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ABSTRACT

This thesis proposes a new meta-heuristic algorithm for continuous Function optimization.
The proposed algorithm is inspired by the way in which insects communicate With each other to
inform of an impending danger. In doing this, a chemical substance, called the alarm pheromone,
is released into the environment. This results in various kinds of responses. This thesis focuses on
the two most common responses: (1) it draws nearby insécts to attack the target, and (2) it warns
the others to flee the area. These two responses are the main concepts of the proposed algorithm.
The proposed algorithm is tested on 11 benchmark Functions. The performance of the proposed
algorithm is compared with those Abbass’s Marriage in Honey Bees Optimization, A Self-
organizing model of Marriage in Honey-Bee Optimization, FIorwer Pollination Algorithm, Firefly
Algorit}un and Genetic Algorithm. The experimental result show that the proposed algorithm
outperforms the compared algorithms in terms of thé processing time and the average

effectiveness.

II




a a
ananssudseme

9
= o

= P ¢ d VY a A : =t Y
’mmuwumuuuﬁmﬂﬂmm L‘HENiﬂﬂﬂ’J?Nﬂ'g"ﬂﬂl,mgﬂ’ﬂlléﬁﬂﬂﬁ&’iuﬂ1511’iﬂ’1"|3J

¥ '3
1 1 as o o = = a/
FIgmae lud1uag q wieunaliduusinaeausz@niszamanuuazatae

o

e 19 o ?;’, ] A 0 o o & =Y g’.g g 3
ﬂigﬁumu‘mwmm@’mﬂ 'i’JiJ“V]ﬂ%'JEJL'ﬁﬂE]TL!ﬂWLu‘L!ﬂ"l'iﬂ'l?“r"lﬂ1uwu‘ﬁHﬁl‘ﬁ‘hﬂ’ﬂﬂgﬂﬁﬂﬁuﬁ:ﬁ
¢ o < a e o <
ﬁlluim iﬂﬂﬁﬂﬁ]ﬁﬂ‘ﬂ‘]ﬁﬂ}ﬂ TIFITMINNITY A5.9136 ‘ﬁ?iﬂJTu anﬂ%mmmumzﬂmxﬂu
DE1I

G4 = s
ﬂJﬂﬂi?U%ﬂUWi&'ﬁﬂm 'ﬁﬂﬂﬁ']ﬁ'ﬂ'ﬁ"lﬂ'lﬁfjﬂﬁ.li?ﬁ]ﬁ ﬂdﬁq‘igmﬁﬁ, FOIFNETATINGY AT WILWUT

r'd

Qs a d T = 1 L4 as
Teniradag, §3emansngd ag. gaf HAYZTNA UAZ AH0FIAN319158 A3.AATIR Wn

= a ¢ Yo o A & o N a & w S
ﬂm$ﬂ3‘§uﬂ'ﬁﬁﬂﬂflﬂtﬂuwuﬁulmﬂﬂ1L1u$u1ﬂiﬂUﬂ5$Iﬂ"}fu@ﬂﬂ1iﬂT'JWEJ”I‘HW'Hﬁﬂ']J'UH

o

o 1
T@ﬂiTUT@UWﬁzﬂmﬂmlﬂ’]ﬁElﬂﬁ\lﬂﬂﬂiuIf‘]ﬁﬁ'ﬁﬂu&ﬂﬁﬂﬂ“ﬂ']u ATDAIUANIDII1TUNN

9

= A

{ ¥ 1 ?) 7 w = = =
muineaeudmdnaumdTuouIa Uszau Wsou uazssdiudSanied 718052 an3
UszamInaaws iund i

= ) o a wa 2 A g 9 1 A

VoUvoUM 9 uaztied q luioslfimssumaion ST nnauildanuiumie

2 = [=f @ = ¥ o o ] 1A
w%’aummmauwaun LﬂUﬂuLﬂﬂﬂu’d%’N‘]Jﬁ‘i&ﬂﬂ"!ﬂ'mﬁﬂﬂ"lulﬂcluﬂ1‘i"lﬂ'l\ﬂu%"l]ﬂl,‘lj‘l.,!’ﬁ)ﬂ'l\?ﬂ

= 1

@ 9 1 ar & A 0 = = ¢ o c? Yo a l 3
advayulunn g dw aanalidIeiinnjaiiveiianodnwusatioi ¥dudvaaaa 1y 14

I
Vv a =

2 Yma oy - [ 2\ ! ¥ Ad
AR W7 Ugﬁﬂ“lf"l'i.l“]ﬂ&ﬂﬂﬂﬂ?d&lﬂ iﬂ\ﬂﬂi“ﬂﬂ‘ﬂﬂﬂﬂ‘ixﬂmqj U N

a s @
ANy Llﬁﬂiﬂu"h’ﬂfq}a

111




k)
Hi
UMARTDATHYIN .o eeeseeeessesees e eeeseee oo e oo eeeeee oo I
UMARTDATHITANNY cooooeoeoeoeeeeeeeensseeees s sesse e oo I
AARANTTUUTEN oo oo 11
(2 L R U1 TR B UESAIRRA o s st A8 e S e v
LI 1= OO VII
e 1| R VI
LR TV I o NN\ 1777075 . \, 1
=] o @

L1 anuusnuasanu@ UMY ..ot 1

1.2 A anIBa IR e ARSI ITAOBY Ll s 2

1.3 1Tl som., MEEZ (A0 \ PR o Yo AN 2

3
1.4 $unRUn S UNATIRAN. . a2 L/ ool €6 - W\ o 2
I | et cf o o TSNS e 1 ————— 1 B TH | T 3
c{ = d’i‘ c’f: U, [ = ar = oo ci -:{ 9

VN 2 NERNUT NN TF U I euas U AREITOT e 4
2.1 vguRiug wlFlneuIea e e L W 4
2.2.1 aATaNuUYIINNGH (Swarm Intelligence) ... ot

2.2.2 A5 luumouns (Alarm Pheromone) ........ S S N {7 S 4

= oo c; Ci 9
IV BRI e ST A Pt A~ ARSI 6
2.2.1 MBO: Marriage in Honey Bees Optimization-a Haplometrosis Polygynous

RN TR U T ey O 6

2.2.2 SMBO: A Self-organizing Model of Marriage in Honey-bee Optimization ......9

2.2.3 On the Performance of Artificial Bee Colony (ABC) algorithm....................... 14

2.2.4 Firefly Algorithm for Continuous Constrained Optimization Tasks ................ 16

UM 3 TBMITAUTUNTTIVY oo 20

’ a A EX y 1

3.1 uAnuAan I M s ATy M S A NS AN oo 20

3.2 TUADU UM T I I OITANTTAN oo 20

v




M3ay (A0)

N

3.2.1 520 TN UG oo 21

3.2.2 5888 MDA VINENANG 1o 25

323 deuEasuaeumsthauvessanei i (Flow Chart) w.....eoeeceeererrens 26

UNT 4 HANUTNAROY oo 30
4.1 MaRFuas U S UM NARO 30
SR B R R (0 B —, R 31

4.1.2 Weight SEBerC FUncQI AN L fo/fesermsmsiniee g Mg eecrerememerssestasssessssemessmsens 32

4.1.3 Ggltigfein Price Poncltor W i e o N, 33

4.1 FBestrigin FunCliomle = R¥ s, -1 Sl A aczse sl ocrecereereri e R crersrssemsersensene. 34

49 P RosenbrgoleRtnciihn S om /, B8\ me .- Yon-.o B mecvcvevie e M N 35

Afl.6 Michdlonicz Hwfibitne~ . [ . S8 \ < /NG00 .. SN 36

£. 1A ACKIEY Bumppreml N oY 7. Yowe.... Mot oewe X 3= RV 37

it 1-8 EgtholddriRubEfibnm V/. foomem W L1110 a0 m AN 38

§- LdSchweist LRncgn Y. SOLOLALOTOUN € =" T by = 8 39
Al 1O StyiflioskNEGaBfor AL oINS TN W ™~ J§ 40
AN T Bpp-wapsBun®ion Tl . . )5 AT o Al 41

