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ABSTRACT

This thesis proposes a modified marriage in honey-bees optimization with a self-
organizing ability, which is an adaptation of Abbass’s marriage in honey-bee optimization
(MBO), for solving the optimization problems. The proposed algorithm is divided into 2 models
based on the data type of problem; the numerical optimization problem and the combinatorial
optimization problem. The proposed algorithm is an improvement over the original MBO
algorithm in two respects. Firstly, the proposed algorithm divides the problem space into several
colonies, each of which has its own queen. The drones are assigned to the queens’ colonies by
using the fuzzy c-means algorithm. The queen is to mate with some drones from other colonies.
Secondly, all drones have their own life span. The drones that mate with the queen immediately
die whereas the unmated ones stay alive until their life span is reached. The replacements for the
dead drones are randomly selected one by one from broods.

The numerical proposed algorithm has been evaluated by six benchmark functions and
compared with the original MBO algorithm whereas the combinatorial proposed algorithm has
been evaluated by two datasets of the travelling salesman problem and compared with the
Parallelized genetic ant colony systems (PGACS) algorithm. The experimental results show that
both proposed model are very effective in solving the optimization problems as compared with

the other algorithms.
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2.3.2 Honey-bees mating optimization (HBMO) algorithm: a new heuristic
approach for water resources optimization
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2.3.3 Optimal water distribution network design with honey-bee mating
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2.3.4 An intelligent genetic algorithm designed for global optimization of multi-
minima functions
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- Cr, : orthogonal crossover with quantization
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- Cr, : double point cross operator
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- Mu, : i-step circular replacement mutation
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2.3.6 A hybrid genetic algorithm and particle swarm optimization for multimodel
functions
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2.3.7 Integrating particle swarm optimization with genetic algorithms for solving
nonlinear optimization problems
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2.3.8 Minimizing the multimodal functions with ant colony optimization approach
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2.3.9 Parallelized genetic ant colony systems for solving the traveling salesman
problem

Shyi-Ming Chen 462 Chih-Yoa Chien WY uauesanosiiy PGACS (Parallelized genetic

A EY b4 = o Y Al A

ant colony systems) [3] tWoldlunisunilymima@uniaveaniin vy ¥0ansInun
o dya 1 L) a o a Qs a2 a yq ¥
UUTUDUINATINNTITHNAUHNTIUISHINNAUUANDANDTNUUATBANDINUDIUIUANYA Tﬂﬂvlﬂcl‘]f
o/ a s a ° Y o g 2 v Yo o a o a g n’// e =
’E)Z“Iﬂ@iVliJﬂWilﬂuﬂ‘JJllﬂVHYiu1‘1’1?{5N‘ﬂ'i%ﬁ“lﬂﬂiLiuﬁu(‘lﬂﬂ‘lﬁ)lu@]ﬂﬂaﬂﬂi‘ﬂw INUUIUAN
o = o y Ay o = = ¥ % % Jo
’Oﬁﬂ@i‘i’\ilﬂ‘s/"l’ﬂﬁ11'Wl‘ﬂu‘ﬂ1ﬂ'lﬁ®‘1ﬂ’]M‘Jﬂ%ﬂllﬂ?!ﬂiﬂﬂﬂ'licwimﬂ?)‘JLﬂGl’f]iﬂS?JﬁI@L’J@S%TH’JH

@ 4
2 @afe NMsasea o LULLNUNTZYN (bone-crossover) HAZAIATOA 1D1IBTUULABIYA

¥ ¥
=1

s 4 =] '3 s o t aw dy d’l
watintsasealeneivuuununszgniiulonlesiswesminaus Inuluanuidod venani
@ v ¢ o da @ o @ A 1=y s 9 . =y
FalaldTolosisinos Tuaduiuau 2 @i MItiuadudunia (route-mutation) Az A13i-
U 15 Tuu (pheromone-mutaion)
v 14
YUABUMTNINUVDIDANDINU PGACS T510021000 Aail
2 o t Ay Yo P s Ay d q 9o
1) Fuasunsmmuanisuan Whmsquilieausuauvesdszsnsua mniulim
] 1 [ 1 ¥ ' 3/ o Y o o U=
msuanguvesuaitiu g ngulasuaaznguilsznaudlsua N @ uaglvmmsdimuanvls-
Tuuisudu () voudunasznnaiiodsn
u’u’ A & o A A d a oA . = A 9 v ¥
2) dumpuMstiondiod uadai k Mitludunrnvengui i svenilodludduna

=1 r dy 9 =1 [} 1 d' o = I=3 as 1 4'4' o 9
vl r Mnaumsae il Taesdesinmsgua q tietihnalSeumsudumasiindmua’ll

$ = arg max ['cl(r,u)xn(r,u)ﬁ] (2.31)

uel, (r)

dd’ 9 1 q’ [] P 7=l 1 1
n39i# 2 1A q Agu ldNAIINATIN g,

7 (r.5)n(r.s)’ ifsel,, )
P (r,s) =1 D [n(nwxn(rwf] * (2.32)

uely (r)
0 , otherwise

& '

& ' o A A o & v A oA
e kal(r, S) ﬂaﬂ']ﬂ'nllu']ﬂgtﬂucluﬂ]ila@ﬂluaq s DAVINIBY r YOIUANIMN k 61Uﬂaqll‘ﬂ 1

T(r.5) AodSuai Is Tuuveudunszualie ruaziios s voInqudi i
Ay as ' A - ° Y
M(r,u) AAAIUNAUYDITTOLNINTTUIINED r wazdiod u fudn 1dnn 1/d,
3,0 foavouiloandaaindies r iannsadon lavesundan k lunqui i
14
B AoAn i MnYRIATT IS



46

¥
3) dussumsdfua s Tvunvylanea imnsdsuail s Tuuseneaouiios

A Y A :/’ [ 9 2 Y o @ ' 9 [ o 1 d’l
o Id@onandunsutoun FaldimsiSua dasunnngy deaumsas il
1,(r,s) = (1-p)x 1,(r,s) + px T 2.33)

e p ABAIBATINTIZNY

wasnmsdsuai s luuGsudeouda 1a1 rs) N ldlAnteoniiai s Tuuindes
[ T b
nganoouiuld (r_) i muani s Tuulva dail

7,(58) = Toun (2.34)

¥
4) FuApUMIMUINAITZIZNINTIN HRIINUAUAazA1 TAtRenliosns unniilies
uda Thmsfnumszezmes e waudazda lunaazngy
o ¥

:fl Y 1 e o =) e A o
5) wmaumaﬂwmﬁsTnmmﬂﬂauaa Tagiinsidenuanin1ssoznandu

] v b4
ngavowanznquines 15 lumsdsuaiils Tuu dsaumsee 11

1,(r,5) = (1-p)x1,(r,s) + px A1, (1,5) (2.35)
laoh
1 . +th
,if (rs) e best route of i™ grou
ATI(T’S) = Lgroup_n_best ( ) & P (236)
0 ,otherwise

wasnnmsUiua i ls TuusSoudesuda d1a1 1 (s Hldianndad s luungs

Y

i ’ [4
nganvensuld () Wimuaa i Ts Tuulng dail

T,(1,8) = Tppax (2.37)

A A A oo
WL, . fNOAIZBZNRNdUNgAvInqUR i
up_i_best 1 a
q’/’ as A :/‘ dyc.‘ q’/’ o =3 a ow a & '
6) TVUADUMIAMADA TUTUADUITUTUTUADUAITIINIUVDINUANDTANDT NN UALA
) o == a o3 P a  w a2 1 =l L2
azAvpIdaneINuoITANzgRuniinIas Tu TsuvesttuandaneTnu lasudaztuduny

9y t4 ] * 1
fodios Tuneuiivimihidadontsznnsndmoi ladedszrnsjugnaely Tasluua



47

! . Y o a A Ao Had o o ' Q
aznQun i TamimsAaonuani 1TZYENNNANTAIIUIU m AIINNGUUBIATUBAULASH
At 1

o = d‘cﬂd‘ 3 s v ﬁ' (Y d‘
NMINARDNNANUMTZICNRNANTAVIUIU n AINNNQUDU NW??NﬂULWﬂLﬂMTﬂiIMT%’MHﬂ
A

Yy ¥

BIuARZNGY At IFiimsfadonauasuynngy Aaguh 2.10

4, o G, G,
Pra—N N g S —
/‘ At | ,/ A2l | N /’/ Arti1 \\ At g1 \
{ [amiz2 i [amz2 \,i i aatiz | Antg2z | Y
-t - L) f’ - s

» §

s
§
[

+

‘,“ M b : ) ) : } ‘ “
&/ \Em/ \Em/ \EE
. . N _q\— }

AN
- <
' 5
Scledt # prodonniars clzmm;\mz‘r\ A
o frreee k‘é, b d' o Scleet 1 predeannant chrsmosonws
amndig G G -or L Daed a the frons G hased on e Roulette Whee! methad
Ruulet Wheel micthod N
1
L}
/ T T - 'L~m
- ~
/ N\ e N
/ /,q Anti A kY ) / _ \\
; 7 A g \ AR Baiil N Y X
. R t
: w

3 I P
h e Antis b / " S
\ J \ y
h
\\\-- . - e . ’//
v .. {’_-/‘-_ e . 'n,\-- - "
o TN =TT
f/ .y u—"'”'\\
,// 4_'.‘ Aatey, jv . \\
B - \\ .\
/’/ / Antry § N
/ - B \\ s
; kY
h .f/ .
Fd : 71 chrvsossanics
[ R
Ll e 1
Aritrn f (*"' §
s chiroiosagie i
. Antiy .
[ — o |
Y Anti iz -, !
“s \\ - ‘\\ i
‘\ \‘\ N s Cheamosomesy
b 7
. \\ J___,—/, /
AN Ant ifn S
™, y
\'-\ -
. -

Gane poolal GG

51l 2.10 Sunoumsiden Tas I TwunavesdansTiu PGACS (3]

9 ]
7) duapunishinsealones Tnsluusazngui i Whmsguidenlas Tulwuua

31191 2 &2 nyatulns TuTouneuaz Ias Tulsuudiie 19 lumsnsea Tones Tasdeaiinig

A °

dque riod S ouidisndunniiinimua 13

n3dif 1 d1anr g lalisndooniid R, Fudusinefiidimual3luga (o, 17 W

A 9 o o o a v
Laaﬂiﬁﬂmﬂemmasmaaianamummuﬂiz@ﬂ LiMﬂuIﬂUmi‘Vﬂ “Llﬂuﬂi&’,@‘ﬂ” (bone) 1N



48

b4 « ’
Y A ' @ =)

¥V o 1 ' 1 :,’ Y A P [~
wumangidusznaelas Ty Tsuweow ainvulvt@enununszanityoudefiueingaiiy
. o A Y y A g vd M oA v o o
“UNUNTTANNEN" (base-bone) uazienyadawatlanumialiihuisauiuau nasiniy
Y o - =1 o W as 9 ~ q’z’ d‘ [ A @ [l 1
Tdimsidendiesludduda lunnduniiiduiigaauniivzasunniies disdiugy
Y
TasluTasune (0,1,2,3, 4, 5,6, 7) uaz Ing lulauwi (0,3, 2,4, 5, 6, 1, 7) Naase Ing 1u Tayudl
14
LYY o Y o
ununszaNae (0,7), (2, 3), (4, 5) uag (5, 6) AW UAUNTERNNANAD (4, 5, 6) 1HIINITIAEN
a g =N I~ 3 o w @ 4
doasudu Tund cuualddluiios 6 mintiuldidendea ludvudalideesil 2 mudende
¥
] [ 9 s 1
6, 7) 910 1as Ly Tsuviouaz (6, 1) 90 1as 1Ty QuFUN (6, 7) W5zoen1aduni (6, 1)
o LY ] o’/’ 1 I~
iins 7 azgadeniiuiiosdaly udadudunia (6, 1) Nszszmeduniuiios 1 szgnidenty
P=d o - P = a W [ Y o :’ ] dy §
iinada 'l wazifioafignidensziiunsniduununszgnndndela) I¥shdusuiisundioy
=1 =1
@enATUNNIED
4 v 4 [ ' ' I'd d o
asdin 2 dmrr Aquldlianiesaim r, Widenldlonlesismosasedalenosuuy
! ° v o Y T =1 o 1 3
9939 1AsNIquionIAAToasINIL 2 AN AAUNGUUDIBUATTHINIARTOAN S
1 1 t ,3 Y :J 9 = o 1
a095r¥719197 lu Tayvouazuy 3ndulnasnasunsdinuvesduavosaas Ing L Tawy
Y A o - 1 oy @ A o ] ] Y o Q’I Y
MlBua laneguanveuvaveIganseadivBudnes luysgansealiiimsaunaz i
=N =1 = = o o s
wukiosnanie T lududaanaiouny
3 [ a d’ Y 3 1 £ d' o =) s dy
8) Tusoumsliuadu 1aslulsugni ldnnduasuneurinazgnmimnduen ast
P sll.aiv Yt ¢ 9 ot 1 3 o @ & g A
asaif 1 M i g ldlaiesnimanuinadulumsiuady ¢, Fuiluandia
o ] ° =Y L4 e o 9/
fvuaB3lugas (o, 11 WdvihmsiiuaniaslnTsugndlslenlesismesumdudunia Tay
Myguidionnguusuilodiuiu 2 nquudadhimsadudumuany
ot Y P Yet v Y [ t I~ =N Y 2 o [ A
nsdih 2 e i fgu ldlantesnhimnnminaihlumsiuadu ¢, suiludineii

fmua B3 uaa [0, 11 IWiimsTuani s Twudae Tonlesmmes tuaduil s Ty Gudulay

t - 3/ T A ) o 1 1 d' [ ' P
msguifontdunisssninaeuiiowdnimsquaineglusas [t t ] swnuiaiwls-

mun’®

Tuuvoudumangyla

=}

¥ ° ' ° ¥ Ao ¢ o Yo
9) FuasumMsmIMa A Sunhisunlamavedlas T lougan tasums
a q’: ] 9/ dy [~ 1 1 é 1 o 1
Huanluduasuneuninillaguendiulas lulsugnusmasngu Samdauaiiuisnng
¥ b
szoznesaumumeuodluIas T loy i Iimnsasegeunsdus S1511uT0 Y
o o o w = &4 Ao Y9 9 o 3 o vy A [~ <] 9
MIMNuveIRUAndanasnuasuaunsmua B 1diduseuda 1y uaduleu luthuns I
Yy ¥ t ’
TFNUADUT 6 IWNIVLATUIIUIUTDUMUAMT LA LS
¥ 1
10) Yumounisuanilasudoyaszvinngy Tuudazsounsiauazidenitog
1 T v 3
uanideudoyaiTs Tuuszrdengy Taod3s lumsuanal@euianua 7 uuy daiy
A Y o = 1 Ad ' d‘ 3 Y o (RS 1 d'd
puui 1 smsdennguinlialawageanga miuldianls luuvesnquing

nen TSy sen il Ts Tuuvesnguduq



49

o 1

puuh 2 Wl Ts Tuues “nguiieutig” (neighbor group) ¥Bengui i MUTulge

C I S DA - . - o <
a5 Tuuvesngui i Fenguiiouthuvesnqui i Ansansinaualnilundnuugan

=

milousu iy aundd ngui i e ndudt 2 FedmaluwFiiiu 10 welinguiteuthuiungs
3 & lundidiu 1

wpudi 3 e s Tuuvenguitouthuuiimsd$ulgea il ls Tuunislungy
dorduludnvazidlunnay @ audi nquit 1, 2, 3 uag 4 Sunguiitoutuiu T
s Tuuveenguit 1 s udgeailTs Tuuveanguit 2 uag el Ts Tuuvosngud 2 T
Y5 gemi I Tuuvosnguii 3 ﬁw%nuﬁlmmam«ﬁuﬁwmUnmﬁm

wpvfi 4 i Ts Tuuweenguiouthuvesngud i nliudlgerdlls Tuuvesndudi i

& 4 4'1 9/ 1 d' . a \ dd‘ v o ~ & = 1 a v
FINQUIWBUUIUVIDINQUN | ‘W’\]"Iim'liﬂﬂﬂuﬁ‘llvl‘UuWﬁVl&ﬁ‘UG]'NﬂuL‘WEN‘Hu\‘lU@] (Y TUURN

o LA oo &L g = v A 9/ 1A 1A 4 o =
nqudl i fie ngui 2 el luwsidlu 10 szfinquiveuiiu 2 nquite nquin 1 Fdiay Tuus
<3 ' { & =t o
1 01 wagnqud 3 delau oS 11
v v E [ i
puuh s PuzeTs TunTaeld35nmsuanalaousm i s Tuuisuuud 1 wazuuud 2
] ] b4 * [l
puuh 6 Ysuilgeu 1s TuuTag g3 msuann)deua i Ts Tuuiuw o 1 uazuuui 3
] T b4 v ]
puwh 7 Ysul3el 15 TuuTaols3smsuann)dous ¥ 1s Tuunwwu® 1 uazuuui 4
11) assedeuden lunisnganisiinu Mdwauseumsmhauasuauniimuall
4 (IR A =t 3 P S| o 1 4
TidenTas i lwudsisdauadings @szoznsduiga) Wusweuvoellgn uaduleuly
& & qv o & ‘ 0 o y
Wumalaudiduneun 2 suninzasuduausouamundmua
a o dy Y o = =t v @ =8 a4 o
nuddeil lamhnmsulSsuidfisunanisnaneenudanesiu PACS fuaualay Chu
HATAMY HANMINAABINDN daneihu PGACS Minauelunnideiilidse@niamlums
Y o da 1o ag A = v
Aummneunandanesnunnfsuioudoe

J 1

=) dey = d’oo/ ilwdyw asg A o 2
‘t]"lf‘lfﬂiﬁﬂ‘)s}10']14')‘961-!?7'13“3@]31‘?]3']31‘1%ﬂ&ﬂu‘ﬂﬂWﬂtyvlﬂﬂQu DANDTNUNUUTUDNY

9

o

NAINAITHANKNTIUITHINIUANSanos NNLaYdanos Ny 1uaNya laln15 iy

r =i

[

o Yt ' =) A G a =/ b2 o 1
3'33Jﬂuvlﬂﬂﬂ']\‘ilﬁu'l$ﬂﬂ AN1INDY LN@N@QT]ﬂ&u%ﬂ@ﬁﬂ@ﬁmﬂlﬂuiﬂiﬁﬁﬁTQﬁaﬂ ATWUYN

b

= a  ow

ar a R = ° 9 ::' 9 c'a 9 d'c:i Yo a R & ad
danesnuoranianuasziminadvlsznssudunalvnulmuandanssny ¥ laslnad
9 ¥
=Y @ =Y = ] ) @ @ 1 = a o =
wandanasnuazleitnsquar auindedwalddszdniamludumidinovavnld lu
=t o 9/ (Y a =y =1 v 1Y =] a o a L
YuzAeINU d1ueaNndanos nuerantauuatiulasa@danan sawnuTuAndanas nuey
o { o o w £ [} A a
Mty Tonlefismasdmiumsdunmuulanea dedanalidseansamludum
¥ v

° L] [l 1Y S o ase oA ¢ @ 1 o [ oA °
AN UAVUEYUNU uaﬂmﬂuaaﬂaswuwmmuamumiummsmmuLﬂuﬂqwmmimam

Y ° = = Y ' VY
lL‘U'UsUu']uolUﬂWﬁﬂuw‘lﬂ’]ﬂ@UHﬁzllﬂallﬂii\lf‘l'ﬁuﬁﬂlﬂaﬂuauE]Hﬁiﬁ;’ﬁ')']\?ﬂquﬂﬂﬂqﬂ



UN" 3
Y Y a e v d X v = v
m3l5uigedanesnumskHaniugveIRanenalnmsineus

aenueId1ns U urieana sy

=& os/l dy Y o as o R d' a @ :1, o
nmsAn luaseil ldduauedanesnuiniavinnisilsulysdunsunmsiiauves

14 k4
=2 o

@ =R o o a 4.4 . b S v
ganesnumsnauiufuesHuuauaniuauelay Hussein A. Abbass 193ina Inn1si5ond

' [ 14 1 1
AroaueuielFlunsudilymoand lusduldilse Antawateliu denfinan3luun

]
~

= a 1 = a o [~
712 Jgynoova lumduainsonsmuatiadoyavosniniwes lailu 2 Usznnie daym
pOWA 1T LT A A% (numerical optimization problem) tazilaynioend luduiFinissa
¥ b4 9 []
(combinatorial optimization problem) #4111 M3sfAnu1luaTeiita ldwanndanssiuiinann
@ 3 o (Y] o R @ 4 d? z =y ] =~

mM3dFulgaduapumsiinuveidanoinumsHauR U oI uauan Tasuuauty 2

Tua Ao
LY Ak A <
1) danoInun
Uszdninwvesdanesn

wavedmTvilyvieond lumduiFadnay Tagldiinisnaasy

A o Y Y Y A =] o
ll‘V]u“ﬁuﬂﬂﬁﬂﬂﬂ“ﬁuu']ﬂiﬁ']ullagVlﬂn_[iUUWIEJUWﬂﬂ'IS'ﬂﬂa@QﬂU
¥

o o a

AN NUNTHANNUTULUAIUA

qQ

Qs ask oo o o a % a [ Y o
2) saneinunduauedimivdymoed luduFimssa laglddinisnadou

'
SR Mg

szaninwvssdanoTnuninausAuiyninsAunIavoIniina 1Y (travelling salesman
problem) wag WdlSoufsusuranisnaasafudanaI Ny PGACS (parallelized genetic ant

colony systems) A ueuo Iag Chen tiag Chien [3]

a s a w d < v a
3.1 myamswrllymuesdanesiumanauiugesHaua iy

[ asR o d d?, qs’l = Y d?l A 9 b3 a
E]ﬂﬂ'ﬁ)'i?’mﬂ'l‘iﬂﬁuwuﬁﬁl'ﬂﬂW\‘iLLUUﬂQLﬂMQﬂWWLﬂ“U'L!L‘W@clclfcluﬂWHLfﬁ]ﬂJ‘l'ﬂ@ﬂwﬁ”lN-

y

E4 ¥
v @ a oS a a v d ' a
i lagdanas NUTHINATINMSIBEULLDNANTSUMSHANNLE 5 Y IHIL 1IN Az HIA

eDe

14
a9/ s 1 =1
W

14 b4 v 14
Jupounisiaulusanesiul ldinssimuadiuiuvesiaunanan Hidaduazdoou

Y

&o

a3 ' s &£ vaq ¥ 1 o3 A = [ o v A d? Aoy
Wumasnamiwaz ldlsmiaumiduasesdislumsiaguninusediney tufo Hahiia

¥ v 1
1 e w Y At <1

o 4 o da 1 4 de v o RN 4 a
Waergaezdludmaauianaaniaflamandind duiy msaumimniniavaganga

Y a

k4 ¥
s g ]

2 g 9 a s o a 4” t g 3 @
vauihudhnnevesmsudilymeend luwdu danesiniinvailudunoundn 3 Junou Asil

€

LY =)

& v ¢ O v o & e ¥
1) Yuapunskauiug 2) Junounmsadedisourayn1afeeg uay 3) Yuasunsihoniiy

1 3 as (tg = v o dg’ v Yy Y Y
uwwrgﬂwn Glu‘uumaummﬁnwu‘q WQUTQWQ‘ﬂﬁTN’IiﬂLﬂ@ﬂWﬁNWUEﬂUWQ@'QQ‘lﬂﬁﬁTUWQ
¥
v ¢ &

T ¥
(multiple mating) HAA18 IAsIer319109591M 1909 UAIND AN NUATHANWH VD IHILUL

9



51

3y Fd
audui TaseaHaunuisuauisuangmatsaaniolusudeafu (single-colony multiple-
Y - Y o @ dyo sldy o A v Jdao dgl
queens model) A431/%1 3.1 90 Tasea e d@nyus i IMHMa A R NHTURU AU
3/ } 4

[ @ [ g o A v 3 u’/’ a’/‘
Wnolufufentu nasnnduneumskauiugdugans Heddezatenavua 1minuield

E} Q

s

2 3 9 YRR d?, 9 L'd I'4 o da o

BUYURBUMI TS 19A1D0URY TaeM s 19 Toulosismesasoa Tenesuay Tonlosismos inaty

& 9/ @ 1 d?l @ 1 d?a; g/ o k4 'as/‘ dy Y < 6’4?

o edI0aURIAZ A0 Inezihungduaounsiaesg Taoms 14 Taulesiswmasng
6’: dyza 9/ 4 Jd? ¥ 24 o 4’ Sldtadd' U LY

U Tagtuaouiliins 14 1o1e5151005 HIIUNINAIN LAY 1D THIITALANA190U lunT

} 4 : 14
Usulgedaseuis dissunsinulunaazsoumsiaueziimsandeniaunangn vy Tag
d'd N

P I AT ad A A o d o
m'imaﬂmaauwmumwmuaqamtmu‘wmmawmmumﬂmuﬁwmmumzmmsquwmiJ

U [ o’/’
Alvanavue

YOLLYAUDITY

T~

YauraYeatlyni

d' b4 o 4:3 o @ Y ar a AL V4
31’7] 3.1 Iﬂ5\7?757‘35\3“‘1_’1]””\71“\37‘3@1”ﬁ’]ﬂﬂ')fnﬂclujﬂlﬂﬂ']ﬂugllﬂ\‘]@ﬁﬂasﬂllﬂ'ﬁNﬁiJWUﬁ

F4 ¥
YDINAULL VA UAY

[ e d 1 :J
3.1.1 QAUANYBIDAND3 UM IHENWUEUDIH WV VA WA
) @ a v o g o’: =Y a 4 [ 4
1INMIMNIUYBIT0NDS AN ITHANRUFYRIRU VAN T INITO TN TIZH AR UT
Y
dnny 1 il
;’f ° s Y v o dy :1’ a A Iy S o
1) FUADUMITNINIUYBITANDTNUMIHANNUFURIHWUIAUANTIANUATIWARINY
a oW a & g o a 4 o oa F =) LY
Audndanesnuduiludanesnunddssd@nsawlunmsuddlymoodd luwdu Taaldfing
I'd o 4 L'd 'd da Qs 3
1 lenlosmmainisaen Tonlesiswmesasoalornesuaz Tonlesismas nuaduludunounis
¥
A519 10 0 UHIFUREINUIIUANSANDITNY
o a2 @ I'd dy =} 9/ o 4 (=Y a  w a ]
2) danesnumsnauiufuesmalimsidlonlesismesuinniviuandanesineg

& 4 A o c“d? ) o 9 P Y] (=Y o] @ 1 3
vilalolesisiwesne lowoismosmsnuganivinnlunsysuaid Tu'lnilvesdr0ouis



52

wacgdyd 9 d o |&wwq’!w-.§"e @ 1A
Tasluganesiuiinmsl4 lenlesismesnsniuninnimileda daiu dreeuneleagniiumi-

o Y J oA ' W 4 e < o & ' o
TulnildreTonlesisimes Muanaiaiu Tuasumsifosgduiluna lanilsiannsassilesiu

b n
asanlununTanoa (ocal area) 161

@ 9 3

[ ' d? as d%l 4
3) JUMUUMINEURUETEV RSN A URIAIRT U UY a6 118 (one-to-
dg/ @ 911!19/

1 H o dao ' A o ,’o @
many) NA1IAD AUNWANAVNTORAUNUEAVHIAI IAUINnIMied drena Tniidlvd

O

[ 4 dyy o Y w 2~ A o 1 4 a =~
@ﬂuwﬂﬂqﬂﬂ']ﬂeuu@ﬂuﬂ'ﬁﬁiq\‘lﬂjaﬂquuﬂ'ﬂuﬁa']ﬂ‘ﬂﬁ’\f]tuﬂﬂﬂTﬂﬂ'Jﬂ@UWQ?JI@ﬂ’]ﬁqumg

¥ } 4 v
= 1 o 9 3 [
Hnanmsased lonesszuinHauanguazHiIdRuana1eiy

s a e d 1 :’J a
3.1.2 9AR08VISANB INUNINANAHE VB IH ML VAUAY
] =4 ,_"s Py a rd 9 1 v a & s 4 d? =1 P
a1 lsfimu WeshmsTinszdnigados w1 danesiiunswauiuivesiaiigad

14
o o

A3l lge Aell

v @ as o] v d? I~ Ao 421
1) Iﬂ3Qﬁ§1053ﬂlﬂﬂﬂaﬂ'€)§‘V]lJﬂ'l'iNﬁllWUﬁﬁJ@QFNLﬂuLLUUN%TH"JUW\‘]uTQWﬂJﬂﬂﬁTﬂ
@ v s @ o = Y1 dg’ & v da d? v YN Y ¢
mma“lumm&mu ﬂ\ﬁﬂVI 3.1 ﬂ\‘1LL?J'JWN‘L!'NWﬂJ"IﬁTJJ"l'iQLﬁ@ﬂNﬁNWMﬁ‘ﬂUWQﬁ'JFj‘"lﬂiﬂﬂﬂ'n
¥
-1 [ o -

Wmelufmueuniioununivua 39

o

[ 4
wilad meamawmmﬂmumsmaﬂwﬁuﬁuﬁ YU

Ny A

sﬂummwwﬂﬂmunwmm aaualng Lﬁmﬂuﬂamﬁwawmaﬂwauwuﬁﬂummmm

t
o = =)

G)?N“]fﬂlﬂﬂ’)ﬂuﬁ'i’é)l!ﬂ’JTJJﬂﬂ']Uﬂﬁ\‘lﬁu “ﬁﬁﬁﬁWﬁiW@l’J@'ﬂuNQ‘ﬂﬁiNGI.‘H?J%JﬂTUJ'HﬁTﬂ‘HﬁWEJ

Y
uaammmwiamamﬂiuwuﬂaﬂaa"lﬂ

) 14 ¥
2) ievumsiau luteazsoumsiiau HedadozgnaiinenInuaneun Iy

[ v :/I =< ¢ = 1 (=) o dy @ Y ng - & ] o 1Y
Tuseuda ) daiu Ssdesiinsgua TuIndlvesiadad Iniduununuitaus dedwam i

%

9/ 14
aunldesnarlumsadid uinduaznsdrnamilamavesisdidmndrlunnseunis

NN

a w -1 O a
3.2 uamamsdSuilyesanesiumswanugue sl auuauda

Q

Y Al A o [EY qs: o Y] = o .j’
sanaInuMiuaus 1d1svlsdunounisiiciuvesdanesiumsnauiuiuoaia

3 o A Y y 3 ;4 s my
LLUU@\?L@MW@&W{JQJJH"Iﬂﬂﬂ@ﬂ‘ﬂ\?ﬁ@@‘ﬂ@ U

q

14
% v R o Y

9/
ag o & 1 [ o
1) Tﬁﬂﬁuﬂﬂmﬂ1ﬂ1‘iﬂﬁuwwﬁia‘fﬁ'JN?JZG‘H"N‘WEU"IﬂUNQGl’JWﬂ’IEJGluiﬂlaﬂ’mu

a LY

Y A v o g
pamai i lunsudiland do nsuefaite 1R wan 1densmmiuisui
¥
Fafngatun muuiamfmmuN‘wmunuma:ﬁa%xLa@ﬂﬂﬁuﬁu‘qﬁmmmmﬁqsﬁ'u@’wmmﬁu
A~ 9 A A Y ot 9/ dyw Y= d'o = 3 o l-ﬁyd'
wielinnuadiondaleditios 1indiamsudilymildanssAuiinausdeIdimutsiuily
b4 ° =~ d” Ao I ' o 9 d?l

MIAUNIRIABY (search space) HIuRUNTIa10 51 Taoluuaazslszneudloiauiangn

4 o g v [ dd? oy g = v oW 3 v o o a4,
ﬁuﬁ@l’llﬂul‘\]'\"U@QiQLLﬁZNNQﬂ?@LﬂNﬁNT‘Kﬂ“\I@QiQ ﬂ\?‘l‘luiﬂ5Qﬁ31ﬂiﬂﬂjﬂﬂ@ﬁﬂﬁ)3‘ﬂn‘ﬂu“ﬁu@



53

2 g a o ad o . . . ¥
mvﬂmmuuﬂmUsauazumuanmmﬂm (multiple-colonies multiple-queens model) mgﬂ

