 Rotated hyper-ellipsoid Unimodal 50 [-65.536, 65.536]
14 | Zakharov Unimodal 50 [-5, 10]

15 | Cigar Unimodal 50 [-100, 100]
16 Brown Unimodal 50 [-1, 4]

17 Levy Multimodal 50 [-10, 10]

18 Holder Multimodal 2 [-10, 10]

19 Beale Multimodal 2 [-4.5, 4.5]

20 Shubert Multimodal 2 [-10, 10]

21 Goldstein-Price Multimodal 2 [-2, 2]

22 | Trid Multimodal 10 [-100, 100]
23 Easom Unimodal 2 [-100, 100]

dniuneazideainayveslaymilsitunnsgiuiagdueglunianuan n.
5.2 MIANUANITIENSS

N15109850849 PSO, APSO, MRPSO way GMSPSO Qﬂﬁmuml”iﬁ]mmiwﬁ 5.2 lag
UIUUTEYINTVBY PSO, APSO, MRPSO dUse9nns 200 @7 @31 GMSPSO dUsgy1ns 5 M7
{9911 GMSPSO Aumeneusenisnanewusuuunifaduiunisiadeuiiuuy PSO danns
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Lﬂa@u‘V]LL‘U‘Uﬂi@lelﬂ']iLa@um']LL‘WLNLLagllﬂ']iqu‘U@EJﬂiﬂﬂ'l']ﬂ']iLﬂa@u‘V]LLUU PSO 1 N1d1N

Tudsgrns 1 dawnsaviiniaaulddineuifduliegesinsituedivitainnsngue



36

AmaunaTuladnensall 01891uUUsTEIINTUINAEYIN IR ASLa1 TUANSAURIUINLAL DD

d' A v o & a )
Lﬂaauw‘lﬂwfﬂﬂa@aNWV}ﬁL@UUﬂu

9 q

dmiunsdlves MRPSO  invualiduiunisisenldlsidugausyasduiniiandu
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99,000,000 11ANINYBITNTOULLBIIIN MRPSO Un1sdusoUaUNIA 5 ATaazdaiin15vn3

3Ty (Heuwitunsisunssulng) saiuddndudeasiuandu 99,000,000

AN51971 5.2 wandA s Ifimeseneued PSO, APSO, MRPSO way GMSPSO

NIFULNDT PSO APSO MRPSO GMSPSO
J3gung 200 200 200 5
SN TS un Ny 6,000,000 6,000,000 99,000,000 6,000,000

nUsTAIRINNTIEn

cl 1.496180 1.496180 1.496180 1.496180
c2 1.496180 1496180 1496180 1.496180
w 0.729844 - 0.729844 0.729844
RM > - 5 -
PM - - 0.1 -
TR . - 100 -
PR ) | 0.7 -
MAX_TRY1 * - r h 100
PM1 * - ‘ - 0.1
PR1 * d - - 0.02
MAX_ TRY2 ** r - - 200
PM2 ** . . p 0.7

* MAX_TRY1, PM1 Wag PRI fia MAX_TRY, PM wag PR Anudiunes Greedy Mutation fausndsldamnisii 4.1 Tugud
a3
* MAX_TRY2 uag PM2 fio MAX_TRY Laz PM mudiunes Greedy Mutation sfafiaesdsliainisit 4.2 Tugui 4.3

% @999 cl, 2 Was w umsaduandimnuanig [16]
5.3  NanN1InNeaang

ymsnaass GMSPSO luynitaddunay 100 afudaldnadnsidulumunised 5.3
P1519TUARIAIA LN ANRAY ATA TN ALAER LAY AIAIILLLNEANGIEATN
Fnou 100 ANDUAINATIVIARES 100 ASY Tadauansdaunisdenldilaidugausassaly
Wluszwinmeaeslauamdiuruieds S1uiudign wazdnnugignainduiunsionly
flafdugnuszasduosnanmass 100 Afa wazandeuanssiuluadsiinudineuainnis

9804 100 ASIFMSULAaZHaATY d1usuAIALNNALTILAASlUANS 19 LTUAT O LaneIn

GMSPSO lanuminaunal §9A1ANumMLnEauneinlsAmauAsafviity @1usiuiunis
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v = ELy

sunisnazdinissenldilaidugauszasdlunmsaienusnzauvewuaiug A eiud gy



37

Juwunissenldilaidugauszasdununisinnanduiunideauisaszyilianuidedu

=~ a 5% v A a s1 o @& o J
ﬁ']ll']iﬂWlEJ‘ULF"IENI(’?{I@EJING]@QIGULﬂiaﬂﬂ@NW'JL@@iEULﬂEJ'JﬂUﬂ'ﬂNLTJL@H?ﬂu UBNITNUYURNBDU

lun1sasrmseindeuilounialdainnisguuazaunisnisiadsuiuiediuldlivuediv

o '
(% A

TUABUDUGNIAEITBIAUTIUIUYTZHINT

M19197 5.3 UARIALRRY APNER LavAgIEnvadAIAIlIzaNkazINuINNTSSenty

i tugAUaIAsINE I IUIUASININUAINDUTDINITNAGEY GMSPSO LTuduu
100 Asslunmaziandu

ANMNUUUNZEY Fuunsisenldnenduanuseasa AU
Wendu ASadi

i de AEn d9gn \ade AEn degn WU
AN
1 0 0 0 77,053 4,730 1,784,388 100
2 0 0 0 14,773 12,943 18,317 100
3 0 0 0 5,939 3,398 8,152 100
4 51315 | 204835 | 10.2549 6,000,000 6,000,000 6,000,000 0
5 8,811.82 | 7,112.90 | 10,361.80 6,000,000 6,000,000 6,000,000 0
6 0 0 0 2,045 836 4,284 100
7 0 0 0 12,881 11,435 14,544 100
8 0 0 0 13,683 9,638 17,742 100
9 0 0 0 14,325 12,636 15,928 100
10 0 0 0 29,156 20,356 34,257 100
11 0 0 0 33,574 19,402 30,380 100
12 0 0 0 47,010 31,361 57,002 100
13 0 0 0 33,636 21,870 30,871 100
14 0 0 0 1,480,342 38,722 4,512,809 100
15 0 0 0 28,952 16,640 34,868 100
16 0 0 0 35,468 21,140 41,577 100
17 2.82112 | 228924 | 3.31285 6,000,000 6,000,000 6,000,000 0
18 0 0 0 124,926 93,155 182,030 100
19 0.0304828 0| 076207 429,837 158,124 6,000,000 96
20 0.631541 0| 631561 286,272 126,517 6,000,000 99
21 0 0 0 104,408 68,125 156,294 100
22 0.437682 | 0.013477 | 2.26193 6,000,000 6,000,000 6,000,000 0
23 1.4433E-17 0| 1L.11E-15 341,106 77,814 6,000,000 96