4.2 msmuamA s AT MTNABO 42
4.3 HOMITANE. &Yoo Nt At c....... Pl 43
4.3.1 HaMINAADUIlBUMEUTEN TNNIMHUAA AT HOIYA oo 43

4.3.2 wamsnaasanlzsnifennuIseiuaue e e 45

UM 5 o3RRS 3TN0 OUOUNE oo 50
ST TAIABOTITOE . cosimsiissacsicimmmsosssmmsmesessspsons s sases s s 50
5.2 DORAVBTIIUITY 1o 50
5.3 TN IMIUIT oo 51
5.4 HUIMITUMITAUIAD oo oo 51




UTTUTUNTU ceoorrtierimmnism e essesssss s ssemsesee s eoessssses e smeemee e 52

CLELL T S 53
aw a Yas g a o

MAFRUIN N, Naﬂ‘]u’ﬁ]ﬂﬂulﬂﬁ‘ljﬂ'ﬁﬂwuw ..................................................................................... 54

O IN ccocreen s s e e S 60



MIUYNT

A 5
M3197 i
1 i o a w o o o @ 1
5] gLﬁﬂammﬁaﬂ;asmmwmummﬂuwuﬁmmi]wmumawmmmmmumaau ___________________ 8
1 : o é’ )
22 paasmunRdsvesievveE e 8
23¢wlsallumso 12
(" cA' 9 d' -3
24 awalswlyluowmdwewesmeo 13
25WANINAARIVONMBO o e 13
26 NANWINANDIVBISMBO L 13
2.7 ugaemausnldlunisnaans 15

2.8 LAAINANITNAADS R Tt AN (PRI ) /09 e 7, PO, . T |

o a 4
2.9 uaaalenduinaigiuhldnasey

2L AN PN 0, b O \ W 18
210 maufouiionyssAnsnmmshinuveslsmsiadeowaz pso . 18
3.1 uanwsznsduduitennmeqy. L 22
3.2 UAAYA Fitness Y03Ws5anns 1aofuanionn The Sphere Function 23
33 uanssserrennbszamnsmldoeilstand o o 23
34udasszeznmnfoufiwoelssans | 0 25
4.1 yasamamalsildlun s naans 42

= 1 o e o aa
42 mewamsmﬂaﬂmﬁaumﬂmwmam3ﬂmuﬂﬂ‘m'Juﬂiﬁwgﬂluﬂ:ﬂﬂfw,mu 24iA__44

4.3 UAAIHAMINAABUTOUNIUTEN e aN oI NUATL )

VII




1

a9

€
2
SaN

o
2.
=b.

=
=
—

2.1 ugraanganssunas lasuil Is Tuudeusovesuuasdany

4.4 Rastrigin Fyfhgtion__ —g W97 || SVg~-V —1 . AN 34
4.5 RosenbrgClf Functiony = P~ |/ /W7 \ €SNI AT e MV 35

4.6 Michalewicz Function 36

4.9 Schwefel Flaction £ _A|I» * | QERESTT
4.10 Styblinsk Fapstion NPy, NN 2 Wod 1NVSe  ( .40

4.11 Drop-wilgQFigetion. C ). \ N2\ /Ky /) S o 44 41

VIII




L1 anuihsnuazanuseuesam

AIMIAIAUAUIZEY (Optimization) Lﬂmﬁmamaﬂmmmﬁﬂ ﬁ"lﬂumﬁm
o Py &2 .
mmounafigalumsudludym Feheeviin ldezuisoondly 1) sraouia ngalunsnu

AANY1 (Local Optimum) 1Az 2) MADUTHARAAVDIRIHLA (Global Optimum) ﬁ;wmw

= o e . = g " i {
w3 90InsIh Optimization ﬁ@m‘mﬁ;ﬂmﬂu Global Optimum HANTNILLEAN Global

1
=

Log A

Optimum 98n91A Local Optimum W¥iluGFo3nen

=) At ar 5 d’ g lqdd' @ o 9/ d'

LvaeIsmsgaanieazus lvdlamii uadsnidmTelianvaulannhga
A = ' , = ¢ v !
Ao ARy YT NAGY (Swarm  Intelligence)  MignilszgndanudTaymninismiaiay

0o /d = 1 = a o 1 Y o o
manzay 18d150 ﬁﬁﬂmmummmnaﬂﬁlzmmmmﬂ‘wqaﬂﬂssnmsmamsmﬂuﬂrmﬁm
ol = a I v

Fenw iu un ua wasAa Hudy St Nilszdntoin uadadealdnarluns
szuranauuy

Yo

= 1 d'c:: 3 = Qs s R s
aadggiuuusiunguiidenlanasidndua qﬂﬂa DANOINNAIUITNTUA
H 1 a
(Ant colony Algorithm) 93214 13Ae msAudrea1sint e i ls Tuy (Pheromone) 11y
= o o s N ~ | It ~
HUIAANAN lUATNIUYE IS anes AN tisraiuaeanniomi1sezdaosTls Tuuaunief
A A o 2 ) = P ' v A Y
PURIY LAZIZIoNEUMIAL I INA NI NI Ue s 15 Tuuhgailass 1 dmunis ifeadae
=1 P4 H 1 T g’; o 'd.
W15 Tuuduesfezdos o aaneldluaanmdy 9 mlddumeiia sy ve ol Ts Tuwy
¢ Ao idumaignlFludagiu
= = o’:".’ Yas r ar a KR ar ) o 1 Ll d‘
Tavanenlinusit 185 vus afuatalanindanes fuetanshsuadhady uaesulys
4 s { v s é ! Qr
msfteasnuveuua lasuduns o deesidesills Tuuifouss (Alam Pheromone) 99N
ar d‘i :::; Yo A - [ = ci |l -7 ] T a d'i
uwasdaui 185U Is Tuudousvzuannginssufietefuoonin MITIWNFUAUND
= =1 9/, < -g LY {
Towadhming uag msntioonainidhuue Wudu Tastuediulsziamvowuasileils
& a b L 5 G Yo ' &4 oy '
Tuu Fanganssuitesngniiunlszgnd lFnunmsmma Nz ay waunlaminisma

ANUNIE T




[ d
1.2 aamnjarnasaz TaglseasAvesmsinm

A = o o = 1
1. wernymgefneiuaalyyuwuswngy
A aw A Y o v T 3 =
2. wefnIIvENng e umsundymmemannumnzay Taol¥aataan
LUUTINNGY
i o .qq a 1 1A = = oA ¢ o
3. wednaue It Iaddyyuusiungulvimemudssdn amae ailadau