=0,

3.2

4
AU

YBUUNYBI5S

\ voulwavesilymn,

¥
=t 2R

310 3.2 Tnssadefuiivaiwasiidaunamgivaisdivesdanes numieaus

v
9/ o =1

Ayt 1 @ @ AR A ya 9 =Y ' 1 o
'Jﬁﬂi“]fiuﬂ"IiL!‘LNiQﬂl@\?@ﬁﬂ'ﬂ)i‘ﬂu'ﬂuWLﬁuauVlﬂnl“lfmﬂuﬂﬂWSLLUQﬂQNLLUUW"BGﬁﬂﬂ

€

a o 4 4 <
anos NulaGFiiu (fuzzy c-mean algorithm) Tagdmualds Tulnflveswanranguiluye

4 ' . ° o 3 ¥ @ n’/’ I~4 a ar [ 4
AUINA19URINGW (centroid) 1oz TaKmsianquitsddianualfiduaundnlusiladonii

% yd’d|

@ 1 [~ a o) 4 I a
Taomsiananuiuaunsn (membership value) 3 1w Inflvosiadrdddiannuduaundnlu

U

@

@ ~ o Y o a v o a a o 0 o oA v Y
5\‘lnlﬂll']ﬂ'ﬂq@‘ﬂzi;;]ﬂ%ﬂiﬂ!ﬂuﬁﬂ?cﬁﬂﬂl@Qﬁﬂuun"lﬂﬁﬁﬁlﬂﬂj HAINNTINTTUUITIUIYUIDYLLAD

3
&R @

Cw y & 4 o Y & Ao o oy & Y
Glusmaxswzﬂizﬂamwmm&wmmuamuazmmg %mmumummauawu@gﬂumm

be

v =)

o ¥ ] o £ v 0 e ' I
udaussvesiauang lussazss Favutonua idsnamaniislamuagendies 145y
b4 ] [
Tomalumsadesdldngnhmanananidiadamandni
' o @ o v d o’/‘ = 9o o 4?’ 9
13 15nam ludanesiumsnauiuguuuaudy lddmuadiuiuvesianangl?
[~ ' ~ A o Yo w Al A o o Vet v @ a Y o a
wWuaaed uaiiodunldfudanssinnivaussiaimldiinisadeseiilndnuwnuly
4 [ ] 4? o ] o ] Y 1A o .3
(iieavinars Tulndvssdsuangunuduvgagudnartvesngs 8119 Tu Indveis
~ A @ § ' [ t Vo 4 [ 3 & a 19 Y=t
wisnaniinumiouiuuin uaaedn nqu (59) wreglndinlldre duin etlesdulildd
v o Y ar o Y a2 d' o < Yt s a A d? 1
msadeseladmuiulyl danesiuminauedeldlimsUsuiTmsdadonisuangniva Tae
X Q o y lg 'd U s o 1 4
Hieulvlumsdadon dell 1) HawanannliaWamageezidsuTemaldadrednoudis
A 1y A o 3 @ :/‘ d? ety o £ Yy v a1 o
wingnndafauaidindueue Aoty Aunananiinildamagefiqade ldadeineudly

14 [
Suduusn uaz 2) &5 Gulnd) vesranamanlaiidiszezmalndiuiaignairelineu

Y a v Ao 14 zg Y Q’// tn Yo A 9 o 4? 1 [
wiinunismua 13 danmandaduee ldldsuden idlursunanan v a1nndnns



54

1 4 I'4
= o =] 2

msfmdonninauelidwald luusazsounsiauisuauisuana lumidunag 1695

14
9y ° 3

o dg’ IR v o Y1 am @
ﬂ?TNQTLﬂUﬂ'ﬂQﬂWWHﬂQTU"Ju"UQQNQU']QWﬂJuWVL')ﬂf’Ju AJUU ﬁ111’]§ﬂﬁ§;‘l]ulﬂ’n 'Jﬁﬂ’li‘ﬂﬂﬂﬂu

14
TildimsadedalndduaunulldremsUsuitmsnadontianawanlng dldadaganau

o Al A A s Al A o T Y =] o 3 3 9
yodanosnuraulene danesnuntuaus hidsslimsdimuaitiuiuvesisuiangn 13
o 4 P & (% Y a sk [ 4 ‘3’ 3 a dyu 1
HudinsimleunuludaneTNunsHauWU VB HWUUAVAN UBNIINN FaningauN
s AR Ao ~ « d' =1 o ° o o o ' ;:ial [l )
ganeInunduaueiimsuiesslash bifinssimuadauss Bidumasidiseunu
}4
a 1 1 J] Y T o
2) FEmsuddymmsquant Tuntlvedisdadluiluynssunisieu
4 ~ & o e 4 o '
ieoaanalunsaied lundluagmssnamiamavesiedagnilugnsouns

o o o A, = 9 ya o A L o oy oA =

NNIU aaﬂaimmmmumﬂﬂwmsmwuﬂuau"lmmsmwmmm@”h 2 NIUAD ATULTO
g @ Y A Yo v dao zg oA 22’ o Y A A ~
NQQQWWWHLN61ﬂiﬂﬂ1iNﬁiJW‘l«lﬁﬂUN\‘l‘l&NWQ}ﬂ Hagnsungay FAIHEMNUIHDUDYATUATUN

U 9

[3 1Y a { o o 1 o g (% [ 1 4
fruald Tavdanesiuniuaue 14Tinsfvuat9330 (lifespan) voaisdag 1A usnsh

y
@ s

Y 4 o Yy 1y Y v &L ° aa % o
drredad i 1T umswaniuifiaunwgiezaunsodisidiade 1 18 lusoumsiiam

@ 1 d’o k% ‘3’ v 9 Q' d? Q’/‘
da llsuniewezasuawidmualilasorguesisiagezminiuassay 1 lunng soums

a

o v @ asl A

o P& = 4 Yoo S o oy ° Yaa
N LW]LN@Nﬂ’li@nﬂﬂ]@ﬂmqgjfﬂlﬂﬂmuﬂﬂlﬂﬂ\‘iﬁﬁlﬂﬂﬁmmq\?ﬂu DANBIN ‘V]uuﬁu@ﬂgi%]ﬁﬂ1j
& ad

1 =} dg' w 9 ' o 1 Y % 2 W 9/:1' A o o
’CI‘JJLaE)ﬂNQG\’JQ‘I‘HM%1ﬂﬂ’)€)ﬂu%ﬂﬂllﬂalu5’EJUﬂi]ﬂ‘UuNHLVI‘HVINQW’JWWQ1H?NLW@5WH1%7U’}H

U

D.

¥ } 4 v
o 9 ) o

=3 Y o an 1 [P=t :3, o 9 s v L2 A
YoIHIA 1MAeh I5msquad lu Indlvesisdafuindrsounsdissaana lumalszulana

Rl

(= ] Ve @ zg Y o 14 [3 L4
wszad Tu Induazafauaaesdiseunc ldgndnna i lunnssumsiaueguda

3.3 Insaas1amsiauussdanasNuniauo

'
= o

@ af [~ A @ a A, o o a
dansnumiuaueuiuily 2 Tumane sanesnuiinauodimiuilymioswa luws-

1 14
Fugdnavuazdanesnufinauedmiuiymieond luadwFimsda Taonsaesluna

[ as

= [y 3 o o & -1 :/’ = '
wannmslsvlruasumsiiauvesdanesiumsnauiuguesnauududan iy 2 udywy

Q

A d? =} w oo dgl @ Y o A [l dy ~ g/ I~ é’ o
A9 1) WQuNWﬂJﬂLﬁ@ﬂNﬁNWH'ﬁﬂUWQG\?E%Wﬂi\i@u Tﬂﬂmmmwu‘ﬂ61ummumtﬂu‘mum<1

El

@

o EY - | d? v 9 ] t g ' d’{ A d'dg’ Sld' @
“alee) 53 1AL 2) mmmaaﬂmmqg‘lwmmnqmmmaaum INBUNUNAIAIANNIENAIDIN

R

=i

@ o y { o [ q’: ° o a
wauRufuazmuloogasumuisinua’ld daiu Tassadramsiinuvesdanss iy

]
=%

) 2 T a a L o ¢ d?l 3 Ly o - g a
mmuawmﬂma"lﬂmﬂaaﬂm‘wumﬁmanwummwmuummu ﬂﬂzﬂ‘ﬂ 33 Tagdanesnun

L 1 14 E4 v «
ﬂuﬁu@ﬁ%’umumsﬁwmmuﬁu%n 2 Tundufe @iTumaumam’?Uuw%’amﬁamsxwﬂmmz

9

YUADUMTHONT I

A b4 ° Y al Ao b4 o’/’ @
%Wﬂzﬂ‘ﬂ 33 Tﬂﬁ\iﬁ'i'l\?ﬂ"li‘l’ﬂﬁ'luslmﬂ@ﬁﬂ@iﬂﬂﬂu'ﬂﬁuﬂﬂi%ﬂﬂﬂﬂ’wﬂuﬁi’)uﬂﬁﬂ S

£
e I

UYUADU ND

¥ v ¥ ¥
1) TUADUMIMMUARUSUAY Tasduaautiin1s1NIuUnan 3 dIuAB AMIMUUA

WBIQ'

1 = s a o 4 a ° 4
AT UABSITUAY M HIMUAHILIINUTUALLAEMIA I UARSAIGIS UAY



55

€e
e
e

v ¥

z @ o ' @ o o da o
2) YussuMsHaNU] Juspuliianguaazd i idenmauRugiuRed)

&
=
(4}
Lo
wig
Lo
()
pog
fa
o:)_
e
=
]
at
£n
=n.
b=}
Lo
pad ¥
&
=2
=
Lo
Nl
ﬁ
Sk
<
o

fmuaf s mesSudu
o J a v o,: o " A 9)
ANUARITUHYUTUAY TuaaUMISTMUAR IS LAY
o d o yd g
AMuARIGIRTUAY

—

= ) o &
> Lﬁi’)ﬂﬂL‘W@NﬁN‘WUE <

v
dJunoUMSHAUEUT

q<= Num-queens

& o & <
“U'Ll@\ﬁ]‘uﬂﬁﬁ%/"NG\’J@EJuNQLLazﬂTiLaUQ@'

Y ,
Aindanrauang vy

—

o A £ o 9 '
ARLRONHIAIN ML

¥
o

TuUnBUMTIAS sUWST suoLENT

9
FUADUNITUINTI

e N ——

a o & JEP.
AU RN AR

=
gaiqa

d' 9 o o
3U% 3.3 Tnssadamaihanuvesdanes

2 Ao
NUNUUTUD



56

b4

‘3 o 1 4 Y [ 3 1 q’zl ar
3) Tupeumsadisdiiseunazmsiaesg Tasutuiludunoudes 2 Junou dail
u’/’ 9 @ 1 d?’ & q’,’ d"d 9! o I'd A 7 [ - 4?
Junoumsad1dIsouns Fedusouiiiinis 15 lenlesismesmsidon tNeguidontanangn
o : 1 g vo ¢ ¢ ¢ A o
Tdinrhineld dneawaninlésudonsz 1dlonlosisimesasoaTonediieninisasealo-

14 ¥ v
o35y Iulnduosauestuadsy G Tu'lni) vosksdag uazdseuai 1z gnin lien

Q¥

b4
=3

S o v 3 13 4 3
fwTeesismesiundude 1 erniuszithgiuneuiiaesie Tunounisiaseg Taonsly
L4 5’4? A Y A (v A @ d? t o
TorlosismasAsnuieriminfilsuaid Tu Indlvesdaseurarazea

3 = Y @ t o :zl 1 3 3
4) Yuseumswsouniouiousnss Taoutuiuduneudes 2 Junaude Tunou
ar A d? [] o A d? ci ° LY 9/ [V 4*
Andenrauang Imi Tasmsaadonmauangnminz audmsumsadiesamniaunang
.y N NP 1 Aa o o &
Tusovilapfunasdveuiinimiamageniianawgiaimiauddiigs uazdunou
a A dy a9k 1 1 -~ @ 1 4? d’i ,:{‘3' @ Sld'
msfaRenAi g vl Tasmsquidonaindisouraiounuimdgnaeas
3 @ 3 dyo 9y P [ d? &£ ' Y dn!gl &
5) Tunoumsens duaouilhirinlunisutsiime Faunazsalinaunangvile
@ o Y A o Y o d?’ v Yo 9 o a @ r.él s 9/: ar ]
Ahmihndunivesswagisdidimmihnduandnuyeads Tnsrsddnamuaszgniangy
f

Y o a o .4?’ ta o a ' s :g v yaa 3| a
Tiilumndnvesfalavuesgiumanmuiluaindnluuaazss fdadndisnnuiugungnly

Y

(Y = Y & a [ QS/’
felannnigazgaialdidumnsnvesiuiug
vy ¥

HhdTunoun 2-5 suasusauseunsvuald

3.4 danosnuminavedmsuameend luaudsiuay

3.4.1 msunumaluInivoails

dg’ af A L= =] dgl KX o 9 =]
ﬂi$°ﬁ1ﬂ5ﬂ@1ﬂ@ﬁﬂ@ﬁﬂhﬂuuﬂu’O wuatlu 3 NRUAD WIUTINYT AIAIHUATHIINY
FS

|

1 oA 1 . o d’ld é’ R o Y
Tﬂmmazﬂquuﬂmmum (representation) A4Y %Iu"],‘Vl‘lJ“U?NN\‘iuNWﬂJJ]LLﬁ%WQﬁ'JQLWINﬂWYJEJ

g o =) ' an 4 ¢ o t A A
mswa"lums UARBRNUAVBIDITITULNURATYUATINA TN

[~] =

Tl 18 2 sfe 0 waz 1 degl

3.4

xl XZ xl XZ
A I N — A A
1.50 -1.00 -0.50 2.25
1 1 §
1 f 1 I 1 ]
] | ] 1 ]
o(1{1{0{11{0111{0}0 1{ol1]J]0]J0)J1j0]0]1
a P & o P 4 ooy
(m 3undyesaunang ) Vu'nilvesiisdng

LY o o/

‘s' G o} d? g Y a @ a o
3% 3.4 maunuad Tundveswanamguazvsdddmsvilymeora luasuwdnay



57

] =t o} o 4 a s iq 9
Taouaazd Iunildszneudrssavesnisimesvelynioond luasunldluns

=Y 4 ] ar 9 1 =) d’d'dc A oo t o &
NANOUUAZHITHIRBSUAAA I TENBUAWAGUYDITUANT U IUTANUANA1IAY FIN13
o o a d'g) 9/ ' o o’z T o ' = A A '
fmruaswiuiandeslgluudaswinlmeivusgivesalsznou 3 drufe daiunum
y o ~ 1 1=y { [ 1 o 1 . 4
INTOINTY (sign bit) 11U 1 Ta nquussiiafunuaItoyadIu$1UIUAN (exponent bit) 9
o A A 9 [} J’é’ 1 Qs 1 9 A 1 a o 9/ v
Srudaildluduiivuegivveuvavesilynwasdiugamensnguuesan lsunus

U

] =Y .& o =Y { [ y 3 T o )
Foyadunaiion (mantissa bit) ¥eswuianldludmiez vuegiunnuaziBenvosfiney
Ay = g 1 a J P4 £ o v ¥/ a ¢
ndens 1ingUn 3.4 szwiud u Indvesiaurenguagididilszneuaronisilimes 2

¥
Y as a o [ Y
Aafle (X, %) 1AUAUNATT VOUWAVBINITMABTNITOUMAY x, € [-1, 1] Udg x, € [-3, 3]
4 a wa a o o d s {
@ umalFiia vouwavemnsilimes tynr 1aimsdmua I3 ulnsuniasgunldly
Vet o a Ay - ° = @ Z a 4 2 b
msnadew) uag ldimssmuaiadldununadonsmon 2 Je duin wmsilmes x, 914
14 T .
Snudananua 4 da Uszneudae 1) dausaunuannseanany §10mnseanuteliauiiiy
0 UAAITWNUIATOINIY + uazdITAM3DINUIBTAUNINY 1 LANITLNUATEINNNY -, 2)
a A 1 o < 4 9Yq 9 A a A = d '
tanaewmumidinudn 3918 1 Taioinvetuavesmislmeseglugaa [-1, 1]
a A o A o a o @ a s ' a o
waziinmioduou 2 Daldunuinunsiion Smsumsiines x, Taumumdetiaduiu
a [ a U & s A 3y ' o 5] &
5 10 1J5znouAlw 1) TausnunuAuATeIrNIY, 2) danaewasmulFunumiuIuan 5
9 A Yo =Y = d 0 ] o a A o
Tadon1dsman 2 damszvouwavesmisiiwosogluss [-3, 3] uaziambsdiuiu 2
D ldunuimaunsiion
) o ‘3 9t T Y Jdo a A - & o Y = Y
dmsuRanulalimsunuaidasilandudsaan yoihmihnlumsdununlanea
v & a A Ao Y, 2 g e, Lo A J o v - '
Hangugsannniinldlumstnluadalidno s Aenduie Aendumsnduiauuugy
¢ o 1 o J ' ' ' L&Y
(random flip) W4ATUMINIFUIAY (random walk) HanFUMIguaA1 1M (random new) Handu
¢ & 7w 4
A5ATOT 1B1IBTHVUNTIYA (one-point crossover) HazHanFunIansedlolvsyLNDIYa

(two-point crossover) swazdsavznalududaly

o LY
3.4.2 ;smiamiaue

4 4 9
msmulamiauTyesHau g Madaduazdlsoursuana i umMudny Uz Y3

Y

3

T
= o ar

Yy ldlumsnageu sanesnuminausdmsuiluvesd husduFiduav1dnins

a

a o o A 1 Y d o 3 & o J o )
nageufulymioond luwdunegludnyauzvesiangumasprunndluilsnduaidiga

1

14
o . . . d o . . . v o vy
(minimization problem) i@ sWInTua 19970 A (maximization problem) AIUYU AN Aatuavoq
P 1

4” :: =2 (= ~ I A W [ =
ﬂﬁg‘lﬂﬂiwxi‘ﬂ\'i‘ﬂllﬂ iNLL‘U\‘]HJu 2 ASAAD MIVIAINAIUE ﬂiﬂ!ﬂﬂﬂﬁ@ﬂﬂuﬁﬂﬂ‘vummj}mﬂ

I~ &Y "o I3 9 [ ) 1 I'd @ @ 1 N
LﬂuWaﬂ%ummqw ﬁﬂJ'lSﬂﬂﬂ'!'Jm'lﬂ‘1]1ﬂﬁ')uﬂﬁ‘l]ﬂ'll’ﬂ'\ﬂ‘i’!ﬂ‘llﬂﬁ‘ﬂﬂﬂ‘]fu AIDUIUTU

minimize f(X) = x|2 +x§ 3.1



58

LEJ’E] X ﬂE)L“W\"U@GWﬁTJJLG]E]i‘V\Nﬁiﬂ%ﬂ%WH’)u 2 Gl'Jﬂ'E') X, N8 x,

903U 3.4(m) Aoana Q = (1.5, -1} awnsadnaiiusuewiimvssileniu g
1N £1(%) = (1.5 + (-1)° = 3.25 fumlfuﬁmamﬂ'ﬂﬂmamm%mawmﬂﬁ'am fitness(Q) =
-£(%) = -3.25 uazgilii 3.4v) é’ﬂﬁ’séjD = {-0.5, 225} SR mynYealanFuldnn
f(x) = (-0.5)" + (2.25)" = 5.3125 mm‘fuﬁmmﬁﬂmummﬁ%ﬁaé’ 18919 fitness(D) = - £(%)

an ° 3/ 9 =4 = o d? o o o =
= -5.3125 9103EMIR NI AU e 3 Tu Indvesisuanaiiusmeunaning Tu-
lrl o dg’ o 9 Y 1 '3 Ao 1Y 1 ld? a1y — [ =
niveensdal sz ldanemuniliatosnn uaraunawgezlimdamangani el

Y1 45’ g A d%l A g = ' [ o 9/ [
'Ilﬂ')'] WQVIﬂJﬂ"IWWLUﬁQQﬂ'Nﬂ@ W\’iﬂkl"’llﬂli\?ﬂﬂ'ﬂllagﬂﬂﬂlﬂuﬂ?ﬁ@ﬂﬂl@QﬂiUuﬂ'I'lﬂﬂ’flﬂﬁfﬁllﬂ'ﬂ

Y 1 - A =Y P s < Pr ¢ @ t
AY AIUATUNTDI NMTHIN WAL ﬂ‘im‘vmﬂaamuﬂaﬂﬂmmmmumﬁuﬂm%umamﬂ
UANYULNIIMUINAR AU memsammmmwmuﬁ"lﬂiﬂUmiwmmmmwm Wude

fitness(Q) = ()

as Ao

3.4.3 sanesnumivawed s uiymoeevld luw i iuay
o Al Ao [ Y o I z @ dy
Sanesfufiuaue uufuduneundnld s dunou fl

¥ v
1) PuaoumsiIMuanisudy (initialization process)

o

° A 'V ' ° ' a 2
asmvuaausuduldudaudlu 2 diufie mimwuﬂmwammamnéfmmwms

s o

3 v -1 a 1 o ' a ¢ a = =
mwumaﬁusmﬁ'u GlfHﬁ']‘uﬂlﬁ]ﬂﬂ']iﬂ']ﬂu@ﬂWW'ﬁnJm@iLﬁJ{glj‘Ll H91dmes AN UA mu
¥

< o g o 1 ° o 1 ' T
"UuWWU’eNQQLﬂUﬁLﬂiMﬂlﬂﬁﬁﬁUNWiUﬂ muuummﬁqmv’i ‘DWHDHMEJQW?@@uﬁ\‘] ATNITUUNYT

]

3 a o ° ° 1 o @ dy a g Yt 1
lﬁuiuﬂ?iﬂ?!ﬂ‘b’uuﬁ?ﬁ]11«!'3145@‘Uﬂ’]31’1'10']1«! Lmz“luﬁaummmsmﬂumdmﬁuﬂullﬂumiqu

) o A Y cg o @ ‘4?’ o Y o o v
ﬁlﬂﬂfﬂﬂ?fﬂu53“ﬁﬂﬂi%ﬂ@ﬂﬂ?ﬂﬂﬂu’]ﬂWQﬂﬂ’lu')u 1 55]'JLLﬂ%f/N@]'JF;JJG]WN%WU'JNV]ﬂ"Iﬁuﬂ"b Tﬂﬂ

v b4
amnduimualdeglugisvenwavesilym sndfuldsdmnusdauavesansanoluis

¥
@

wanuanazinstadesdduandnawamianaiidiuam1d mndaiidafaurgigaes

o YA oy

A v & a v a 1 a A o Y o £
gidentifuiinemanGuduiazandndauiimiedmualiiuiesiadisudu
¥
@ v
2) YUABUMIWAUWUT (mating process)

o :’1 Y o & W a o ¥
nszuaunsiinuludussuiiimsiiaumiioususanosiunswauRug o IHs

14
o =<

c?/’ a ! 4 { o o
HUDAUAY ﬂfmﬁa Haunangadiiniinlumswaniuguazansadonnauwugiuns

¥
=

1
o o as ° 1w t
Fad lanaeda W NQ‘LJNW‘EU'ILW\W’WJ% Laanwauwu‘q AuHAIfI NS odosluegiunn

U

g

4
Y Y

Wﬁﬂﬂ?uliﬂﬂultﬁuﬂlu'lﬂ"llﬂﬂﬂﬂlﬂﬂﬁlﬂﬁu LﬁlﬁﬂﬂﬂluﬂﬂUﬂ'ﬁNﬁn1“lu‘ﬁﬂ')ﬂﬂ15ﬂ1ﬂuﬂﬂ1l§ﬂﬁ
YIRS (energy) tazannus1lumstiu (speed) lefmmuNwmumazﬁﬂﬂamsqu
14
&KX W

v 14
' [ 1 Y v o a v do ) v
Aegluga (0.5, 1] nindudsuawgdadulufonnauiugiuadg lagnisiarsanaina

a

' Y4 1Y o
mmmwﬂu‘lumswanwuq (marriage probability) A9ENN1IN 3.2



59

—difference

prob(Q,D) = ¢ eI (3.2)

AL -~ ' 1 1:_1] o d 1 é’ d? o 9
1D prob(Q,D) ADMANNUIIYL u(luﬂ']iWﬁllWHﬁi%ﬁ')NN\‘lHNWﬂJ’l Q UATWIAIN D
¥ ¥
. 1 ' 4 § 1o = 2 o 9
difference AOAWAAIIANYINTEUTNAWAUAVOIHINWWY Q LAZHIFIH D

b v
[} < = o
speed®  Apmanuis lumsduvesiannang Q m seumsiiun t

1 et ¢ 4

¥
Hanamgndaduludensauiugfuilidadiisnnuiessdulumsnaniuggefigauay

-4 o { @ o 3 [ a|d 4 Y
aitlsy 3 Tund) vesisddi 1dTudonzgmihuinu B luguiveaidlsuvosiaunana i
¥ v Y .

9/ a a o 1 o ' R a A 1 q’.;’ @ T v '
15 lumsfausauly swnduneudianawgrzsumsidengadedalyl Amdeauazen
4

< =N 1 a o A
anus lumsdiuvesdiaunangiazgnilsuanas fell

speed(t +1) = a xspeed(t) (3.3)
energy(t +1) = energy(t) — step (3.4)

4‘ A w 1 =4 =Y P o Y [ ]
e o AedasINITaRadoeIn s 3 lunstiu Jedmualdimeglugie (o, 1]

v E4 [
amsrnenlunsail s muan1diviny 0.95 mwnauise (1] dvaus’l3
step AotSurnmsanasveenndsau drwan ldvn

step = (0.5 x energy) / spermatheca-size

g @ o 4 v Y Qy y < a o =] 1
TUADUNITWAURUTVOIRIU W wAazdIdugaauloguavadsmauniom
o Vv ) 4 = qu L!yo 1 Y 4
waanudesnNanimua Basmsany tuassiidmuaa Ituidugud
b 4 b4 14
3) YUABUMIAS 1A I0BUHIIALN51DBAY (breeding and feeding process)
H = v 3 P Ay o o AL, oy de X
Jupouiiiznoudlotuasunisne leadedoeursdeimini lnonsuanan
g d’l @ 1 dgl & o Y d' dgl o n' 9 Y =1 d?’
pazduRBUNISIARA 8o URIT TR TaoRanu msihausududlssnisifeniauiangn

A o Y A 1 cg t A b4 o A v
LW@‘VH‘HN'I‘V\’)NT’U IﬂﬂN\‘luNWﬂﬁgﬂqmﬁﬂﬂﬂ’JU’JﬁﬂWSL@@ﬂLLUU]Qﬂﬁ]‘HHu (roullete wheel

1
Aty

. 4?’ b Y Y o v ¥ s ‘3 Aoy
selection) Wewtawaiaamageezlasulemaldimiinndlygennianangniia
a o * o ag Ay Yo = ° 0 & af o < J
Aauadindr antudanawan lasuidenasiimsquidenadlsvanguivailiuves

A o a aw 1 & a ad 4 =) 1
awputoRinmsfausiuly dnszuaumsilfautiomsasealenesszninei lulnives
& £ o v = S gy ¢ % ¢ o
Hauanguazieaafg mstnuilunsail ld 14 Tenlesswmeiasealenesuunasega 1iniu

@ Y 4 o 7=y 4 2= Y [] =y o’
Aavouns idvzgnir luiiuan (mutate) droTonlosisimosiuadu Taonsguuiedualui Tu-



60

912/

Inilitormmandutiana o 1 nienn 1 0 Aszuaumsatiedaseuiad] fiduganaile
o A ¢Q A o 4
$nuveIRIsouRInsUMuAtMua 13
@ 3 9 lg d" dzg & 9 o a a a o Y A
HaeIntuIsIgINAsUMsageg TaslAsnuawumumeilandugisaaniimig
LY ‘g = :: C:’ 9/ Sldg' o o & 9 o o v a
quadiooura msn luasalildldmsaudiuon s @alsznoudisilsndumanduiia
1 S o 1 = o o v 1 ' XY o &
vuvgu Mnsumsmsdguay Hansumsguar vy Aandumsasealenesuuuniiagauas
d o o @ 1 d? | Y 3 ar dy dgl P T
HandunsaseaTlonosiuuaegn ArgounAaza9z IS UNTR0QINNIUAUANAT
al 1 = 9 ad =1 9 a U 4? :é
fulasmsgudend g3t matdenuuuaadonyulasmsnnsannnalauaueany &9
T ey cg o Y ar 1oy @ 4?’
AauauesRsnuis ldnnanummsa lumsdSuamdamaussdoouns
14 1
4) TuURBUMIIASINNTBUINBLINT S (swarm preparation process)
o S & A o & oG & a v '
Tunsuiudunsunduauoyu vl (TUTuasUIaIMSIHT INANUNSDUNDUNIT
¢ o B o ) o o 4 ' o
pUS s zneuAle 2 duasudesiie YuneumsAadenreuang IviuazTuaouns
as M -eg o Y v oA 9 o a 9 o [
AaanFaa g Inue Idilutlszannssuduvesmsiaulusevdald nszuiunisvesas
@ A d?/ 1o " @ W [ d? a1 dgl a
AatanFaIngn Iniidumsudsduiuse naRuITn Az Ao o URe Taen1s W M91n
(= vt dg’d'dlc: ldél Ao o o & 9/:13
A drvouRsnlinlaagainiaangInmlamuadingasygnidon Tt uig
1 ' B - 9 o A 1 dy 1 '
UNNYIGUYS (candidate  queen) 1NDIHIZNITUIUNIIAMABNAD 11 (HaLIaWaguanNIY
=3 .; CY 9 3 d’l d'i VY aldg’ 3
swdaranangnluseuilagtiudan) Natimetloaduiildisuamg lvniiiswauannifuly
14 14
uaztloaiulildisnmanadeialndtumnauwiuly msdadontauiananlnitaldtinng
F4
a 1 ' [ o o o o
WNsaNIzeznNIEHINLAaz S0 Taotmualidaangunugaguina1nve Idun s
~ ot dg/ 1 v oAa =4 1 Yo Yy 9 s Y d?l
nagngnum Hawsnanguisiiianuudasannniieg lasuTemaliadeicldneuns
R I v ‘e o s Y o oA 4 129 °
HWWYIGUUINTANNUA T W8T A0TU NOUMTTUAUAMADNHILINY THITIRAD M
g = dg) 1 ] L= dgl 1 ] d'd LY d‘ L=
MIIAGFEIRIURNENYIII A E Hauawgguisnilmdamagange uaaaniinany
< ~ 2 9 as =1 Y o dy [ u’/‘ KR A a dgl
udasannigade ldsulden i uianawan Inidus niaue 1niul s unsHos R
] 14 . ¥
WHNYIGUIIS W UN e laon1sfuInszosNesEn IR quItd U doafuig

tY ad o a a . . Ay A
u1\7Wﬂ1111’71’ﬂQﬂgﬁﬂ’]ﬁ3@53537”3“”‘”3?“31@5” (Euclidean distance) 3355]37”\3‘““@37\@{9]

-1 1 é Q
wwQNmuNwmmmamumﬁmﬂumumwmﬂﬂu igridenneuni Feduan1dan

]
0 w A o

t4 ¥
aumsi 3.5 srgminnfinsanihudou lvnsden feil Sidautewangudsludiuiiaesiien
o v ] ] . 14 ] . 'o S’
sroznndosiiganinaindanmg lmifgnidenneuntnanimindmua’ll s

o @ A A vy & @ VYA oSy oo v
uNWﬂJTmmJVIﬁEN%QﬂmﬂﬂclﬁLﬂuNQuNWiyﬂWM’e}ﬂﬂ’J 1Lﬂﬂ1Nﬂ1§$ﬂ$m'\\1ﬂu@U‘nq¢\u@ﬂ

1 1 o @

{ o 9 { t -4 1 1 P a a
ahmadmuall awaunsi 3.6 uaashdsnamenguissiduiassaisidiuaundnaely

I3
=

as VI ° y ' ' o { a d [ <
Fovoananangning dudu Sdddihmsavianawgguisdifuiassesnaindad odialsh

Y d? ' U o o o3 v dgl Y o 1 v @t :3 a [
(ZBEY mmuN‘Wiymwuaamuwaauﬂumaauwﬂﬂmsmagiunqwmmaaummmu LA



61

Zhe

[] v 1 4 b4
sananguusdnuiasuasiuiauianginineundaldiinisdans 18 naveiniuy

9/
nszuIUMsAadenszduiumsiosanrananguusludwuda lilaunnvzasunnds

N=argmind(C, q,) (3.5)
1<n<S
d(C, qy) <& (3.6)
Tagi
E=(5.82574x10*) Area +0.58878 (3.7
Ua
m
Area:H(xf“ax -x") (3.3)
1=1
tﬂ' =4 ~ A dy 1 1 5 dy 1o d'
e d(C, qn) ADITYSNNUVVYATAGUITTUITNIHIUWNNEY IV C ﬂ‘UNQUNWﬂJﬂﬁNG\?W n
=1 o w dy P 1 s/dg’ 1 T ~
N ApdIAUvRIRIIINaN Insiney Indrauaneguyannige
A o g A Y 1 vy
S ﬂ0%11&31&%@\3W\3U1QWQJ’111’TNﬂ@lﬂlﬁ@ﬂhhﬂﬂuﬁu'umﬁ

- " v A A = v Yy L o y ~ 4
d AvszEzMITznesintesngafivensu1d Fedun ldnnaunsi 3.7 &
Ay v o 4 o ‘ dy A 4
aunmsi lduanmsiunagouiesmuaniszer meidosiganmuzay
° ar 1 3 o § 4 q’/’ o a g
dmsuuaazilgn nndulninszezmei ldnauantims s izvng
0A0DY (regression analysis) eR1uIMmaNYseanimsnnnny (regression
coeffcient)
o & ddgy v o £ o y -
Area ApvinanunnlFlumsnumdinoy  Fadwaum ldninnaguizning
a o < 3 yo a s
YOULYAYBINTTMeT Nanuavesilymiinaaey NS uIumITIlinoSuaz

dylwq d‘s)
vouavedilymanediuinuvesilymilimadey

max = a o o d‘,é\llsld o Y a
X! ABAVBVIAVUYDINIT RO TAT i F3 Talmsdmua I lutowue sty
P
nneaoy
min A ' ' o d w d’é Yt o F4 )
X! AoMUPUIYAA1IURINTIT MBI AT | 39 lATimIsmua 13 lutomvesilagm
e
¥
m AT IUIUIII NN DTN LA

v M cg Ve 1 :;’ Y1
iﬂﬂﬂia",‘u’Juﬂ’li%ﬂﬂﬂ'ﬁﬂﬂmﬂﬂﬂﬂu’NWﬂgﬂﬁN‘VlﬂﬁTJﬂJ'\ﬂQﬁNﬂ fﬁ:‘lJvlﬂ’ﬂ

9
[ ]

dgl (Y =] Y < 4? 1y zﬁg‘
o dunangnlusovilipiuersgrifenliilufianananlnidnass uaaedn fs

a/ [ @ 3
URNYITINTIEIT v Inee 1314



62

]

. ﬁqmqwmﬂui@uﬂwﬁuﬁ"lﬁ é’\'amaaﬂ%Lﬂuwamawmﬂusamﬂ"lﬂwnﬂ

L

@

ﬂﬂ‘V\\'l

14
&

b4 v
o gouianldimden fiflufdsurangguisualaldsuiden iy

&
W

3

¥
wingn Iniszgmih lsawiunguussiiseurugu@y

maamﬂmsﬂma@ﬂmuNwmﬂwmwaiﬂmmmummwmm“lusunu“lvimwmuﬁ'l@’fﬁmuﬂ

1 4
d LY

@ [V 4
13 Tagiasa4Tidon lumsme 2 nsdine nadiusn mmgmﬂmaumfmﬁuwug VRN

.