1NAI517 5.3 223Ule97 GMSPSO @1u15auIsnaunund 100 aselu 16 Wandu

anuUHaATuN 4, 5, 17, 19, 20, 22 wag 23 fududuiu 7 Hedduinllaiunsarainauny

Tumsnaass 100 Assle Tneflardu 4, 5, 17 uay 22 s2ndu 4 fafduii GMSPSO lilanunsa

WIRABUNUT 100 A5 druilerddu 19, 20 uay 23 sy 3 Hefduil GMSPSO lalanunsa
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wiamaunuluu19asIann 100 AsanInn1sneastnsslamiainaulinufazyinlienuiunsan

<

wuAtmaulifs 100 ATuazduinliduiunissenldflidugauseasdgegaidu 6,000,000

Y 9

wazmnluilendulalinuineuidinsnsufersgyilidiuiunissenldileidugnlssasdlag
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wasuazigaLdy 6,000,000
UM IS En N TuIAUTTaIALAgLRRELaEITUIUATINNUAIADUIINNITNAA DY
GMSPSO  1u3u 100 assdmsuwsagilandulagninluiSeuiisuiu PSO, APSO uag

MRPSO #NUA15971 5.4 §ail

M13199 5.4 uanadnunmssenldilnduayssaslagiafiowasIuiunsiinumnauves
N151Aa83 100 ATIY8Y PSO, APSO, MRPSO Wag GMSPSO Tuusazlendu

danosny
PSO (200 #7) APSO (200 7) MRPSO (200 §2) GMSPSO (5 #)
flefay | WM |, IIUMUNS AUIUNS UUNS |
. = o U » o o 2, 5 0 a o U
7 Senly ¥ 4 Sanly U Benld 31U Benld % 4
¢ AN ¢ &, Y ¢ & & o ¢ & AIIN
Wangu Wandu | aseiwu | Weddu | aseiwu | Wenwu
I3 WU I3 o I3 [J I3 WU
aUsEasA | aUsEaeA | AMRU | IaUsEaNA | AneU | 9aUsEaeA | |
I AINDU = g o Anay
Tneade Tneiade TneLade Tnenade

1 6,000,000 0| 6,000,000 0| 4,440,482 100 77,053 100
2 6,000,000 0| 6,000,000 0 937,788 100 14,773 100
3 6,000,000 0| 6,000,000 0| 1,986,208 100 5,939 100
4 6,000,000 0| 6,000,000 0| 3,354,906 100 | 6,000,000 0
5 6,000,000 0| 6,000,000 0| 2709906 100 | 6,000,000 0
6 11,604 98 9,414 100 201,716 100 2,045 100
7 6,000,000 0| 6,000,000 0 358,472 100 12,881 100
8 6,000,000 0| 6,000,000 0 738,764 100 13,683 100
9 6,000,000 0| 6,000,000 0] 1,220,586 100 14,325 100
10 6,000,000 0| 6,000,000 0| 16,147,010 100 29,156 100
11 6,000,000 0| 6,000,000 0| 16,317,826 100 33,574 100
12 6,000,000 0| 6,000,000 0| 26,063,762 100 47,010 100
13 6,000,000 0| 6,000,000 0| 16,112,838 100 33,636 100
14 6,000,000 0| 6,000,000 0| 55898746 100 | 1,480,342 100
15 6,000,000 0| 6,000,000 0| 16,348,134 100 28,952 100
16 6,000,000 0| 6,000,000 0| 14520812 100 35,468 100
17 6,000,000 0| 6,000,000 0| 2645470 100 | 6,000,000 0
18 37,883 100 17,248 100 73,016 100 124,926 100
19 56,115 100 24,811 100 400,580 100 429,837 96
20 43,843 100 20,634 100 81,872 100 286,272 99
21 27,839 100 12,831 100 151,820 100 104,408 100
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M1519% 5.4 (519) wansduIunssenleianduaUseasRlafuLaIuILASIINUAINBY
YBIN1INAGBY 100 ATIVDY PSO, APSO, MRPSO Wag GMSPSO luusiaz
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s a
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PSO (200 ) APSO (200 #7) MRPSO (200 ¢7) GMSPSO (5 #)
co | MWAWNS | IUIUNT A7UIUNS U5 |
Weddu |~ 00, | Swaw | 2 L. | o aw | e o oy | 3T
o Senld 2 4 Senld 71U Benld 1MUY Benld 2 4
7 ‘o AN ‘o Y 4 ¢ o Y o ¢ o AFIN
Wangu Wenguy | aseiwu | Wendu | aseiwu | Wedwu
¢ nU ¢ ° ‘ ° ‘ nU
auszasd | aUszasA | AmaU | YaUszasA | AImau | YausEasA | |
a AU o o o AU
Tnewade Tnewade Tnawaas Tnawaas
22 37,607 100 22,982 100 | 10,276,210 100 | 6,000,000 0
23 31,431 100 16,335 100 209,288 100 341,106 96