T 4 s o 1 = =1 | g
uuyAsiies suazth ldguszansamlunsuddymainau

1.3 VBaUIUANHIDY

@

= g == v : e
aalyywuysunguiudanesiulunisuddyminismmanumuz ay #if
a o 1 [ S o 1 ' wod = T
Usganinm uadseie lsaddalidymegnasilszans 18ua suflumsenfinzuenuozh
o ~ =~ o A o =
faouiin1 1Ay Local Optimum %30 Global Optimum a1 sanes uld lunsssuiana
& o oy ] = ()1 =3 Y. =
wemimaeudaesldanuluanuddeivudulumaud lulymdredy TaoSveua
= o s dy
N15398 A4l
a Y w a2 = 9/ ' o w
1. Aadudaneshueuy vdn ldlumsudtaminmsmmanumunz ay vasilasau
1 A 9/ = = a Yo A =1 :v A PN Y e Ao
wnuaeied laurAananganssuuesurasi 1dsui s luudouse ol 1dmaouis
= a X Y )
dszanTamuniu uaz 1¥naniesa
o A o T @ s/
2. iimsnaceuNemMruanwosa s lmmns oy

by 2 a A ° < ar o
3. awavgd ldnadeuse@niamlumsmdaeyldladdanasgiu 11 deddu

1.4 YHADUMIANTUNIUIY

= = Yo w Y !
1. AREMguRnmeIvesnumsuddaminsmaanummnsay
2. fAnwnszaumsihing Jef unzdesinavoseddyauuysungy
= av aa 3 Y El 1 o ar
3. AnETuNEng o UMsualyIMsMIAMANUMIZ AN VoINanTY
' A Y = ' = oo d' o
wuvsatioslayldadiygmuusunguamuveuansIseiidmua
4. d@nwns 19 s Tuulumsfensiuvesddisia
= Y o @ a oA b v
5. AanuIsmsdivdializaninmvesmsuadyminsmaanumnzauasg
o o ' ’ = '
Wandunuuaeiedlasldaddyguuusungy
= g A o " oA o 1 P
AAnUUAzNARDUREMTUAM NIz aNvesdlsa i ldlumsnaaos

=t dll a A o = 2L d‘.a oY
7. weuldsunsuiienageulszaninmwuessanes nunfasy

o (3 =
8. ’JL?\'SW‘I’Tlmﬁiﬂﬁﬂﬂluwﬁﬂﬁ‘ﬂﬂﬁﬂﬂ




9. ayywamsduiumsINouazdaiauouns
@ -] d‘d’ E7 Qs a o
10. ¥aviuenasnneItesn Uiy
c't:;. v Vs
1.5 dszlemiiimaneyldsy
Vo o = v ) = Y Y ' ¢ o
L fgavsiianuganudnludsanumsuddamimsmannumngay veaianauy
VoA ¥ = ! ]
uuvaeiies [fadayauuuswnguuInTy
o a o 1 g o
2. msdfvdgadszanamvesnisuddyminismainnumuizay vaalansy
T & 9 = 1 o 9 a2 a o dg 31 1
wuvaoiieslFaatyauuusiunguilddse@nsamlunsmimaouaay neluives
v g v
HRANSLAZaN 1T

a = =t < Yy om T Y &g Ye yd v
3. munuslezannsatuurassuadvseunad g i dudnaula 14




UN 2
s

ok av A4 gy
nqufvug i lums3sauaz mdsefinevos
Tuunill&udademeonidiu 2 g fail dauusnofuedmauiiug gl

aw T = ) = e A a Y
AMUIYLUALTIUN 2 L‘ﬂu5’]Elﬁ&ﬂﬂﬂﬂ]ﬂﬁ&’]u'ﬁ]ﬂﬂlﬂﬂ?ﬂ]ﬂ\‘]

2.1 ngunuguililuauide

2.1.1 andyuuuIINNGy (Swarm Intelligence)
a ' T = o o
aallyguuusungy fe fongungans suvesssunuunse Meguid g

q o o = 2 g P ' -
Uszgnaldludidgilssfvg Jsznouiudiveyniasinauuin Tuudoyninzd

q

Y]

a o I W o a o= $at o A (- o ' '
Ufduiusaanuuasny uazlfuidamngifis sy ¥ it utludeddiguddamshoyniaua
o 9 a eas o J o g -g o @ =
azAzavsliiaede s mldAadunuamalusmsutiem usefuenlainezfnnn
ES [
533uA Tamwzszuuilnning daediusy TunsuTimisumunz auiigauuundueynia
L 1
(Particle Swarm Optimization), ﬂluﬁlﬂﬂﬁ%‘ﬁ'Iﬂ1LH3J’I$ﬁnﬂ’cj‘ﬁﬁ’é&liz‘u‘ﬂmﬂﬂﬂﬂiuﬂ (Ant

A oy ' : 2 ! . =]
colony Optimization), muﬂau’Jfﬁwmuﬂmzﬁuﬁqmmumﬁaa (Firefly Algorithm) (Fudu

2.1.2 Wﬂumﬁauﬁﬂ (Alarm Pheromone)
= A g 3 = 1 o A Aca oA ' a
WlslTuy Ae arswdin e lunmsfoaissen s uvesdaiissa UHARONHANTTUUDS
A Asa ca o~ o = 9 @ A = A Ada o
awnriaaeny WilsTuumusany [§ludadifoumasie Tasmme # 455385 1man
¥
uwas M3 15U s Tomiuiiog 3 madaeiu de
= -4 o { 1 ] o 1
1. nanau Wsluudssanilvzdoafluarsfiszmeodio Wy Tuusauioldas
WisTuueenuinimldesgaiivsesdimtoawnszduld lnusadidindousidin (s
FUAUAENAY Ao HuIa)
a g =} é’ =1 9 =1 v = o
1My wuluwanis fe MenFfizadieasil s TvunndeuuSusorssihn
= U cg :.‘_“. 3}:3 = cg
(38N NATTUNNY W (Queen's Substance) tior1 131N INTTUATAL HINTTUAT (Worker)

vedlumiiu Sl Sy e lfimsatela

2. mensgady wuludadlifinszgadumds iy wuayy uwasay oo

LY

k7 1 1
daooillsluuiialf diedaddudmdnedud lunsedulddaduuionmsnamiug




3. WlsTuwmsanisesn IdnaesianmSaguszaaruosdaills Tuu 18un

i} 4 = o
- Sex Pheromone ®1354gAMIuNe o 1dIRansWauing
=1 ar 9 9 = 1 9 =1
- Alarm Pheromone t3thaunt nszgu liifanisaed wuluiwazuuas
- Aggregation Promoting Substances m*sﬁam‘%umamumju THimauay
UBNO WU
i o Y = = o
- Primer Pheromone ¥ 1¥Aan15iasulasszeze118unssuIunIs g
~A Yer e/ T Aé'
A33IMNVIHTY WU luwInuuaIdeny @y ua Uain d

- Epideictic Pheromone w1 lutiuas El%ﬂﬁ]ﬂaurﬁﬂ;j

1 -
Signal Pheromone ¥ 1#inamsilasuutlasszes du
- Territorial Pheromone UDNIUALAL TN IN (31 1uqﬁm
I~ 4 o "
- Trial Pheromone 1ﬂuﬁ1‘§Lﬂd‘iﬂ\1HMﬂu1ﬂN (Trial Substance) GL‘Lm’IE@E)ﬂH}

AULAEAADSY

4
=

a e @ [ = @ o =
Tunn3veil ax 19 Ts TuuRousvueawasihunfansnlunis a2 s sanss iy
-4 - 9t AN Yo o~ -5 o A ' A 1 Yo
wAnssuany laues Tunwa i lasuil s luwdousy ae AMITMNGUINDADFAY

o

W ar 1 g { 1 o
Ang Wuluunasdeny (Social Insect) 141 ua #a a31lfi 2.1 was msniiiedag woluuuas

Q[

v Vv r
113 11) (Non-Sacial Insect) 197 #33 Suwa fagilit 2.2

37U 2.1 uasngAnssumd 1853 s Tuufoussve auwasdany




317 2.2 uaaangAns sunda TSN s Tumdousvue suwasria

= s ﬂ'. r—"'l vV
2.2 THINNYI VDY
2.2.1 MBO: marriage in honey bees optimization-a Haplometrosis polygynous =
swarming approach (Hussein A and Abbass, 2001)

= Qs g o ( o 1 -3 %:J = 1
Q'I‘L!'Ji]EI‘L!‘LI']Lﬁuﬂgﬂuﬂuﬂ'ﬁ"ﬂUﬂﬂuﬂlﬂ&ﬂﬂﬂ?ﬁ31u1u3ﬂlm‘]J‘l_l'i‘U‘Vi‘UENﬂ']‘iT‘i"lﬂ'l