14
S <R o

Y A~ A o y & = FAE (I t Aa
HAZNTUNTDOI W\W)'JF:\'W]']EJUJ@N@WQﬂﬁﬁJﬁ']iJﬂﬂ']ﬂuﬂvl') “INﬂ']i?fﬂ'ﬂ']cluﬂi\‘]uulﬂﬂ'lﬂu@%jqcﬂ')ﬁ

2

s 1 ar 9/

+ ¥ 9
YOIHIF I 3 sazmuaiaSudwndy 1 ietimsiauiuseuda’ly ergvoiadd

a 3 1 A o 9 o Q’ll é’ @ sld' Y Yaor o o o dy
WAVIUASIAZ 1 IUNDIDGIZATUMNANMUALY Agtiu Hadag7 16 1A umsHeruwug iR

u K]

be

N raNsassisInae 1 1dluseumsiinuda llwuadegezasuamuisinuall

%

1A dg, 9y =} 1 A s ] dgl 3/ oA o q’: 1 9
UALNDAIAIAAITIISUNMITTUIRDNAIDDUNUUNIHUNUN AU ﬂﬁ?’ﬂﬂﬂﬁ@ﬂ‘lﬂQW 17
¥

o A K o o Y A o Y

Y (= 1 A Y] 1 dy q'dy o/ st'
ﬂlﬁ@ﬂﬂ\‘iﬁ’)ﬁjﬁl‘ﬂﬂﬂ@ MIFUADNAIDBUMINIUNUNAIAIENATYBAUNBUINTIUDUNIAIEN

Y L'
w A
Ha2l%3n
3/
5) YUADUNIITUENII (swarm process)

ua/l c:, o3| 3 A o dg’ v a s 3 At q’/’ t:y o
mum@uu&ﬂu‘uuﬁ@uV]u']!ﬁuE‘)‘UuﬂlﬁNl‘ﬁutﬂﬂ’)ﬂumuﬂ@umw’luu‘l ﬂu%@uuiﬂu

3 Ve A o % ] é’ v g Y Y O a [ cg d?l £
wmaumaammmﬂm@mms%ﬂﬂqummgiﬁmmﬂuﬁm%ﬂ“luiwmmmdwmw IﬂUNQﬂ'J
9 I~ a a 42/ 9 @ o ,3’ w Y o ~ 3 a o A

@ﬂglﬂuﬁNWWﬂiuﬁ\‘J"UE)\?PN‘NWQW‘Q‘ﬂulﬂL‘WFNﬁQlﬂfJ’JLLﬁ%N\Wl’)WLﬂ']ﬂLﬂULﬂUﬁM']‘Bﬂ‘U@\ﬁQ'E'Jull'l

U

1 [ ' [N ] 1Y @ < o 1 ya ' [~ a 3
Aauszgniangy Imimuiy nanmsnldlunsianguilfinsananmanuiluamdnye s

AafluSwesiauanggnds fsanuduandniuivlaingeigassgnifonuives
d? v Y w
HIAIl Aearunsi 3.9
2
d, —q
P n
n(dp, q,) =ex —L‘z—’—‘ (3.9)
Sq,
Taen
f(q,)
6, =max|d(q,,q )x —— " 3.10)
Bk (: f(q,) +f(qy)

4’! - \ 4? o v A o dg’ o @ ~
o },L(dp, qn) ﬂﬂﬂTﬂ'JWNLﬂHﬁNW‘Iﬂﬂﬂl@ﬂN\‘i 'JU 'lﬂ‘U‘V\ p “lmwmmmawrgmmum n

owd

4 o 3 .
oq, ﬂammmwmmmawmmmw n Feaunlsilldlumsdmuaniunieves

& ¢ .
3299 (bell curve) Tuaunish 3.9 Faduaumsimdidou (gaussian function)



63

1INAUAISN 3.10 sWiud 81 q, HARawagaezlasulenaldadieiald
14 [ v
Tngin MHansmgniialauaidinn
o o a
f() AoHenFuae

E4
g o

= a s v dg' 9o = =2 o o A
d(qn, qk) ABTTUSNTIUUUYAUAYU TS ITINIAINAIAUN p UATHIHNWYINIAUN n

U Y] :o o w o A 'S
dane3finminauedwmsuilymoovilusdiudeiay
fuaa I IinesT du
aswﬂsv‘mnmuﬂﬂﬂumsqu
o oA 4 @ ¥
manﬂswﬂnswumﬂmmﬁmwamﬂumu1qwmmnmuua~nmum1wﬂs nsimdeilursdag
For ‘mqmuﬂsumummusanwmnuﬁ"h
¥
For mmwﬂsumnmmumuwwqx1
. o . - 2 ,
Amuarmdsnuuaz mmwl%‘ﬂumsuummmunwnunTﬂnmiqu
g oy 1 d
While mmmamwamummmuwwmmeanﬂ E_, uazguiuadlsude hisy
P4, v e &
ﬂmaanmmwnummwum Hulumssauiuggeigamonmssmniugfuianmg
1 Yoy yo A & uw o ¢ A
faaenaidlsy (G Tu'nil) vesraddi 1dsudenidu I luguiuadivvesinnang,
o o ' o a §
Ysvaaamdsanazannud lumsduvesdanangn
End while
End for
. J o R v
While $r19uasumus nuGIse Ut mua
a £ A oy o Y ad Y
enAvnaw e s aaTenes a5 1 devyy
. a ¢ o ’ E1 HY yve A
gudenadsuvinguinmilivvesiaangn 185uden
v 1Y o = o A
aiulns IuTsugndronsasealenesse end Tunivesiuneaniun it @5 mden
HiuanTas TulsugndaeTenlesisimediinadu
v 2
YsuaTas TuTyugndoTenlesisinesnasu
. ' o 2
snnamimurvosTewlesismesisnm
End while
2
mmmmmwammmmwﬂu"lmumsmmwuﬁ
J 1
ﬂmaanmuNwmmnmmnﬂmaumnum?lmuamrmmuNwmnvmwmuauaaﬁﬁﬂ
2
Lsmmumunwmmummumﬁmuamnmu1n"hh4mmas
mﬁuvﬂﬂmuwwmwﬂsmnum?{muammqmﬂummqwmﬂwnamnwm
g
For MdnuasuawmuHnanaguas (auisunndwuiiaes)
£ P
i swywmqsymnmuannmmummmawmﬂwnw”lmmaannauwm > Affmuall
v
nmuﬂ“lwvmmwmﬂuwi‘]ummqwmﬂwn
Else
&
Ir muuwmmlmma"lmmaan?wﬁumunwmmnamm7
aumunwmmumm
Else
v 4 ¢ 4y o o 1 X dAn mye a4 uﬂl ]
fernnananguiadt lsmsudrsounsd lildsuden Iillufananaguda
Endif
End if
End for
o X o wd Vo, L o yde mma o
fadenidgnnoieoniiiidsmus idurdgidfidineglusoudald

M
]

, o X, ' o &4 dd o w4
quinendad g IMuninAdsouruiemuiidaidinsas
@ Y- a v &
uonsTasmssanquiedrf iflumninluswwedanmgn
End for
1 st <
Return Funngilimdnuageiga

4' Y a2 d‘ o ) o o % a  ow
311 3.5 faneTnuiniweuedmsuilymesdd luduzd uay



64

a3

Q o’/l dy qy d.l =) Vo Y 2 9 Y =Y @
ms‘nNm(’lumumauuﬂzauqﬂmmanmmmsa“lmwmamm quFn1uS N5
1 4 E4

JunmuaztiulszmnsSuduvessovdaly

o : Q’ll 4 o e ° 4 o Y =2
6) chlﬂﬂluﬂau'ﬁ 2-5 ﬂuﬂﬁ%ﬂ\1%’]'H'Jujﬂﬂﬂ'ﬁ‘l’nﬁ']uﬂi‘]Jﬂ'lll‘ﬁﬂ'lﬂl‘lﬂul'}l JWNYANII

e

o d? PR PPN P A o Aot e a o L ¥ k4
mqmzLazmuNwmujmmMmuﬁqﬂﬂqﬂaetﬁuﬂmaum‘ﬂqw ﬁﬂ@iﬂﬂJﬁWuﬁﬂﬂuﬁ’]vlﬂ

o o ¢ ¢
3.4.4 Yumeumsmauvadlenlostsines
4 4 2
1) Tewlesiwesased o103
A ¢ . p ¢ s o
msanylunseil ldidenldlonlesisimesasedlonesuuuaesya Teodsmesiin

b4
ar @

[ 4 1
nihnadedsouisidnsiay 2 M TasSudumsiaudionsquiienganseadiuiu 2 9a
o q’/’ [ a 4 4 o '
Amualdyn ¢, uaz ¢, unugansod MiniulinnaentudvesHaNINgIRINA UKL

& o v o VoA 2 o 1 ¥ @ X ] e 1 d? o o
MDA MU ¢, uagd i o+ 1 audsimmdsgaiie lldd Tulnivesdavouradan 1

o

o ? @ o @ ld 1 o oA 3 ' @
TudwmisferiunaziimsnnoonBudvesnadId@wmuan ¢ +1 audad s o, T Ty

J @ 1 4 o a o =) [ @ @ ot 4 o o o o
Intlvosisounsiuanludumuanineg dmsSumsadndisounsdai 2 szdinisdaaen
a 4 d? o 9 o ] 2 o VoA o VoA 2K o 1 Y
DUAVDINIAIIINA UM UWTAIUDIAWNU T ¢, azdumiiai c,+1 sudsdumisganeld
w o o LY d? v o o oA Y o o Py o d?
mﬂu”l‘nﬂmmmaaummw 2 1“@1!!1’7uQLWH’)ﬂMHﬁ&‘JVI1ﬂ1§ﬂ@ﬁﬂﬂﬂuﬂﬂlﬂdwﬁu'N‘WiLﬂ
o ' oA =2 o ' @ A J o Y 4? v oo 3 o (Y =
AU ¢, +1 audadwmie ¢, 10593 TuIndvesdrsounsdaanludmuminiieeg degun

3.6

STulndluessagoui #1 oj1]1lolojtjolo]o
3 TuIndvesfisunanan o{1{1]ojl1j0(1}0{0O
o P 4 oy
viuIndvesiedag 1jottlojol1jolo]1
$Tulniluosisouis #2 trifolt1loj1{o|1}o}1
] ]
\ ]
c,=3 c,=7

2

a s ¢ ¢
3u1 3.6 TanJosismesasealeveiuuuaesya

I's da o

2) Toi)odi5mos U uaATY
¢ /o o a A vq o as A4 ¢ P o g
Tenlesiswesiuatundenldludanesnuiiiuloosismesiunduuiasgiunld

s o ' = o ¢ dad y da v o
dmsunmsunuawouluus msiiuvesTenlesismes disuduiidausnlasnisqua Ay
4 ' ' o < LY 1 3 1 [ 1 ]
uils@eogluans [0, 1] Avualdidudaus r, d1a1 r, HqulddesnimSamidumanuiineg

oS o @ o v a [ o ' [ B
Wulumstiuadulddiimsnduiinen 0 v 1 vSe0n 11y 0 wazdiarr, minnhdanu



65

v
s

. =1 a I 124 a (=Y Z Y o :’ 1 =3 o o =Y
uwzitulumstiaadues idmsasuamds amiuIimsusu@ertuaunsensduiuns
ATUNNUA

¢ o8
3) TowlessimosnNgau
4 U 3 o 4 o v & o @
annna1n 13d19du msdnuluaseil ldmanuimnu s drdalsensudrefansunis

o o 1 ¢ w ' a o @ \ ] v FEY o &

naudauuugy Heddumsmsguiau Handumsquarivy dendumsasealerresuvuniia
o @ g 1 o ot 3 o @ d’l
yanazilandumsnsoa Tenosuuuaoyn Inouaay lowfesismesidunpumsniany dall
¢ o @ a It
e dsdumsnduiinuuugy
o @ qya' 3 o 1 A = 4 = o LY é’ )
Waﬂﬂfuuwwmms‘mamiﬂﬂmsqmaaﬂwwmmasmﬂﬂu'lmﬂmmmeaummmu
LY o’/’ o o a o T A r=y o 4

1§17 9INNUMsnduingn 0 Wy 1 u5e1n 1131 0 Tunndwnisiinveswinimeingn
& A - a d a = o IV | dg’
enmaunuRn I iimes @y 1yl Tu'lnilve sdioouia

¢ o ] =Y
o landumsguiau
o @ dyo - = ) o [ d? o a A't a v a
Handuiiiinmsguiinnni Iu'lndvesdrveunssuou 1 daeviinisnduingin o

I~ I~

Wy 1 uSean 1u 0

as

< 1 U ]
o Hangunmsquarin
I4

¢ o 1o q A o { q = o
Henduiivinsgud TulndInaid o 1 §Tulnd edwumuniluIndiduvesds
o
BOUR
o s 4
o leidumsnsodlonnsuuunilga
do anm o - W s £ ' sy
Henduiiimshaumloudumsnsea loresuuunilsgs nouMsISNAUNIIATDT-

o 1 1

Tonoidostimsduaid lulnilnusiuou 1 STulnilveldlunisasedaTorestud Tu'lnd

9

14 v
o &R o

1 &2 =] o 4 o Y o b4 Y o
YBIAIBBUNI INTUTIIINsGuABnganssad1LIn 1 3 Femmualmiuge ¢ udrldim
o = 4 =3 o ' ° 1 & o VoA oy o’ o 1
nifaaenduavosd lu nilIndanadumususnaudedmmed ¢ Tdumundualudwmis
= o = d) w 1 Ay
@efuead Tu nivesdiosuns
¢ @ o
o Handumsnasedlonosuuvasiga
o @ dyd as o = as o o o P [
Wanduiiidnyaznsiaumlouduilandumsasea lorosuuuviiiag oniiy
° Aq ¥ I'd Jd o = ' o
Twuganldlumsnsealeness HeddumsasealeneinyuaegalmiguAnIToaiuIY
o 1 a Y o 1 1
2 90 fuualdye ¢, uaz o, unugansod neumsENdNNIIATEE To1IBsABIMINTGNATT Tu-
o} 1o = o A Y J @ 1 1 :JI o
Tnlwddwou 1 3Tundie 15 lunsaseaTonesiui lulnilvesdigouns snduims
[ s = | 1o 1A 2 o 1 Ha o 9 1T @
AnaenduAvedd I InilInudumieh ¢, sudsdwmis ¢, Tdunuintudludumisferny

of @ 1 ¥
4999 11 Inilvosdsoung



66

[ a g d‘o ) %4 a WA %4
3.5 danosnuiinawedmmiudymeevd it insia

U= ¢ .§
3.5.1 msunumduIndveana
=5’ Y as o ° [] o oA d? dy o 9 4?
dszrinsisludanesiuimivaue uduilu 3 aquie Hewrngn Hedaduaziegiy

¥
wuReasunsunuad Tuiniluilymeovd TuaduF iy uad TulnivosHauranan

£ oy oy ¢ o a /4 4 o & aa ¢
Lmzmmggmmumﬂwmﬂia‘ﬂmwammmmﬂuﬁ)am%ﬂﬂmmﬂﬂgm FIAURNALDAUNUAUD

Ao

J £ < a 1 [ a o
@15135&[“uﬁﬁﬂﬁu@ﬂﬂutﬂﬂﬁ fNITYINUYU fﬂiymmsmumwmwumm‘um‘nmmou 5 UJEN

)

s/ A o ' dy = = A w 21 1 =1
Uszneudiuiies A, B, C, D uaz E 31n@1067019H W1510i@05A0 Woe AdlY mﬂu"l‘wﬂmmm

Wang1 Q= {A, C, D, B, E} uaziadad D = {A, D, E, C, B} annsounua1s 1u'nd1d degl

L1

3.7

= 13

3 TuInduesiananan A|C|D|BJ|E
a 1 gw 3

3 Indveaiadag A|D|E|C|B

o/

a 1A L d?’ dgl o 9 g
310 3.7 msunuad Ty Intlvesisunangnuazisiafd mivigmenid luaduzansia

14
2

g 18Tmsunumidleilsisusasain Fuimehilumsdunuuulanea
Wdﬁ%’u%ﬁﬁﬁﬂﬁﬁmfl%’“lufm??ny1‘luﬂ§01‘fzfluiaxﬂa'§sﬁama§ﬁaam%uﬁﬁwﬁu%]ﬂummawa-
TuwFuFanssa T9wau 6 Hadduie Hesdunisindeudumis (displacement mutation)
AefFuntsuanaounm (exchange mutation) AFUNITUNTARIUNYA (insertion mutation)
Wﬂf‘{‘l‘?’umiﬂﬁ’ﬂﬁmfhd\‘i‘w (simple inversion mutation) WQﬁ%ﬂﬂﬁﬂﬁUﬁT (inversion mutation)

o @ = @ . & = 1 & o 1 o @
tasHanguUnIsSoeaa Y (scramble mutation) cm'iwazmﬂmaumazﬂaﬂ%uﬂzﬂmﬂuamu

a1

o LY
3.5.2 MM

ey d? 4? v Y o 9 Jd o oAl
afauavesinangmazidIdamsad i ldnnmfeidudhning nsdin

[~ = v ooa o A 1 Jd v i~ 1=

Wuilymesrd lumdudanmssandesmsmarilsnFuthnunohiisigege mflauaszuls
as ' &> r Y Py ' o @ A o '
Aumuaiadduithvue uadnsdifduilgmvesmsmaifendudthnineidiadiga a

v @ 1 d o q’/} 3 @ =
Aaruaszualsundudumlenduithvune msanuluasiilldnaseuivilgminisi@unis
s é =1 A ;Y Y d'q 3 P e p=1 A [ 3
YBINUNIIUYTY mmﬂmmmwaﬂummumwmwzmaﬁuwﬁwmumammnm Aavu
TR
Tymmsaunisveswinawueidalfilluigmaiddudhwinodumnidiga Tag

ﬂaﬂﬁvmﬂmmwmﬂtymu Faeumsii 3.1



67

n
minimize £(t) = )" d,y, (3.11)
1=1

& A =1 A a = o a I3 A & I v o o
(S)3)] t ﬂ@L“ﬁ@ﬂl'ﬂ\‘lLN@QWmﬂ‘mﬂﬂTiLiUQﬁUL‘l‘ﬂﬂuﬂ1u3u n YO FUTYNIT NIT (tour)
o o
£y pelengudhviuneg
. I~ =1 o_ @ @ d' A ) 1 =1 .
n(i) ﬂﬂlll'fNﬁ’]ﬂUﬂﬂqﬂmlﬁ@ﬂtﬂuvnﬂﬂ@%ﬁ‘lmﬂﬁ 1

dny  ABIZOZNNIZW IR i Tdufiesddudaly

d' = o 4 o o - 2 o 1 7o
911n3U7 3.7 3Tn Indlvesianangumuiag ¢ Tuaumsh 3.11 Feensodunumileddu
. a b 1 v 9y 0 N
ihmane T My 1) =, + doy + g + dgg + dg, 40239 Ti Intlvosiadag ansasdiuauam
o o t ar 3 o 1=y y
Handuhmaneld vy ) = d,, + dy, + dge + dg, + dy, TR IRS U HAL YD IS
1 o < =] t a
W agAIfag 18010 fitness(Q) = -f(t) 150 fitness(Q) = /K A 1 viiud1 9110353
o e &4 A = 4 a4 & da oy 7o s 1o1y
Auramianail fsfidludmeuitmngasiigade Hin ldmflsnduthninodiiga uatian

Wanuerganga

[ a g

3.5.3 danesnuminavedwmiuilymoesvid s g insda
Y as A4 (-1 3 a 14 :: o dy
ganosnuMihieue uisdudusoundnld 5 duneu Al
¥ 1
1) %umaumsﬁmuﬂmﬁuéfu
E )
Tudunouiimsmaumioududanesiufiiuauedmiuamesndlumduiss
Fauav Taomssmuamisudulduiadu 2 daufe msdmuadimiinesSuduuazms

14
o @ a 1 o ' = P = I o ' v A
mwumaﬁmmﬁu cl‘lz!?ITL!‘U’t’Nﬂ'}Sﬂ'\ﬂHﬂﬂW‘WﬁWNW]@ﬁLiuél)u ﬁWﬁTNmaiﬁﬂT}’iuﬂﬂW AU

¥
%

o o 3 o o o 1 1 T
YUIAYDIGUA VAT THYDIRILIINEYT $IUIUYBIRIIG $1UIUVDIAIBOUHT AINNUUIDE

o3 = 1Y o 1 o o v
Wulunsiuadu dnsimanumilou (similarity rate) tazduIusoun i uazludiu

1 1 a

° o £ Ay Ve o & y & o
‘U'f)Qﬂ'ﬁﬂ'ﬁ’i‘Hﬂﬁ\?W\‘iliNﬂuvlﬂllﬂ'ﬁﬁllﬂ']ﬁ%'l%ﬂﬂ"ﬂﬁluiQ“If\‘]’lj'i“’ﬂﬂllﬂ?ﬂwQu’NWﬂJ’m’]uqu 1

Q

¥ i 1
faagraifmuinauidmua 3 Tasarndusmualieglusimvovwaveilgm M

Y
“lﬁf‘imammﬂmuafvmamﬂmnw“lu%“aﬁ’wummwmﬂwﬁ]mimﬁmuauwnmumﬂmuam

o a

Auaalld aandais 'wwmuam"nfcmi)wﬂmaf)ﬂ“lmﬂummawmmmuua LeNTnaIun

@ Y

& o Vv dgl Y a
ma@mwu@imﬂummwuhmu

W

v
@ v
2) UYUABDUMITHAUNUT
E4

¥
o o v o o v &
aszvaumsnauluduasuiilimshaumioududanes MunisnauWuguosia

€e

] ¥
9/ =

3 a ' 4 @ L4 v da
HUVAAY ﬂanﬁa ﬁquNwmwmmuﬁwmmumswﬁuwummzﬁmﬁmﬁaﬂwanwuqﬂum

Yo

b4
fdldnarod Asurangunas e nauiugRuAngs WIUNINNI e Beiuagiua

q Y



68

o a d s A H
wmmmsuﬁuuamummmqamnm‘i\su (SN} ‘Ll‘iluﬂﬂuﬂ']ﬁNﬁNWU‘ﬁﬂ'JUﬂﬁﬂ”muﬂﬂuiilﬂu

' [ ' =] a a y
vossmdsnunazaanuialumsduldfuianmgudazdr Tasms guarfiogluga

'&

o Jdo o a i 1
[0.5, 1] fumuuwamqwmmﬂu%maﬂwﬁuw ugAURAg Taen1sRa1sanInAInNBLIeE

9

W lumsnauiug Feaunsi 3.12

—difference

prob(Q,D) = ¢ sPeed®) (3.12)

& ¥ ] 3 v & ' ‘3 d?’ o 9
118 prob(Q,D) ﬂ']ﬂ'ﬂll‘lﬂft]Ztﬂu‘l‘Hﬂ'ﬁWﬁnwu§§3ﬁ313WQu1ﬁwm1 Q uazWInIg D

A
o
. A \ 1 L4 1 (=Y d? d? v Y
difference 09 mwamaﬁugsmizwawamwmummmmawmw Q UaTWIAIN D
[~ = 3 ° {
fom mmﬁﬂum’suummﬁamawmﬂ Q & TOUMINIUNA t

speed(t)

g s 1 L4

v a A v da &K 9ot ] [~ Y
Hunawadedu ludonnauwugiuisaigiiain sty lumsnauiugge

Ed

b

as

] } 4

fgauazadlsy Glulnd) vesdsddid1dsudonszgminnidn B lugufumilivveais
5 1 4'42’ < = ' q’/’ @ 1

wanguite 19 lumsdfausiuls sndunouiifanagezifumndengaiadall a

b4
wamuuazmmmwﬂumﬁwmmmmawagmmnﬂ%"uaﬂm el

i

speed(t +1) = a x speed(t) (3.13)
energy(t+1) = energy(t) - step (3.14)

A A o t < =Y £ o ya 1 T
o a ﬂf)i’)ﬂﬁTﬂ'ﬁﬁﬂﬁ\?‘l’@\?ﬂ?ﬂ?’]ﬂﬁ?i”ﬂ?iﬂu “ﬁ@ﬂ']ﬂuﬂiﬁliﬂTﬂgclu‘]f'N o, 1]

¥ b .
asans luaseil lddvuaa 1dmiidy 0.95 amnauise [1] duaus' 3
step ApUTunamsanasvosmndsnu fuaalden

step = (0.5 x energy) / spermatheca-size

J o

> o o & 2 A 4 ¢ 4 A
muﬂ@uﬂ’)s”ﬁﬂWUﬁ‘U@@Wﬂu'N‘Wiy']“ﬁﬁz{ﬂjﬁuq@ﬁQLﬂJaQQLﬂ‘UﬁLﬂSNLﬁuﬂiﬂﬂ’]

t4

o Y I alo 34 < FAE g 'Y W 4
Wa\N'\uu8Uﬂ'ﬂﬂ'W\ﬂ“’ﬂ!ﬂ‘lﬁcﬁﬁﬂ'l?ﬂ'ﬂHWGlUﬂ'iQUﬂWWu@ﬂﬂﬁ&ﬂ']ﬂﬂﬁuﬂ

9 Y 3
3) TupeumsadisdIteununyN1IfEg

< ) 1 A o oA ' 2 P
ﬂJumauutsmaumﬂmimanmunwmuwamwmmw% Tﬂamuwwmumﬂﬁma@ﬂ

Q

Y aa A Y} & Ao e Yo Y o Y 1
ﬂ')ﬂj‘ﬁﬂ'ﬁla@ﬂllﬂ‘u’)qaﬂﬂazlu NQHTQW'@U“W‘V]N?’HWﬂluﬁi:,f\‘l‘l)xhlﬂiUIﬂﬂTﬁiﬁﬂTﬁu’]ﬂ')WQﬂ‘Uq@
v

' d?l A oy ° ' :,’ < Ay Yo A o v A o d
ﬂ')TNQNNWﬂﬁ‘WﬂJﬂTV\'ﬂ!Hﬁ@ﬂﬂ?] "l)'lﬂ‘L!‘L!NQH?QWQJTW%@?ULﬁ@ﬂ%S‘V”ﬂ'ﬁf!llm@ﬂﬁlﬂilﬁnﬂ

o (3 A o a a o & a ad 4
gunumilsuvesnueuieiinisigausiuly dwnssuumsifaushemsasealenss



69

¥ Yy ¥
S o <

(o -4 [ o 4 4
senad I Indlvesianananuasiedag nsdnuluassitidldlonlessmesnsedalenes

9

Yy
&R

o o 0 ) L% 4 g @
LUB9NAN (cycle crossover) 1ATUAISOUH T Idazgmit T uandeTewlesismesiium sy
4 ] o A e . . o 3 9y ln’/‘
uuvuandsuntludumis@aiy (adjacent exchange mutation) MaIINHUILINIFIUADY
dy dé’ £ 9 fao a a a o k7 = @ dgl £ :/} dy 9
msavag Tavlilsnugamudoflsndugsaintmihiguadisouns msfinuluasedild
g o o & &Y 4 o ' J i v
HHsuiwau 6 dsalszneudieilsddumsindoudumis Haddunmsuanaousi
s ° 1 o (Y ' ' ' d o ar ' J o
Hardumsunsadwmus HeFunisndumedisdie lendumsndu uasflengsumsiSos
@ & = ' Jd o J v Y o o cg 1 @ Yo dy
adu Heswaziduavewrazledsusznaniuiidedall drseurumazdlnz lasunsiaes
.2}’ P ' [ v & v ac = k4 o~ ¥
guInHsnuiuanasiu TaensguiionAae3smMsidonuuyIde iU 1agn1s i1 sNIAm
.3 2 ! ‘3 ° Y a 1

Hoavesrany Fimawavesianudan idainanuemnsa lumsdsuaidamaves

o 1 3

AIDOUHT

;’ = 9 A @
4) TUABUNISIATINNS DUIHDLENTY

H = Y A o v o A o o s &
ﬂluﬁﬂuﬂ’lﬁW\3ﬂNWi@NLW@LlﬂﬂiQﬂS%ﬂﬂUﬂ')ﬂ 2 YUADUYBUAD YURDUNITARLADNRNY

1 3 @ A 4 o 9 VA Y g Ay o
wiangn Iniuazduneumsdaieniedad Indiwe lddulssnnsSuduveanisvienly
¥
=& 1

Y [ o " @ w ' 4
soudald nszuiunisvesmsdaidonisuranan lmiitumsudsduiuszuinafianang)

2
=2 '

ar U dgl =Y 1 ey o/ 1 A o 1 d?l dld L=
HazA18aUA JAgNINDITaNINMIHALE ArBpuRenTMAamaganNHangIRTiaa-

9/ t o’

o A Y o ¥4 1 v & P=l 1 42’
LuﬁﬁTV]quﬂﬂggﬂmﬂﬂclﬁlﬂuWQUWQW‘E\JTQLWQLW@W']ﬁﬂi$U'J‘Nﬂ13ﬂﬂla@ﬂﬂ'ﬂvl‘ﬂ (N\?M'\Q‘WQJVT