1ne15eT 5.4 szdulda st iUl 116 oniu 4 way 5 GMSPSO wuFmay
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lszasdlasinfefitesndn PSO, MRPSO way GMSPSO uisilsiiuil 18-23 fesuiu
adsiinudpeulu 100 astluvnediliidud 6 duisiuumsdenldilaidugauszadiag
\dedesnd1 PSO was MRPSO Wsitnnsn GMSPSO fesauiuaseiinumaeudu 100 ads
d1u PSO - tunudmeudssiuaunisiienldilsidugeusvasdlasiaiefiinnindanasfy
sunluileituil 6 Meswundiiinumneulaids 100 adwuarlufleiduii 18-23 s
adainummeudu 100 ads

uenNTziiuinnnranITRaes PSO waz APSO Fsiisnisfumeneuiilndifes
fusnnuaneafies APSO. Mimsnaneiugudsaneyaialmdeuiiileseyniaiianaziing
Usulusuduanansd 0.7 10 0.5 8 1 uazkanisnaaesildllldfinnuuandstumnniag
APSO Snafisind PSO teaidntosluierdui 6 uay 18-23 luvasiflsrdusuqduiinadns
Fudloutufemnoulainusta 100 At dau MRPSO way GMSPSO finnuuansneiustis
innuagilildnafisnatiueegiaunn
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GMSPSO Tumnifandu
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AmuslvdruunsSenldilaidugaussasdunitgadu 6,000,000 Failaniosndin MRPSO
Jumsz PSO, APSO. ey GMSPSO. ifinssurunsiind@dudsdutaenummeu Aazny
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shedruunsFonliileitugauszasailiiiu 6,000,000 TasUszana uazazlinudiney
faudfaelduunsSenldilaidugnusrasdifuanidfnmu diu MRPSO (udane3fiuiifimy
psafiannsofunummeu e aunaFenliflaiduaaUsrasdiiiu 6,000,000 1¢ lasan
fins3nddu fadulshmuadiuunmadenldileifugaussasduniiaadmiu MRPSO 1u
99,000,000

Tugufl 5.1 agifiudn GMSPSO luflsfdudl 1-16 snifu 4 waw 5 duldGenldiladdu
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MRPSO IsFenldilaitugauszasdsmediuuilisiaiuann dau MRPSO IsFenldiledidu

yaUszasRbuIunuINnItgane3fivdue uiuladaluilsddui 10-16 usinurnauyn
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lafdu dmsu PSO way APSO duisenldflandugauszasniadiuiu 6,000,000 wazndall
PUADUIUHINTUN 1-17 oAU 6  TUIUESATINTUY 18-23  1UU APSO  Senlailandu

yaUszasRmaduIuiitosnit PSO Wiswdntesuazdataendl MRPSO way GMSPSO 8n

[

Pl
Tunsilerduifisulu 2 Sandrefuidu fleddu Rosenbrock (4) Audlsridu Cigar (15)
aNINAaediuAnA1afuLnn Leaninilsidu Rosenbrock LHuLuU Multimodal figman
duimdvanoqaluvnig? Cigar 1y Unimodal Tqngaduinsaaiiendsinliinesonisdum
1NN
uenanissdinaninIeudisuammummnzalasiodouaysuunsidonldiletdy

nUszasAlagiafisvamrazdanasiudmiuidazilandugaglunianuin a.
5.3.1 UIBANYIINANITNARBIVEY GMSPSO
HANHAINNITNAGBT GMSPSO dunsakUmagUsennaadl

5l 1 wuAmaulag PSO
HAI1NN1TNASBIIUTIATY Holder Aigdseins 5 dalagiing
Senldilafdugauszaslitiu 6,000,000 A5 duluaLA13997 5.5 115199 5.5 wanaseulu

N1IAUNIAIABUATRAEIVBIRUANALLEAT 1 Uag 2 A1AINMINEANYDIALNLIYEIBUNA

¢ 1 &

= v A & A o v v ° [ o
mmmmmammauﬂ’mmwLﬂu GBEST VUSNBUNTIANTAIAUNN d1usunsadunaulu

L2 s

FeazuMmNeINUNITIAGaUNTRIRUN1ALUTRUTNY Ry ARG auTILUUle dydnwal n

o

= =

Pt Y P 1 v o g o Xy 2 aa d'
NUIY mgmmmauwima PSO LL@S@?L@%W@Q%@Q&@@HH@UU@@ AIULIINUYUINUIANER

9

PNTRINAYeIAULT IR daudydnval s mngleunamdsuiilnensnaleiiug

¥ [
6l o [ 5 o v A = o

wazdavmusnfiegnasdydnualilfe Tuiuatlunisnateiud Auavminassae 91U

3

asslunsdumsiumialyg dupedulinunfe vinewvvesoynafafilu GBEST nasa1nd
nnaunIninsAumdwnudlniasadundaluseutiug daunedulaniineds Araaw
WiNgauYes GBEST

A15199 5.5 LAAINISLATOUNVBIBUNIARIN O ASLATOUN 330-350 21NN15NAGBI GMSPSO

AuanT Holder

. aunn AR
59U | Aunuedff 1 | duwwdediad 2 | A | ceeT ASAUMN gy | HEzEd
WNZEY GBEST | %8s
GBEST
330 | 8.05458494893400 | -9.66485346240665 | 3.55E-14 -200 50/181 4| 142614
331 | 8.05458495183725 | -9.66485346725929 | 3.66E-13 4 | n-4.8526432523719016e-009 4| 142614
332 | 8.05458494880752 | -9.66485346217077 | 1.10E-13 4 | n 5.0885264102777122e-009 4| 142614




a2

A1519% 5.5 (6i9) LaARINISIAROUNVEIBUNIARIT 0 AILATOUN 330-350 A1NNTNARDY
GMSPSO fuilaridu Holder