QU

a 4 9 o

d‘. o L] = Qs g g {
Anummzay Jlunyiieueiziinesi ainsvesiahnruiisududee1anshsuuy
= = =l [y A a =1 @ as £ A
g nenguasahiiaseuaiy) weannduoendnsuudaag - (nmgnioite
1 E3
nnaTmisdnuuiasenas) luyueavesnsnIAn NI Al siuvviiadenunaln
3 o o e o < -4
LUUAMZNITUMS FusnswaLIsas lasldmsTinstsiuuunazns suns pRIIATAY
il lddu 50 Jaymianwasandoauuuya AT HFu1s 50 49 uazanad 215 da
ﬁ' o o 1 d‘ 9 g
wosulssnundargrinzsuamenisnlasumaves 3-SaT humevous luunarui
a o = @ a 9/ = [
AamsinnzingAnssuvesdanesiiuTaolfuuafanissanm (TIUIHVDIU WY VUIA
=1 = = ° o T = o
vosgunuadliulumwends uazduiuvesnseuay) WINNIIMINEIIINNIZT U 59
Uszdnsnmmaihauvessanesi luvasiimsgydvamszdidamainmduiy o
-y sy a0 & g & 2 o o
NUUABUITNIANI Walk SAT Failunilaluvumoustate-of-the —Art dm35U SAT law

= = as = =L o ca!)
HINWASIDUAVDIDANDINUAIU




o o o 5 o Q 1 { =
1. MTHUANIUIUUNNYT (Q), UIUNINIU (W), smxmuuumaauﬁmﬂmn

é d
HWNUIHUIAI(B)

] =<} ad : o H o ¥
2. Mmyvuavuavesguavadliylumadisfuaassiuaunilunssuguoes

1 = o ¥ é g’/
HWNYIADMINTUHIUANUIATY (M) uag

© o < U
3. NUUA Wfiﬂﬁ"I'L!LLagﬂ'.l'l‘JJL'i':l‘UENuTQWiy'ILLUUQN

b3

[ © 15 1 T i 1o w T I-{
4. Amuainurse s s gua R lugdy uaga Tu'lnd (Genotype)

VDINGUUTINYT

2 zg ! A o = i 1 o o 1
5. monHsnuuuuguiRe Syl Tu Indve sunangudazda nagdmuals

¥ oa o A Ao A g & e G §
Wana iUt uHsR AL aagﬂwuqsammmiuuwa

]
= 1

= ar r 1 1 @ = @ [~ 5
6. miuu%uwmazmwNmyuma:mﬂzwﬁ’aﬂwaNmuaxﬂ’nms’mgﬂqmu
ADUNITTULAAL S U NS LAz e

A = Qs =S 9/ 5 :g o 9 U z:g 9/ [ ] 1
7. WM ITUHIVALTUAUUU mm@,ﬂzgﬂansuumuasmawmﬂmzmﬂmgmm"1‘1Jag

a

e

= g w % a = A é’ 1o g4 =2 '
WMUHDNIAIUUY :iinZﬂ'IiL‘]J'dﬂu!tﬂﬁﬂﬂlﬂﬂﬂ]uiﬂﬂu’]qwm’mu@ﬂﬂﬁﬂ'ﬂﬂlﬁ?“ﬂﬁuﬂﬂﬂﬂ?n]u"l"l]$

a U
Y

I as { 1 = = =\ @ s 2 =
Alulumsdunlasundas a bio 163 Tuavesiadad anfuluaeusuduvosns Tu UIINEYT
a g 4 A = A @ g o o =
wiuaea NUEIgmaziaaeunldIna iendsnuanas anuSanizaaassaaunisf 2.1

= { <
uaz 2.2 uaymndn IndifesNignunmanaiuguiszanad

speed(t +1) = a*speed(r) (@:1)

energy(t +1) = energy(t) - step (2.2)
P = T 1 = o dy o Y M o
Wea NA0glnag 0 -1 (luanidelismualdidn0.9) waz siep dosrmau

a d‘. ar T L] a’]
wasunaaa lillumsiuguaazasy

1 2 -~ A = o w1 w é’ @ el " T I~ Qs
8. LLﬁﬁ$ﬂ‘NV]H"NWﬂJU'!Lﬂﬂﬂuﬂﬂx‘ﬂ’lﬂﬁi]‘iJﬂﬂUNQGI'JNWW'UIﬂﬂslﬁb’ﬂ'ﬂ‘llu'ﬁ]&ﬂuﬂﬁ

U U

=
aunNITn 2.3

-difference
prob(Q,D)=e * (2.3)

& . A 1 -
$1]3] dzﬁ’erence ﬂﬂigﬂzﬁ']ﬂs‘q‘iﬂ'J']Qf?lﬁﬂaﬁﬂuu'NWﬂJ’]




9 w1 or = T =]

o d ad 2 ad :
9, DINIIUNTUID mﬂsm‘mwamﬁ_g%gmﬂuanguﬂumﬂimmuwmm ‘{?ﬂi]g

1 T

3 = o = =
U

g c-_:.é) [
W U BUT (Genes) ATINU

Funaldiuanzaseiinsddgngu

q

2 o 2 o &
Qﬂﬂﬁﬂﬁﬁ]uﬂggﬂﬂ’ltﬂﬁﬂﬁ'ﬂﬂlﬂ
T or g; =5 o= o @ w1 o ar é} a & =
LUUgY ﬂﬁu‘L!EJ'LET;"T‘V}"113QﬂENH'I‘LJ]lijﬂﬂﬂ'l?}ﬂuﬁ"]‘ﬁiﬁﬂﬂﬂ'}ﬁu\irl WANANATDR
& -] T = 3/ o ° w oA [ !
10.LfLJ?]'HNWﬂJ'WJﬂG]'JUi&%“UﬂEﬁﬁ]Lm"} ‘W’.lﬂll‘ui}$ﬂ"Iﬂ’lSNﬂMW1é"D;Lﬂﬂﬂ’€Tﬂﬁ'3u

A1 A

) [V " v 1o = X =) a2 1
@M 3V Fitness Lasdugnudaillsuiigu@enyumnn luguivadiu Hanuazgnidenaind

. A o w1
Fitness (017117 3d00u
¥ v 1
1. Idfgoumuaudnzihmsosdiduaing Fimess Aasaufiimangaazgn

1
o = o

'o B =4 drci T T o 1 s A1 = 1
Mnuald ldunuiiviengiifiddiifiga swnseis lifidaseuda lnuiadn e
g = == TN~ P U z ° A & < g el
NAUUMIVUHIRNIZEUIUDAATIRUNTENINTUTIURTEY vTonaneonudufitwele
= oo :y o =1 g d‘- ¥
12 witsinaaetuazi luFeufeudy Walk SAT wait l§annsnass waas

lum15199 2.1 uaz 2.2

i 1 i o ar L caslh @ o o o 1
ﬂ'li'l\‘iﬁ 2.1 memmﬁﬁl‘ummﬂaumhﬂaiuﬁnwuﬁﬂlmmuauuNmyumxmmumaau

Number of Queens
Broods
1 2 3 4 5
20 9”3 Errludy g B2 A g 24 7 321 23+13
40 4+£22 Ve AN 3+1.7 1. 7=A03 23+1.7
60 53429 4+26 B 1 07+£1 1+£0.5
80 5+£2.6 43+24 3£2.6 23+2.1 3.3+2.1
100 43+33 AR <128 27+1.6 23+1.3 0.7+0.6

4 ' { o 4&1 =
M131971 2.2 UAAIATINAGVOIMIAO VY 0ININUYTA 5

Worker Average Fitness
Walk SAT 18.1+0.7
-Random walk 143+0.6
Random new : 44+£0.8
1-point crossover 7.1+0.5
Random flip 0.8+0.0