LY

v }
1 o

i ] =£ d? &Y kY Y= @ e ildg}
Audananesuderangn luseuilvgtiudae) netiotesdui ldisuana Inuiidau
=y Y [ ald? 9 @ Y ar o [ = cg v
i lduagdesiu luldmanmgradieialndsumnawnull msamdentauing lng
2 Ve a ] & .. . dgl 1 [ ad (%
v ldinsHnTaNmMaNMnLou (similarity value) VBIHIWIINQIUIIRIT TaoTTn13a
A 9 o 2 ' @ A A 4 3/ o pr VoA o) et
anumilou Idivauediulmiluganes Avilield lumsIannumilouszninaa Tulnilng
A

1 & « \ o g
ﬂ"lﬁlW\“l«lﬂWlL‘lJ‘U‘i’J}'ﬂﬂ'ﬂll mummamﬂmismumﬁ’wmwmmmwmmm“l%’msm

¥ ¥
ada § K

' @ o o ) s v 1
szogntesenIniuilunasinsiosanld midadianunilouiti dsuangalininny
= Y a o t A o = v 2 v A Yy 9 4 @ v
mileulndineaiu uaaedt unilianuadendenuun (@enldidunsndiodu) uazale

Aot oA Py S W 4 o a/d? & o [ =t
aungind lu Indianuadeadsdunin Jeilddanamgdaumugagudnaisueessing
3/ o 9 o Y @ 3 A 421 =2 A o a dy 4? 1 [
a319591nddulde dadu msAadoniaueana Tnuvelingma deil 1) Aauawggua

e o ' Vo R R 4 o A o 3/
nlia s annneg 185y Temaldaireildneuisnananguishiinnuudws adoy
¥ g ] 1 k-7 L) 1 | 1 o Q 3 U
pwmay 2) Hanwwanlnlgdazaldedimanumilouannainaindimua 13 daiu Aeums
- | d? =2 g/ o v oA 4?’ v ' [ 3 t ¢ Aa
AARoAHINMY IMNTIABIIINS TAIS oAU INENGLUIRWAT AR HILIWRIUUIN]
’ i ' =4 4 a 3 1 t o
Amuaganga uaad IanuudusunnigadddsudonIdduianangnlutdausn
o’a’ 2 Q' a 3 1 1 o0 @ § s 1 '
(@0 VINHUIATUMIRIT AU INGIGUIIdIRLAged Tagms Jamanumiion Manu

A J gg t f o @ a [ zsy Ay YA 1 Vv £ o ¥
mmusw’mmmawngmummﬂumamﬂummawmﬂwu‘n"lmaaﬂﬂ’e)uﬁm “N‘ﬂ”ll!’m‘l‘lﬂ

¥
= g v A

{ ) a 3| 4 @ g yoo °
1InAunIsh 3.16 szgminninsudiudeulunisifion dsil rsuamanguusludrdun



70

ey - v A A o 1 o w A A ¥
ﬂ'ﬂ\u\lﬂ']ﬂj']llLﬂuﬂuuﬂ\ﬂﬂ')’]ﬂ"ﬂ')'\ulﬂ'u@uwﬂ'lﬁ“«!ﬂ"l') W\?“’l\?ng’]ﬂ']ﬂUmﬁaﬁﬂzgﬂlaaﬂclﬂ

]
o [ A

< d’" [ 19 & - 9 "1 Ao v
L‘lJuNﬂuNWﬂulﬂHN‘i)ﬂG\’J AAUNITN 3.15 xmmummmmuauuaummmmwuﬂ‘la Haad

ldgl \ 1 o w A <3 o o d?l 1 o 3 2 Y o
NHRNaGuiIdAundesnIsumnFnmelusivesianmgn lnd Auiu aldving

:5’ 1 P o w oA a d [ o v ;Il v " o w A I
AUHILINIUIIRIA L NARI0BAINAAA D813 15NA 1 DiFsangguisdwuiaeuily
a1 dgl Y o 1 1 @ 43 a vy d? [ t o @ et ﬂ dy
drveuilfihsweglunduuesiidountnuiuy uatHamanguiss oo unotlui

9/ ¥ b4
wangninneuud Ifiimsdanald ndsniunszuiumsaaiienszduiiunsnars i

wmgnguialugrdudaldeuniezasunnd

similarity(qn,C, ) 2 & (3.15)
Tawi

similarity(qy, Cy ) =|{v(qn )~ V(Cy ) (3.16)

> wie,)

e €T,
(Cy)="F—— 3.17)
T
wie,)= Y [F(Cxr(Cy) (3.18)
C, €S,

ey

] ¥ ] ¥ i
110 similarity(q,, C,) Ao nnumilousenaHauawaNguaai k duisuswen lnin N
M o @ d? T A Y o d?
N AodnuvosRauana lndniisanumieulndifeeduiauanan

AuYININNgA

At - Sy A P o v o Yo o
& ﬂ@ﬂ’]ﬂj-]iuwuauWu@ﬂﬂﬁﬂﬂﬂ@ujﬂ‘lﬂ !luxu']‘l'ﬂﬂ’]ﬂu@ﬂ“w’lﬂu

9

1 9
IS o LY o o

0.05 iiiseninAmAIIriiouyssHsutangnlimgeiganiiy 1 Ay
14 ]

Iuvesisnangansoad 1@t ludu 1/0.05 = 20 @1 a1l

fruamanuniounvssiganoousyld 13uinna1 0.05 wzdana

Yo 43/ P v g/ v a

I wuvesianang nanseadididlundazsounsiinu

¥ 'Y Ao ' A4 Ay A = @ WYYy '

vouas uadfidmuainnunileuniesngaivensu1d 13dosni

o q Yo 4 = v Y 1

0.05 sz ldswuve s wgaunsaad e ldluudazsouns
T 14 v ¥ } 4 v

wauanngyu fgelisuauiansamnaiudoudwarildoai

] ¥
1 lumsdszuranaganniudrosuiu

14
[=) ' 1 o as

v(*) fematMLAmaY

14

A ¥ A 4 ro oA Y
Tk ﬂ@l“ﬁﬁﬂlﬂﬂtﬁul‘UﬂNWNQU1QWf§1@JtWQLﬁ@ﬂ1W



71

Ay ke o vy A v 7] . o A . s
w(e,) femorniminveudu¥ousernadiesi Tduiiesj Taofinaas
v
@

;’ o v = Yy v d?‘ ] v
u’\ﬁuﬂUﬂ1u')ﬂl\lﬂﬂ'lﬂﬂ'ﬂllﬂ61Uﬂ']3cl“1ﬂﬁu1’n\1“llﬂ\'iwﬂuWQWQHﬂLHN

¥
o 4
M UA BIY ﬂ?ﬂﬂiU‘F’N [0,1] ﬂ1Uﬂ1itaﬂﬂ1‘ﬁtﬁuﬂ1\31ﬂﬁ\‘iﬂ1ﬂ'N

P} 1l =) Yt 9/ k4
S DY m'qummmawmﬂwwgmaaﬂ"hﬂauwmum
=~ A At o . . = 1 v
0] fomlaafiniunmsuosuoalaiwdu (nommalization) Haeglugag

[0,1] e 18 deaumsn 3.19

f(C
f(Ck)———(———k)—— (3.19)
Zf(cn
u=l
A o dy 1 [} n’}l
K ADVINIVYBINIUTINYINUVINIHNA
' @ o a . & S r ' 1 dy
r(*) AOAINZUUUNITIARIAY (ranking score) Faxia1ogluya [0,1] aril

@ 1 ey 9 :g t 1 a1 e q' =N

plsAumumAaa Srasutangguuslislauagaiigaasiia
1 o/ 4& \ -4 o q 1

AU LT AN dIUAIU NG IR20 Uz TAIAZHUNNIS

AP URANAUMUANMUE AIFUMITN 3.20

f(Cy)

m (3 .20)

(Cy)=

b4 ] v
MNNsZIIUMsYBIMIAaEonHuIwan Inuhnaanavue a3l 1d
& LY A Y 4? ey g v .4?
o dunamgnlusovihgiiuengadenlditlufsurmanlnidanss naasn W

@ Y] Iy vy ¥
UNNYITIATAYIT VoA 11 14

] ¥
. ﬁqmawmﬂus@ufﬂwﬁu‘ﬁ"laJﬂﬁgﬂzﬁaﬂiﬁzﬂuﬁamawmﬂmauﬁﬂ”hlﬂ:,",aﬂ

14

ARNY
¥ v v
o @roounanld maaﬂclﬁLﬂummawmmmum"lu"lmmaaﬂ“lmﬂuﬁa

o

mawrgﬂwm'%;zgﬂm"lﬂsauﬂmqmmmaeumwumn

A v a & " A o o L o v Yy A = o
lﬁﬂ@ﬂTﬂﬂ"ljﬂﬂmﬂﬂNQu1QWiU11W?J&W@5ﬂ‘H1%’)u'JuﬂJ@QWQGl?WiUﬁ“"U‘UiﬁﬂQ‘V]ﬂ’]N‘Vﬂ AT UA

d Yt A

¥
v do
"1') IWUWQ 'JWﬁJN@uvhJﬂ'ﬁﬁTﬂ 2 50l ﬂ@ ﬂﬁﬂ“ﬁﬂ WQ@?W@TULM@Uﬂ‘]iNﬁNWHﬁQ Uﬁﬁmdmp

QU

e

=} o/

waznsfifians Adadmuoidefiogasumuiidmua 13 Famsdnunlundail ldfmuag1e53a

Y 1+ a

3 a L4 Q‘ ' o g =y o W 4 o
YOIFIMINY 3 wazfvuaoigSuduriiiy 1ilelimshnuluseudaly ergvesiiedg

LY



72

q'dyq’: ] PR s/wgggwy:ivyw w:{wdy
CINNYURTINY | %Uﬂ')'lﬂﬁg%%ﬂﬁ‘l_lﬂ"m%fﬂﬁuﬂ"h AUU mmgm"lu"lmumswauwuqnum

° aa T 9 ° o € Ao 14
unngezawsansedinas 111 lusounmshinudaldauniergezasumuidmuall

U

ld’gwy =y 1~ wldg’sl d’-d‘o wd?walq' )
HALNBHIA IHATUNRISUMITULRBNAIDDUNIV M IUNUNWDUINITIUNVRIAIFNEIUTIA

danosiufithmusdmsudymesdd luaiiugimsda
fuamwsiinesdisudy
a¥alse mnsssuﬂuTﬂummn
iemlse mﬂsnnmwmuﬁmwﬁmi‘lummwmmumuuammuﬂ1wﬂs~‘n1nswtwaaﬁ‘]uwﬁdé
For Mg unsuans s sufiAmmialy
For mmnuﬂsumummuﬁ‘faunwm
nmuﬂmwaanuuammnmsﬂumsuwmmunwmﬂmmsau
While mfmmamwmuwmﬁaunwmmaumw E, uozguivadsudchidu
ﬂmaan?fm1g‘mummmundi‘lu?umswﬁuwuﬁqqﬁqmﬁeﬁmﬁwauﬁuﬁ_’ﬁugqunwap
Faaenaidlfy GTu'lnd) vesadildsudeniu B luguiuadmesiunema
ﬂ%”uaﬂﬂ'1w5aﬂuua:f’hmmn?ﬂumsﬁummﬁququn
End while
End for
While g 10unsua s s IsouRsifmua’ls
tﬁanv‘{wwwmnﬁaﬁ11413’1%56?{1@(105’5751‘3%1@é’aﬁuu
ﬁumanmi‘lmmnmmumﬂsnmmﬁqumm"lmuman
'dsNiﬂﬂuimuarwmamsﬂsa’cﬂanaismmﬂu"lwﬂﬂlmmmawmﬂumﬂ Suii1dsuden
mmnTﬂiTquwanmuTmﬂasmmasmmw
'd'i"umTﬂsTuhuanmﬂmﬂailsmasmnu
mmmﬂwlmuﬁﬂjaﬂmﬂammasﬁmu
End while
mmmm‘me‘mﬂmmmmm\"lu'1mumswauwuﬁ
ﬂmaaﬂmmawmﬂtmmnmaauﬁavmmﬂmuﬁmn)Wﬁammmﬁ“ﬁﬂﬂLuﬁﬁ'au*?ifm
mnmﬂumunwmmmmum%mmnﬂmmn"lﬂmmuaa
mwuﬂ'lwmmawmmmwumwmuﬁmmfmflumunwmﬂﬂuamuwwm
For V\wwuﬂiumnmmummawmmm (Tﬂmsnmnmﬂuwam)
I mmmmuammmmuNwmmumxmwmmqwmﬂwuw‘lmmaaﬂnauwm > Mt mua’ty
nmuﬂiwmunwmmuwflumunwmﬂwu
Else
If f'fauwwymgfjlniemu"lrv’\'s"mﬁﬁ)ﬂiﬁ'lﬂuﬁamawmﬂmﬁauuf’{'x
auﬁwnwaﬂmjmhﬁyq
Else
s’:’w%&uan‘mjmian”n"lﬂsmﬁnﬁ'zéau‘v{qﬁ"lu'"lﬁ'%"mﬁanWﬁ‘]ué‘Iﬂunwmduﬂiq
End if
End if
End for
ﬂmaan?fmw’fﬁﬁawﬂamﬂwmwuﬂ"lﬂﬁ!ﬂuﬁaﬁog’jﬁ §aiF3meglussudaly

?
' a3 a

qmaanmmt’ﬂwui)mmaaumtwmmuwmmgwmum
Y o &
uonialaomsdanguieirg lidumngnlufwearauang
End for

1 dco s ]
Return Asunngniidanfamaganga

il

o a2l A

3.8 sanasnuMminausdmsuilymesnd lumdudinsda

=



pic

¥
5) VUADUNITLONTY

& o a ¢ & 3q ¥ 9 o = o & &
Funoumsions umsianquiadidldidiiumndnludwesianme Tagia

¥
=1 = 2 o 9

ffvzilumnnlusiesinnman 1dfissssfvauazisidimimeiiumndnueiouun

[ i

i LI o o = 3 o ' qyn " A i?'} 5 w Y
ﬂﬂung‘nﬂﬂﬂqﬂﬂmmuﬂu ‘Hﬁﬂﬂﬁ‘ﬂi‘ﬂuﬂ"liﬂﬂﬂq&]u‘wil'l'im'lmﬂﬂ"lﬂ'J'BJl.Hllﬂu THAATY

o A P w1 A 4 -:1 & o w yﬂ
Hﬂ-|ﬂ'J1”L1’Tuﬂu1ﬂﬁlﬂUQﬂ‘Uﬂ’]ﬂj'uﬂ‘HNﬂuﬂlﬂqwqu'lqwm-ﬂﬂu']ﬂﬂqﬂ NQWQéﬂzgﬂﬁ]ﬂiﬂl H

= ar J t 5’: e 4
anFn lusswaaranang Iy d3aunmsi 3.21

N = arg min (similarity(d ,, q,,)) (3.21)

1<n<8§

& A P ol e ol wd P
18 amﬂanly(dp, q,) ADANIUAUDUITEUINFIATIAN p NUAIHU NN n

a

«
A o W =

J Aeat =1 Y = Y] J o 9
N ﬂ?)'iﬁ'TWU‘U'?)\?NQUNW‘EHWWUFI']FYJ'\SJLHuﬂuqﬂﬁlﬂﬂs‘lﬂﬂﬂﬂﬁ’éﬂjﬂ’lﬂﬂi;’!ﬂ

o 3 ; c:’ A A ] s 9 =t 9/ 9 a @ A
nmsiamluduseuiivzdugrauielinmsmiwenialaGvuioouds aurgnlusad
y g I~ - Y
afvunmuazitulsznnsisuduvoasouda al

o o 2 & 8 & 4 v
6) MHFIVUADUN 2-5 IUNTLMITUIUTOUNIRINUATUMUATYUA 1S 'ﬁwqﬂm‘s

. & b 1 . e . e P YR . as v g
7]'N1u1lﬁ$ﬂ~3u']qu_.,nﬂllﬂ’lﬂﬂluﬁﬂ‘:Qﬂqﬂﬂﬂlﬂuﬂ]ﬂﬂﬂﬂﬂﬂq@ﬂﬂaﬂ@ﬁﬂuﬂ]“.ﬁn‘ﬂu'ﬂ1 ]

3.5.4 TunpUMIMNUvadlonlodisines
o L o
1) Tewlesiswesasealonos
Ry ¢ 7 o g
msanu luastlidifenldlonlefismasasonlonesuuulananminaus lau
. . o o’ﬂivo @ v 3y 1 3
Oliver, Smith 1ag Holland [21] TonJesimmestiiimsadiedlulndvesdiseuajugndae
A A =Y o [ [ ] [ ar o o o ] A e
nmadeniioawa1nd lu IndvesjuriomiTasdenssnuiddudwmisvesiiowaz 135ms

A M o o =
mﬂﬂluﬂqaﬂﬂﬂlxlﬂu]@ﬂﬂﬂ FNETJ“ 39

E|B F| Q :|cC + | *
D :|A|G|F|E B| D « | *» Epke
(m) (%)
Q E|B F| B :|c|la|F|E|G|D|B
D" F|E B| B, :|Alele|s|Dlc]|F
(M) C)

— W ¢ o o
3N 3.9 mavhnwvesTenlesiameinsealonesuuunay



74

e . P @ ¢ lev =
Juasumsiiinulenlesismeinsealonasuuuinay agllaasd
v oA 8 oA a v = ul ﬂ & ° L)
¢ quidendwmiuiieusuAauveinaneind lulndvesdmeg Q fmuald
Wudwmdasnie Wes c
FY
o Honfesdrduda T IMidnyauztiulrsnandreiiaimsdell midwmuaveuiies
& " - Fos
¢ Wy ndlvesiaid D sz 1ddwmian 6 miuldidondiosan? TuIndves

-; o " A = ) 3 Y o : ' a A 3 ]
mmawmuﬂumuwuw 6 719 91 D vnu AN UTUIANAD I uUIved

[l 3
¥ o [} ar

I ¥ w 9 ¥
iWoa D T TuIndlvesiadad D 0218 dwumiiah 5 vinfulhidenidiesnini Tu-
43’ o 1A =) A Y o uy ] J o as t
Inlvasianangnludumai s fo iies 6 Thduruiiounsznaaunduineg
a o ) Ada o ' A A v ¥
Adwumvasudu luiifife dumiwsn Weaidenifiurinaunds 1218 c-D-G-A

audey fa31 3.9(v)

W
1 P a '

¥ id ]
o e lilATuionnndunounountiil Azl 3.9(n) vzgnanaonlalied Tu-

s U J 1 o o o C; U =} QU
Inilvesdroourudaziuuaduiy 1n3U7 3.9(9) azmua 31u Intlveads

3 v
' = =1 [

ar = o 1 & 24 a é’
DOUMIAALINUAUIN mu.ummaami‘lu 'Nﬂaumueuﬂu"lwﬂmmmmqwmpuaz

L] 1 dl 1 [ = J o 1 ar 1
figumiaiiesi i ldsudonmilows TuIntlveafiadad daudTuIndlvesddou
3

-&a’dwd -2 o 9

o oM A o A - o) A o 1
N\iﬂﬂﬂj“@ﬂ“'ﬂuQluﬂﬁ'ﬂiﬁ'ﬂﬂlﬂu'J\'lﬂﬂ“i”ﬂﬂuﬂiuul‘n'l}ﬂﬂﬁﬂﬁﬁ?mllﬁﬁuﬂulﬂuq

N

A HY o Yo A A &
Wi 1185 uidenmilons Ty lnivesiauanan

2) Tewesismasiuadu
A LA 3 A g ¢ e - - ' - | e e
msanu lunsail laiden g Towosismes imyunuuuandsua ludumusdady
&£ o = . o n‘:{yo LI} v A -
F91Uau0 1Y Murata 1Ay Ishibuchi [22] Tenlosismaiimmsquaunuanasnsiuan
£ 18

AQUARIMUAN 17 oiinsadudiesludumiadaiy 910319 3.10 dumiangulade

I ¥ '
Fumian 5 vinTuldiinsaduidesludumiai 5 uag 6

(n) (V)

a o o L) as - ' o ta oW
310 3.10 msvihauvesTerJesismesiumyuuuuuanasum ludumisdany



75

4
3) Tenlesismainaai
4 1 u’: d’ ; ° o & o o
viniina1 13dhedu mseinu luasaii ldmenuinnu 6 mxalszneudloilandums
q‘ e ] o ar - U o o ° 1 o o ar 0 [ '
wasumuMLe HanFunsuanasus AenFunsunsnduvus Handunmisnduaiogiadie
o ar w 1 d o = o ' o ot :. o [ ;
HanFumsnavua uazansumsiSosaay Taouaaz Teweismesivuaoumsniiau Al
o as A o ]
e  anFunisinaouAnug
do o i o a o = ] &
WanguininaueIay Michalewicz (23] Lsuﬁ’um'smmuTﬂumsqmaaﬂ‘mwmmm
wevhmsthe lldsdumiadu 9ngali 3.1 Frdumisiiquldfe dumisi 2-4 e e A-
» . E
E-B vimiuliimsthodiosdnan ludadumiagulng dmualdifludumiai 4 dady
(i3 A, E uaz B vxgnino lldsdumia 4, 5 uaz 6 muday Tasiimisideudumuives

194 G uaz D vwmuludumuan 2 uaz 3 iy

(M (V)

= o ¢ od 4 o '
3Un 3.1 mavhnuvesTenledismeiAanuuuunasud LML

o o - o ]
e lanFumsuann)duduma
o e a v o o P P
Wanduiitiuauola Banzhaf [24] Tudumsiiaulasmisguideniiounsniins
adunudioaludumisdu 1in31N 3.12 sSmuadwmisiigu1dfie Aumiai 3 uag 6 Aniu
Timsaduiios E Tudwumidai 3 fuies D ludwumiah 6 Tasiidiosduq lilimsnlaou

dunalan

(n (v)

= o o G’J = © v
31U 3.2 mavhnwveslenjedimme it anuuuunani/asuduma



76

o HsdFumsunsndwmia
do 4o A v ° . | - A v
HenFuihinauslay Fogel [25] Guaumsiianulasmsquidendioaiedio llunsn
1 " ) v ¥
Tudwmisdu 91ngali 3.13 dAmuadumangu1dfe Aumiah 3 uaz 6 vinmiuldiinisiwe
e E Tudwmian 3 Tlegludwmian 6 Tasmsunsnneunduiioa F Tudwumisi 7

L4 ] ! ]
aaiy dinaludumiiah 4-6 fiu (B-G-D) vzgnidoudumiandsdumiiai 2-5 muddudiy

(n) (v

= o o U‘J o '
31"“ 313 ﬂ']iﬂ'N"lu‘llﬂQTﬂlllﬂiﬁ WDITHINULUUUNTNA U U

o HanFumsnauaiaiiaiio
¥ . '
Handuihinerualau Holland [26] iTudunissiinu Tasmiguidensraiieuiteriins
at L) 1 9 Y q' o ] = l:i o 1 o ] a:i
adudwmuannge lynuaz Iumuiasludumiady 903U 3.14 dAmuasasdwmian
1 o 1] H A ﬂ"’ o o o ]
quldfie dumian 2-5 Fafie g A-E-B-G siminuliimsadudumisnndioldun 3¢l4

E Y "
aaulnife G-B-E-A axmiuliimsunuinluduniaay

(n) (1)

a [ o n’-; o 1 ' 1
3‘1]11 3.14 msvrmu'umTmﬂ’ammo‘smamLmUﬂaUﬂmmww

o HarFumsndum
¢ o l:a 4 a o =1 o o w w ' ]
ﬂaﬂ%uummuaiﬂu Fogel [27] "iNlJﬂ'I'J"I'ﬂ4'I'uIMUﬂNﬂU‘WQﬂTNﬂﬁﬂﬁl]ﬂ'lﬂU'N\ﬂU

Suaumanaulasmsquidensruiisaerhmsadudumisnndio Ty uduanaraiu

lﬂ.l Y o ci ° ] 1 d' :: o " o ] ci 1 94
ATINN 1Hﬂ1ﬂ1‘illﬂuﬂﬂi1uﬂ1llﬂuiqﬂﬂu‘| 'il"lf‘li‘lJ‘I’l 3.15 ﬂ'l?luﬂ‘lf’Nﬂ'll.lHUQY]?[lJllﬁﬂB
¥
£

° Vo A 4 & o o @ o 1 b4 = Yo w '
AM UL 2-5 FReiies A-E-B-G vinmiuldimsadudumisningne Ty 3aladaulng
[} ] ¥
Ao G-B-E-A tomimaunuiludumdsgu i dmualdidu dumids s dniu dies 6, B, E

o 3 ) A o o
oy A azﬁ’w"lﬂuam;mum 5,6, 7 1ag 1 awaay



77

(n) ()

P o ¢ s o
31 3.15 maihnuvedlenlesisweinanuuuuaaum

o ar ar
e anFumsiSusaay

v
w A a &4
ﬂﬁwummuﬂiﬂu Ulder, Aarts, Bandelt, van Laarhoven (481¥ Pesch [28] #43In13
o =} ar o a ar " 2 9/ o " & 1 =3 A o o
Mmaumdeunuilansunisndual Sudunmsiianlasmsguidenyruiiounenimsady
o " 1 [ [ = Yoo @ e ] 3/ 1 o a t:ayu =
Aurue uauaneanuas i il ldmimsadudiurianingie v ualanduiiviin G
o A A = ©° ' A = o ' o oA Y
ATV (permute) tiloaioununaslufumusguaun 910310 3.16 Muuagredmiangu 18
= o 1 4:' é -~ - qy; 9 o = s o o = 1 [l 1
D ANUIN 2-5 FINDIID9 A-E-B-G 910U 19 msisvaaavuainuiiosIni Aveg1usy B-
" ] ¥
E-G-A tovhmaumui ludumisguinid dmualwidu dwmia s dafuidios B, E, Guaz A

vz lldadwmian 5, 6, 7 uag 1 iy

() (V)

=; o o u’cg = as
31'7] 3.16 ﬂ'l3“VI'IQ'IH"U?NTm'ﬂ@ﬁLﬁLﬂBﬁNQQ"muUUﬁUQﬁﬁU



uni 4
v 'Y = v ¢ Lg Y
ﬂTiﬂﬂﬁ@ﬂﬂ]iﬂﬁﬂﬂﬁqﬂﬂﬂﬂﬂﬁﬂﬂﬂ13Nﬁuwu§"lﬁ’)ﬂwﬁﬂﬁﬂ

G VY o s a U
nalnnmsieuImeauesdvsutlymoovd sy

Y
s

= na/l AN Y oo adg o a as n’/’ °
ﬂ'\ﬁﬁﬂ‘l&l’ﬂuﬂiﬂu"lﬂ‘Wﬁ‘NM’l’f)aﬂaiﬂﬂ%tﬂﬂﬂWﬂﬂ?iﬂiUﬂiﬁ%Uﬂ@uﬂ']i‘Vﬂx‘i'lL!"U’fN

A4

W L) o H v oA 1 a @ d 1 [ 4
Sanesfiunsnauiuivesiwoududulu 2 wiyufe IFFmsnaniugszninessifions

¥
v R o Y

v @ o 1 d’y [V -1 [ T e A 91421
Llﬂ{lﬂlu‘l‘ﬂﬂﬁWﬁnWH‘ﬁqi%ﬁ?NNﬁHNWWJﬂUN G\’JFJﬂW?JCl‘Lﬁ\‘ILﬂEJ'Jﬂu Tﬂﬂmmmmwaiwm

.
LY L=

ey A o dao dy as v A dy v Y @ 42‘
u’NWﬂJWVlﬂui@ﬂ’]ﬁmﬂﬂﬂﬁ“wuﬁﬂ‘UN\W’I?NﬂTﬂiQ'ﬂuc'] HAZITNITAARDNNIAINIINAIDD UM

9

A2

¥
=Y

4 [} 1 o [ o a [ [
wensuddyminmsquad luIndve sisd g lniluynseunsdrnm dre35msduaisTu-

o] -4 o A Y 4 (=] 11 1o
Inflvesisddeindrgounuieannarlunisdszuranamsizar® Tunduazadamaves

L]

Y U 42’ 9 9 o 1 9 a e ::y 9 o Qs = aQ n:'a
aoauire ldgnauin 1 Tunnseumsiinuegud it ldduauedanesnuifiann

Ce &

o

Qs a U [ A Y o
msvsulyetuasumsiiauainan Taomjaih 2 Tuwadeldaseunquiugtuny
YaymiAe danosuMitauamsldlumsudilymoond luwduFduavuazdanssiui
o 4 =y A ~ fd & 1 < 1
vnauoie 14 lunsudilyvioodd luawdusinsse g ldnanseazdoaluuniniy

Y
ua

t ¥
as Ao

a a o g [ [ @
MsnAToUYITANTAMNASTINIUY0I9aND T NUNUIEUD "lﬁ’fumvdu 5e7U ﬂ\‘iﬁ

¥
=1

A R o @ A w g @ 1 dgl A J a oa
1) ATNAAeVINOANE128NITAARDNHIATD %'lﬂ@]’,]’e)ﬂuNQ%ﬁQNﬁﬂ@ﬂﬁZﬁ‘ﬂﬁﬂT\N

Y

° o a w 4 q’/’ =
ﬂTi‘W'NTL!"U@Q@ﬁﬂ@iﬁﬂfﬂiWﬁﬂWUQM@QﬁQLLUUﬂQL@N

¥
=4 1

4 @ @ ' [ y o 9
2) mynageuiefnyiliiomsnauiufszn s wosR NIy ag g RN dama

' a oA ° @ a Qs o 4 ;I Y =] o
ﬂﬂﬂi%ﬁ'ﬂﬁﬂ'\‘ﬂﬂ']iVl'l\i'\l!‘l]f]ﬂ'ﬂﬁﬂ'ﬂiﬁllﬂ']iNﬁuwuﬁﬂlﬂﬂﬁﬂllﬂﬂﬂﬁkﬂﬂ Tagiinsiiviua

o ‘§’ <3 ' ~
ﬂ’]u’JUWQUTQWﬂJ“ﬂuﬂWﬂQT’I

b4 } 4
L4 ' [% A o =

§ o o £ Y
3) msnaasuionyadonsnauiug 1195 WwoaR U IN A HIRIRNd HD
' a o o @ a @ d 3 3 a [} o
avllszdnsnimmsiinuvesdaneiiumswauiufvesiuuuauan Tag lulinmsdimua
¥
U MVIHIUIINAN
oaoos ° as =2 d'o o o/ s
4) manageulszdninmnmsiinuussdanesnuimivauedmsuilaynioea lu-
a a oW 9 q Y] o w Y =3 [
wHmFe ey lagldiimsnageusuisnfuinasguuaz ldnlssuifsunansnanesdy
14
SaneIiumMInaNRUTLUIAUAY
@ oo o Y] a R d'o o o “
5) manaeudszdninmmsinuvesdanesnuMinavedmivilaneodalu-
@ /A [ Y o @ = @ .
rFuEInsIa Taglamimsnageuiuilyvinisi@umisusmiinauay (travelling salesman

problem) taz lRuSvuiisufumnan1snaaoal 38909 Chen ag Chien [3]



79

4.1 Yoyanl¥lumsnaaey

4.1.1 Wanvmnasgamiuilaymesrd i sduay
1) ﬂdi{\“ﬁl Michalewicz
3 (]
Hansuiiithuilandudmiun1smIA199qa (maximization problem) Mindue

TAu Michalewicz [23] Aaaumsi 4.1
f(X) =215+x, xsin(4mx; ) +x, xsin(20mx, ) (4.1)

& o ' ' i ' ' ot do A =
e x, 1A0YIuYa[-3.0, 12.1] uag x, UA0YIUY (4.1, 58] Tavhdadainduigaiga

MY 38850294479  waziifmeuimunzauigane x, UA1BYITNIN [11.625543700,

11.625545700] 1az x, UAUNINY 5.725044250 nsmusaanduiliang m'ﬂJn 4.1

i ] ’L'..;l Hl
| “ i .‘Jfl 5]’
u.‘ r

U 4.1 nsmlvesilandu Michalewicz

¢ s
2) Wan¥u Rastrigin
s 2 & o o "o W e . i o
HanFuiiuianFudmiunismardiga (minimization problem) Minaue

Tao Tom uaz Zilinskas [29] AauNITN 4.2

f(i)=10m+zm:(xf —lOcos(ani)) (4.2)

i=|

A o ' 1 A o - e d o d’:ll o o dun:l
1o x, BAegluye [-5.12, 5.12] uag m Aeduruiavesilym Hansutiimilanduiidings

¥
=)

Wiy 0 uaziidmeviinnnzauiigadie x° 1fu (0,0, ..., 0) nslvesilanduiluaaa dagy)

W

4.2
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100y

U7 4.2 nsluoailanidu Rastrigin

3) Wanau Rosenbrocks’ valley

o ar .-f ¢ w 1.8 A a
'mdﬂ‘]ﬁuulﬂuﬂdﬂ‘liuﬂ’liﬂ"lﬂ’m’lﬁﬂ‘ﬂu‘ll

#u0 1AY De Jong [30] AIANN1TN 4.3

f(X) = mi[loo(xh_l -x; )2 +(1-x; )2} (4.3)
1=l

($1]

3.