. . : sy | 1AM
59U | AUWUERN 1 | fundedifn 2 L?ﬂmrgi GBEST ANSAUMN Gﬁéi];AT "“{;’%‘f“
GBEST
333 | 8.05458494880752 -9.66485346217077 1.10E-13 -200 s0/185 4 1.42E-14
334 | 8.05458494672650 -9.66485345868375 3.91E-13 4 n 3.4870127810619733e-009 q 3.55E-15
335 | 8.05458494974202 -9.66485346376574 1.71E-13 4 | n-5.0819891572116065e-009 4 3.55E-15
336 | 8.05458494974202 -9.66485346376574 1.71E-13 -200 s0/170 q 3.55E-15
337 | 8.05458495040508 -9.66485346486688 2.17E-13 4 | n-1.1011362935254822e-009 4 3.55E-15
338 | 8.05458495017908 -9.66485346447977 1.39E-13 4 n 3.871104692142738e-010 4 3.55E-15
339 | 8.05458495017908 -9.66485346447977 1.39E-13 -200 s0/179 4 3.55E-15
340 | 8.05458494881927 -9.66485346219755 7.46E-14 q N 2.2822242761459302e-009 4 3.55E-15
341 | 8.05458494881927 -9.660485346219755 7.46E-14 -200 s0/185 4 3.55E-15
342 | 8.05458494822620 -9.66485346121683 8.88E-14 4 n 9.8071022572569515e-010 4 3.55E-15
343 | 8.05458494832370 -9.66485346138975 2.13E-14 4 | n-1.7291703424203552e-010 4 3.55E-15
344 | 8.05458494832370 -9.66485346138975 2.13E-14 -200 s0/182 4 3.55E-15
345 | 8.05458494965042 -9.66485346359312 4.62E-14 4 | n-2.2033723422909016e-009 4 3.55E-15
346 | 8.05458494991754 -9.66485346403177 497E-14 4 | n-4.3864352794215295e-010 4 3.55E-15
347 | 8.05458494816329 -9.66485346111882 5.33E-14 4 n 2.9129425240962324e-009 4 3.55E-15
348 | 8.05458494858977 -9.66485346182821 1.42E-14 4 | n-7.0938054762211098e-010 4 3.55E-15
349 | 8.05458494858977 -9.66485346182821 1.42E-14 -200 s0/178 4 3.55E-15
350 | 8.05458494890343 -9.660485346234990 0 q n -5.2169321773065e-010 0 0
9NM5NT 5.5 aituiluseudi 350 ammﬁaﬁ 0 AUNUAIRDU
Fauruldanatmumnzandy 0 Aunudineulag PSO ﬁﬂiﬂuiauqmﬁwaumﬂﬁaﬁ 0
nanetly GBEST sea1auiningasdu 0
5.3.1.2 WUAINBULANTITNANENUG
NAYINNISNARBINUTNeA YU Goldstein-Price Aadseanns 5 6
lneinssunldfleitugnUssasdliiiy 6,000,000 adudulunmuansnsit 5.6 sail
A151971 5.6 LLammim?{auﬁﬁuaqaumﬂﬁaﬁ 1 faussoudt 170-193 91nNSVAGB GMSPSO
Auentu Goldstein-Price
AR
° ' ° ' ' UNTA
AILWAUN ALWAUN | AR o ,z,-qd N7 USR]
saU s s GBEST ANSAUNN Mmdu
uan 1 uan 2 N7 FUMASEY U
GBEST
GBEST
170 6.81E-09 -1 2.38E-13 1 n -1.4461749528224093e-007 1 1.33E-15
171 1.03E-08 -1 2.25E-13 -200 s3/370 1 1.33E-15
172 -4.91E-08 -1 4.80E-12 1 n -1.3697215430801794e-007 1 1.33E-15
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A1519% 5.6 (619) LaARINISIAROUNVRIBUNIAMIT 1 AauATEUN 170-193 1AN1TNARLY
GMSPSO futlenidu Goldstein-Price

A1AY

NN R aunA
AU ATLWAUL | ATAIA v o e Y7 EAMEAGEL]

59U anrd anrd GBEST N19AUNN nmdu

uan 1 uan 2 | wmnzdy U3

GBEST
GBEST
173 -6.21E-08 -1 7.61E-12 1 n -2.8997362840823029e-008 1 1.33E-15
174 2.71E-09 -1 1.20E-14 1 n 1.5103113472720177e-007 1 1.33E-15
175 9.17E-10 -1 4.44E-16 -200 s2/202 1 4.44E-16
176 4.82E-08 -1 5.67E-12 1 n 1.1022916749383986e-007 1 4.44E-16
177 -3.92E-08 -1 2.64E-12 1 n -2.0369021294757956e-007 1 4.44E-16
178 -3.49E-08 -1 2.63E-12 -200 s1/232 1 4.44E-16
179 -3.08E-08 -1 1.14E-12 1 n 2.8354425676348175e-008 1 4.44E-16
180 -2.10E-08 -1 1.10E-12 -200 s2/350 1 4.44E-16
181 1.19E-08 -1 1.20E-12 1 n 1.0954994225484797e-007 1 4.44E-16
182 2.07E-08 -1 2.09E-12 1 n 1.8587130296187686e-008 1 4.44E-16
183 -9.65E-09 -1 3.39E-13 1 n -1.0357866570366487e-007 1 4.44E-16
184 -9.65E-09 -1 3.39E-13 -200 s0/176 1 4.44E-16
185 -2.37E-08 -1 2.17E-12 1 n -4.4557162899537567e-008 1 4.44E-16
186 -1.16E-09 -1 1.42E-14 1 n 8.0882254721138021e-008 1 4.44E-16
187 -2.88E-09 7 8.44E-15 -200 s2/249 1 4.44E-16
188 1.97E-08 -1 2.04E-12 1 n 6.5816811518252241e-008 1 4.44E-16
189 5.42E-09 7L 1.20E-13 1 n -5.2826293659728039e-008 1 4.44E-16
190 |  791E09 1| BI3E14 | 200 52/293 1| 444E-16
191 -1.80E-08 il 6.02E-13 i n -5.8008382012887628e-008 1 4.44E-16
192 -5.41E-09 -] 2.71E-14 1 n 3.9641650093557866e-008 1 4.44E-16
193 | -133£410 1 0 0 54/22 1 0