< T Y 3
vnnanisnaaeeziuldn MBo 1douldalunsudlaym 3-sAT nyuwes
= LY a & :i’w yé = = d%’ o
vausuiuNdane I NuUTny 1 HFwwrfanisdininiug s avinnuazlseay
o I o a Yo Y o v © N
anudusrlumsldnunudeyasswwenvniifuaasliifiui MBo vhaw'ldandn walk

SAT
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2.2.3 On the performance of artificial bee colony (ABC) algorithm (D. Karaboga and B.
Basturk, 2007)
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fz(—) 0+0 251130E-8+0 0+0 0+0
i (‘) 0+0 1.54900 = 0.06695 | 0.00624 +0.00138 | 0+ 0
(@ |o=xo0 13.1162 + 1.44815 | 32.6679 +1.94017 | 0+ 0
7 (f 353176 £0.27444 | 5142.45 +2929.47 | 79.8180 + 10.4477 | 0.13310939 + 0.262242
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2.2.4 Firefly algorithm for continuous constrained optimization tasks (S.Lukasik and
S.Zak, 2009)
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v, €[0,1] (2.21)

Lo

o =X (3;,X,), Vo5, €5 (2.22)

gaeiinstivuaszoznnnAouRULUGY 151 Ve UIWATULAZYBLLYAG TS

4 1
(minu,, maxu) WAEAIMUATTNITVOIFUUY 9 A1Auuz 1dus  ming, = -0.5« uaz
maxu, =0.5a 4 a<[0,1]

b4
o

u, N ladmTuiuddumluuaazia £ 92189 naums

1

1
Mg = a(rand —5} (2.23)

4 2 o M Il a o
39 rand Wudmauguitldnngduuunisnssnomnigivesy 1)

o 9Yq Yo = U o o 1 T T
LL‘I«!S’,Hﬂ‘I’iiG}J’TﬁﬂNLﬁ@ﬂ LU ﬂ"liﬂWﬂuﬂL’Jﬂmﬂitlﬂﬂgﬂiﬂﬂﬁjuﬂ]ﬂﬁ55U%H'N“IJ'@\?

3 i
A

oot uivaiuiisumiuasegliuumsdusmaudiauns

a rand, (b, —x;;,) zf sgn(rand, = 0.5y <0

o = ] (2.24)
= rand, (b, —x;,) if sgn(rand; —0.5)>0
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No. Function s g f(x)
1 Himmelblau 2 (-6.,6) 0
2 Schwefel 10 (-500.500) 0
3 Easom : 2 (-100,100) -1
4 Rastrigin 20 (-5.12,5.12) 0
5 Griewank 5 (-600,600) 0
6 Rosenbrock 4 (-2.048.,2.048) 0
7 Permutation 2 (-2,2) 0
8 Hartman3 3 (0,1) -3.862
9 Harrtman6 6 (0,1) -3.322
10 Shekel 4 (0,10) -10.536
11 Levy 5 (-10,10) 0
12 Sphere 3 (-5.12,5.12) 0
13 Michalewicz 7 (0,70) -4.687
14 Powersum 4 (0,2) 0

3199 2.10 MafSoumenlse@nsninn1s i eIt nsiaosas PSO

Problem

avg|f (%)~ f (ximin)| £ std dev.| f (x*) - f (ximin|

PSO

FA(y, =0.8)

FA(best)

5.75E-21 + 5.10E-02

2.35E-04 £ 3.76E-04

1.01E-04 + 1.78E-04

4.98E+02 + 1.59E+02

6.59E+02 £ 2.25F+02

4.14E+02 =2 98E+02

0.00E+00 = 0.00E+00

1.42E-01 + 3.48E-01

3.05E-02 £1.71E-01

3.04E+01 £ 1.09E+01

1.63E+01 + 5.78E+00

2.78E+00 £+ 5.39E-01

4.63E-02 £ 2.59E-02

1.56E-01 + 4.56E-02

1.48E-01 £ 4.17E-02

2.31E-01 £6.17E-01

1.10E+00 = 6.97E-01

5.66E-01 + 3.36E-01

1.16E-17 £ 6.71E-17

7.90E-05 + 6.82E-05

4.14E-05 £ 2.17E-05

2.15E-06 £ 6.51E-15

2.80E-02 + 7.78E-02

2.21E-03 £ 1.11E-03
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19190 2.10 (o) MafFeudiouilszAnsammsiauesTinisiioouas PSO

avg.[ F(x®) = f(xi min){ * std .dev.J F(x*) = f(x min‘
Problem
PSO FA(y, =0.8) FA(best)

9 5.84E-02 £ 599E-02 | 2.18E-01 + 1.67E-01 2.18E-02 + 2.33E-02
10 2.86E+00 £ 3.52E+00 | 3.09E+00 + 3.72E+00 | 1.69E-01 + 1.08E+00
11 4.00E-18 £9.15E-18 1.63E-06 + 1.60E-06 1.44E-06 = 1.47E-06
12 7.31E-22 + 1.61E-21 1.59E-06 + 1.73E-06 6.17E-07 £ 6.23E-07
13 4.61E+00 + 1.09E-01 6.46E-03 £ 6.46E-02 2.75E-06 + 5.24E-06
14 3.63E-03 £6.76E-03 2.59E-02 + 3.96E-02 1.00E-02 £ 1.28E-02
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3.2.1 szpzsaungandnnuihning

o H 9 a o ar an 1
1. dmuadsymnsaenuiluiiuan N dlu M daTaonsgu

X = DG 3.2)

1

=\
BIRY 5 i=1,Z3 0N

F=1,2,3,M

o 9 os ' = =a ~ 2
Mvualidedisdsznaunsesuelddoyaunn 2 58 uazddszmnsiSudu 100

o Y @ =
A9z 1t oyaannindin1saed 3.1




M990 3.1 uaagtszannsisudud Idannnsdy

ddui 371 {af 2

| -3.09020882417829 -3.12246749916917
2 -1.77316200089625 3.89465969028300

3 -0.295916902238735 | -0.983353628969564
4 -3.28466968142391 4.80179196054827

5 -0.947653244901169 3.52755093999051

6 1.18092899461990 -1.26350256094477
7 3.86234111321188 2.91688885537816

8 -0.358868138859169 3.21512373064636

9 4.08006796472443 -0.724597318504168
10 -1.69646674306847 0.989666349519322

100 2.88126976282586 -1.35899222905478
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2. MMTATUINYINT Fitness  ¥091529905u0a2a2 1a0lszy1nsaaniiia

Fitness Angavzgnimualfiiluanildesil 1s inudousds

I:arggllnx[f(aq)] (3.3)

A o o

(et 3/ ; o A &
(HONINTATUIUAT Fitness 1A81Y The Sphere Function 1529103727 23 #a¥

1 . A o 0 1 ~
A1 Fitness Angavzgnimualiiiiudatldosils Tuu Taodouauanslumsied 3.2

Q
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M15199 3.2 UAALA1 Fitness Y941529105 1ABAI1LI9491A The Sphere Function

a1 w‘]J“ﬁ ﬁﬁﬁ 1 ﬁﬁ‘ﬁ 2 Fitness
1 -3.09020882417829 -3.12246749916917 19.2991938603971
2 -1.77316200089625 3.89465969028300 18.3124775845377
3 -0.295916902238735 -0.983353628969564 1.05455117263818
4 -3.28466968142391 4.80179196054827 33.8462609484514
5 -0.947653244901169 3.52755093999051 13.3416623067996
6 1.18092899461990 -1.26350256094477 2.99103201184796
7 3.86234111321188 2.91688885537816 23.4259194694361
8 -0.358868138859169 3.21512373064636 10.4658069444536
23 -0.648635989654618 -0.649679028507974 0.842811487158291
100 2.88126976282586 -1.35899222903478 10.1485753248059