A ' ' A o an o o dvd 1 o o t::u'
0 x, UA19Y1uY [-2.048, 2.048] uaz m AoddulAvedllym Handulifiaiflanduind
figaminy 0 uaziifmeviiminzauiigafe x* miiu (1, 1, ..., 1) nsveailanduiinaas

Aa31N 4.3

9

Eﬂﬁ 4.3 n31ueaNanH Rosenbrocks’ valley



81

4) Wanwu Sphere

Handuiidluiaddunsmmdaaiiuaun Tav De Jong [30] Avaun131 4.4

f(X)= i x; (4.4)
i=l

f o

{0 x, finoglueaa [-5.12, 5.12] taz m Aednuiidvesilym Hedduiifisfladdundifiga

Ve o 4 4 — v oa o ar ety o
iy 0 naziidmeuiminzauiigane X Mty (0,0, ..., 0) nslveailsnFuiinan Ay

v

Na4
317 4.4 nalueailaidiu Sphere
< as .
5) Wanyu Weighted sphere
o ’ '
Handuilfuiladdudmiunismadigaiiuaue Iay Pohlheim [31] &
AuNIIN 4.5

f)= Y itx? @.5)
i=l

' [
o

1 4 "
e x, In1egluge [-5.12, 5.12] uay m Aedruuinvesilym denduiiismilendundinga

q

' 1 ¥
MINY 0 naziiMmeuNmInzauigafe X° A (0,0, ..., 0) nsvesdafFuiinaa dagy

“

n4s
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11 4.5 nvlueailandu Weighted sphere

6) W4 N4 Goldstein-Price

[}
o

b4 [
Hadduiiluiladdudmiumsmaidigaiinaus Ta Goldstein uag Price

[32] AAAUNITN 4.6

£(X) = i +(x, +x2+l)2(19—l4x| +3x7 —14x, +16x,x, +3x§)]x

; ) (4.6)
30 +(2x, -3x,) (lea-szx1 +12x] +48x, —36x,X, +27x2)

A = L] [] d’w:{d! du da o 1w & o =
o x, UAg x, ;mmg“lwma [-2.0, 2.0] AanFuinAIAaRFunANgAMINY 3 naziinnaun

= * "o o e:y ar
MingauAgane x mnu (0, -1) nsveslanguiiuaag asgili 4.6

L

ﬂﬁ 4.6 ﬂsMﬂJaaW&n‘nu Goldstein-Price
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4.1.2 yaveyanasgrudmmuiymeed s imsda

1) Yo3ya ST70

¥

Yoya s170 [33] WudeyanadevinasgmvesilymmsiAunisveaminau

s/ d’

VonyuAnnasminaus1as Smith 118 Thompson Yoyaiifitismanauimau 70 1o law

HABIDIR U INTZOZN T TN INAUAWITMIMITEZ MU VYARIRLY T2EEMINTUNYAll

AN 675 A331/91 4.7

100 T T T T T T T =y
g0 [ 4
60 [ e
40 r B
20 7
0 L 1 1 1 | — 1 1 1
0 10 20 30 40 50 60 70 80 90 100

¥
o

5U0 4.7 Aumiadiesuazdoyaidunandungavesdoya ST70

2) Yeya EIL101

doya EIL101 (33] Wudeyanadevmasgvesiyninisi@unsves
wiinavonuumnasiiuaue 1ao Christofides 1z Eilon ﬂagaf‘:ﬁtﬁawﬂﬁauhuuu
101 1109 TauAazloIf 1IN TLETNNTENINAUAILTTNTMITLOEMINVUYAIADY

o ¥ ] ]
srugnINduRgain iy 629 AegUin 4.8
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80 T T T T T T
60 [ -
a0f )
20 g
P
0 1 | X 1 1 R, | e 2
0 10 20 30 40 50 60 70

E
o

317 4.8 Aumiaiioaazdeyaidumendungavesdoya EIL101

4.2 1n3eanenlylumstadszansnwn

' v A "W —“Yy ¥ 9 o =t P &
1) AMHADNT (output) o ﬂ.l‘llﬂll“aﬂqﬂﬂ']ﬂﬂ'ﬁﬂﬂaﬂﬁ ‘Iﬂﬂllﬂﬂ']ﬂ'ﬁlﬂ'iﬂnl‘ﬂﬂu‘ﬂﬂﬂ’]

MasunaNgatazmMMAUNNINgA UNUAIY y,  1ag y,  ATEIAY

i a 1 v  da o :v
2) AINAY (mean) ﬁﬂ Nﬁ‘i']n‘l.lﬂﬁﬂ'lﬂﬁﬁW'ﬁﬁ1@5{%'\ﬂﬂﬁﬂﬂﬁﬂ\3ua’?ﬂ'ISﬁ"JUi]'IU'J'Hﬂ'i\1

3 g 1 v oA e ov :
TuNMINAaD MOMIAIUNUVBIAHATHE 71 1ADINNITINNMINARDIFIMAIL AT

Z:I:)’i

y=-

(4.7)
n

Y == -~ 4 P 1 o da
Wwe y ADAURALVDIAHAANTN 1ADINNITNAADY
- ' w  dd - .
y, ADAHAANTN 1A9INN1TNARDITN i
v
n Aedwudeyaninua
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’ ] P I ] Aaadg ¥
3) dIULOUVUNIATFIU (standard deviation: S.D.) Wumananlsiansnszareves

b
Yoy
(4.8)
A - A 1 - i [ of et 9
ey AoAundvyeIAmadHEN IAIINMINADY
A1 o oy y A,
Y, AoAHaaWTN lAvINN1snAaeIn i
9
n Aosuaudeyananua

d' = o o A d? o Y e ¥ dq
4.3 ﬂ15ﬂﬂﬂﬂUlWﬂﬂﬂ‘]al'lﬂ‘i]"!)ﬂﬂ'liﬂﬂlﬁ?)ﬂﬂﬂﬂ)@ﬂ1ﬂﬂ?ﬂﬂuwﬂ
P <3 A 2 @ v A dg’ o 3 i 42/ =
NINATOIN 1 L‘Lluﬂ']'i‘ﬂﬂﬁﬂ\'iLW@ﬁﬂ‘H']ﬂﬂﬂUﬂTﬁﬂﬂmﬂﬂW\WYJFji]Tﬂﬂjﬂﬂuwﬂ‘ﬂﬁﬂwa
1 a oa ° o a R Qs J dg’ Q’I’ o dy Y o
ﬁﬂﬂigﬁﬂﬁﬂTWﬂ'ﬁ‘Vl'l\‘l'luﬂlﬂ\‘ii’]ﬂﬂ’ﬂﬁ‘ﬂMﬂ?iWﬁNWUEﬂJ@QN\HLUUﬂ\?LﬂN Tﬁﬂﬂ?ﬁﬂﬂﬂ@ﬂu‘lﬂﬂ'l
o LY a v g S a v o a
ﬂ']ﬁLﬂ%ﬂutﬁﬂ‘ﬂﬂ'ﬁ‘l’ﬂﬁ‘lu"UENﬂﬁﬂ@iﬁuﬂ’]ﬁNﬁllwu’ﬁ"ﬂﬂﬂﬁﬁ&LUUﬂQLﬂNﬂU@aﬂﬂﬁﬁNﬂT‘iNfﬂJ
V4 d? q’// a et o - [ A 42/ LY :g o Y o
Wugvesrauududy TaeflinsdSunldouna lnnisda@eniadduuuduauldiitiunis
v a X ooy o 1 & A o = =t d ¥
AADBNHIATINIINAIBBUAILLUNUUTUD "\]']ﬂ?lﬂ‘ﬂ 49 Llﬁﬂ\‘lfﬂiL'l]'ifJUWlU‘UIﬂiﬂﬁﬁ']flﬂ'lﬁ
o o a o -1 3 a a a a 1
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S a da o A 2 o oy w1 4 2 o Y
HUUARAUNUNITAAIDDNHIAINIINAIDDUN (MBO-newDrone) "UU@E’)HV}Nﬂ'ﬁLLﬁN'\VhﬂfJ

3 Ao i Qs v 3 4 g a d's} =<
ﬂJuﬁ@UﬂNﬂiTNLLﬁﬂﬂNﬂuiz‘ﬂ’.]N‘VN’LT?NTNL@& Faduietundesmsany
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iter <= Mating-flight

iter <= Mating-flight

a4 Aot 1 = 1 A
ﬂuﬂ'mﬂu']iwmu']'ﬂuﬂ1ﬂﬂluﬁ ﬂuﬂ‘lmm&wmumnmﬂmuﬁ

qange qange

(m Tﬂ?m%’wmaﬁwmmmﬁana?ﬁu MBO (v) Iﬂi\‘]TT%’TQﬂ'I‘iﬁ'IQ'Iu‘lIBQé’ﬂﬂﬁ?ﬁu MBO-newDrone

31 4.9 WlSsuiiiou Tassadamsmhaussninedanesiiu MBO tag

980 a%‘ﬁu MBO-newDrone
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4.3.1 MIMAUAMIN TR

o a o o 4 z a o o o g :/I o

@aﬂaﬁﬁuﬂ'ﬁp‘lﬁuwu‘ﬁ‘maQﬁ\ulvuﬂuﬂnuagaaﬂ@ﬁﬁuﬂ’ﬁNﬁuwuﬁmaqwﬂlUUﬂQLﬂﬂJ
pro v 4 2 oy o 1 £ o o 1 a ¢ & A o W =
m“ﬂ']iﬂﬂlaaﬂw\‘]ﬂ’]rdi]']ﬂﬂjﬂaqu UATTATHUAATNITTHLADT VU UANUBUNY AT 1IN 4.1

=1 A o "o d? Vv o T oo 1 A

FNANTNISINUN IJﬂ15m"HuﬂﬂJmu’J‘L.!"’U?NNQuNWﬂJW‘lJLﬂumﬂQV\%’IuTL! 5 AN LUBN3IN
o 4 v o o 3 ° o dy
inu’Juﬂlﬂ\iﬁﬁuNwmu‘lﬁﬂﬂmﬁuwu‘ﬁﬂ‘U‘i.]iUuW1ﬁVlﬂﬁa'U AITNMHUAITUIUYBINIUTNNWYTUIN

A 9 d%’ (Y] 1 1 < Y o o o =
wioesvuagiunusndevesiyn odrelsharn Aduaninfuldeziildiingg

U
¥ ¥

o A &£ Y AR Yt 3 Q dy 9 1 A v
ATUITUNWUUINVURAIY 114msmamuN"lﬂumsﬂmumm’mmmqwap"laﬁmams‘weﬂw

asouaguiuymnldlunisnagen

H o ' =Y 4 v a w a
ﬂ]SNﬁ 4.1 ﬂTiﬂTHuﬂﬂ'lW'liulm’ﬂ‘i‘Uﬂd@ﬁﬂ@iﬁN MBO uazaaﬂmﬁu MBO-newDrone

wisdines MBO MBO-newDrone

F
UM VRINIU NN 1, 10, 20, 30, 40 1,10, 20, 30, 40

P
UV 200 200

k4
YD IAIDDUN 500 500
< = d

VUAYDIQUAD AT T 100 100
manuzdulunsiumay 0.2 0.2
PUIUTBUNITNIIY 400 400

4.3.2 Hantinanasd
a 3 o o ~ R v 4 dg, :/’ = @ e a R
MINATDIN 1 Ilﬂﬂ?ﬂ')iﬂ@ﬁ@ll@aﬂﬂiﬂilﬂ'ﬁNﬁll‘W‘Ll‘]j‘UGQWQLLUUﬂQlﬂNﬂU@aﬂGSWN
v J 4%, q’j a A o A 43’ v 9 o 1 :g @ ¢ @ a Y
ﬂ']iNﬁ‘lJ‘W‘L!T;:ﬂJ@QFNLLUUﬂQLﬂﬂJﬂNﬂTiﬂﬂkﬁ'E)ﬂN\WI'de%'\ﬂﬁl')ﬂﬂ‘l!ﬂ\‘lﬂﬂﬂﬂﬂ‘lfﬂ@ﬂﬂﬂVlmcb"h'u
13 o a A
1 6 WINTU Ao
o o . .
1) #40%U Michalewicz
o o . .
2) WenN¥U Rastrigin
o o
3) §aN4U Rosenbrocks’ valley
4) Hardu Sphere
o o
5) #andu Weighted sphere
o o
6) WanN%¥U Goldstein-Price
1 d @ =t ] o o 4 o
TavTuuaazdendu ldiinsqudoyadefaddu rand) vosldsunsu MATLAB e ldiilu
a [ a { a o c’/l o v a ¢ as
ﬂ‘i%‘]ﬂﬂiliué‘umﬂﬂﬂﬁﬂﬂiﬁuﬁﬂﬂﬁﬂﬂi]']L!'JN 10 "I);ﬂ ANUHU PINAITATUUARATNIITIUNINDT AY
P w a s v o A o o :Jl ] P o o [~ o
ANTWNN 4.1 9NDITNUUNATAIUATTIUITUIU 50 ﬂ?ﬂﬁ@ﬁuﬂﬂﬁﬂﬂfl& Iﬂﬂll‘ﬂ@!l’u AINTHUA

3 1 4 b4 v &
Hauanay 1 a0 TasTusiuau 10 a5e Asunaway 10 62 Imssusuiu 10 A%e Aauanan
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20 §3 fimsuinon 10 ade ﬁamawap 30 9 fimssuduan 10 ﬂ%&ua:ﬁaunw'ﬁgw 40 ¢ 1]
Msdud ey 10 nfs daiu udagsanosmuiaimsuranun 300 n¥a (50 A3a x 6 Marfa)

wSpanoufinaed i1 lunsnaaoufe Intel ® core ™ i7 2.8 GHz (3 GB of RAM)
uaz 19 11)sunsy MATLAB neiou 7.6.0.324 wansnaaeai 1dinisn/Souiousz@nsnm
vosianessanoIiudae s e fe 1) Mfmeuiiadige (y,,) 2) Mdweuiusiige (v,
3) Fhm%iwmﬁmamﬁ”‘wm (y)4) dami‘jmmummgm (S.D.) uaz 5) 1981 (time) AN
#i 4.2 uaymait 43 TaoudazHeiFuiinmsuanamanmisnansuniuilu 6 daude

1) WaMINARDININAITIUTIUIUY 10 ats Lﬁaﬁ1ﬂuﬂﬁ1uau§au1qwm1 16

2) WANINAABININATIUTIUIU 10 afq Lﬂﬂﬁ1ﬂuﬂ§1u1u§au1awm1 10 9

3) HAMINAADININMITIUIIUIY 10 adq Lﬁaﬁmum‘iwmp{amqwm 209

4) HANSNARBINIAMTSUS AN 10 AFS Lﬁaﬁmuﬁﬁmmﬁamqwap 3002

5) HANINAABIVINNITTUTIUIY 10 A sﬁaﬁ1wuaﬁ1uau§amawmw 40 @2

6) HAN1TNARDIDINAITTUTIUIU 50 ns nﬁﬂﬁmuﬂﬁmmﬁyﬂmaww 1, 10, 20, 30

(AL 40 A7

M19197 4.2 HANTNARDIVBIOANDINY MBO

#aﬂaﬁ%’u Vicai . y S.D. time
1) Michalewicz
1 38.8467061922 | 38.8221357062 | 38.8435623860 | 0.0075639503 0022 45
10 38.8479863775 | 38.8451574963 | 38.8462690132 0.0009611662 0:03:59
20 38.8479863775 | 38.8429356528 | 38.8467167687 | 0.0015351384 0:06:06
30 38.8479863775 | 38.8221357062 | 38.8416788098 | 0.0095241986 0:08:29
40 38.8478852297 | 38.8308819157 | 38.8426697789 | 0.0057158746 0:11:06
ﬂ"’lmgﬂ 38.8479863775 | 38.8221357062 | 38.8441793513 | 0.0061479250 0:06:23
2) Rastrigin . _
1 0.0001892008 0.0009459972 0.0003405608 0.0002325774 0:02:06
10 0.0000000000 0.0009459972 0.0003594795 0.0003830993 0:03:44
20 0.0000000000 0.0015135926 0.0004919187 0.0004901353 0:05:44
30 0.0000000000 0.0037838681 0.0007000261 0.0011766232 0:08:02
40 0.0000000000 0.0018919660 0.0009838309 0.0005185177 0:10:38
Fhma.f] 0.0000000000 0.0037838681 0.0005751632 0.0006664008 0:06:03




M131991 4.2 HAN1INARDIVDIOANDINY MBO (AD)

Forlsrivu Voes Yoors y S.D. time
3) Rosenbrocks’ valley :
1 0.0000009538 0.0000238987 0.0000051569 0.0000069992 0:01:56
10 0.0000000000 0.0000953674 0.0000133576 0.0000296803 0:03:35
20 0.0000000000 0.0000238987 0.0000054436 0.0000072105 0:05:36
30 0.0000009538 0.0000344501 0.0000082203 0.0000115631 0:07:54
40 0.0000000000 0.0000778443 0.0000172498 0.0000247243 0:10:28
ﬂ'llﬁgﬂ 0.0000000000 0.0000953674 0.0000098856 0.0000184355 0:05:54
4) Sphere
1 0.0000000000 0.0000038147 0.0000011444 0.0000011723 0:02:06
10 0.0000000000 0.0000152588 0.0000054359 0.0000053957 0:03:45
20 0.0000000000 0.0000238419 0.0000048637 0.0000072274 0:05:45
30 0.0000000000 0.0000047684 0.0000020027 0.0000013820 0:08:02
40 0.0000009537 0.0000123978 0.0000057220 0.0000036523 0:10:35
ﬂ'1|a'é"n 0.0000000000 0.0000238419 0.0000038338 0.0000046501 0:06:03
5) Weighted sphere
1 0.0000009537 0.0000276566 0.0000069618 0.0000085068 0:02:10
10 0.0000009537 0.0000152588 0.0000062943 0.0000048670 0:03:50
20 0.0000009537 0.0000276566 0.0000091553 0.0000096337 0:05:52
30 0.0000009537 0.0000152588 0.0000055313 0.0000049001 0:08:12
40 0.0000009537 0.0000238419 0.0000075340 0.0000070719 0:10:48
ﬂ"llﬂ‘ﬁ;tl 0.0000009537 0.0000276566 0.0000070953 0.0000070586 0:06:10
6) Goldstein-Price
1 3.0000000000 3.0004467901 3.0002267636 0.0002107386 0:02:04
10 3.0000000000 3.0014791604 3.0004263183 0.0004728057 0:03:49
20 3.0000000000 3.0009606348 3.0003158873 0.0002942444 0:05:55
30 3.0000000000 3.0004467901 3.0000859347 0.0001813459 0:08:20
40 3.0000000000 3.0016525937 3.0007899476 0.0005845918 0:11:03
Fhlﬂ%ﬂ 3.0000000000 | 3.0016525937 3.0003689703 0.0004379715 0:06:14




A13197 4.3 HAN1INAADIVBITANDSNY MBO-newDrone

90

v

4 ¢
Yorlanvu

Yo AR y S.D. time
1) Michalewiczl :
1 38.8479863775 | 38.8460333996 | 38.8474004842 | 0.0009433780 0:02:01
10 38.8479863775 | 38.8448543621 | 38.8470164286 | 0.0011095155 0:03:20
20 38.8479863775 | 38.8448543621 | 38.8465214754 | 0.0009087426 0:04:45
30 38.8479863775 | 38.8451574963 | 38.8471342199 | 0.0009522720 0:06:11
40 38.8479863775 | 38.8288018259 | 38.8425397566 | 0.0075584838 0207 36
ﬂ"lmsﬂ 38.8479863775 | 38.8288018259 | 38.8461224729 | 0.0038155704 0:04:47
2) Rastrigin
1 0.0000000000 0.0003784017 0.0001702808 0.0001656633 0:01:48
10 0.0000000000 0.0007567963 0.0002459604 0.0002004279 0:02:57
20 0.0001892008 0.0009459972 0.0005297595 0.0003655672 0:04:12
30 0.0001892008 0.0009459972 0.0004162397 .0002931054 0:05:26
40 0.0001892008 0.0015135926 0.0005865191 0.0004672867 0:06:41
Fhlﬂéﬂ 0.0000000000 0.0015135926 0.0003897519 0.0003448854 0:04:13
3) Rosénbrocl@’ valley |
1 0.0000000000 0.0000009538 0.0000005723 0.0000004925 0:01:41
10 0.0000000000 0.0000038162 0.0000011447 0.0000014780 @ 02251
20 0.0000000000 0.0000152821 0.0000029595 0.0000050023 0:04:04
30 0.0000000000 0.0000238987 0.0000037255 0.0000072867 0:05:18
40 0.0000000000 0.0000085904 0.0000020996 0.0000034504 0:06:32
ﬁ}aaéa 0.0000000000 0.0000238987 0.0000021003 0.0000042818 0:04:05
4) Sphere o )
1 0.0000000000 0.0000019073 0.0000007629 0.0000006032 0:01:49
10 0.0000000000 0.0000047684 0.000002098 1 0.0000015443 0:02:59
20 0.0000000000 0.0000047684 0.0000025749 0.0000019622 0:04:14
30 0.0000000000 0.0000038147 0.0000007629 0.0000012556 0:05:27
40 0.0000000000 0.0000095367 0.0000024796 0.0000030557 0:06:41
i'l'"lméﬂ 0.0000000000 0.0000095367 0.0000017357 0.0000019714 0:04:14




M3199 4.3 HANISNARDIVBIDANDS U MBO-newDrone (AD)
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éaﬂaﬁi’u Yo Yovorst y S.D. time
5) Weighted sphere
1 0.0000000000 0.00000762%4 0.0000026703 0.0000026521 0:01:50
10 0.0000000000 0.0000085831 0.0000031471 0.0000034838 0:03:01
20 0.0000000000 0.0000162125 0.0000076294 0.0000058616 0:04:10
30 0.0000000000 0.0000076294 0.0000021935 0.0000025051 0:05:26
40 0.0000000000 0.0000152588 0.0000035286 0.0000045858 0:06:50
ﬂ'llﬂéu 0.0000000000 0.0000162125 0.0000038338 0.0000043276 0:04:15
6) Goldstein-Price
1 3.0000000000 3.0004467901 3.0001546375 0.0002076409 0:01:45
10 3.0000000000 3.0008559803 3.0002642965 0.0002826912 00257
20 3.0000000000 3.0014791604 3.0003470101 0.0004340190 0:04:16
30 3.0000000000 3.0009628051 3.0004122369 0.0003152421 0:05:34
40 3.0000000000 3.0016525937 3.0004844779 0.0004805035 0:06:53
Fhlﬂéﬂ 3.0000000000 3.0016525937 3.0003325318 0.0003623757 0:04:17

4.3.3 ajdnwaminaaes
= ° o o o o 3 n’: a oo oo a
msnaaeei 1 Idihmsnaaeudanes iumskauiujuesHuuduAuiusanes iy

o o 3‘ n’l a da T - | Ag o Y @ 1 d? or o o = ar
ﬂ']‘iN?ﬂ.lW'N‘q‘l.IENNQu‘UUﬂQ{ﬂl.IYIUﬂ'I‘iﬂﬂlﬁﬂﬂﬁ@ﬂ’l&!ﬂ'lﬂﬁ']ﬂﬂl!ﬂQﬂﬂﬂﬂﬂ‘ﬁuﬂﬂﬂﬂ.lul‘ﬁ‘ﬁu

¥
=1

o o o ¥V
17w 6 HanFu NnramInaaes aunsaasl 1da

1) Wqﬁ%'u Michalewicz

@

a w o J n’: a ar = o o 3 n‘{‘ =3
Elﬁﬂﬂ?'ﬁﬂﬂ"liNHHWHE‘UEIQNQHU‘UF{Qlﬂﬂllﬂﬁi)ﬂﬂﬂiﬁﬂﬂ'ﬁNﬁﬂ'ﬂu‘q‘uﬂ\?ﬁﬂl!ﬂﬂﬂimﬂ

l=id W J w 9 [T J o Ao & ar Qs a8
NUNITINA ’dﬂﬂFNFI'JF;'l‘i]‘]ﬂﬁ'JﬂﬂuNQﬁ'lﬂ'liﬂ@#uﬁ'lﬂ']ﬂﬂumﬂﬂf[ﬂv!ﬁlﬂﬂﬂuﬂu Tﬂﬂﬂﬁﬂﬂi'ﬂu

w d J z - ° et Y A o o .; oo
ﬂ']ﬁHfﬂlwuﬁ‘ﬂBQNQllUUﬂQ(ﬂHﬁ’N‘H']ﬂ']ﬂf)ﬂ‘ﬂﬂ‘ﬂq‘i\ulﬂ HIMAUANTUIUAIUETWYUNTINY 10,

'
o

=1 Y] w d J 3 a da [ | J o 9 @ 1
20 uag 30 ‘hlﬂﬂlzﬂaflﬂﬂiﬂl.lﬂ'li”ﬁﬂwuli'ﬂﬂqPNll'lJ1]ﬂQlﬂ1|V|1Jﬂ'ﬁﬂﬂlﬁﬂﬂﬂ@ﬂ']ﬂ‘iﬂﬂﬂ?ﬂﬂu

¥
b4 o

J o dd'dls' 1 [ ; 4 ﬂ'w -
HsrumAneuniafiqa ldnsuiie 5 e auianmgiiinaaes Tasidanesiunsway
o 4 J u’: a dea o M J o ¥ w0 J 1 e - | ' e
NWUFUDIRWVUAUANNTMIAAITONHIAIFNINAIBBUAL lAf MR UNUINgALAZ AR IADY
1 " e a8 o o ; u’: = o w !
MAUFINNBINDTNUMIHAUNUFYDIHIVUAUAY 0.02% 1Az 0.01% Awdny Taolidau
Woavmnasguinde ngUi 4.10(0) uiansadmaeunugigauazmmasuiniy
o P w o J ¥ o de o J w w1 J v '
YBITANDTNUMTHTUHUFVOIHMVUAAANNTNIAMIDONHIA IR INAIBOUHIGIN TN

o a A w d ; : - ¢ o . o do o o
ﬂi']ﬂﬂﬂﬂﬂﬂﬂﬂi'ﬂnﬂ'lﬁﬂﬁuwuﬁﬂENNMI.'UUFNMIJ (‘Wx‘lﬂ‘]ﬂ.l Michalewicz I.‘Id_luﬁiﬂ‘ﬂuﬁ'lﬂ'i‘l]



92

] 1 e @ A 4?’ a 9 @ 1 4?' P I} dyn Vv 3y ° -
ﬂ'\iﬂ']ﬂ'\’clﬂf!ﬂ) HEAIM 'Jﬁﬂ'liﬂﬂtﬁ?)ﬂﬂﬂﬂ’)&jﬁﬂﬂﬂﬁl@ﬂuNQV\U"IL?(H’E]U‘VHGL‘Wﬂ'\'iﬂ‘l!ﬁ?ﬂ']ﬂ@ﬂ(ﬂ
a =Y a a aa dgl lac&q’j a dyw =1 V4 d?
WI'1J'l$’LTlI'VIq’ﬂuﬂiﬁ’,ﬂ"i’l‘ﬁﬂ'lWﬂfJ\i‘Uuﬂ'JT)'ﬁﬂ\uﬂSJ HBAINUBANDINUMITNTNNWUTUOINYY
3 A da v A g o Y o 3 dg’ o v @ a R
ﬂ\?!ﬂl’WNﬂTSﬂﬂlﬁﬂﬂWﬁW’J@%]ﬂﬂQﬂﬂuwﬂﬂﬂiﬂflja’ﬂuﬂ"li‘ljﬁ?y’ll';l'ﬁWﬁﬁﬂﬁﬂ%?ﬂﬂﬁﬂ@ﬁﬂﬂﬂ']i
v o -1 o;,/’ a
HEURUTYOIRUUVAURN 25.07% BndaY

2) Aafdu Rastrigin

Y

a v ¢ g :II a Y a R @ o 1 n’/’ a
@ﬁﬂﬂﬁﬁuﬂTiNﬁuwu‘ﬁl‘l}ﬂﬂﬁﬂuﬂﬂﬂﬂlﬂNLL'ﬂZ'ﬁ]ﬁﬂ'ﬂi“ﬂNﬂ1§NﬁﬂwuﬁﬂﬂﬂﬁfﬂlUUﬂQLﬂN

14
= 2 o

' 3 [ ]
insAaideniesdadaindiseuisdnsodumimaouiitmunz auiige ldmiouiu Tag
£

Y

1Y o dg, 3/’ a9 [ = = Y A o o 4?’
aanNvI ZJﬂ'iiWﬁ?J‘WH'ﬁfU?NWQLLUUﬂQ&ﬂNﬂUW’!ﬂTW@U‘W!‘HMT%ﬁNV]q@‘lﬂ UMM UAITUIUNS

1w

o o a a o 4 3 a A
UINWYUNINY 10, 20, 30 g 40 “lwumzm)aﬂasﬁnmswauwugﬂjmﬁmunmmm'mmi

43

14 v
=®  a

o oA Y o 1 Y ° = =y Y A e o 4
ﬂﬂlﬁE]ﬂW\W’]’Jij%’]ﬂ@]’)@@uN\iﬂﬂﬂ’]ﬂ’]ﬂ@ﬂﬂlﬂﬂ’\gﬁuﬂfxﬂqﬂ mﬂﬂmuﬂm‘WJUNQNNWEy]

v Y Y

[ Ao o w d d? 3 a aAa v A cg,
My 1 uay 10 Tﬂﬂﬂ@ﬁﬂ@?ﬂl’ﬂ')iNﬁJJW‘L!Tg:‘11'0\‘1WQLL‘U‘Uﬂ\iLﬂNV\NﬂTiﬂﬂLﬁ@ﬂWﬁﬂ'ﬁNﬂWﬂﬁ

Q
¥

t dg’ Y1 o - Ve [ o et o = L o o é’ [YIR-N
@@uW\‘illﬂﬂ'lﬂ'm@U‘V]LLEJW?I(?‘ILLﬁZﬂ'\ﬂ'm’E)'lJmﬁﬁlﬂﬂ'ﬂﬂaﬂ@ﬁﬂi\lﬂWENﬁllwu‘ﬁ“’llﬂﬂN\?LL‘UU@QL@]M

60.00% uaz 32.24% audiey Iaglimdrudouvuniargiundiniidag 9ngUi 4.10()

v '
a o

1] t o { val ' o 4 @ a o o 1 @ P=)
urnanswiadmounusNgauaza s neumduuodanas NuMsHAUNUFYDIH UV DA URNAT]

e

14 ]
N

} 4 }4
@ o @ 1 o ' ' o = o
AMIAAGBNAIAIFIINAIBOUAIRIN MUV TIHVBITANDT UM THANNUTUDIHWUVAUA

o Y o

d o .. <3| Jo o o Vo I an v A &
(‘Wﬂﬂ%u Rastrigin Lﬂu‘mﬂﬂ‘ﬁuﬁ”lﬂ5Uﬂ75ﬁ1ﬂ7ﬁ1q9]) HEAIN IFNI1TAALRDNNIAINIINAIDBY

a

3 ¥ ¥
=3 1

d? s o dyo E v o - = = a A A ad o
WQVIH']L’LTU@‘L!‘V\'J‘HﬂWﬁﬂu‘ﬁ'l‘ﬂﬁﬂ@u‘t’llﬁNWzﬁNﬂ’CIﬂiJﬂizﬁ‘ﬂ‘ﬁﬂ']WﬂUQﬂJuﬂ'J'l"J’ﬁﬂ\‘]LﬂiJ

b as

dya/ a 2 [V 4 ; nsj a aa @ A dg’ u/ T d? 1% vy
‘L!@ﬂ"lﬂﬂu’aaﬂﬂiﬂﬂﬂﬁWﬁNWHEMGQPNLL‘U‘UvaLﬂ‘JJ“VllJﬂﬁﬂﬂm@ﬂrﬁﬂ?lﬂmﬂﬂ?@@uﬂﬁﬂﬂiﬂf
o o @ J 1 g// a Y
nalumsissylanaananindanas UATHALRUTYDIHWBUAUAY 30.30% DAY