211597 5.6 giiuireynadail 1 Aunudneuluseud 193

= < v 1 I v o o & o 1
szmmulmmﬂ']ﬂ’s'mmu’wamﬂu 0 QUWUQ’]@@UIWSﬂWiﬂa’]HWUﬁnU 4 AFIINNTITUINLLALS

Tnal 22 Fwnus

5.3.1.3

NARINNNITNAARINUNINTY Trid AreUszwIng 5

ldwuanau

Senldilaidugauszasaliiiu 6,000,000 Asadulununsied 5.7 dadl

Alneiinng
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' (%
I U

A151991 5.7 UAAINISLARBUTIVE0UNIARIT O AIUATOUN 44,525-44,543 31NN1TNARABY
GMSPSO fiuiendu Trid

, AAI13

. . .| A1mu aunA
ALY | Auny v A (VTR EAs|

59U o e Wuze | GBEST N1IAUNN My

AN 1 | U@ 2 UVDY

E\ GBEST
GBEST
44525 | 9.618249 | 16.89275 | 0.950461 -200 50/200 1| 0.950461
44526 | 9.618249 | 16.89275 | 0.950461 1| n-8.1653204164867269e-008 1| 0.950461
44527 | 9.618249 | 16.89275 | 0.950461 1| n6.0137649004380725¢-008 1] 0950461
44528 | 9.618249 | 16.89275 | 0.950461 1| n 8.6863579335570827e-008 1] 0950461
44529 | 9.618249 | 16.89275 | 0.950461 -200 50/200 1| 0.950461
44530 | 9.618249 | 16.89275 | 0.950461 1| n-7.9067131786436926e-009 1] 0950461
44531 | 9.618249 | 16.89275 | 0.950461 1| n-6.5326036746943614e-008 1] 0950461
44532 | 9.618249 | 16.89275 | 0.950461 1| n 2.4328035992537563e-008 1] 0950461
44533 | 9.618249 | 16.89275 | 0.950461 1| n-5.141143552157669e-008 1] 0950461
44534 | 9.618249 | 16.89275 | 0.950461 1| n-9.0774819116556759e-008 1] 0950461
44535 | 9.618249 | 16.89275 | 0.950461 -200 50/200 1] 0950461
44536 | 9.618249 | 16.89275 | 0.950461 1| n6.5526517301311123e-008 1] 0950461
44537 | 9.618249 | 16.89275 | 0.950461 1| n1.5815614695817289e-007 1] 0950461
44538 | 9.618249 | 16.89275 | 0.950461 1 | n 5.8764463987490036e-008 1] 0950461
44539 | 9.618249 | 16.89275 | 0.950461 -200 50/200 1| 0.950461
44540 | 9.618249 | 16.89275 | 0.950461 1| n5.5056328681936285-009 1] 0950461
44541 | 9.618249 | 16.89275 | 0.950461 1| n-9.1103887093610634e-008 1| 0.950461
44542 | 9.618249 | 16.89275 | 0.950461 1| n-2.1608234162807031e-007 1| 0.950461
44543 | 9.618249 | 16.89275 | 0.950461 -200 50/200 1| 0.950461

N15MAR83 GMSPSO Auflendu Trid Ui GMSPSO lainufnay
tuhe liflaunielanudAnauuieatuauniafif 0 Muandlunisan 5.7 nans1aliseun
44,543 Jusouganaudsoyniasif 0 Addldnumnevuiuldanaiauminzanly

sougavingladu 0

5.3.1.4 NUAINDUAYANUIUTOULI DY
NAAINNITNAAaBINUHaNTY Shaffer’s F6 maeUsesIng 5 fabaedl

nsBenldilaidugaUszasdliiiu 6,000,000 Asadulununs1ed 5.8 fadl
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A13197 5.8 LAAINITLATOUTNIVDIBUNIARIT 4 ATUATEUN 0-1 INN1TNARBY GMSPSO fiu
#antu Shaffer’s F6

4| AR

. . o , . aYNIAN
ALAUS | AUUS | AIAIY v - (Y PTREASEY

59U e e GBEST N1IAUN wu
Uan 1 uan 2 | wmungay YD

GBEST
GBEST
0| 4549232 | -11.0809 | 0.459589 1 n -43.560531990729321 1| 0.178223
1| 386E-09 | -2.30E-09 0 0 s31/111 4 0

d' v o a = v o
N 1@38@Hﬂ7ﬂmjw QQNQUWTﬂWHﬂqiﬂQWSWUﬁ

5.3.1.5

NAN3197 5.8 aiudmmaugnaunuly 2 seulaeAunulusey

[

]