3. mrumszesnveddseminsilasel s Tuududsznason g vzldag

A15199 3.3

A15197 3.3 LaRdTEEH1aINYssansniaseil s Tawy

S szazveludian 1 szoziaudan 2
1 2.44157283452367 2.47278847066120
g 1.12452601124163 4.54433871879098
3 0.352719087415883 0.333674600461590
4 2.63603369176929 5.45147098905624
5 0.299017255246550 4.17722996849848
6 1.82956498427452 0.613823532436797
7 4.51097710286649 3.56656788388614
8 0.289767850795450 3.86480275915434
9 4.72870395437905 0.0749182899961944

10 1.04783075341385 1.63934537802730
100 3.52990575248048 0.709313200546808
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4. Mruaszezudanauosil s luuluudazlia Ysznnshogluszoeills Tuuly
aa A = 1 3/ = ' = E 3 L |
nnuavzmaonnuuuguUIlsznasivaseills Tun TasanuEindoudimazsiinin

MuTzorranndszansnddesills Tuy

new ___old " old
X =x; +a(1ﬂ. - X )+,6’ (3.4)

¢

Il
=

i & 1 = g4 @ o = 2 =
o a Ao masiuinndludaimuanusvesmsinioui
= ° oA 1 T =
A A8 Muuuuguiiateglugas -0.01 810,01

auilsznnifieguensyesills Tuuazindeouiunigy

new

Id
X=Xty (3.5)

] Vv
mruald seozuaainavesills Tuu luialefon ndovedszezrialuiatu o 5

]
aad v o

ANy 0.5 vz ldszeznisddesi 1s luuluiaf 1 mAdy 2.58715993642336 was lusias 2

AL 1.79514548356646 Hasianszoemsiado Ui 18aanisiai 3.4

! @ e ' = A YAl =S Y .
5. daudszrnsdnin/desil s TuuszinfouRuuyguson < 9aiAu §181 Fitness

= 1= 1 d‘ d‘- o a’d
Ay lniandezindonn lddaaiu

new old

X =X oAy (3.6)

4
s a o J 4 1
6. MAIINTUILIINITATIVAOUIUDUNVANITHEANTZUIUNTHS 010 A1

9 ¢ & ) v g Ay P
unuNIzrzUI NIz augaas Usznns luseuganeezgnlfiludszriniSuduvessses
LY < o o ' . 4 ! 0 ' =4
709 91 A UF 9 TINIAIUIUA Fitness thon1lszainsiasyiinisiasei s Tuy uas
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aau ldvhduaouf 3 Bnns
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o =Hq 9 =
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o

o a2 9 de
i]'lﬂﬂ?ﬁ‘ﬂ'}ﬁ‘]ﬁﬁlu5333“1‘1“\31@5‘@ AU

- WU TuNTITINIUIIND 189 591

- AnfooiigavesiadFuiint’ld fo 1.411698134976740-08

- UszansdmgaihofideniiTa Tuu fie AT 5.950472966820056-05 Laz iF
2 -0.000102788372618412

- laanly 0.060975 510

2

= A 4
M1 3.4 LaAaszeemaaaounvelszang

daun szvznAouiluian 1 szuzmAeui LA 2
1 -0.00381159735259163 0.004.33684645742459
p) 0 0.00349461722660977
3 0 -0.00519354788421576
4 -0.00746548136489665 0.0107541036615237
5 0 -0.00910951421140359
6 0 0.00217739939191925
7 0 -0.00574203335610963
8 0 -0.00871322783342565
9 0 0.00127387310720163
10 0 0.00255681584244957

100 -0.00366336332289713 0.0126108758733322

= 9|
3.2.2 szezviveanalnihning

=1

= = = o 9 Yo
ITYENAVIUNTZVIUM ML oUNUIZozusn oniudszyinslasud Ts Ty

£ o

= = R A o
swhannuesnanlszrnsildesil s Tuw uaz sznganszurumsiiionssiniusou’

myua wielsznnshlaesil s Tuudulsemnssndn 100 souiadariy

X =x —a(xb. —x;.“)+ﬁ (3.7
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- MBO 14151 Marriage in Honey Bees Optimization
= SMBO 1151 A Self-organizing Model of Marriage in Honey-Bee
Optimization
- FPA #1131 Flower Pollination Algorithm
- FF 911351 Firefly Algorithm
1 GA %51 Genetic Algorithm

1 NSIA #1151 A New Swarm Intelligence Algorithm

d o c;. ©
4.1 Wendunasgruntinlylumsnaaes

Ao g = 1 o o J 4
ﬁ?ﬂ?‘ﬂﬂﬁ%gﬂﬂﬁﬂ‘]}ﬂ'i3’cT'Vi‘ﬁﬂ'I‘WEUFJ\1ﬂ'IS‘H'Iﬂ’lﬂ'élHIL‘H?J'ISﬁﬁﬂﬁ]ﬂﬂﬂﬂﬂ‘ﬁuuﬂﬂﬂﬂlﬁﬂﬂ

Vo o & oo n Y . p .
Taglddangunasgiuismua 11 Wadsu'lAud Sphere Function, Weight Sphere Function,
Goldstein Price Function, Rastrigin Function, Rosenbrock Function, Michalewicz Function,

Ackley Function, Eggholder Function, Schwefel Function, Styblinski Function 18 Drop-wave

Function
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4.1.1 Sphere Function

Sphere Funclion

HE)R N (4.1)
d‘ =) o = ey
S\13] d 718 TUIUUA
=l 2%, 5D

fR1aa f0 /(x)=0, 7 x=(0.....0)

q
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4.1.2  Weight Sphere Function

=27 4.2)

d’! =\ a aey
o 4 A9 MUIUUA
-5.12<x,<5.12

1

AWIFA AD [ (x)=0,% x=(0,...,0)



4.1.3  Goldstein Price Function

Goldstein-Price Function

a1, x2)

gﬂﬁ 4.3 Goldstein-Price Function

S =[1+(x'+x, ~|—1)2(19—14JcI +3J‘12 ~14x, +6xx, +3x22)]><
[30+(2x, —3x,)* (18— 32x, +12x] +48x, =36x,%, +27x]

die Ul d =2
—QSxf <2

A1AITA A F(x)=3, N x=(0,~1)
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(4.3)




4.1.4 Rastrigin Function

Rastrigin Function

i ¢?ﬁi¢*f£ai;1§'¢ i

!'&
é‘
A " *’ﬂff‘l
T "hé“{": i r.' H W

= . -
gﬂ‘n 4.4 Rastrigin Function

d
f(x)z 10d + Z[x? —100003(2@)]
=1
do 4 fio Saudin
~5.12<x £5.12

MAGA Ao f(x)=0, 7 x=(0,...,0)
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Rosenbrock Function

Rosenbrock Function

.

“ 1]
X2
31 4.5 Rosenbrock Function
&= dz‘l‘[mo(xf+i = fo4 (- 1] @.5)
>

& = o =y
o 4 a9 31uU3Uue

AR AD £(x)=0, 7 x=(1,..,1)
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4.1.6 Michalewicz Function

3 1/#1 4.6 Michalewicz Function

S (x) =21.5+x, -sin(4m) + X, -sin(20x,) (4.6)

Wo IUIUTA d =2
~3.0<x <121
—4.1<x,<58

AgIga A9/ (x) = 38.850294479
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4.1.7  Ackley Function

Ackley Function

:,Ji“ljﬁ 4.7 Ackley Function

/1 : 1<
S(xX)=-a-exp| -b E,Zl:%z —exp{;%lcos(cxﬂ}+a+exp(l) 4.7)

d‘ = 9 = ey
W 4 A9 UIuua

Adulsiuuzi fo @=20, =02 uay c=2x

~32.768 < x, <32.768

AR A9 £(x)=0,% x=(0,...,0)
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4.1.8 Eggholder Function