3) #ar9U Rosenbrocks’ valley

o

= v I'd ¥ 3 = @ = o o 4 g =
8aneT NI HAUNUFVOIHWDUALANIAZBANOT AU THA YW U YBIAWUUAUAY

] ¥
o Y W 1

~ @ A & dgl v 9 = ~ kY = o
JJﬂ'liﬂﬂ&a@ﬂﬂ\?ﬂ'JWi)'lﬂﬂ?f)9‘14PN?(']?JT3ﬂﬂuﬁ?ﬂ?ﬂﬂﬂﬂlﬁu’]zﬁwﬂq@qﬂlﬂll@uﬂu Iﬂﬂ
=

=

tH
3
4 v a

o o v g [ ‘:‘ d' ¥ o o -1
ganesNUNMINANAUTVBIRIUDANANAUMIA IR UMMMz auiga 1A Wiodmuaduiuis

Y i o a v o 4 qs/, a aa a
URHY WA 10, 20 taz 40 Tuvazhdanesumswauiugyosisuuauauflinsfmden

e
De

@ ot Y

-4 ] ] ¥ 4 ’
HradannaaoeuiRumMaouimuzauige ldas i s mawswauRanmgIinanes

Y
v

1Y a v 4 u’: = { @ 1 o o 4 1 o
TagNdanesnumswauiufyesRuuuauRuitinsdaiontdiiadanalcoui ldadnou

[

{ e 1 o 4 T a w 3 3 a
NugiganazainoUmasin1oanaNUMIHAUN UGBV LA UAY 74.94% LAz 78.75%

Q

o o st d' 1='<; [ d’ ] 1 o© a; [}
Muday Tasla sy uNInsgIunAINIAe 3103109 4.10(A) unans AR IneUALY
P i o = o ax o £ ¢ a da v a & ooy
NEAULAEAIMADUIRNAYUDIDANDINUM ITHTUWUFTUDIRIUUUAUAUNUNITAAULADNNIAIFHIIN
@ 1 -4 ° i ' o a o d 4 3 a d o
frgouHsiInIurinsyesdanes Rumsnaniugvesisuyuaudn (Handu Rosenbrocks’
4 v Y 1 d? ~
3817

PNAIDDUHINTUTUD

P

= ‘o o o e v aa v A
valley Lﬂuﬁ\‘lﬂ%uﬁ']ﬂ5Uﬂ]iﬂ‘\ﬂ'\ﬂ1q@]) WA IDNITAALIDDN
v .y Y
= =}

q
~ o 9 3 o /-1' A a o a ASHa £ 1 ndz
‘L!‘V]1611"(fﬂiﬂUWWﬂWI’e]U‘VILWN1$’d§Jﬂ?£WM‘1J§3ﬁ‘Vl‘ﬁﬂ]WﬂU\‘lﬁluﬂ’N’JﬁﬂdLﬂM HONITNU



93

o a8 @ 43" 3 = A .3 w Y a 1 dgl o 9/

@ﬁﬂﬂﬁﬂuﬂ'\iwﬁuwuﬁ%@\‘]FNLL‘U‘Uﬂ\'iLﬂll'ﬂi]ﬂn'ﬂﬂLaﬂﬂW\WI'Jﬁfﬂ'lﬂW’JE?DUNQfNGl‘M'Jﬁ']GIMﬂ'I‘S
a a L4 1 u’// o P

UszUI0HAaARININEANDT NN HAURUTVBIHIUAURN 30.79% BNAY

4) Harau Sphere

[

o o & g 3 a [ a o 4 1 3 a
@aﬂaiﬁﬂﬂ"ﬁNﬁMWUQ‘U@QﬁQLLUUﬂQlﬂNLLﬁZ@ﬁﬂﬂﬁﬁNﬂWi Nﬁﬂwu‘fj‘ﬂlﬂﬂﬁﬁuﬂﬁﬂﬂ&ﬂ“

A o 9

g a/ Ay @ 1 dgl £ o P P b4 r-1 Y
Wllﬂ'l'iﬂﬂm@ﬂﬂﬁﬂ?fd%'lﬂﬂ’)@ﬂuN\‘lﬁﬂJ']ﬁﬂﬂU'ﬂTﬂ']ﬂ@U'ﬂkﬁiJ'liﬁﬁiJ‘V]f!ﬂ‘lﬂtﬁiJ@uﬂu Iﬂ?)
o Y- v d d’?’ z o gy o — ~ 9/ A o o d%’
i)ﬁﬂ’t)i“Vlllﬂ"liNﬁuwuﬁﬂlﬂ\‘iWQLLUUﬂQLﬂNﬂUﬁWﬂ'm@UVMﬁﬂJ"Igﬁ?J‘WQ’ﬂ‘lﬂ UM UADTIUIUNI
t @ { o a o d ¥ 2,’ a dea

UNNY UMY 1, 10, 20 wag 30 G!umm:ﬁaaﬂaiﬁnmswau‘wuwmﬁmuummwumi
s - d? o Y o 1 dg’ FY o s o Y :: ] o g

ﬂﬂlﬁﬂﬂﬂdﬂ?tﬂﬂ?ﬂ@n@@uw\?ﬂuﬂ"Iﬂ"l@?)ﬂﬂlﬁhﬁ%ﬁll‘ﬂﬁﬂllﬂﬂiﬂ‘ﬂﬁ 5 AEHNTUIURIU NN
d‘ c:'cv a2 ar 4 gg 3: =y d'd as =1 d’l’ w Y s 1 d?’ 9
nnage Iﬂﬂ‘ﬂi’)aﬂi’)ﬁ‘ﬂﬂfﬂ3Wﬁ'?JWL!‘I;"’UENWQLL‘U‘U@QW\N"mJﬂW‘SﬂﬂLﬁﬂﬂWQﬂ?@ﬂ']ﬂﬁ'JﬂﬂUNﬁvlﬂ
t o { 1A ' o i @ a [V 4 § 3 a

MMnouRudRgaazAIMInoUmAsANIIBaN0 T UM TNANW VB IR UAUAY 60.00%

o @ P= | o d’; -4 P [] 1
UaE 54.73% auddy lagldudouuunias P undIn11a19 910307 4.103) 8nIns e
o PRt VA Vo 4 o a ) o 4 o’/‘ PES - o
fMneuudNgauazaifino umAsyedanas nuMIHALRUTYRIRWBUAURNATIMsAaRan
v ¥ 1

=R @ Y N 1 Q2 o ] ] ar = 2R @ o d? :/, a o a
W\‘i@]'Jﬁmﬂﬁ’]ﬂ’@uW\W’Hﬂ'ﬂtm\‘1ﬂ§W‘N"U@Q’Oﬁﬂﬁ)%‘VliJﬂﬁWﬁMWNQM@QNQLLUUﬂQLﬂN (“Wilﬂ‘lfu

[~ o @ ° as . =Y = [ A dy Y o 1 421 P
Sphere Lﬂumﬂﬂ“ﬁuﬁ’l'ﬂﬁUﬂjj‘ﬂ'lﬂ'lﬂ'lq@) HAAIIT IDNTTAAADNNIAIHITNATTDUNIN

U

¥ ¥
| Ad o /A

14 v t ] 3
Wuaueiihlimsdumdmeuimunzauigaiivss@ninmassdiuniitaudy uenunnil

¥
=

o aa Y4 & S a Aa A 4 o oy @ 1 %
@aﬂﬂi‘ﬂuﬂ'ﬁﬂﬁﬂwu‘ﬁlmﬂﬂW\'iEl‘U‘Uﬂ\‘lLﬂﬂ'ﬂijﬂ'l'iﬂﬂ&a@ﬂW\?ﬂ?Ejﬂ']ﬂﬁ?@ﬂuPNZJ\‘]i“M'Jﬂ'ﬂ“Hﬂ']ﬁ
} 4 14
ﬂixu')ﬂﬂﬂﬁﬂﬁﬂﬂ’]ﬂ@ﬁﬂ@iﬁUﬂ'ﬁNﬁuﬁuﬁjm@ﬁﬁﬂuu‘ﬂﬂ%ﬂu 30.03% %ﬂﬁ?ﬂ
o o

5) Wanyu Weighted sphere

) =1 s L4 4? 3 = [} 9 o “ ~
@ﬁﬂ@iﬂwﬂ')ﬁwamwuﬁ\ﬂl@QWQLL‘U‘U@Q&@NVLN’G’HN’Wﬂﬂu‘?ﬂﬂ’\ﬂ@ﬂmlﬁﬂ”ﬂ’ﬁmﬂq@

Y =R v o zg 3 a da W =) d%’ v 9 @ 1 d?’
Glumm&’W@ﬁﬂﬂi‘V]Nﬂ'ﬁNﬁllwuﬁl‘\l@QWQLL‘UU@QLWN‘VI'MﬂT?ﬂﬂLﬁ@ﬂW\WIjﬁﬂ1ﬂﬁ’laauw~3ﬁu\l'ﬁﬂ
Y o o a Y o ' o & e o BV o ~
ﬂu"ﬂWﬂWGl@UV\LﬁNT&’;ﬁNWQﬂqﬂﬂ'ﬁUWQ 5 ﬂ’W]"liJﬂ'lU'JuW\?U1QWfQ1W‘WﬂZ’1aﬂliﬁgﬂﬁyl@ﬂ”)ﬂW@@UV\

A ' o P (Y N w 4 ogzl )
Lkﬂmq@llﬂgﬂWﬂ1?’1@UL‘ﬂﬂUaﬂ'J'lf’)ﬁﬂ@3ﬁl}ﬂ']iNﬁuwu'ﬁq"l}@\‘)ﬁallﬂﬂﬂ%ﬂu 41.38% 0y 45.97%
o W a0 a o [ 1 =1 s AR a d d?
ATNATRY Iﬂﬂuﬁ’]utﬁﬂ@l‘uuu‘!mig’]u'ﬂﬁ’)ﬂ’ﬂﬂ')ﬂ BﬂTQVliﬂG\WNﬂaﬂﬂiﬂuﬂTSNaNWUﬁﬁJ@QWQ
3 a A a ¥ ° Pt o =l o 9 1 3 P
HU"UV’NWWJ}JﬂDTNNQWQTWGIUT'Y]?ﬂu'ﬂ’W]’W]'E]‘U‘VH‘HNT%ﬁN‘V\q@HWUQLﬁﬂu@ﬂWﬂuH %’lﬂzﬂ‘ﬂ
3 a a s w o 4?’ qij a Ao A d?’ @ Y @ 1
4.10(9) !!‘V’Nﬂﬁst\lﬂﬁﬂﬁﬂ'ﬂiﬂ‘llﬂ'ﬁNfﬂJ‘W‘uQGU'?)\‘]NQLL‘U‘Uﬂﬂlﬂlﬁ‘ﬂﬂﬂ’liﬂﬂm@ﬂﬂ@ﬁ'Jaﬂ'lﬂﬁ'J@@u
¥ o 1 Y o v o 1 n’: a 7 w . <]
Hesdinindunivvesdanas NumMsnauAuTvesHUUAUAY (Hefdu Weighted sphere 131
w 9

dao o o i e 1 o 1 ot ¥ A o yo
Handudmiumsmiaidige) uaasdt Fmsdadenisdadninddoursminausiimldng

v ¥
Y o t e w A

= a a a o dd? A a a R
ﬂuﬁmma‘umwmzaumqﬂuﬂszamm‘wmumnﬁmmu HDANUDANDINUAVIHTU

e

¥ 14
w o < o A Y

' ¥
WugvesHuuuauAnnIMsfdadenrsifandtseurada ldina lumsdszuonaaaassn

q

o a o o 1 3,’ P=Y
SN AUMSKHANRUTVDIHIUUAUAL 31.08% DRE



94

g ar . .
6) WeAYU Goldstein-Price
s o [V 4 4 n’/’ o ar o @ & 4 o’/’ a
DaNDSNUMTHANWHUTUBIHLUUAUANLALEaNDS NUMIHANRUTUDIHILUUAUAY

1 ¥ ¥ [ ' ¥
wlimsdadenisdidandisouisasodumsmouiimuzauiga laasunis 5 A8

b4 1
o <t

P ~ Y 1 LA Ve o o o v o 4
W\TH'NWQJ")WWﬂa@qLlﬁzqﬂﬂWﬂ'\ﬂ@UﬂtlﬂmﬁqﬂfﬂTﬂu@"]ﬂ Tﬂfﬂ’]@ﬂﬂi’)j'ﬂuﬂTSWﬂNWUQ‘U@QNQ

q’;’ e d‘d o & 3 o 9 as ] dgl Y1 e d' =) o a R o I'd
LL‘U‘Uﬂ\‘lLﬂNVIMﬂ"ﬁﬂmﬁ@ﬂwﬂﬂiwfﬂ'}ﬂﬁ?@@uPNhlﬂﬂ‘lﬂ"l@l’e]‘ljlﬂﬂﬂﬂﬂ’l’l@ﬁﬂﬂiﬂMﬂ’lﬁNiﬂJ‘WU‘ﬁ

J 9

Fd ¥
&R @ Y w 1]

4 v [ ]
YBIHUWUVAURUNINMIAALE DARIAINIINAIBOUN 0.001% uaz ldmaudsuyunesgiu

aa

A o oy A A 0, P [T -~ v

NHATNINAWY FINDITIAAIATURQGUAITUUANANNAUUBDIUN i]"lﬂ:.i‘ﬂ‘ﬂ 4.10(R) uens e
s a R v d d’il Z o s LY - | 4? o 9 o 1 d? 3 o W
ﬂﬁﬂﬂi‘ﬂl’ﬂﬁNZﬂJ‘WH‘Q“U’ENNQLLUU@QMM‘V\MﬂﬁﬂﬂLﬁE]ﬂN\Wl’JPJmﬂﬂ’m?ﬂuwﬁq&ﬂalﬂﬂﬂﬂuﬂﬂ

t as a v 4 :/’ a 1 a [ g a W
UAIN5INUBITANBS NUNITHAURUTVBIHIUDUA LAY 1R IBN1sAnionHedIg9Ine 2
1 4 1
v I e

2 o :Iyd ’ v o ~ ~ @ = AL o o dgl
FOUAINUUTUBUUHATADAITAUNIAINIUNNINSTUNTAUBIOBNDINUATTHTUANUTUVDIN

E4
¥ a 2

=] o s J @ dy i a ' o 3 [y a
LL‘mmammaﬂﬁ'aﬂmmuﬂmmumﬂﬁ’e‘uu E}U'N"l'iﬂfﬂ'lil Llﬁ??ﬂ?ﬁ@u‘uﬂﬁﬂﬁﬁa\‘l'@ﬂﬂﬂiﬁﬂﬂ

[ o I~ ¥ ) a g @ o d?, 3 A e N = 45’ a Y
ATUUAAANAUANUDEY LUADANDINUM THNTUNUTUDININUHUAUANNUNITAALIGBNNIRININ

a

k4
v oa <R

o 4 ' o < v r_g
feauisldsannailunisilszuiananinindanes NuMIHENNU§UBIHIDVAUANDA

31.28%



95

IBHS00 | IMM4S0 365480 000400
l ) fopon 0003784
8B40 | et 0.00350
L1 | o0 |
388350 —
38300 38 K288 |
1 0.00200 ;
ALz 38221 | 1514
| 000150 |
38.8200 |
IRB150 e I
I8.B100 0.00050 | > 000190
388050 o L - g, L0 SO) IS, =
best worst average best worst average
@ MBO [l MBO-newDrone @ MBO [l MBO-newDrone
o a N . o w -
(n) Han¥u Michaelwicz (v) Han¥u Rastrigin
000012 0000030 |
0.00010 ‘ 0 D0009S 0000025 0.000074
0.00008 ‘ 0.000020
0.00006 I 0.000015
|
0.00004 l 0000010 0.000010
0.00002 ' 0.000005 0000004
| 0.000010 o
I - T N ks
best WOrst average best worst average
@ MBO [ MBO-newDrone @ MBO [l MBO-newDrone
o o 3 o o
(A) WanFu Rosenbrocks’ valley (3) Wan¥u Sphere
0.000030 3001780

0.000025

0.000020

0.000015

0.000010

0.000005

0.000000

best worst average

@ MBO [l MBO-newDrone

() Aafdu Weighted sphere

3001500

3001250

3001000

3000750

3000500

3.000250

3.000000

3001653 3001653

best worst average

@ MBO [l MBO-newDrone

() Wan¥u Goldstein-Price

UM 4.10 nsmluamsmsufFsufisunanisnanei 1 5smi196an05 iy MBO Liay

00 nﬂ?‘ﬁu MBO-newDrone



96

< \ [}

4.4 MsNaTVINBANEITTNITHaNNUEIZHI9TY  (MUUMBUASIHNIUAAG

Qq
HIINQY)

< & o o ¢ " e & %
NTNADOIN 2 L‘ﬁuﬂ’l‘iT’lﬂa@\‘uwaﬁﬂﬂ']ﬂ%ﬂﬂﬂ'ﬁNﬁi\lwu‘ﬁ‘igﬁ'JWQﬁQGIJQQNQNWQWﬂJ'W]
1 1 a a o 1Y a v J 4 q’: o ¥
dawaretlszA@ntnmmainuvesdanes nunnauiuivesEUDaudAy Tasnsnaaesil

= o s a o 7 1 g a o W =
185 sufinasinuvessanes fumsnauiugvesruudufuiusanes sy

=)

w ‘3' 3 a A o v a P @ Yt [ ' o
WugveIRUUAALRNMsHTuTuETzn 1T Taglatms il e ldtinsmiess udaz el
421 A o d%’ v 9 as a 9 o o v o & oall d? [
Hauangnileda Hedgnnalnzgnialdiluandnvesseladonils vindursnangiusas
a & v o .é' v 9 o A 3 d’l Y o o dy Y o
Arvzdennauiugiuieifuiniioun veilldinsdimuadwauvesianang 130y
2 P = = = 9 o w a Y4
MAsh 91310 4.11 waasmsnfTeumon Tasaasansiinuvesdanesivnmsneuiugues
¥ uaz, o o a v 4 qs/, = { o d ' [
HILUUALAY (MBO) 1Az 8anes fiunsnauiuguosdsuuuduauniinsnauiugszninegs
2 o 0 d?’ [ ' = . & o 14
Tastinsiimuadnnuvesiaang il uan i (MBO-fixSwarming) Yuaoufiinisusa 1l

Y P ¢ " e £ o o Ay =
9 %um@uﬂﬂﬂ??ullﬂﬂﬂTﬁﬂU'B‘gﬂUWGV]QﬁﬂQINmﬁ “ﬁﬂlﬂuﬂ%%ﬂ'ﬂﬂ@ﬂﬂ?iﬂﬂy"l

4.4.1 m3mmuammiines
@ a v 4 :/, a Y a o o 4 :/’ a
i’Jaﬂﬂiﬁllﬂ'liﬂﬁwwu‘ﬁq"llﬂ\‘lﬁ\utﬂﬂﬂ\31@NLLﬂ$@ﬁﬂ@5ﬁMﬂ7§WﬁNWH'lz‘U@QﬁQL!'U‘UﬂQ!ﬂiJ
A Y4 v [ =] o ° dy < 1 E Yt °
VINﬂWSNﬁMWH‘QSxW'ﬂQﬁﬂIﬂﬂllﬂ'liﬂ'l“r‘i‘l!ﬂ‘t)"Iu'Ju“UfNNﬁu’NWﬂg"IUJHﬂWﬂ\?‘VI ulﬂilﬂ'liﬂ'lﬁ“ﬂ
1 = (n’/’ a @ { = ' o a z =t
ﬂWWT?WNLﬂ@‘JVNWN@tﬂﬁ@Hﬂu ﬂx‘]ﬂ'\i']x‘iﬁ 44 NNATNIZINUN ﬂﬁﬂ@ﬁﬁu‘ﬂﬂfﬁ)\‘luﬂ"ﬁ
3 ' o d? Y 1 A o 1 =] Y e
ﬂTﬁuﬂﬂ'ﬁ]'lu@uﬂl'E]QNQUNW‘EIJ’”')L“LIUWWNW%WU'JU 5 M Lﬁu@uﬂﬂiuﬂWiﬂﬂﬁ@ﬂﬂNTuNT
4 o ¥ LY v dao § o o 4
He991nd1uIuYIRIuIngiiauFuRuifudgmAinagey n1stimuai uINYeIHs
£ d? v ' 1 g Y o o o Yt
NNy IINTesIuediuaNEIndMeYsily ad1e lsia Sdmuauinfu o 1di
° £y A Y ya ° o & Y 1A gy
MIATUINUINYURAIY GlUﬂ"lTVlﬂﬁ@QuiNllﬂllﬂ"l'iﬂ?'ﬁ‘L!ﬂi]"lU'JL!PN‘Ll']QWQJJ'IUL'JWaWUﬂHWEJSlﬁ

asounquivilymiinasou

A13199 4.4 Mshmuaainesyeedaneshu MBO Lazsane3 Ny MBO-fixSwarming

msines MBO MBO-fixSwarming
PuUvDINIUIINGN 1, 10, 20, 30, 40 1, 10, 20, 30, 40
S IYDIHIA 200 200
9
TIUIUUD IR DUHA 500 500
=1 r'd
vuRveIguUAY Ml 100 100
maruuezdulunisiuadu 0.2 0.2
PUIUIBUNITNINU 400 400




s v
1TuAU

(k)

fmuas s nesITuAY

fruaf s inessuau

v

v

. & a
nmuﬂmmawmvumo’{u

" 4 -
mﬂuﬂmmmﬂﬂmv’l’u

Y

v

] J w Y=
ATHUARIATHITUAY

° A w a
AMMUARIAINITUAY

v

v

- - o o
lﬂaﬂﬂlﬂﬂﬂaﬂ“uq

- 4 o & ' o
LADNPINBHTUNUT ISV NN

@ M J '
AnaanHIL Ny Imi

o a 4 '
ﬂmnanmmawmﬂnu

v

v

» = 4 o .
qun1d Tu'IndlAadad ni

' f A J L )
duans T Indiedad ni

iter <= Mating-flight

]

v

HEN3 Y

1. [Za

- ' J = 1
fiun 1NQH1§WﬂJ1ﬂUﬂ1ﬁﬂluﬁ

=
gafiga

iter <= Mating-flight

=3 . J Aiﬂ i
ﬂ'Llﬂ']NQ'lJNﬂﬂaﬂYlllﬂ'lﬂﬂlu a

qnga

(M Tassadramsvinnivesdanesiu MBO  (¥) Taseadunmsiiauvesdanssiu MBO-fixSwarming

31N 4.11 nSvuidioy Taseadanmsiinuseznedanesiu MBO uay

daneTiu MBO-fixSwarming



98

4.4.2 HAMINARBY
@ a & v d ‘3 :/’ a o a2 V4 d? 3 a
8aN0S NUMINANNUFUBINLVUAAANUAZ HANDT NUMTHANNUTUBIH IV UAUAY
A= v o v w P ° P 2 d oy e o
Almswauiugsznesilagiinssivuaduranesnguilumngd dimsnageufiu
[KY o @ o o a
Heanduoona luaduiuiu 6 Hensu Ao
o o . .
1) Wan¥u Michalewicz
J o
2) W9ATY Rastrigin
o o
3) W9AFU Rosenbrocks’ valley
o o
4) Vansu Sphere
o o .
5) WeN¥U Weighted sphere
o ar . .
6) #97%U Goldstein-Price
Taold1Fgadoyasudugamerfuiunsnanesh 1 e ldemusanlSouiounanmsnaaes
] @ a 1 a 1 d @
Fauu'le Taogadoyadenarufannmsduioyadrofleandu rand) voellsunsu MATLAB
A 9 A ;Y @ Al A o o ] = o
o lfidulszmnsuduvesdanofiuiinadous oy 10 ga 1InMIAIMUeRTIS RS

o = a a L ' o A o o g 1 £ < as [ o
IN1T19N 4.4 9DNDINULUADTATIUNITIHUIIUIU 50 ﬂiﬁﬂ@ﬂuﬂ‘mﬂﬂﬂ)’u Iﬂﬂl&ﬂx‘ilﬂl&ﬂTiﬂWﬂuﬂ

e

a

14 14 v 14
Aavnangn 1 Iassudiuau 10 aFe Asuang 10 42 TmsSusuau 10 ASe Hauawa
14 ¥ b b4
20 #2 TMITUIININ 10 ATS HIUINYT 30 73 TN15TUS MU 10 AT azHIuITNg 40 A7 1]

14 ¥ £ ¥ 1
@ o @ o 1 [ a o (Y Q o o o
A1TIUTIUIU 10 ATI AU Lmazaaﬂasﬁm%aﬁmﬁumwm 300 A9 (50 ATIX 6 “Wﬂﬂ"])'u)
¥ 14

a a a a 4 4 3 ~a 'y
1198 HANITNARBIYBITANDS NUMITHAN WL vaIRIuUBauAY 1due1nmsnaased

q

3

= dyd Y o [ Y a R v J dy u’/’ a da
(151391 4.2) Tumsnaaseiias ldmmssumwizdane s NuM ey LGYo U U Al
v ' as o o g [< ' A q’;)
AsHAURHE sz s Taelinssmuadwauranawguiumasivniy
y a I .
1nT0enBUR UMD N 1F1UNINATOU A0 Intel ® core ™ i7 2.8 GHz (3 GB of RAM)
o o { a o
ez 19 TUsunsu MATLAB 105%U 7.6.0.324 wan1snaaeed lainsifSsuiou)ssdnsnm
& v as oy v Ao a "o et d "o 4
YDIVIADITANDINUAIY 5 AIFIA AD 1) AMANDUNANYA (y, ) 2) AMAABLNUINGR ()
[ ¥ [
3) AUNDEVBIRINDUNINUA (F) 4) TIUVULIATTIM (S.D.) 1AL 5) 17a1 (time) AINTI
a =) T ! A
4.5 Taglimsuaaanansnaasuuuilu 6 daufo
} 4 ] ¥
1) HEAINABDININAITTUTIUIU 10 AT o MUATILIURILITHE 1 &2
14 ] 14
2) HAMINADDININATTSUTIUIY 10 A5 WoMMUASILIURIUIINYY 10 49
} 4 1 ¥
3) HAN1INAABIINAIT T UT LU 10 AT WadmuaiuIuRILIINE 20 69
9y ' 1 4
4) HAMINARBININATTUS WU 10 AFS WodmuaTIuIUNILIINET 30 77
14 o } 4
5) HANINARBIIAMITTUTIUIU 10 ATS oA TMUATIUIUHIUIINGYT 40 A7
14 1 b
6) NANINARBITIAATTTUTINIU 50 AFY e MuATIwIUNIUIINEN 1, 10, 20, 30

LA 40 A7



A15199 4.5 HANITNATDIVDIBANDI U MBO-fixSwarming

99

#aﬂaﬁ%’u Fruis Yoo y S.D. time
1) Michalewicz :
1 38.8463365338 | 38.8448543621 | 38.8459188458 0.0005789448 0:02:15
10 38.8479863775 | 38.8448543621 | 38.8471848753 0.0011216025 0:06:10
20 38.8479863775 | 38.8412524228 | 38.8465989577 0.0020984733 0:10:30
30 38.8479863775 | 38.8460333996 | 38.8474373881 0.0007617577 0:14:49
40 38.8479863775 | 38.8417566154 | 38.8464439644 | 0.0018013729 0:19:09
ﬂ'Hﬂéﬂ 38.8479863775 | 38.8412524228 | 38.8467168063 0.0014500654 0:10:35
2) Rastrigin
1 0.0001892008 0.0024595614 0.0010784257 0.0009227827 0:02:04
10 0.0000000000 0.0009459972 0,0003784003 0.0002820413 0:05:43
20 0.0000000000 0.0018919660 0.0003405573 0.0005696880 0:09:43
30 0.0000000000 0.0017027651 0.0006432758 0.0005584068 0:13:44
40 0.0000000000 0.0032162727 0.0007000268 0.0009524568 0:17:45
ﬂ"lméﬂ 0.0000000000 0.0032162727 0.0006281372 0.0007256775 0:09:48
3) Rosenbrocks’ valley .
1 0.0000009538 0.0000085904 0.0000020037 0.0000024830 00155
10 0.0000009538 0.0000085904 0.0000022899 0.0000025134 0:05:04
20 0.0000009538 0.0000778443 0.0000102652 0.0000238701 0:08:28
30 0.0000000000 0.0000344501 0.0000050673 0.0000107132 0:11:53
40 0.0000000000 0.0000344501 0.0000073617 0.0000120513 g:15:18
ﬂ"llﬂ%ﬂ 0.0000000000 0.0000778443 0.0000053975 0.0000128324 0:08:32
4) Sphere | .
1 0.0000000000 0.0000019073 0.0000006676 0.0000006437 0:02:06
10 0.0000000000 0.0000085831 0.0000033379 0.0000025132 0:05:47
20 0.0000000000 0.0000095367 0.0000041962 0.0000032791 0:09:50
30 0.0000000000 0.0000123978 0.0000031471 0.0000038424 e |
40 0.0000000000 0.0000171661 0.0000034332 0.0000050504 0 : L7258
‘Fi'llﬂéﬂ 0.0000000000 0.0000171661 0.0000029564 0.0000034748 0:09:54




M3190 4.5 HAN1TNARDIVDIDANDI NI MBO-fixSwarming (70)

100

éﬁﬂ@ﬁ'ﬁl Vies: Yo y S.D. time
5) Weighted sphere
1 0.0000000000 0.0000076294 0.0000024796 0.0000026673 0:02:10
10 0.0000000000 0.0000190735 0.0000061035 0.0000057079 0:06:02
20 0.0000000000 0.0000123978 0.0000049591 0.0000045582 0:10:14
30 0.0000000000 0.0000190735 0.0000069618 0.0000064219 0:14:17
40 0.0000000000 0.0000276566 0.0000062943 0.0000088234 011827
fhm‘ﬂ"ﬂ 0.0000000000 0.0000276566 0.0000053596 0.0000059600 0:10:14
6) Goldstein-Price
1 3.0000000000 3.0004467901 3.0001614293 0.0001861275 0:02:01
10 3.0000000000 3.0009606348 3.0003876953 0.0003203661 0:05:16
20 3.0000000000 3.0014791604 3.0002817865 0.0004568261 0:08:50
30 3.0000000000 3.0014737575 3.0002194656 0.0004550386 0:12:24
40 3.0000000000 3.0004467901 3.0002230992 0.0001736821 (i 15 57
ﬂ‘nﬂéﬂ 3.0000000000 3.0014791604 3.0002546952 0.0003363171 0:08:54
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ARTICLE INFO ABSTRACT

Kevword s This paper proposes 2 novel swarm intefligence technique, which is an adaptation of Abbass’s marmiage in
Marrage in honey bes opnimization heney-bee optimization [MBO), with the 4im to adhieve betier overall performance than the original ver-
Araficial bev

son of the MBO wlule also lowening the camputation tune for finding the optimal solution. The onginal
MBO has been proven to be one of the best swarm intelligence algorithms for solving optimization prob-
lems. However, many parameters need w be properly set in order for the MBO o perform at its best.
Therelore, long computation lime caused by 4 Large number of trial and erroriterations involved in trying
tw find the right combination of parameters is unavoidable. The framework of the proposed algornthm is
similar to the original MBO, which is based on the marriage behawvior of honey-bees. In arder o improve
the efficiency of the MBO algorithm, several aspects of the ongina MBO have been adapted, such as (1)
the proposed algonthm is adapted to obtain the ability to automatically search for the proper number of
queens, (2] the proposed algonthm divides the problem space into several colonies, each of which has its
own queen. In order w keep the number of colonies to 3 minimum, the proposed algorithm, therefore,
encourages the queens to compete with each other for 3 larger colony and also urges the newly-born
brood which is fitter than the queen of the colony to overthrow the queen (3) the fuzzy ¢-means algo-
athm is empl oyed 1o assign the drones to the proper colonies. The proposed algorithm has been evalu-
ated and compared 1o the enginal MBO algonthm. The experimental results on six benchmark problems
demonstrate the potential of the proposed algonthm in offening an efficient and effective solution w the

Funcrion optimizanon
Swarm inteligence

problem.

« 2011 Elsevier Ltd. All rights resened.