NUAINBUAIYITUIUTDUNIN

NAINANITNAABINUNINTU Beale meUsesIns 5 #alaeinig

Senlgilaidugauszasaliiiu 6,000,000 Asululusuasan 5.9 dadl

A15797 5.9 LAAINISLAGOUNUBIBUAIAMIT 2 ASUATEUN 510-533 91NN159AGBI GMSPSO

AunenTy Beale

AR

i == ; . 2UNA
AMLAY | Al | AR J 4o (VY FUREASEY

59U e <y GBEST N1SAUNT mdu

AN 1 | WAN 2 | winzau U9

GBEST
GBEST
510 3 05 | 2.33E-30 4 | n 1.2266201104679448e-015 4| 6.47E-32
511 3 0.5 | 2.33E-30 -200 s0/182 4| 6.47E-32
512 3 0.5 | 3.20E-31 4 | n2.188509668630176e-015 4| 6.47E-32
513 3 0.5 | 3.20E-31 -200 s0/181 4| 6.47E-32
514 3 0.5 | 1.04E-30 4| n2.4183480247060246e-015 4| 6.47E-32
515 3 0.5 | 3.17E-30 4 | n 1.4332441931885786e-015 4| 6.47E-32
516 3 0.5 | 6.04E-31 4 | n-2.0499521360373143e-015 4| 6.47E-32
517 3 0.5 | 6.04E-31 -200 50/180 4| 6.47E-32
518 3 05 | 7.52E-31 4 | n-2.1750807301249466e-015 4| 6.47E-32
519 3 0.5 | 2.03E-30 4 | n-5.2659620681258918e-016 4| 6.16E-32
520 3 0.5 | 1.26E-31 4 | n25361255661701746e-015 4| 6.16E-32
521 3 0.5 | 1.26E-31 -200 s0/188 4| 6.16E-32
522 3 0.5 | 1.59E-30 4 | n-4.4377433477923108e-016 4| 6.16E-32
523 3 0.5 | 3.11E-31 4 | n-1.0691070775862622e-015 4| 6.16E-32
524 3 05 | 3.11E-31 -200 s0/187 4| 6.16E-32
525 3 0.5 | 9.89E-31 4 | n-4.1316424728429355e-016 4| 6.16E-32
526 3 0.5 | 357E-31 4 | n 8.4470881555909224e-016 4| 6.16E-32
527 3 0.5 | 357E-31 -200 s0/176 4| 6.16E-32
528 3 0.5 | 5.05E-31 4 | n2.4418357827235789¢-016 4| 6.16E-32
529 3 05| 1.11E-31 4 | n-5.5641450138197769e-016 4| 6.16E-32
530 3 05| 1.11E-31 -200 s0/183 4| 6.16E-32
531 3 0.5 | 3.20E-31 4 | n-1.8592605981491858e-016 4| 6.16E-32
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A1519% 5.9 (6i9) LaARINISIAROUNVRIBUNIARIT 2 AILATEUN 510-533 1NN1TNARLY
GMSPSO Auilaridu Beale

AAY
. - , . aynA
AMUAU | AMUU | AR o A (VY PR
59U andd andd GBEST N19AUN miu
QAN 1 | WAN 2 | ugau VDY
GBEST
GBEST
532 3 0.5 | 3.57E-31 4 | n5.0185365905493684e-016 4| 6.16E-32
533 3 0.5 0 4 | n-1.4109671451165232e-016 0

91915197 5.9 azuiuimudmeuluseud 533 lngauninadii 2
AunuAneulag PSO warnaeuiy GBEST ludign
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n.1  Ackley

Ackley Function
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JUN n.1 uansilandu Ackley auim 2 16
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Hantudiduitendduluu multimodal & n 36 wusmgaNNISARRAAIARSFal
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N.3  Rastrigin

Rastrigitn Function
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35U .3 uansilandu Rastrigin vuin 2 5

Hartudiduiedduiuy multimodal & n 35 unumegaunIsAdneAIanseal
f(x)=10n+ Z[xf ~10cos (27, )] (n.3)
i=1
a8
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N.4  Rosenbrock

Rasenbrock Function
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Hartudiduiedduluy multimodal & n 8% unumegaunIsAdaeAIanseal
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n.5  Schwefel

Schwefel Function
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Abstract
Particle Swarm Optimization (PSO) simulates the forage of birds or fish to find an optimal
solution, but it often traps in local optimum easily. To overcome this problem, greedy
mutation search along with particle swarm optimization (GMSPSO) are used to reduce
trapping in local optimum and raise the probability to find an optimal solution. It is tested on
the nineteen benchmark test functions. GMSPSO finds better solution than the standard PSO
and the PSO with Adaptive Mutation (APSO) in most of the functions.

Keyword: Swarm Optimization, Greedy, Mutation

Introduction

Particle Swarm Optimization (PSO)[1]; was first proposed by Kennedy and Eberhart in 1995.
The PSO is a population-based algorithm that is inspired from the forage of schools of fish
and flocks of birds. The PSO is widely used in many fields [2-4]; due to its simplicity. Each
individual of the population searches the optimal solution on the search space toward the best
solution found. The advantages of the PSO are easy implementation with few parameters and
high convergence speed. The disadvantages of the PSO are premature convergence and
trapping in local optima easily. To overcome these problems, many researchers proposed
PSO-based algorithms such as a hybrid PSO combining random search and
semi-deterministic search (DGHPSOGS)[5];, a hybrid PSO combining the standard PSO and
gradient-based search algorithm [6]; and the PSO with Adaptive Mutation (APSO)[7];.

In this paper, a new search strategy called greedy mutation search with particle swarm
optimization (GMSPSO) is proposed. GMSPSO search solution space in two modes, greedy
mutation search and normal PSO search. The greedy mutation searches keeps muting particle
to a better position on the search space. As in most greedy search, this position may position
at a local optimum point. Then, PSO search mode is used to move a particle out of its local
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optimum and start a new greedy mutation search. Since the search strategy is driven by both
greedy search and PSO, it aims to overcome the disadvantages of standard PSO while
maintain fast convergent speed of greedy search, GMSPSO is tested on the sixteen
benchmark test functions and compared with PSO and APSO.

The rest of the paper is organized as follows. Section 2 introduces the standard PSO. The
PSO with Adaptive Mutation (APSQO) is reviewed in Section 3. In Section 4, the proposed
method is described. Experimental results and discussion for the benchmark test functions are

given in Section 5. Finally, the concluding remarks are offered in Section 6.

Particle Swarm Optimization

The standard PSO is an algorithm that uses population to find an optimal solution in a search
space. Each member is called “particle”. Each particle stores its position and velocity. In the
beginning, positions and velocities of all particles are randomized. In each iteration, each
particle moves toward its own previous best position (called “PBEST”) and the global best
position of all particles (called “GBEST™). Its position and velocity are calculated by the
equations below:

Vig = wVig + ¢l xrand() x (Pyg — Xig) + c2 x rand() x (G4 — Xigq) (1)

Xig = Xia +Vig (2)

where w is an inertia weight which 0 < w <1, ¢1 and c2 are positive acceleration
constants, rand() is a randomized number in the range from 0 to 1, V;, is the previous
velocity of particle i at dimension d, V;; is the current velocity of particle i at dimension d,
P,; is PBEST of particle i at dimension d, G; is GBEST at dimension d, X;; is the
previous position of particle i at dimension d, X; is the current position of particle i at
dimension d. The velocity of each particle at each dimension must be in the range from V.,

(minimum velocity) to ¥4, (maximum velocity).