Eggholder Function

1500 —
¢
1000 lﬂ‘é*{‘ 3
500 | ""*Q‘ﬂh:'f'ﬂ #\’

f* nh b
N; e ;;‘;f.f‘ef “
e% L

gﬂﬁ 4.8 Eggholder Function

Wl
2

]~xl sin( jxl =7y +47‘)[)— x, sin( [xl - (x, +47)|)

(4.8)

f(x) =—(x, +47) sin[

o SR d=2

~512<x, <512
AGIgA B f(x) =—-959.6407, #1 x = (512,404.2319)
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4.1.9 Schwefel Function

Schwefel Function

1600 M
1400 1
) i fJ b g/ “ : ) _
1200 ] *’#‘%"a'. 1 “ ‘“ ‘\. ;; s 3;,# o
H TERLIEN -
po *‘f**f%*x "“‘ * L "’f%f""fr ”f‘ffi*%f%-f
" f'm. * .‘.,,a;w, i W
§00 | ';ﬁfi' }"{“‘“ b i"‘a i':ﬁ’tﬁft\h:;“ il
400 3 'f 1&[“ 1\1“‘%‘\11 %\{ :‘ﬁ iﬂf; ;;s:.-;'.ls,_ | ;%;
- j“ Q il i A

gﬂﬁ 4.9 Schwefel Function

i=1

£(x) =418.98294 — i:x,. sin(\/m ) (4.9)

d:l = o aa
o d 78 31UHIUUA
~500 < x, <500

AMAGA AD f(x)=0, 7 x=(420.9687,...,420.9687)

500
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4,1.10 Styblinski Function

Styblinski-Targ Function

11" H
A ﬁﬁ%‘« iy
il ‘w‘ﬂmsim%;‘a?mﬁg j i T
Dl o
§ .fﬁ T ti‘ ." !.-

11 i i
S

?21
i

3 .{{ff

§1jﬁ 4.10 Styblinsk Function

f(x)=

d
zz(x ~16x; +5xi)

i=1

A = o =y
e d A 3 UIUNA

5K, 55

MAGA D £(x) =—39.16509d , 1 x = (—2.903534,...

’?f‘?fsé’?
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2.903534)



41

4.1.11 Drop-wave Function

Drop-¥éave Funclion Drop-Wawve Function

#x1,22)

22 sl x1

gﬂﬁ 4,11 Drop-wave Function

N, .2
f(x):_l+cos( %+ ) o

0.5(x7 +x; +2)

o d=2
—512<x 2512

MATGAAD [(x)==1,7 x=(0,...0)
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Function Dim. AL Result R.Best Time(s)
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Gg’ﬂﬁ2 6.16453434921E-15 5.778550
Sphere 3 0.00000000000E+00
PANI 2.86929070629E+00 5.995403
10 ; -
Pan2 8.14348204108E-08 22.333762
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" 1 1 o 1w o ar
sniqaﬁcLz(ma)uaﬁawaﬂaswﬂaadnﬁﬂiuﬁau3gwa1aﬂ13ﬂrwuﬂﬂqﬂauﬂiaﬂqyﬂiuﬂdﬂ%u
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Price AN - =
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YAN2 - -
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Rosenbrock o 0.00000000000E-+00
YAN1 |- 2.95057463475E+00 1.870657
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¥AN1 | 3.64508846102E+01 1.354628
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Function AL Dimension Result minimum Time(s)
Sphere MBO 2 1.98619851500E-05 | 0.00000000000E+00 | 12.600000
SMBO k) 7.63651651655E-07 11.100000
FPA 2 6.19243000000E-27 -
PR 2 4.72459000000E-11 =
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NSIA 2 6.16453434921E-15 5.778550
10 8.14348204108E-08 22.333762
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30

Function AL Dimension Result minimum Time(s)
Schwefel | MBO |2 = 0.00000000000E+00 | -
SMBO | 2 = -
FPA 2 2.55000000000E-05 -
FF 2 8.61969000000E+01 -
GA 2 8.30075000000E+02 )
NSIA |2 2.54552885508E-05 4.569590
10 - )
20 S -
30 A -
Styblinski | MBO | 2 : 3.91659900000E+01 | -
SMBO | 2 2 2
FPA 2 -3.91661500000E+01 -
FF 2 -3.91609500000E+01 -
GA 2 -2.92704500000E+01 :
NSIA |2 _ | -3.91661657027E+01 6.213585
10 -3.77524936418E+01 33.047507
20 -3.63388195693E+01 59.577714
30 -3.58675880551E+01 65.262051
Drop- MBO |2 - 1.00000000000E+00 | -
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Function AL | Dimension Result minimum Time(s)
Goldstein MBO |2 3.00089900000E+00 | 3.00000000000E+00 | 12.000000
Price SMBO | 2 3.00044600000E+00 10.500000

FPA 2 - -
EE 2 = -
GA 2 3 =
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10 - -
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20 2 -
30 - ]
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NSIA |2 1.57658244911E-14 5.156486
10 8.07306166606E-03 29.898155
20 5.90446832638E-02 12.775582
30 5.51619722651E-01 25.813245
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Function AL | Dimension Result minimum Time(s)
Michalewicz | MBO | 2 3.88411500000E+01 | 3.88502944790E+01 | 17.000000
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FPA 2 - _
FF 2 - -
GA 2 . -
NSIA |2 3.88502943573E+01 0.297156
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20 < -
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10 3 )
20 2 -
30 ; .
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10 - =
20 - =
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Abstract: This paper proposes a new meta-heuristic algorithm for continuous function optimization. The proposed algorithm s
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1 INFTRODUCTION

Optimization is & mathemarical discipline that relates o
the finding of the global minimuan point or the global
maximum poist of functions. There are many techniques
that have becn developed over the years 1o solve
optimization probiems. In recent yeurs, swarm imelligence
has attracted a lot of attention from researchers and has
been applied successfuliy 1o solve optimization problems.
Swarm inteliigence s mspired by collaborative behaviors in

soctal unimals such as birds. ants, and bees [1]. Even
fhough & is & very promising technigue, it requires a large

1. Some of the most

amount of computational time 2

successful swarm inteiligence algorithms are Marriage in
honey-bee optimization (MBO) [1] wnd Self-organizing
model of martage in honey-bee optimization (SMBO) 2L

This paper proposes i new swarm intelligence algorithn
wmspired by the way i which insects comnunicate with
ench other to inform of an mpending dunger.

The rest of the peper is organized as follows: the next
section  briefly deseribes  the  background  of - alarm
pheromones. The "propased algorithm with a detailed
description of each step is presemted in section 3. Seetion 4
describes the tested henchmark functons and discusses the
experimental results. Finally, the conclusions will be

discussed m section 3.

£ ISAROB 2014

2 ALARM PHEROMONES

Pheromones dre the chemieal compounds that enable
imsects of the same species to communicaton with one
another. There e two tvpes of pheromones. releasers and
primers. Releaser  pheromones  initinte  immediate
behavioral responses in insects upon reecption. Primer
pheromones ceuse changes in the physiology of insects du
eventuaily result in hehavioral responses {31,

Reieaser pheromones cun be divided into three basic
typest sexual atraction, recruttment, and alarm behavion
Sex pheromones are relegsed to attract the opposite sex in
the same specics for muting, Recruiting pheromones are
used in marking truils to foed sources. Alarm pheromones
are ased 1o warn other members of un Impending danger [3,
4].