1. Introduction

Finding the globally optnmal solunon for the complex multi-var-
1able optimization prohlems may require huge computation time,
especially when the number of vanables is large. Therefore, the
use of metaheuristics, which sacrifice the guarantee of finding opti-
mal solutions for the sake of getting good solutions in a significantly
reduced amount of time, has received more and more attention in
the last 30 years (Blum. Aguilera, Roli, & Sampels, 2008 ). Recently.
many researchers have focused their attention on a new class of
biologically inspired metaheuristic algorithms, called swarm intel-
ligence. Swanm intelligence techniques are inspired by the sodal
behavior of flocking animals such as colonies of ants, flocks of birds,
schools of fish, and swarms of bees, The main difference between
the swamm intel igence algonthms and the local search algorithms,
such as hill chmbing. simulated annealing. and tabu search, is that
the swarm intelligence algorithms are population-based metaheu-
nistics, while the local search algonthms use a single solution at
each step (Pham et al ., 2006}

* Corresponding author Tel: +66 2 723 4964 fax: +66 2 723 4910
f-mgd addresses. armantkmelacth (A Thammanol paxcharp@buuac th
£ Poolsamean |

U957-41 743 - sce front matter © 2011 Ekevier Lid All rights reserved.
dok L1016/ jeswa 201 1.1 1.060

Two of the most successfully swarm intelligence algorithms are
Ant Colony Opumizatuon (ACO) and Partucle Swarm Opumization
[PS0). They have been apphed successfully to a vanety of problems
such as the traveling salesman problem (Dongo & Di Caro, 1999),
scheduling problems (Blum & Sampels, 2004 ), vehicle routing prob-
lems {Rizzoh, Montemanni, Luabello, & Gambardella, 2007), and
dassification problems (Zahiria & Seyedin, 2007 ). Besides the ongo-
ing populanty of ACO and PSO, studies of honey bee hehavior are in
an increasing trend during the last few years. There are several
algorithms which imitate the behavior of bees in nature. Those
algorithms can be categorized into two groups based on the behav-
ioral characteristics of honey bees. The first group is based on the
food foraging behavior while the second group is inspired by the
marriage behavior. Examples of the first group indude the Artificial
Bee Colony [ABC) (Karaboga, 2005), the Bee System (BS) (Lufi¢ &
Teodorowic, 2003), the Bee Colony Optirnization {BCO) { Teodorovic
& Dell'Orco, 2005 ). and the Bees Algorithm (BA) (Pham et al., 2006 ).
At the beginning of the foraging process, the scout bees are sent out
to search for promising flower patches. When the scout bees return
to the hive, they perform a waggle dance to share their discoveries
with others. This dance 1s actually the bee language which contains
three pieces of informauon: the direction to the flower patch, the
distance from the hive to the flower patch, and the amount of nectar
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availabie m the flower patch. The colony then evatuates the relative
merit of different flower patches presented by the scout bees, After
the evaluation, the torager bees follow the scout bees back to the
flower patches to colfect nectar The more nectar a flower patch
has, the more forager bees are sent there {Baykasoglu, Ozbakir, &
Tapkan, 2007; Pham et al, 2006). The foraging based algonthms
tave been appleed to solve many problems such as optymzation
problems {Karaboga & Basturk, 2007, 2008 ), vehicte routing prob-
tems {Teodorovi¢ & Dell'Orco, 2005), and pattern recognition prob-
fems [Fham, Otri, Ghanbarzadeh, & Kog, 2006

The other approach is inspired by the marmiage behavior of hon-
ey bees. In nature, a honey-bee colony consists of the queen{s),
drones, workers, and broods, The queen is the only bee i the colony
with tully developed ovaries. She mates only once i her lifetime,
but wath seven to twenty drones{ Abbass & Teo, 2003). After mating,
she begins laying hundreds of eggs a day | Nanonal Research Coun-
al, 1991 ). Those that are fertthzed become female bees, erther
queens of workers, while those that remam unfertitized develop
mto drones The Marriage in Honey-bee Opumization MBO)
the best representation of this group. Afshar, Bozorg Haddad,
Marino, and Adams {2007 ) success fully apphed the honey bee mat-
ing optimization (HBMO} algorrhm to solve the single reservorr
operation optumzation problems. Later, Fathin and Ammin (20080
proposed a two-stage hybrnid system which 15 2 combmation of
the self-orgamtzing feature map {SOM: and the MBO algorithm to
sotve the clustering probtems. They compared the proposed hybnd
algonthm with other metaheunstic algonthms, such as ant colony
optimization, genetic algormhm, simulated annealing, and tabu
search Resulbts show that the proposed algonithm is the best per-
former both tn terms of finding the opumal sotutton and the pro-
cessing tume. Curkovic and Jerbic { 20077 tested the performance
ot the MBO mn solving the nonlinear Diophantine equattons and
the path planning problem. Resuits show that the MBO outperforms
LA on buth problems

Even though many studies suggest thatthe MBO 15 a very power
tul opurmization techmque, one marn drawback of the MBO 15 the
fime 1t takes for the resolution when the number of queens in-
creases Therefore, the aim of this paper s to propese an inproved
version of the MBO algonthm. The proposed algorithm can sigmifi-
cantty reduce the computation tume required for finding the optumal
solutwon, and at the same tme achteve a better performance for the
nonhinear, single objective, mula -vactable optumuzation problems.

The rest of this paper i organtzed as follows: Section 2 briefly
describes the onginal MBO algonithm. Section 3 preseats the pro
posed algonthm and also powmts cut the modificattons made o
the origmnal MBO afgonthm in urder to acleeve a better perfor-
mance The descniption of the benchmark funcuons, thewr global
optimurn, and the experimental results are gwven i Section 4.
Finatty, Section 9 15 the conclusion

2 Marriage in honey-bee gptimization

The MBO belongsto a class of swarm mtefligence. It attempts to
model the mamiage behavior of real honey-hees m a bee cotony. A
honey-bee cotony typically consists of the queen{s}, drones, work-
ers, and broods. Each member has a specific task to do n the col-
ony. The queen 1y the mother of alt other bees in the cotony The
most important function of the queen 1s to lay eggs to produce off-
spnng Drones are the fathers of the cotlony The onfy task of drones
1< to locate and mate with the queen duning the matng fhght In
the marnage process, the queen starts waggling dance befare she
flies far from the hive in order to mate with the drones, usuatly
from other cotonies (Modem Agro, 2006) The queen generally
mates with the drones that fly the highest and are able to catch
her ‘Haorn, 2005). After the mating, the drones 1mmediately die

The queen contmues to mate unti her spermatheca, where sperm
of the partiapated drones are stored, s full, Once her spermatheca
1s full of sperm, the queen will retum to the hive and begin laymg
bath fertilized and unfertitized eggs. The queen lays fertulized eges
by randomly retrieving sperm from her spenmatheca to fertilize
the eggs. In fact, only queers and workers arise from the ferulized
eggs, while drones arise from the unferulized eggs. Workers are
female bees which do all the work in the colony, for instance, nest
constraction, food foragng, feeding, and brood care {Abbass, 2001;
Abbass & Teo, 2003; Fathian & Amiri. 2008 Fal Yang, & Chang,
2009).

The MBQ algorithm can be divided mnto four mamn stages as pre-
sented in Fig. 1. The first stage starts with mitializing the parame-
ters of the MBO algorithms. The parameters needed to be defined
are the number of queens, the number of drones, the aumber of
warkers, the size of the queen’s s permatheca, the number of poten-
tial broods, the mutation rate, and the number of mating flights.

The second stage s the mating process. Before the matmg
fiights begm, buth energy and speed of each queen are randomly
ratttahzed with values m the range [0.5,1] {Abbass & Teo, 2003).
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Durnng the matmg flight, 2 queen mates with the drone that has
the highest marriage probability.

probig,.dy; - = o
where preb (g, 4,015 the probahility of a successiul mating between
the queen g. and the drone dy. Al 1s the absolute difference be-
nween the fitness value of the queen g, and the fitness value of
the drone iy, S7t31s the speed of the queen at time 1. The probabihity
of manng s high when etther the queen's speed 1s high or the fit
ness of the drone is as good as the queen's. If the manng 15 success-
ful. the selected drone’s genotype will be stored in the queen's
spermatheca. After each transition, the queen's speed and energy
dechne iy accordance with the following equations {Abbass, 2001 )

Sit 1 2«8t 12
Eit « 1. Bt 13

where Fit) is the energy of the queen at time ¢ x is 3 decay factor,
which has a value between 0 and 1: 7, the amourt of energy reduc-
tion after each transition, 1s computed by using the following equa-
tion [Abbass & Teq, 2003

05 .80;
LT
where M s the gueen's spermatheca size. The gqueen conunues to
mate with ather drones until her energy ts lower than the predeter-
nuned value of E..., Or her spermatheca 1s fuli Then the queen
returns to her hive to begin breeding. This second stage is repeated
until all gueens complete their mating thghts

The third stage s the breeding and feeding processes When afl
queens comptete therr mating flight, they return to thew hive and
the breeding process begins Sumutar te the genenc algonthm, the
breeding process 15 based on the three operationy of selection,

4

Algorithm: M riage i Honey -bee Optimization

crossover, and mutation. In the selection operation, a gueen 15 cho~
sen with a probabitey proportional to her fitness value, and then a
sperm 15 randomiy selected from the chosen queen's spermatbeca.
A new brood ts generated by crossover the setected sperm's geno-
type with the queen's genotype. Mutanon 1s then applied to the
new brood in order to provide greater variety to the solutions,

in the feeding process, the genotype of rhe newly-born brood i
further improved by a worker, which ts chosen m proporton to its
fitness. There are several workers in a hve, Each worker represents
different heurstic function such as GSAT, random walk, WalkSAT,
and ane-point crossover (Abbass & Teo, 2003 ). Thew fitness values
are updated according to the rate of improvement achieved on the
broods. When the number of broods is equat to the number of
potential broods, the breeding and feeding processes are complete,

Fmally, the fourth stage stants by sorting the new improved
broods according to their fitness values. In a colony with a single
queen, the gueen is replaced with the fittest brood if the fatter s
fitter than the former. Simitady, in a colony with multiple queens,
the weaker queens are replaced with the younger and fitter broods
untit none of the remaining broods is fitter than any of the queens.
All remarmng broods are then killed and the new maunrng flight
begins. This foop is repeated untt! a predeterrmned number of iter-
anon 1s reached or the corwergence cntena are met. A pseudo cade
of the MBO algorithm s dlustrated m Fig 2.

3. Methodology

The self- orgamzing model of marnage m honey bee optuniza-
tion { SMBO) presented tn this section 1S an improvement over
the ongwnal MBO i several respects. Fwstly, the SMBO divides
the problem space into several colomies, each of which has its
own queen. The size of each colony depends on the fitness of the
coresponding queen. The fitter queen rufes the larger colony than

Genenbe the stcrgl poptdaiton and dodine the gunal puranicices.
[ £
Ev aluate the fitness of ali isdividual s a0 Qe poputation
Sulectthe N s tadivaduals trom the population and assagn them to b the gueens

b 2 prodelimad pumber of mating {hghts
For vach queun wthe gueen List

Inuuddize the quoen's eierey and speed

Generate d posl of drones and o sluate therr finess values

While cierpy > B, and Sponmuatheca 1s ned tull
Select a drone with dis hughese marriage probability
Aadid sperm of the seledied drone o the gueen s spermathes &
Update the queet’s cierpy and spocd.

b whike
{nd for

While 3 predefined number of Broods 12 o reached
Seleet wqueen usang the roaletic wheel selection awthod

Rundomly select a sperm from tw sprernuatieca of the selected queen.
Gerrate the brosds by ¢rosson or the gueen’s gepotype with the selected spenn’s genotype
Mutate the newly (reated Broads
s the workers o smprove the mutated broods
Uipdate the fitness of the sclected workers
End while
B atuate the (s of all the broads
W hile the bost brood »s better than the warst queen
Repiace the least Fit quees with the best brood
Rumuwe the bust broad trom the braod st
t ud while
Eall sl rematning heaods

Favd b
Return the bost queer

g 2 I'seudo code tor MBU alzonthm



the weaker one. Secondly, the parameter which controts the tern-
rortal boundary of the colony s ntroduced 0 the proposed algo-
nthm to prevent the queens from staviag too close to each other.
The newdy-bom brood of ane coteny which is fitter than the queen
of the colony must overthrow the queen, mstead of founding a mew
cofony As a consequence, the proposed atgorithm can liomit the
number of cofontes to a very small number. Thurdly, alt drones have
thetr own hfe span. As opposed to the original MBO, the uamated
drones survive until ther hie span 1s reached. Fourthly, the queen
s prevented from mating with the drones from her own colony in
order to reduce the probabdsy of trappimg i the local optsmum
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area. However, f there s no drone n the other cojonies, the queen
will mate with her cwn drones. Lastly, the clustering technique
based on the fuzzy logic concept 1s employed to assign all drones
to the proper colones,

The propused algorahm s divided 1nto five stages: { 1} the pop-
ulatinn mutiakization, {2) the mating process, | 3) the breedmg and
teeding processes, (4) the selection of the new yueens and drones,
and {5} the founding of the new colomes, In the firu stage, the -
nal population s created by randomly generating N individuals.
Each individual, represented by the binary string, 5 a candidate
solutnn to the problem. Its fength depends on the number of van-
ables of the problem considered, the range of each vanable, and the
decimal pomt precision. For example, i Fig 3, let us consider &
problem of findtag the values of x; and x, which mmimze the
function fix,,x, ), where x; and x; are real numbers with a level of
preaston of 0.25, x; ~ | -7.7) and x, « {~2,2]. In this example, the
lenzth of each mdmvidual 15 11 bus Qut of 11 bits, che fiest six bits
represent the value of x,. which consssts of a sign bit, three expa
nent birs, and two mannssa bits The remaming bits represent
the value of x,, which conssts of a s1gn be, two exponent bus,
and hwo mantissa bits, Then the fitness value of each indmvidual
1s evaluated. The best individual of the mntial population s setected
to be the queen of the imitial huve, while rhe rest s assigned to be
the drones

tn the second stage, the mating process starts by randamiy ra
unalizing the queen's energy and speed. Then the probatutity that
the queen g, wall mate with the drone d, s evaluated by uung
the Eq. \1). The probability of manung s high when either the fit-
ness of the drope 15 as good as that of the queen, or the queen's
speed 15 high. The drone with the tughest probabihity is selected
to mate with the queen. The selected drone's genotype is stored
mn the queen's spermatheca. Then the selected drone dies and 15
removed from the drone population Alrer each mating, the queen'’s
speed and energy decline tn accordance with the €gs | 2y and "33
However, the queen cononues 1o mate with other drones until
her spermatheca s full or her energy is lnwer than the predeter.
rruned value of Eqy.

When all queens complete thew mating flighe, they retum to
thewr hrves and the third stage begins 1 the third stage, a queen
15 chosen from the pool of queens usingthe roulette wheel selection
scheme Then the chosen queen reproduces the bronds by crossover
her genocype with the genotype of the randomly selected sperm
from ber own spermatheca. in this paper, the DYD- POINT CYOSSOVET
s used, as shown in Fig 4 Next, the mutaton operaton is carned
out on every new brood created, Since the brood's genotype is a
tinary string, the standard bmary mutation operateon, flipping

Ay X
\, L%

tol [u?\ | KR llj <>[xj3[n(ﬂ

Fig. 3. An example of the biv s genotype

Brood> LOLI LI ITTTITG] lixrcslo]

Fig. 4. Anexampk of the crassover opernon

the vatue of the chosen bit from 1 to G or vice versa. s used on each
brood. The fast process of the third stage is the feeding process. The
workers, which represert the local search heunstic fundions, are
used to improve the genotypes of the newly-bom broods. For each
brood, a worker is selected from the worker pool by using the ou-
tette wheel sefection scheme. The heoristic funchon, which the se-
tected worker represents, is then apphed tothe brood. This research
unlizes five local search heuristic functions, namely random flip,
random new. random watk, two pont crossover, arnd one-pornt
crossover Therefore, there are total of 5 workers m thts research

In the fourth stage, the fitness values of all the broods creared in
the third stage are detertuned. Then the current queens and the
broods which are fitter chan the weakest queen are nomunated as
the candidates for the queens of the aext generation. The concept
of sefecting the queens of the next generation 15 that the candidate
with better fitness value 15 given prinnty over the weaker one
Therefare, hefore the selectton process begns, the candidates are
ranked accardrng to therr fimess values. The top-ranked candidate
15 promaoted to be the first gueen. The second-ranked candidate,
who ts rext m turn, wilf be chosen as another queenif it 1 not a
membrer of the colony which ts ruled by the previously selected
queen. The candidate Cis said to be a member of the colony N
the criterion 1 {51 ts met.

HC ge - 5
N - argmmdC.g, 6
et
1582574 < 10 %A« 358878 7
A H{)cj““ X (8.

=1

where diC.g,} 1s the Euchdean distance between the candidate ¢
and the nth queen.

5 ts the number of previously sefected queens.

N is the tndex of a colony whose queen 15 the closest match to
the candidate C.

¢ ts the territonal boundary of the cotany if the candidate stays
closer to the queen of the N colony than ¢, the candidate will he
considered as a member of the N colony. However, if the
distances between the candidate and alt previously selected
queens are greater than the predefined boundary ;. the candi
date will be assigned as 3 new queen.

K is the upper bound of the inpur %,

X s the tower bound of the input x,.

m s the dimensionality of the problem space.

The selection process continues with the fower-ranked cands-
dates until all the candidates have been constdered. It 15 worth to
note that 1n the above selection process the current queen might
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not be re-selected to be a new queen After the selection process
ends, the current queens which have not been re-setected wiil be
kifted and removed from the populatsion, However, the unsefected
candidates which are nominated {rom the group of broods will not
be killed: mstead. they will be grouped with the weaker bmods
who have not been nommated as the queen candidate. The mem-
bers of this new group will have a chance t be a drone by fifling
the vacances teft hy the death of the older drones. Inthes research,
there are two causes of death of a drone: {1} death after mating
with the queen, and ;2) the end of uts kfe span. Life span of a drone
15 predetecmined by the researcher n the first stage of the aigo-
rithm. The drones that rmate with the queen immediately die
whereas the unmated ones stay alwe to the next generation. How-
ever, thew fife spans are reduced by one. When the tife span
reaches zero, the unmated drone dies and ts removed from the
drone population, In each generatwon, many drones die {rom either
of the above two causes. fn arder to marmntan the number of drones
at the predetenmnined value, replacements for the dead drones are
randomly selected one by one from the newly formed group, men
tioned earker, untt} the predetermuned value 1s reached.

The fifth stage isthe colony founding stage. The main task of the
fith stage 15 to assign all drones, bath old and new, to the proper
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cobonies. [t should be noted that even though the old drone currently
belongs to one of the colomes, st must be reassigned agam at this
stage, Some mught stay with the same queen, while others aught
not. In thys stage, the concepts of the clustecing algorithm and the
fuzzy membership function are employed in custenng drones with
simifar contents together. Given D ={d,.dy, 4. .dp} s asetof
drones, and P is the total number of drones. The fuzzy membership
value of the drone d,, in the colony owned by the queen g, is calcu-
lated according to the foilowing equation:

)

e g, —€ ™ 9
; fegst H .

e, -- Max {d*.qn.m : ‘m]{ (10

where uid,.q,) s 3 memberstup value of the drone d, in the colony
of the queen q..
0, denotes the size of the colony of the queen g,,. The value of
a,, ¥ propornional to the fitness of the corresponding queen gs.
k=12 the total number of queens.
£ig,) and fg) are the fitness values of the queen g, and g,
respectivety.

Lgorithme: A Setl-orzuntcing Model of Marriage in Houes -bee Optimization (SMBOY

Detine the mnal parsnwiers
Create the initial population

Select the bestndividual of the iitial popalation © he the queen and assign tie R W0 be die drones

For a predefined number of mating flizhes
For cach gquuch 1o the queen list
Tomalve the queen™s energy aid spevd

While encrgy > Egq, and spermacheca is not tull
Scleetadrote with the highest naeroge probabiliy o mate with the queen
Add speron of the selected drone in the gueen’s spermatheca

U pdate tee quewn & energy und spacg

kg while
Lnd foy

Ml a predetstod sumber of broods s wor resched
Select i quoen Using tie roulutte wheel sclection methad
Randomiy seloet & sperm from the spermatheda of the schated queen.
Ruprontuce the broods by crossor et the guoeen™s genoty fe with the genot pe of the seleceed sperm

Mutdr. the ewly wreatad brosds

U e workers (o ooy o the matitated broads

Update the titess of the sedocted worken

1 nd whife
Lgndate d frde span of Lvary unsnusted drone

Create 4 list of candsdates Tor the queens of dw et generation.,

Rank the vandidaws accordimyg o their {itness values rrons the ghest 1o U fowest

Aswien dic top-ranked candidate us the fint now queen.

Far cach candidate sn the tanked st vanting o the scoond-ranked o the fast-ranhad candidaics
H the drstances hooween the candidate and all the rew queens are greater tian

Assign e candidate as & new queca.

flee

I the candidate 13 one of the CUrrent gueehs
Rersion v the candidate trom the population

flee

Add the candidate 10 a new Tist o be used s potentiad candidates tar the new drones

band if
Fndif
Fnd for

Create a list of potental candsdaies $or the new droties
Randomly select the new drones 1o (il the vacancies lett by the death of the old drones.

Assign vach drone 10 3 projes cadony
band
Retuen tdhe bed queen

tig 5. Pando code for SMBO afgorithm
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d{gn.q) is the Euclidean distance between the queen g, and its
neighbonng queen q..

Subsequently, each drone determines its new huve by consider-
ing its membership value m each colony. The colony with the max-
imum membership value 1s selected as the new home for the drone.

K = arg max{pid,. g, (11}
i

Once all drones are assigned to their new colony, the termina-
non criterion will be checked. If it is not met, the whole algorithm
wll repeat again However, a new group of colonies which contains
both queens and drones will be used as the population for the next
generation, A pseudo code of the proposed SMBO algorithm is pre-
sented in Fig. 5.

4. Experimentzl results
4.1, Test functions

The performanceofthe proposed algonthm is evaluated and com -
pared to the orgina MBO algorthm. To test the performance, both
algorithms were used to find the optimal solutions of the following
six widely used benchmark functions: the Michalewicz's function,
the Rastrigin’s function, the Rosenbrock's valley function, the sphere
function, the weighted sphere function, and the Goldstein-Price’s
function, In an optimization problerm, the goal s to find the values
of the decision variables that maximize or minimze the objective
function without violating any of the constraints. The above six func-
tions used in this paper represent bot h maximization and minimiza-
tion problems. For dlearer understanding, the equations of the six
functions used in this paper are briefly described as follows:

a. The Michalewicz's function (Michalewicz. 1996)

Fiky = 215« x  sin(dnx, ) 4 x o sin{20mx;) 112}

where 3.0 x; < 12,1 and 4.1 = %, = 5.8. The global maximum of
this Michalewicz's functien is equal to 38850294479, attained at
11625543700 « x, = 11625545700 and x, = 5725044250, The
graph of this function is shown in Fig. 6a.
b. The Rastngin's function {Torn & Zilinskas, 1989)
"
Sl A0 N 10cesi2nx ) (3
-1
where m 15 the dimensionality of the problem space. The search
space 15 restricted o 512 < x,<5.12, i=1.2. . m. lts global

Fig. 62 The Michalewicr's function

Fig. 6b. The Rastnigin's function.

minimum of zéro is artained at the point ¥ = (0.0... .0} The
two-dimensional graph of this function is shown in Fig. 6b.
¢ The Rosenbrock's valley function ( De Jong, 1975)

wol,
fidi= 37 1000

=t

Y e (1w’ (14

The search domain 1s - 2.048 = x, < 2.048, (=1.2,...,m. The two-
dimensional Rosenbrock's valley functon has a global minimum
at the point X = i }. 1] where f(%¥! = 0. The graph of this function is
shown in Fig. 6.

d. The sphere function {De Jong. 1975)

fim =" (15)
i-1

where m 15 the dimensionality of the problem space. The search
space is restricted to -5.12 ~x;2 512, i=1,2,. . m. The global
minimum of the sphere function is equal to zero, attained at
& —10.0... .04 The two-dimensional plot of this function is shown
in Fig, 6d,

e. The weighted sphere function { Pohlheim. 2006)

fi% S (16,

where m is the dimensionality of the problem space. The search
space is restricted to -5.02< X+ 512 i=1.2...m. ks global

Fig. 6. The Rosenbrock’'s wlley funcnon.
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Fig. 6 The sphere functon.

minimum of zero is attained at the point ¥ - (0.0, ., .0%. The two-
dimensional plot of this function is shown in Fig. Ge.
f. The Goldstein-Price's function { Goldstein & Pnce, 1971}

Sl 1 dxg e 1E(19 14e 138 T+ b + 3]
3020 37 (18 32 126 4 48x:  36xxy+ 27}

(7

where 20:=x,% 20 and -20= x; = 20, This function has a
global minimum at the pomt X . (). -1 where it attains a value
of 3. The graph of this function is shown in Fig. 61

4.2. Resules and discussions

One of the most difficult steps in conducting an expenment is
defining the values of the parameters of both the original and
the proposed MBO algonthms. For the original MBO algorthm,
the parameters needed to be defined are the number of queens,
the number of drones in each generation, the size of the queen's
spermatheca, the number of broods in each generation, the number
of mating flights, and the mutationrate, For the proposed algorithm,
however, only hve parameters are needed to be defined which are
the number of drones in each generation, the size of the queen's
spermatheca, the number of broods in each generation, the number

Fig. 6e. The weighted sphere function

Fig. 6f, The Coldstein-Price’s function

of mating flights, and the mutation rate. Since the performance of
the MBO-based intelligent systems strongly depends on proper
selectionof system parameters, as most of other intelligent systems.
the parameters of both models are varied tovarious values, as shown
n Tables 1 and 2, in orderto get the best out of both models.Foreach
parameter setting, moreover, ten experimental repetitions are per-
formed wath different initial populations each ume. For each test
function, therefore, fifty experiments need to be conducted in case
of the original MBO algorithm while only ten experiments are per-
formed in case of the proposed algorithm. This is the first advantage
of the proposed algorithm. In contrast tothe original MBO algorithm,
where the ex periments with various numbers of queens haveto be
conducted to find out the optimal number, the proposed algorithm
determines the proper number of queens automatically. From this
ability, the computation time required for finding the optimal solu-
tion is several orders of magnitude less than the original MBO
algorithm.

The performance of both the original MBO and the proposed
SMBO algorithms in finding the optimal solutions of the six bench-
mark functions is shown in Table 3. Table 3 illustrates the best
solution, the worst soflution, and the average and the standard
deviation over the number of experiments carned out for each
problem. The following are summaries of what we observed from
the experimental resules:

Table 1
The parameter used in the original MBO.

Parameters Values
Number of queens 1,10, 20, 30, 4
Speimatheca size 109
Number of drones 200
Humber of hroods S0
Number of mating flighes 400
Muttion ate a2
Table 2
The parameter used in the proposed model
Paramerers Vales
Spermatheca size 0o
Number of drones 200
Number of broods 500
Number of mating flights 400
Mutation rate 02
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Table 3
Phe mault of the standard MBO and the propesed model

The onginal MBO

The pm posed mode!

Best Warst Average S0 Best Worst Average 5B
Mirhalevicz IBB4ATAREI T 38813182565 38841151503 Q008631782 38847956378 3B.846033400 38847231956 QO00B24442
Raserigin G.00000%K0 QOHXC6 249 QDOIOTI52T GO02428718 0000000030 0LU30642884 07301 366 Q011495355
Hasen brock ORRXOKKN) QGI0TS8 124 DLKNUI5956 QO00044132 AAEXG 400006 1108 QUOOQTE 75T DO0021074
Sphere U KXXI0000 Q0000METY 0000019855 TOUXNY 248 BOB0000X0 000000 1907 QO0UN0T 63 U.000000752
Weghted sphere 0.000000954 QO00ZB2 288 Q0003866 0000048092 QA000000G0 0.0007629 0000001 XT7 0.00000 5771
LoldStein-nce 300000000 101267 2%6 I00EU13Y AOMBTELI 30000KKR) 3446700 3000151214 Q00020258

« Both algonthms can achieve opumal solutions for Rastrigen's
function, Rosenbrock's valley function, the sphere function, and
Gotdstemn--Price’s function. The proposed algorithm achieved
the optunal solution 20% of the time, 30% of the rime, 40% of
the time, and 60% of the time for the Rastnigen's function, the
Rosenbrock's valtey function, the sphere function, and the Gold-
stein Price’s funciion respectivety, On the other hand, the onigy
nat MBO algorwhm only found the opumal solution 6% of the
ume, 4% of the ame, 2% of the tune, and 24% of the nme for the
Rastrigen’s functon, the Rosenbrock's valley function, the sphere
function, and the Goldstein- Price’s function respectively.

« For the weighted sphere function, only the proposed algonthm
attaire the global munimum of zero The proposed algonthm
achieves the optimal solution 30% of the time white the best
solution that the original MBO gets 1s 0.000000954.

s For the Michatewacz function, however, bath aigonthms cannot
find the opumal solunon. While the global maximum of the
function 15 equal to 38850294479, 38847986378 15 the best
that both algorithms can achieve. The proposed algonthm gets
the best solution 40% of the time, more than double the success
rate of 16% obtained by the original MBO algorithm.

o When considering the worst solution obtamed by both algo-
nthms, the solutions obtained hy the proposed algonthm are
closer to the opttmal sotution than those obtained by the ongr-
nal MBO algonthm for alf benchmark funcuions except the
Rastrigen's function.

« When constdering the average over the number of expenments
carned aut for each problem, the proposed algonthm outper-
forms the onginal MBO algorwhm for alt benchmark functions
except the Rastrigen's funciion.

In summary, the performance compartsons with the ongmal
MBO show that the proposed algorithm s supenor to the ongmnal
MBOQ both in terms of the computauon tme and the abihity to find
the optirnal solution. The proposed algorithm performs very well
n sobving all 6 benchmark functians

5. Conclusion

Thts paper presents a new swann intethigence algonthm, which
15 an improved version of Abbass’s MBO algorthm. The mamn draw-
back of the orgmal MBO algorithm s 1ts very long computation
time. Even though the proposed algonthm s stifi mainfy based on
the mamiage behawvior of haney -bees, vanous assumptions and pro-
cesses have been modified to tmprove the algonthm efficency. The
performance of the proposed algonthm s evaluated agamst the on-
ginal MBO algonthm. The expenmental results show that the pro-
posed algorithm outperforms the onginal MBO algorithm both 1n
terms of the computation time required for finding the optimal
solutton and the abitity to achieve the optimat solution.
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Abstract

Many researches have implemented a genetic algonithm with real-coded chromosomes to solve a wide variety of problems. Their
expenmental results suggested that the real-coded genetic algonthms gave supenor results to bary-coded genetic algonthm on
most of the test problems. Inspired by the above founding, this study aims to (1) propose a modified Marmage in Honey-bee
Optmuzation (MBO) techmique (2) compare the performance of the proposed techmque to that of the real-coded GA techaique.
In this study. two mam ideas are proposed. Firstly. to handle the real encoding of genotypes, we present a new crossover operator
and a new heunstic worker. named the scroll-based worker. for manipulating the real value of genes Secondly, to reduce the
number of user-defined parameters. we provide the onginal MBO with a self-orgamizing capability. With a self-orgamzing
capability, the proposed model can automatcally deternune the proper number of queens itself. The experimental results on five
benchmark test fanctions show that the proposed model is very effective in solving the function optimization problems

© 2011 Published by Elsevier B.V.

Keywords: Real encoding; Mamage i Honey-bee Optmmi Function Optr jon Problems

1. Introduction

The Evolutionary Algorithms (EAs) 1s a population-based metaheunstic optimization method. In general, the
EAs consist of three mechanisms inspired by theories of natural evolutions [1, 2, 3]. Firstly, the selection operation
1s used to select two parent chromosomes for reproduction. This selection process is typically probabilistic, that is,
the highly fit individual is allowed to create more offsprmgs than the lesser one. Secondly, the recombination

* Comresponding author. Tel.: ~66-2-723-4964; fax: +66-2-723-4910.
E-mail address: parcharp@buu.ac.th.