The PSO with Adaptive Mutation
ALFI Alireza propesed a modified PSO called “APSO”. It is about the same as the standard
PSO, but the inertia weight is not constant. It decreases, according to the fitness of the global

best solution, to improve solution accuracy as follows:
w=05{1+tanh |2 x F(6)]} 3)

Where w is the inertia weight which 0.5 <w <1, tanh() is the hyperbolic tangent
function, o« is a pre-defined value (o< can be the fitness of the global best solution of the

initial population), F(G) is the fitness of current best solution.
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It can be seen that when the fitness is high (the lower the better), the weight is high and
decrease slowly so that it still searches globally. When the fitness is low, the weight is low
and decrease fast to support local search to improve solution accuracy. The balance of global

exploration and local exploitation is controlled by the inertia weight.

Another difference between APSO and PSO is that APSO has a mutation operation after
calculating positions of all particles using (1) and (2) to improve global search and
convergence speed. A particle in the population is randomly chosen to mutate with a
Gaussian random value as follows:

Xy = X{y + M X Random Gaussian() (4)

M = Upperbound X tanh [é X F(G)] (5)

Where Random Gaussian() is a random value from the Gaussian distribution with zero
mean and unit variance, M is a mutation step size in the range from 0 to Upperbound (an

upper bound of the search space).

It can be seen that the mutation step size decreases according to the fitness of current best
solution. When the fitness is high, the mutation step size is high to increase the chance of
finding new areas. When the fitness is low (particles are near global or local minimum), the

mutation step size is low to avoid convergence disturbance and support local search.
The pseudo-code of APSO is as follows:

Initialize position and velocity for each particle
Evaluate objective function for each particle
Update PBEST, GBEST
Calculate w and M using (3) and (5)
Update velocity and position for each particle using (1) and (2)
Apply mutation to the swarm using (4)
If stopping criteria are not satisfied then
Goto 2
End if

oo XN o& oo RO e

Greedy mutation Search with Particle Swarm Optimization
Starting with Greedy mutation search, particles are first randomly position in a search space.
Then, each particle keeps mutated for a better position in each mutation step. The mutation

stops when particle can't mutate to a better position than its current position within a specific
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mutation steps. The greedy search often placed a particle at a local optimum. After all
particles completes its mutation search, its positions is used to update its PBEST and GBEST.
Then, each particle keeps changing its position toward its PBEST and GBEST as in equation
1. This forces a particle out of its local optimum point by moving toward GBEST position
using PSO until its fitness start getting better. This indicates that a particle is just out of it
previous local optimum. Then, that particle is back in greedy mutation search again for
another local optimum search. This alternation of greedy mutation search and PSO search
continues until GBEST is stable or reach an execution time limit. The pseudo-code of
GMSPSO is as follows:

1. Initialize all particles with random position and velocity

2. Greedy mutation search using (6)

3. Update PBEST and GBEST

4. All particles are set to be in PSO mode

5. For each particle,

6. If the particle is in PSO mode then

7. The particle is moved by the PSO equations (1) and (2)
8. Evaluate the fitness

. Update PBEST and GBEST

10. If the fitness is improved then

In. The particle is changed to be in Greedy mode
12. End if

13. Else

14. //The particle is in Greedy mode

15. The particle is moved by greedy mutation search using (7)
16. Evaluate the fitness

17. Update PBEST and GBEST

18. The particle is changed to be in PSO mode

19. End if

20. End for

21. If stopping condition is not met then

22. Goto$5

23, Endif

In step 2 and 15, a particle is mutated with probability PM in each dimension. The mutation
stops when a number of consecutive mutations is less than MAX TCFU. A particle is
mutated by the following equations:

Txy =Txy + PR X (Upper bound — Lower bound) X Uniformrandom() (6)
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Txy = Txy £ Txy X Uniformrandom() (7

where Tx,; is a temporary position at dimension d, PR is a percentage of the range
between upper bound and lower bound of the search space, Uniformrandom() is a
randomized value from a uniform distribution ranging from 0 to 1. If fitness of TX is better
than X, replace X with TX.

All particles can be in different modes in each iteration except the first iteration. In the first

iteration, all particles are in PSO mode.

Experimental results and discussion
5.1 The benchmark test functions
GMSPSO are tested using the benchmark test functions[8-13]; and compared with PSO and
APSO. Each algorithm is tested for 100 runs on each function. The functions are shown in
Table 1.

Table 1: The details of the benchmark test functions

No. Function Attribute Dimensions Search space
1 Ackley ~ Multimodal - 50 [-32.768, 32.768]
2 Griewank Multimodal 50 [-300, 300]
3 Rastrigin Multimodal 50 [-5.12,5.12]
4 Rosenbrock Multimodal 50 [-2.048, 2.048]
] Schwetfel Multimodal 50 [-500, 500]
6 Shaffer’s F6 Multimodal 2 [-100, 100]
7 Step Multimodal 50 [-100, 100]
8 Cosine Mixture Multimodal 50 [-1,1]
9 Exponential 3 Multimodal i 50 [-1,1]
10 Sphere Unimodal 50 [-5.12,5.12]
Axis parallel /
11 » A Unimodal 50 [-5.12,5.12]
hyper-ellipsoid
12 Multimod Unimodal 50 [-10, 10]
13 Rotated hyper-ellipsoid Unimodal 50 [-65.5306, 65.530]
14 Zakharov Unimodal 50 [-5, 10]
15 Cigar Unimodal 50 [-100, 100]
16 Brown Unimodal 50 [-1,4]
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5.2 Parameter setting

Parameters of PSO, APSO and GMSPSO are in Table 2. Parameters c1, ¢2 and w are set

according to [14].

Table 2: The values of parameters of PSO, APSO and GMSPSO

Parameters PSO APSO GMSPSO
Population 200 40 5

Evaluation 6000000%** 6000000 6000000

cl 1.496180 1.496180 1.496180

c2 1.496180 1.496180 1.496180

w 0.729844 - 0.729844
MAX_ TCFUI * - - 100
PMI1 * - - 0.1
PR1 * - - 0.02
MAX _TCFU2 ** - - 200
PM?2 *#* - - 0.7

* MAX_TCFUI1, PM1 and PR1 are MAX TCFU, PM and PR of the greedy mutation using
(6) in line 2 of the pseudo-code of GMSPSO respectively.