Alarm pheromories are in the form of vapors that do not
kst long in the ecoviromment. These substances can be found
among social insects such as bees. wasps. and ants, and
nonsocial insects such as tue bugs, frechoppers, and
aphids, These pheromones are used as warnings of
predators or other dangers that may harm members of the
hive. When social insects get a wamning. the labor castes
{workers) will gather and prepare to attack the cnemy as
shown in Fig. 1. The insects that gather will help relense
more alarm pheromones to encourage other members of the

&

hive to awack the enemy [3 4] On the other hand. when
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Fig. 2. Alarm pherpmone in nopsocial insects

3 PROPOSED ALGORITHM

This paper propeses 1 new swarm anclligence algorithm
function —epumizaton. - The proposed
aigorithin is inspired by the way in which insects

for  comtinuous
communicaie with cach other to inform of ap impending
danzer. In deing this. s chemical substance, called the alarm
pheromone, is released inw the environment. This results in
various kinds of responses. This paper focuses on the two
most common responses: (i) it draws nearby inscots to
attack the target and (31) 2 warns the others to fee the arca.
These two responses are the main coneepts of the proposed

algorithm. The proposed algorithm consists of 2 phases as

foliows,

3.1 The first phase
a An initid population of N individualk is randomly

created,

= [ Xz Ko Xt

©ISAROB 2014

&

wherei=1.2,3, ..., =1,2,3 ..M

individual

The fipess of cach The

individual with the highest fitness value i chosen for

5 caleulated.

releasing pheromones.

L= S @

i=]

The distances between the releaser and the rest of the

are determined.

popuiatian
the the

popuiation 3 divided into 2 groups. The first group

According to distace  from the releaser.

consists. of dndividuals whose positions are within 2

specified distunce (in ail dimensions) of the releaser.
Each individuat of this group smells the pheromones
and responses by moving wward the releaser. The step
size of the move is proportional to the distmee 1o the
releaser.

aew __ald
Hj =X il

-?-{XL\’LE'-

where ¢ is @ positive constant which controis the speed
of the individus! toeward the releaser. [ is a random
number in the range [-0.01. 061

The sceond group consists of individuals whose
positions are outside a specified distance {in all
dimensions) of the relceser. The members of the second
group wre e far to smell the pheromones: therefore,
they move randomly inswead.

+f3 (4)

While the others move in gccordance with whether or
naot they sense the alarm pheromones. the refeaser itself
wanders around its cumrent position. 1f the fitness of the
new position is better than that of the current position, it
will move 1o the new position.
xgm\ o xﬁiﬂ +f (s
After the above move, the wermination criteria will be
checked. ¥ any of the womination criteria are met, the
first phase will be terminated. The populaton in the last
un of the first phase is used as the initis! population of
the second phase. T not the fiiness of all individuels is

determined and the new releaser i selected: then go
back w0 siep ¢ The wermination criteria used in this

phase are as foliows:
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- The maximum number of runs is reached.
- The bost individual does not change for 100
CORSeCUive fUns.

3.2 The second phase
The second phase s similar o the first phase, exeept
that cach

individual of dhe first group who smells the

pheromones with move away from the reicaser. This phase

is terminaied ter a specified number of runs or
1 p

individual does not change for 1060

SET 161

wm o compicaon of both phases. (he olunber of
iterations 1S inercased by 1:then go-back to swep ¢ of the

first phase. When the pumber of heratjons reaches a
specified maximum number. the algorithin is stopped. The
last releaser is retumed as the solution 1o the problem.

4 EXPERIMENTAL RESULTS

The proposed algovithmy is tested on 6 benchmark
functions. The details of the six functions used in this study
are bricfly destribed as follows:

a. The Michalewicz's function [3]

fOX) = 2154 x - sin{dany )+ x o8

where -3.0 € % £ 123 and 41 < %2 < 8.8, The giobal
maximum of the Michaiewicz’s function 5 cgual 10
3R850294479.

Fig. 3. The Michalewicz’s function

©ISAROD 2014

The Rastrigin’s function [6]
it & )
f{i§=-§(}zn~‘,zﬁxi“»iDmsl 2mx;) (83}

where m is the dimensionality of the probiem space.
The search space is restricted to -3.12 € x;, =512 0= 1,

2. om Its global minimum is equal w zero.

S

-5

Fig. 4. The Rastrigin’s function
The Rosenbrock’s valiey function {7]

-
£ el 3 06 ) b x 02 5 3 = x57 ) )

Eeli

The scarch domuings -2.048 < x, < 20486 =1, 2, . m.
The giobal minimum of the Rosenbrock’s valfey
function i equal io zero,

Fig. 5. The Roseabrock’s valley function
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d. The sphere functon [7]

where m s the dimensionality of the problem spuce.

The search spuce iewlto 312 <, €552, 1= 1L

5 FCS

-

2. om The global minbmum of the sphere function s

Fig. 6. The sphere funetion

¢, The weighted sphere functon [§]

_",y {13

e S
i

where m s the dimensionality of the problem space,

The search space is restricted 10 =512 22,9 512,10 = |,

3 no The global s

function is cqual 10 zero,

imum of the weighted sphere

Fig. 7. The weiglted sphere function

©ISAROE 2014

(163

f. The Goldstein-Price’s function Y]

& b2
- 1
J+2x ~3x-)7 2 :

I . 5
(18- 32x) + 12xX7 + 485, 36155 +27x35 31

¢
where 2.0 £ %3 < 2.0 and -2.0 < x; £ 2.8, The global

minimum of the Geldstein-Price’s function is equal to 3.

Fi

e, 8. The Goldstein-Price’s function

To evaluate the proposed algorithm, the performance of
the proposed algorithm is compared with those of Abbass™s
Marriage in hopey-bee optimization (MBO)} and Seif-
organizing - model  of marriage in  honey-bec
optinization (SMBO). Tables 1. 2. and 3 show the values
of the paramewrs of MBO. SMBO, and the proposed
mcthad respectively.

For each benchmark function. all three algorithms are
run 10 times with different initial populatons each time.
Then the aversge and the standard deviation are computed.
Table 4 shows the experimental results of the proposed
algorithm in comparison to MBO and SMBQ.

Table 1. The parameters used in the MBQ

Parameters Values
Number of gueens 10
Spermuatheea size 100
Number of drones 200
Number of broods 500
Number of muting flights 400
Mutation rate 02
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Table 2. The purameters used in the SMBO

Puarameiers Values
Spermatheca size 100
Number of drosnes 200
Number of broods 560
Number of mating i 400
Munvon rare 0.2

Table 3. The parameters used o the proposed method

Parameters

Number of populations

Maximum number of Heragoms 1
[ {1.1
Maximun number of runs in cach phase 300

Table 4. fxpetimental results

Function Method Average S.D.

Michalewicz MBQ 38.54115 | B.G3E-03
SMBO 38.84672 | R24E-04
Propuosed 3826649 | 279E-31

Method
Rasuigin MBO 203E-03 | 243603
SMBO TA0E-03 | 11SE-g2
Proposcd TIZEOF | 439E47

Method
Rasenbrock MEBQ 3.59E-05 | 4.41E-03
SMBO 1.67E-05 § 211605
. Proposcd 239E-08 | 3ROE-O8

Method
Sphere MBQ LOSE-Q3 | 1.92E-05
SMBO 7.63E-07 | 7.52F-07
Propused £23E-09 | 843E-00

Method
Weighted sphere | MBO 3.87E-03 | 4.81E-B5
SMBO 1.91E-B6 | 237E-06
Proposed  [16.555-00 | 5.615E-09

Method
Goldstein-Price MBO 3000899 | LRSE-G3
SMBO 3.000446 | 202E-04
Proposed 3.0600604 | 274806

Method

The experimental results in Table 4 show that the
proposed method achieves better performance than both
i i

MBO and SMBO i 5 out of 6 benchmark functions.

CISAROD 2014
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5 CONCLUSIONS
This paper presents a new swarm intelligence aigorithm
The

algorithm s inspired by the concept of alarm pherowones,

for continupus  function  optimization. propased

which are the chemical compounds released imto the
environment 1o warn members of the same species of an

mmpending  danger. The performance of the proposed

algorithm is compared with those of Abbass’s Marriage in
honey-hee optimization (MBO) and Self-organizing mode

The

experimental results show thar the proposed algorithm

of martiage in honey-bee  optimization (SMBOY.
provides e best performance wmong sl compared

alrorithms
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