** MAX TCFU2, PM2 are MAX TCFU, PM of the greedy mutation using (7) in
pseudo-code line 15.

*#*Since PSO has no mutation, so the evaluation is set to maximum of 6,000,000 or when
GBEST is unchanged for 300,000 consecutive generation.

6.3 Experimental results

The results of PSO, APSO and GMSPSO are shown in Table 3. Table 3 shows average, min
and max of solution fitness and numbers of evaluations used to find the last fitness
(Evaluation Found) in 100 runs of each algorithm in each function. Additionally, it shows a

number of success run of each algorithm in each function.
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Table 3: The results of PSO, APSO and GMSPSO for the benchmark test functions

Fitness Evaluation Found
No. | Algorithm SR
Average Min Max Average Min Max

PSO 490602 | 2.76686 | 7.01663 1875532 188291 5957328 0

1 APSO 2.45601 1.94397 3.0267 5753829 4111248 5999999 0
GMSPSO 0 0 0 76699 4283 1784885 | 100

PSO 0.680828 | 0.141893 | 1.12818 | 2438584 160549 5999998 0

2 APSO 0.008465 | 2.15E-11 | 0.053976 | 3880539 319730 5999894 0
GMSPSO 0 0 0 13521 12200 17810 100

PSO 42.9329 2.0087 85.6289 2406332 203371 5999998 0

3 APSO 39.1715 | 2.98488 | 66.6622 | 3052977 446092 5999992 0
GMSPSO 0 0 0 5691 3895 7849 100

PSO 263.68 52.0611 | 651.322 | 5999942 5999168 6000000 0

4 APSO 2.67E-08 | 1.33E-08 | 4.03E-08 | 5999985 5999881 6000000 0

GMSPSO 5.1315 2.04835 | 102549 | 5999324 5994386 5999999 0

PSO 8239.44 | 4591.81 17717 | 3701173 243843 5999987 0

5 APSO 7030.98 3852.29 11438.6 4838510 38088 5999999 0
GMSPSO | 8811.82 7112.9 10361.8 468637 896 5999403 0

PSO 0.000194 0 0.009716 5604 403 44625 98
6 APSO 0 0 0 14410 83 143514 100
GMSPSO 0 0 0 1775 834 3909 100

PSO 270.19 84 554 30793 11205 326357 0

7

APSO 94.56 59 153 3410636 346393 5981219 0

879

82



GMSPSO 0 0 0 12620 11348 14091 100

PSO 0.246599 | 0.005971 | 1.07864 315811 161831 949101 0

8 APSO 0.913307 | 0.147784 | 1.77341 3024276 436607 5999993 0
GMSPSO 0 0 0 13358 9635 17740 100

PSO 0.001165 | 0.000117 | 0.004988 207342 134284 362529 0

9 APSO 3.62E-12 | 2.37E-12 | 4.26E-12 | 4753786 1025636 5971910 0
GMSPSO 0 0 0 13456 12046 15378 100

PSO 7.22E-05 | 5.48E-08 | 0.002351 | 5999810 5995563 6000000 0

10 APSO 3.41E-15 | 9.72E-16 | 1.26E-14 | 5999985 5999889 6000000 0
GMSPSO 0 0 0 16981 15353 18570 100

PSO 0.001589 | 2.25E-06 | 0.043554 | 5999654 5989257 6000000 0

11 APSO 5.64E-09 | 2.82E-09 | 1.17E-08 | 5999987 5999933 6000000 0
GMSPSO 0 0 ; 0 20871 18413 23971 100

PSO 0.005137 | 2.44E-05 | 0.204568 | 5910600 3122922 5999996 0

12 APSO 34.5301 4.27924 | 54.0496 | 2117331 8009 5999999 0
GMSPSO 0 0 0 28719 25743 31795 100

PSO 86.0326 1.61496 | 476.144 5127115 881402 5999995 0

13 APSO 7.34E-07 | 8.49E-08 | 1.46E-06 | 5999984 5999868 6000000 0
GMSPSO 0 0 0 20916 18641 24013 100

PSO 0.091737 | 0.00011 | 0.694706 | 5999726 5995231 6000000 0

14 APSO 3.86E-08 | 3.46E-14 | 2.06E-06 | 5999986 5999909 6000000 0
GMSPSO 0 0 0 1478741 38722 4512806 | 100
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PSO 22.8908 | 0.047566 | 496.27 5999767 5994984 6000000 0

15 APSO 3.34445 | 7.47E-05 | 19.8546 5999988 5999937 6000000 0

GMSPSO 0 0 0 17057 15711 18858 100

PSO 1.23E-05 | 4.64E-08 | 0.000191 5999546 5996058 6000000 0

16 APSO 0.625172 | 2.09E-10 | 7.47354 | 5999987 5999892 6000000 0

GMSPSO 0 0 0 23087 21139 26166 100

It can be seen that GMSPSO gives better average, min and max of solution fitness than PSO
and APSO in almost all of the functions. Only Shafter’s F6 both APSO and PSO successfully
locate optimum solution with smaller minimum evaluation call. APSO perform better than
PSO in average, min and max of solution fitness in some functions. PSO gives bad solution
fitness in most of the functions due to trapping in local optimum. GMSPSO can reach the
optimal solutions of 14 functions, but PSO and APSO can reach the optimal solution only on
Shaffer’s Fo.

Conclusion
The standard PSO has a problem in trapping in local optimum easily. To overcome this
problem, greedy mutation search and the standard PSO are used to increase the opportunity
of finding an optimal solution on a search space. The result of this combination change search
strategy and avoid PSO search problem. The new method is tested on the 16 benchmark test
functions. GMSPSO gives better solution accuracy than the standard PSO and the PSO with
Adaptive Mutation (APSO) in most of the functions.
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