1877-0509 © 2011 Published by Elscvier Lid.
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operation. cominonly called crossover, is a method used to produce the offsprings that inherits some characteristics
of thewr parents. Finally, the mutation operation slightly changes some genes of the chromosome with the hope that
the fitness of the chromosome will increase. Chromosome representation 15 the first important step for a successful
operation of the EAs. For the function optimization problems of continuous vanables, there are two ways to encode
the chromosome. bmary representation and real representation. In the former, the chromosome 1s represented by a
sequence of bmary bits: therefore. the precision of the solution is restricted by the length of the chromosome. The
maost common binary representations are the binary, gray, and unary encodings [3]. The latter is a real encoding. In
the real encoding, the chromosome 15 represented by a sequence of floating point nuimbers. Therefore, the precision
of the solution depends ou the precision of the machine used for computations. Using the above two encodng
methods, a number evolutionary algorithms have been implemented such as in the reference [4], [1], and [S]. The
previous studies suggested that the real encoding is a very efficient method. In comparnison to the binary
representation. 1t provides a higher prectston and has faster convergence speed.

The MBO was proposed by Hussem A Abbass [6] for solving 3-SAT problems. The MBO is a recent
evolutionary metaheuristic inspired by the marnage behavior in real honey-bee. There are several applications of
this approach that have been presented. for instance, Bozorg Haddad., Afshar and Mamnfio [7] applied the
conventional MBO to solve a real-world reservorr operation problemt The performance of their model 15 well
comparable with the performance of the genetic algorthm In this paper. we proposed the real-coded MBO
algaritun together with a new crossover and worker For performance evaluation. the results of the proposed
algonthm on five benchmark functions are presented and compared with the results of the real-coded GA

The remaming paper 1¢ organized as follow. The next section mtroduces a descnption of conventional MBO
Section 3 details the proposed methodology. Then. a detail of parameter identification, five benchmark test
functions. and an analysis of experimental results are given in sectton 4. Finally. the conclusions will be discussed 1n
section 5.

2. The Marriage in Honeyv-bee Optimization

In nature. honev-bees can be classified, based on thew roles, mio three groups. the queen. the drones, and the
workers The role of the queen 15 to mate with several drones and to lay the eggs that will later develop into
numerous broods. The role of the drone 1s mamly 1o mate with the queen. The task of the worker bees 15 1o (1) feed
the queen and the broods (2) do all the maintenance work of the hive. The MBO algonthm. which attempts to model
the marrage behavior of real honey-bees m nature, 15 also classified i1ts artificial bees into three groups: the queen,
the drones, and the workers. The queen and the drones represent the candidate solutions to the problem whereas the
workers represent the heuristics used to perform local search on the solutions In short. the mating process between
the queen and the drones. and the heuristic local search operation are the ways in manipulating the candidate
salutions to find the optimal solution.

The algorithm of the onginal MBO 15 listed as follows-

» Step 1" Imtiahzation

Six parameters, the number of queens. the gqueen's spermatheca size, the number of drones, the pumber of
broods, the mutation probabihity, and the convergence cnitenia. are to be assigned the values by the user
Subsequently, the initial population is created by randomly generating N individuals. The fitter individuals are
selectad to be the intial queens of the hive, while the rest is assigned to be the drones.

« Step 2: Mating process

To begin the process, the queen’s energy and speed are randomly mitialized. A decision of the queen whether to

mate with a particular drone 15 based on the probability of marniage as follows:

- ~A(0) ()
Prob(Q. D} exp( ) ]

where A(f) denotes an absolute difference of the fitness values between the queen Q and the drone D; S(t) 15 the
speed of the queen at time t If the mating 15 successful, the sperm of the drone is added to the queen’s spermiatheca.
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Then, the drone dies immediately after mating. After each successful mating, the queen’s speed and energy decrease
according to the following equations:

S+ =a S (2

EG+)=E@®) -7 (3
where a 15 a factor in the range [0, 1] and y is the amount of energy reduction after each transition

05« jnutial
7 - _..—;Z

4
M @

where M 15 the queen’s spermatheca size. This stage 1s repeated until the energy of the queen 1s lower than the
predefined threshold or her spermatheca 1s full.
» Step 3- Breeding and feeding processes

When all queens complete their mating, they start breedmng to generate new broods. The breeding process starts
with randomly selecting a sperm from the queen’s spermatheca, and then followed by crossover the selected sperm’s
genotype with the queen’s genotype to form a brood as illustrated in Fig 1 Next. the mutation operator 1s applied to
the new brood in order to provide greater vanety to the solutions. Finally, the genotype of the newly-born brood is
fusther improved by a worker bee, which is chosen in proportion to its fimess. Each worker represents one of many
focal search heusistics, such as GSAT, WalkSAT, random walk, random new, random flip, and one-point crossover
[6, 8]. When the number of broods ts equal to the required quannty, this process 15 complete.
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Fig. 1 Binary crossover operation

+ Step 4 Updating process

In this process, some queens are replaced with fitter broods until no brood that 1s fitter than any of the queens
exists Thus, the population of the next generation certainly has equally or better quality. Before new matng flight
begins. the rematning broods have been killed.

All above processes are repeated unti] the convergence criteria are met.

3. The proposed methodology
This paper presents two main issues: (1) applying the real encoding to the MBO approach and (2) reducing the

number of user-defined parameters of the MBO algorithm. In the ongmal MBO. the bmnary string 1s typically used to
encode the genotype. Since the genotypes represent the candidate solutions, the encodmg scheme should be
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designed so that 1t can cover the possible solution When a high precision of solution is required such as in the
function optimization problems the binary encoding scheme might not be appropriate. Therefore. in this paper, the
real encoding is used mstead of binary numbers; the crossover operator, the mutation eperator, and the local search
heuristics, which are used to mantpulate the penotype, are also redesigned to match the change in encoding method.
The followings are the details of proposed operators:

3.1. The properties of operators

3.1.1 The crassover operaior

The concept of flus new crossover is to (1) clone the strong mdividual m order to keep 1t alive as long as possible
and Q) unprove the weak individual by combming the genotypes of the queen and the drone. In tlus paper, the
retaining probabulity 1s used to indicate the degree of strength of each individual. The retaming probability of the i
individnal can calculated as follow:

P".,,”(t):e.‘:p(—ﬁfl"') (5

(=2

where f, and i, are the fitness vafues of the ® 1ndrvidual and the fittest individual respectively. o 18 the width of the
Gaussian function. In this new crossover operator, the operation begins by generating a random real number
between 0 and 1: then companng 1t to the retamng probatulity. If a random number 15 smaller than the refainmng
probability. the parent will be cloned to form a pair of broods. Otherwise, the two broods will be created by using
equattons (6) and (7).

s 4, 5P (O) 6
" af e AB.(0.D)- g othenwise
b 'g‘d ;rxSPmm(D) (7/

“ {s," 46, AP (@.D) g} -otherwise

where g 15 the 1% gene: ¢, 1s a random number 1 the range [-0 5, 0.5). by and bs are the first and second broods
respectively, Prus() 15 the retamning probabdity m the range [0. 1] APnun(Q. D) 15 the difference of the retaining
probabslity between the queen Q and the drone D

Jt 15 cleasly that the mdividuals with greater retaining probabulity are given ligher chance of survrval than the
inferior individuals Therefore, the weakest individual has the smallest chance of reserving 1ts charactenstic

3.1.2. The nutatton operaror

The man 1dea of the mutation operator 15 to slightly change the value of the real-coded gene with the hope that
the fitness of the genotype will mcrease. For each gene, the operation begins by generating a random real number
between 0 and 1. and then compares tt to the predefined mutation probability, which 1s usually set to a small
number If a random number is smaller than the mutation probability, the gene will be shightly adjusted by adding a
small number i the range {-0 5. 0 5]

3.1.3. The hewristic worker operator

Thus proposed mode! employs two kinds of workers The first worker, called the random one worker. 1s presented
in the reference [6]. The other, called the scroll-based worker, 1s proposed in this paper. The scroll-based worker
shown m Fig 2 15 designed spectfically for real encoding. Let g; denotes the i® gene 1 the genotype: g,’ 15 the 1%
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digit to the left of the decimal point in the gene g; g/ 1s the ™ digit to the right of the decimal point 1 the gene g
The value of g, 15 adjusted based on the following equations.

gi=gi+A %
A =random{-1, 0.1} 19)

where A 1s usad to scroll up or down (to increase or decrease) the value of a digit. If A = 1. the value of a digit will
be increased by 1. If A = -1, the value of a digit will be decreased by 1. If A = 0. the value of 3 digit will not be
altered

:4% ]

[T T
genotype 11.532

e L1
A fofi} Jrfoefl
C3 N N A N

genotype 12,631
\ﬂ—A—Y_l

& 4

(4

Fig 1 The wroil-based worber
3.2 The praposed algorithm

The procedure starts with one randomiy generated queen’s genotype. The very first task that has to be dong 15 10
mate with several drones 1 order to reproduce broods. Next 15 the breeding process i which the queen’s genotype
15 crossover with the genotype of a randomly selected sperm from the queen’s spermatheca. If the number of broods
is equal to the required quantity. the breeding process completes. The newly-bormn broods are then improved by a
mutation operator and a randemly selected worker. The broods which are fitter than the queen will be promoted to
be 1 a list of candidates for the queen. Hence. the number of queens will be increasing. However, 1f none of the
broods 15 fitter than any of the queens. the old queens will continue ruling their own colonies Note that if 2 list of
the queens 1s changed. all the colonies will be merged together into a single entity; then the new colonies are rebualt
by a group of new queens. In order to keep the number of queens to a minmum. the queens are prohibited from
being too close to each other. Smce some drones die after mating with the queens. m order to maintain the npumber
of drones. the vacancies left by the death will be replaced by the broods with hugh fitness values

Before the new mating flight begns. the colony reconstruction process has to be done. In this process. the drones
are clustered mto several colomes, the centrords of which are the queens by iraplication The clustenng technique
used 11 this study 1s based on the fuzzy c-mean concept. Grven D= {d;, dy,.... d;, . .. dp} and Q= {q1. q1,. ., G- ...,
qs} are sets of drones and queens, respectively. The membesship value of the drone d; 1n the colony of the queen g,
15 calculated accordang to the follawing Gaussian membership fimction:

-5, ~q,)"
pd, q,) = exp=e ) (o
[s3

9
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whete ¢, mndicates the width of the Gausstan function, which 1s the ratio of the fitness value of the queen ; to the
fitness value of 1ts neighbor.

o, =maxo)} (1)
k =d . f(ql) 13}
o =4 s ran (

Each drone chooses its colony by constdering its membership value m each colony; the colony with the maxupum
membership value is selected as a new home for the drone. This process fimshes after all drones have already been
assigned to suitable colontes

4. Resuits and Discussions

To test the performance. the proposed model 1s used to find the optimal solutions of five benchmark functions: F1l
{the Acklev’s function). F2 (the Griewank's function), F3 (the sphere function). F4 (the weighted-sphere functon),
and F3 (the Schwefel's double sum function) Then iis performance is compared wath that of the real-coded GA The
equations of the above benchmark functions are shown in Table 1.

Table 1 The five benchmark fonctions

Funcoons Formuta Domam range
Fi- Ackley . 442\1'%23., ¥ ——V cosTm)  x, e f30.30]
f(3)=20+ ¢~ 20¢ - ~¢€

F2 Gnewank JIGE T e H co ] X, & [-600, 640]
14000 S‘ \/_

F3 sphere (=37 el 312.512)
=1

F4 weighted- sphere HGE 2«’:.\“‘2 x,e[-312.3.12)
pust

- 2 i el

F5- Schwefel’s dowble sum S (X} =3 (3 %, ¥, €[~65.536. 65 536]

s Ry

Since the performance of most evolutionary algorithms strongly depends on proper selection of system
parameters, the parameters of both models are varied to vanous values in order to get the best out of both models.
The best performances of both models are obtained when their system parameters are defined as follows:

For the proposed model, the number of drones is set to 200, the number of broods is set to 500, the queen’s
spermatheca size s set to 100, the mutation probability is set to 0.2. and the number of mating flights is set at 2000.

For the real-coded GA, the population size is set to 240, the crossover probability s set to 0.7, the mutation
probability 1s set to 0.2. and the number of generations 1s set at 2000.

For each benchmark funcnons, both algonthms are run 10 umes. Each run starts with a different imtial
population and stops when the number of generations 1s equal to the predefined number The performance of the two
algonthms is measured 1n terms of the effectiveness and the success rate. The former is measured the closeness of
the resulting solution to the global optimum while the latter 35 the number of times the algonthm successfully
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located the global optunum out of 100 trials. The experimental results of both the proposed mode! and the real-
coded GA in finding the optimal solutions of five benchmark functions are shown in Table 2.

Table 2 The effectiveness of the proposed model and the real-coded GA

Expenimentat resuits

Best Worst Average S.D
Real-coded GA 7 X76253E-06 2 1928728-05 1 296436E-05 S 448939E-06
Fl Proposed Model 4] g o a
Real-coded GA 3 00Q00E-12 1.257130B-01 3 1277357E-02 4. 718468E-Q2
i Proposed Model 0 7.396041E-03 2.218812E-03 3.572627E-03
Real-coded GA 1 996650E-13 2 850000E-10 6 750000E-11 2.240881E-11
B Proposed Model 0 0 1] Q
- Real-coded GA 4.000000E-12 5.14Q000E-10 $.210000E-11 1.646751E-10
Proposed Mode} 0 4] 0 0
£ Real-coded GA 5 G00000E-12 2.021000E-09 5.098000E-10 6.821282E-10
Proposed Model 1] 0 ¢ 0

In Table 2, the effectiveness of the two algonthms 15 showed using four statistical data- the best. the worst, the
average. and the standard devianon obtained from 10 runs The expenimental results show that the best. the worst.
the average, and the standard derivation of the results offered by the proposed model are better than the real-coded
GA 1n all benchmark functions. However, the differences between the two algonthras are small.

The results m terms of the success rate (Table 3) show that the proposed model 15 able to obtain the global
optimum of all test fanctions. however, the real-coded GA 15 unable to find the global optimum. For F1, F3. F4. and
F5 functions, the proposed model achieved the global optunum of the functions in all the runs. For F2 function. the
propased model attamed the global optumum with a success rate of 70°%. Thus clearly indicates that the proposed
model has better capability in finding the global optimum than the real-coded GA

Table 3 The success rate of the proposed model and the reai-coded GA

Success rate

Funcuon
Real-coded GA Propesed Model
F1 Ackiey 0% 100%
F2 Guewank 0% 0%
F3 sphera 0% 100%
F4  weighted- sphete 0% 100%
F5 Schwefel’s double sum 0% 100%

5. Conclusians

To reduce the number of user-defined parameters. we provide the onginal MBO with a self-organizing capability.
The proposed model can automatically determine the proper aumber of queens itself. Results on five benchmark test
functions show that the proposed model 1s very effective 1n solving the funchion optimization problems.
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A Modified Marriage in Honey-Bee
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Absteact—This paper proposes a modified marriage in
hones-bee optimization for solving multiobjective
optimization problems. Unlike che oiriginal marriage in
honex-bee optimization, the proposed algorithm divides
the objective space into several celonies, each of which
kas its own queen, The fimess of each solution is based
on 3 parameters: the size of the colony, the number of
dominating solutions. and the number of dominated
solutions. The nondominated solutions with highest
fitness values are preferentially assigned to be the queens
while the rest are assigned to be the drones. Next. ail
drones are assigned to the coleny according o their
distances from the queens of the colonies. In order to
masimize a genetic variance in the populatien, the
multiple mating is used. The multiple mating requires
the gueen to mate with droues fromn the other colonies.
The proposed algorithm has been evaluated and
compared 1o two  state-of-the-art metaheuristic
algorithins: the Pareto archived eveluton straregy aud
the nondominated sovting gemetic algovithm. The
experimental results on & different ZDT benchmark
functous illuserate that the proposed algorithm is able to
converge to the rue Pareto fiours and has better spread
of solutions. as compared with the published results of
the two state-of-the-art algorithms.

Keywords- swarm wtelligence: matviage in froney-bee
optuntizaion; wultrebjective optamizanon problem

I INTRODUCTION

In the past decade. the increasing demand in
developing the effective and efficient techniques to
solve complex real-world problems with multiple
objectives has encouraged the development of many
bio-mspired algonithms In contrast to the single-
objective optimuzation problem fhere is no unigque
optunal solution when considering mmitiple conflicting
objectives Therefore. the solving of multicbjective
optumzation problems s to deternune a set of optumal
solutions representmg the best tradeoff between
muitiple conflicting objectives. called the Pareto-
optimal set In fact. finding the Parero-optimal
solutions 1s NP-complete [1]. wluch is impractical to

solve 1 reasonable computing time. The bio-inspired
algorithms seem to be the most attractive approaches
for this kind of problemis because 1) thev are
population-based metaheunstics that can find mulnple
solutions 1 a single run. and 2) they typically require
small computational tune. A number of different bio-
nspured algonthms have been applied to multiobjective
optumization problems such as the genetic algorithm
(GA). the artificial immwune systems (AIS). and the
particle swarm optimization (PS5O}

In the nud-eighties. the vector evaluated genetic
algorithm (VEGA) [2] 15 the first effort to improve the
genetic algorithm to search for a set of Pareto-optumal
solutions 1 a single run After the development of
VEGA. numerous variattons of GA approach have
been proposed. To date. there are several well-known
GAs for the MOP such as the nondominated sorting
genetic algorithm (NSGA-IT} {3]. the multi-objective
genetic algonthm (MOGA) [4]. the strength pareto
evolutionary algorithm (SPEA-IDY [5). and the pareto
archived evolution strategy (PAES) (6], In recent vears.
Wong. Yeung. and Lau [7] has proposed a novel
hvbnd method based on the genetic algorithm and the
arificial tmmune system called the hybnid artificial
munune svstenr. for solving both unconstramed and
copstrained  multiobjective  problems of global
container reposttioning.

In addition, the marniage in honey-bee aptimization
(MBO). one of recently proposed bio-nspired models
15 inspired by the process of real honey-bee mating
The MBO algorithm was first proposed by Hussein A,
Abbass [8] for solving 3-SAT problems. Since then.
there are several apphications of this algorithm that
have been presented; for instance. Bozorg Haddad.
Afshar and Marifio [9] applied the omgmal MBO to
solve a reservour operation problem. The performance
of thetr model is well comparable with the performance
of the genetic algonthm.

In the recent studv. Thammano and Poolsanwan
{10] proposed a modified version of the MBO



alganithm, called a self-orgamizing model of marriage
in honey-bee optimization (SMBO). Their proposed
model has been fested on six benchmark functions.
including  both maxwuzation and mintnuzation
problems The performance compansons with the
original MBO show that their proposed algorithm is
supenor to the onginal MBO both in terms of the
computation tume and the ability to achieve the optimal
solution. Later. Poolsamran and Thammano [11}
proposed a real-coded marnage in honey-bee
opfumization together with the new crossover and
worker operators The experimental results. compared
with the results of the real-coded GA. on five
benchmark test functions show that the proposed
modsl is very effective in solving the single abjective
optimezation problems. In this paper. we propose a
modified mamage in honey-bees optunization for the
mttiobrective optimization problemy For performance
evaluation, the results of the proposed algorithm on
five ZDT functions are presented and compared with
the published results of two state-of-the-art algorithms:
the PAES algonthm and the NSGA-II (real-coded)
algonithm

The remaning paper 15 orgamized as follow The
next section utroduces a definition  of the
multiobjective optinuzation problem and a description
of the onginal marriage 1 honey-bees optimization.
Section 3 describes the proposed algorithm. Then. a
detasl of parameter idemnfication. a performance
metnc. and an analvsis of experimental resulfs are
green an section 4 Fumllv. the conchusions are
discussed in section 3.

I  BACKGROUND

A Muitwobjective aptimizaiion problem

A nuitiobjective optimization involves the process
of smmltaneously optimuzing m conflictng objectives
subject to certain constramts In a nmltiobjective
opiimization problem. rather than finding a single
solution as i a single objective optinization problem.
it amns to find a set of solutions as close to the pareto-
optimal set as possible. and at the same time mainfain
diversity among the individual solutions.

Mim P =L nfw ) . i (xT
subjectto  q(X)20 a=L2.. .k} t1y
n{x)=0 =L2...1

where ¢ 15 the i% inequalitv constraint. k 1s the number
of tequality constraints. r. is the j® equality constraint.
and ! is the mumber of equality constraints. According
to the concept of Pareto dominance. a solution X; 15
said to domunate the solution x: if the following
conditions are true: 1) ne component of F(x;) is worse
than the corresponding component of F(x:). and 2} at
least one component of F(x;) is better than the
corresponding component of F(x1). Auny solution that 1s
not dogunated by others is regarded as a nondominated
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solution. A solution x* is Pareto-optimal solution if
there is no other solution X that can improve at least
one objective function without defriment to another
objectrve function.

B. Marriage in honay bee optimization (AMBO)

In pature. honey-bees can be classified. based on
their roles, mnto three groups- the queen, the drone. and
the worker. The role of the queen 15 to mate with
several drones and then Iay eggs that later develop into
numerous broods. These broods are fed and cared for
by the workers until thev mature. The MBO algorithm.
which artenipts to model the marmiage behavior of real
honev-bees 1n nature. 1s also classified 1ts artificial bees
into the queen. the drone and the worker. The queens
and the drones represent the candidate solutions to the
problem. the workers represent the local search
heuristics for unproving the genotypes of the broaods.
The maung process between the queens and the drones.
followed by the feeding process by the workers will
enable the algonthm to find the optimal solution The
algorithm of the original MBO is listed as follows:

Iy The mitiaii-ation process

Six parameters. the number of queens. the size of
queen’s spermatheca. the number of drones. the
number of broods. the mutatron probability. and the
aumber of matng fhehts. are defined by the user.
Subsequently. the population which comprises the
queens and the drones 15 randomly generated. The fifter
mdividuals are selected as initial queens whale the rest
are assigned as drones

2 The mating process
Before the mating flights begin both energy and
speed of each queen are randomly imtialized. Then the
queen mates with the drone that has the lughest
probability of marmriage as shown in the following
equation

Problg,-d,,) = exp ol | )

§ir)

where A{f) denotes an absohite difference of fitness
value between the queen g, and the drone d;. S(1) is the
speed of the queen at time t If the mating is successful
a sperm of the parficipated drone 1s added to the
queen’s spermatheca. Then. the drone dies immediately
after mating. This stage 15 repeated until the energy of
the queen is lower than the predefined threshold or the
queen’s spermatheca is full After each mating
transition. the queen's speed and energy are decreased
in accordance with the following equations.

Sh+ly=a* S0 3)

EG+h)=E@y -y (41



where o is a decav factor in the range {0, 1].v is the
amount of energy reduction after each transition: it is
calculated according to the following equation:

. _O05smnal _y
A
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where M is the size of the queen’s spermatheca.

34 The breeding and the feeding process

The breeding process begins after all of the queens
complete their mating. During the breeding process.
the queen chooses a sperm from her spermatheca by
using the rouletie wheel sefection scheme Then new
broods are created by crossover the genotype of the
queen with the genotype of the selected sperm. This
breeding process is repeated until the number of broeds
reaches the required quantity. Afterward. the genotypes
of all newlv-born broods are unproved by using both
binary mwmtation and worker operators The way of
performing binarv mutation s to flip a bt from 1 to ¢
or vice versa. In the feeding process. the workers.
which represent the local search heuristic fanctions
such as GSAT. WalkSAT. the random walk. the
random gew. the random flip. and the one-point
crossover [8], are chosen it proporuon to their fitness
and are then applied to the penotypes of the broods.

¢i  The comperition process
Finally the weaker queens are replaced with the
fitter broods untd there 15 no brood remaming that s
fiter than any of the queens In domg this. the
populatron of the next generation certamnly has equally
or better quality. Before the new mating fhght begias.

all remtaming broods are killed.

All above processes
convergence Criteria are met

are repeated unfil the

M PROPOSED METHODOLOGY

A. Finiess evaluarion

In this proposed model. the fitness value of the i
individual consists of two terms: 1) the first term is the
winning probability (Pgy) which measures the degree
to wiuch the i mndividual donunates other members 1n
the colony. and 2} the second term is the losing
probability (Pie:). The losing probability measures the
degree 10 which the i® indrvidual is dominated by other
members in the colony. That 1s. the fitness value of the
i individual is high when the 1® individual is a

nondomunated solution which dominates many
nlembers in a colony
fitness@) = w; Pap + w1 (1 - Ppss) 16)
P = e Mwwm Mo N
. 2 2 - [
T Npg Ne Ny
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Py = e Nom _ Mo (8)

where ® and o, are the weight factars: N, is the
number of members in the colony ¢ Ny is the
population size: Ny 15 the number of members i the
colony ¢ which is dominated by the i® individuat: Ny
is the mumber of members in the colony ¢ that
donunate the i* individual

B. Proposed algorithm

The proposed algorithm is divided info five stages.
1) the imtialization process. 2) the mating process. 3}
the breeding and the feeding processes. 4) the swamm
prepagation process. and 5) the swarm process. In the
first stage. six parameters, the maxinmim number of
queens. the size of the queen’s spermatheca. the
number of drones. the number of broods. the mutation
probability, and the number of mating flights. are
defined by the user. Next., the mmtial population is
created by randomly generating Ny mdividuals. Each
individual is represented by a vector of real aumbers
Its length depends on the number of decision variables.
Then the fitness value of each mdividual 15 evaluated
based on the individual’s dominated and dominating
numbers. The individual having the largest donunating
number and. at the same time. having the smallest
dominated number is selected to be the queen of the
mit1al colonv. while the rest 15 assigned to be the
drones

In the second stage. the mating process starts by
mitializing the queen’s energy and speed with random
values in the range [0.5. 1] On the matmg flight. each
queen will mate with several drones The probability
that the queen q, will mate the drone d, ts evaluated by
using {2) The drone with the highest probability is
selected to mate with the queen. Then the selected
drone’s genotvpe (spenm) is directly transferred to the
queen’s spermatheca Affer each mating. the queen's
energy and speed decline in accordance with (3) — (3).
However. the queen continues to mate uatl her
spermatheca is full or her energy is lower than the
predefined threshold. In this study. the threshold is set
to zero

When all queens complete their mating flight. they
retumn to their hives for the starting of the third stage In
the breeding process, a queen is chosen by using the
roulette wheel selection scheme. Then the chosen
queen reproduces the broods by crossover her genotype
with the genotype of the randomily selected sperm from
her own spermatheca In this paper. the retaining
crossover operator [11] 1s used. The retaining
probability of each individual is calculated by using the
following equation:

. Jimess(r)
P UL {9}
rew (1) Jimessggy



Next. the mutation operator is applied to the newly-
bora broods. Unlike the ongmal MBO, the nwiated
broods are classified into their mother's colony. The
other process of the third stage is the feeding process.
The worker operators. which represent the local search
heunistic functions. are vsed to mprove the genotypes
of the mutated broods. For each brood. by using the
rouletre wheel selection scheme. a worker is selected in
proportion to its fitness value. Tlis paper vulizes two
local search heunistic functions  the random new and
the scroll-based operators [11]. The fitness value of
each worker is updated according to the cumulative
rate of unprovement aclueved on the broods This thiud
stage is complete when the mumber of broods is equal
to the required number of broods

The fourth stage. the swarm preparation process.
consists of the new populatton selection and the
clustering processes. In the process of new population
selection the new population for next generation is
created by combining the Ny best mdividuals from a
group of old population and the newly-born broods
together. To enhance the convergence speed. the new
population selection process uses an elitist-preserving
approach All nondomnated bees (queens, drones. and
broods) of everv colony are selected by default to be
added to the candidate pool. If the number of the
nondominated bees is less than the population size, a
group of domunated bees in each colony whose fitness
values are higher than the average fitness of the colony
will then be selected to be added to the candidate pool
Thas selection process comtinues with the remaining
donunated bees in each colony until the number of
members in the candidate pool 1s greater than or equal
to the population size Therefore. in the case that the
number of members w the candidate pool is greater
than the population size. some candidates will be
discarded to maintam the population size Before the
deletion begwms. the nunimum distance n the objective
space berween each candwdate and its nearest
neighbors. and the average of these mumimum distances
are calculated Then the weakest candidate among all
candidates whose distance 1s less than the average
distance is deleted from the candidate pool The
deletion contimues with the remanung candidates until
the number of members in the candidate pool is equal
to the population size After the deletion is complete.
all remaimng candidates are appointed to be the new
population Next. the new population 15 clustered info
two groups based on the donmunance concept  the new
queens and the new drones. The pondomunated
mdividuals are assigned as the new queens while the
rest are assigned as the new drones. However. if the
number of the new queens is greater than the maximum
number of queens. some nondominated individuals will
be removed from being the queen and added to a group
of new drones by using the similar method as in the
deletion. That is. the weakest nondominated mndividual
whose distance is less than the average distance is
removed froni being the queen until the number of the
new queens s equal to the specified number. The
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Swarm prepasration process 15 complete when the new
queens and the new drones have already been prepared
in the required quantities

The fifth stage 15 the swarm process. In this last
stage. the drones are clustered into several colonies. the
centriods of which are the queens by implication. In
choosing the colomy. the drone determines its new
celony by considering the distance between itself and
the queen of each colony. The colony holding the
mininum distance is selected as a new home for the
drone. Grven D = {d1. dy. .. . dp. . dp} and Q = {qi.
Q> - . Qs ... Qst are the sets of drones and queens
respectively. The distance m the objective space
between the drone d; and the queen g; is calculated
according to the following equation:

d(d;-q,) =|Fla,) - Fidp)] (10)

K = arg min{d(d,.q,)] (1
?

where F(q,) is the fitness value of the queen q.. F(d,) is
the fimess value of the drone d;. K s the index of the
colony selected as a new home for the drone The
swarm process finishes after all drones have already
been assigned to suitable colonies.

Finally. the tenmination criterion is checked Ifrtis
not met. the whole algoritun will repeat again. In this
study. the termunation cnterion & the number of mating
fhights defined by the user

IV RESULTS AND DISCUSSIONS

In this paper. the ZDT itest suite proposed by
Zizler Deb. and Thiele [12] 15 used to test the
performance of the proposed algorithm. The ZDT rest
suite comprises six test functions Tlus study uses five
of those six test functions. which are ZDT1. ZDT2.
ZDT3. ZDT4. and ZDT6. Each rest function represents
different  charactertstics  including convexity.
nonconvexaty. discreteness. nmitimodality. and non-
varfornuty  All test functions have two objective
functions The results on five benchmark test fimctions
of the proposed algorithm are compared with the
published results of the PAES algornithm and the
NSGA-II (real-coded) algorithm. The performance of
all compared algonithms 15 measured m terms of the
convergence metric v and the diversity metric A [3] as
follows.

¢« The convergence metric y determines the average
distance between each solution obtamed from the
algorithm and the pearest solution on the true
Pareto front. The smaller the value of this matric.
the better the convergence toward the pareto-
optunal front

<4, ,
\y=-——-—~'_‘"" (12}
n



where 4 is the Puclidean distance between the {®
soluton cbtamned from the algorithm and its nearest
solution on the true Pareto fromi. 1 is the number of
obtained solutions.

¢ The diversity metric A 15 used to measure the
spread of the obtained solutions.

LI =
=df +d, +Z)_1(d! ~d)

= (13)
df ~d; +(n-1)d

where d; 15 the Euclidean distance between the extreme
solutions of the true Pareto-fromt. & 1s the Euclidean
distance between the boundary solutions of the known
Pareto front. 4, is the Fuclidean distance between
consecutive solutions in the known Pareto fromt. d 15
the average of all distances d,.

Table [ shows the mean and the vanance (the
figures 1 brackets) of the convergence metrics
obtamned by using three algorithms PAES. NSGA-I
(real-coded). and the proposed algonithm Results of
the PAFES algorithm and the NSGA-II algorithm shown
in Table T and I are obtained fromy [3] For the
proposed algorithm. the results are the mean and the
vanance of 10 different runs; each run starts with a
different initial population The parameters of the
proposed algorithm are set as follow™ the praxinmm
aumber of queens 15 set to 100, the number of drones s
set to 100. the number of broods 15 set to 100. the
queen’s spermatheca s1ze 15 set to 0. the nmaton
probabihity s set 1o O 1. and the number of mating
flights 15 set at 10000.
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From Table I the proposed algonthm achreves
better convergence than the NSGA-II algonithm for all
test functions. and produces better convergence than
the PAES algonthm for ZDT1. ZDT2. ZDT3. and
ZDT4

Table IT shows the mean and the vanance (the
figures in brackets) of the diversity metrics obtained by
usmg all three algorithuns. The proposed algorithm
performs better than the PAES algorithm for all test
functions. and owperforms the NSGA-II algorithm for
the following three test fimctions. ZDT3. ZDT4. and
ZDT6. In addiion. the vanances of the convergence
metric and the diversity metnic obtained with the
proposed algorithm are also very small.

V. CONCLUSIONS

This paper proposes a modified marriage in honey-
bee optimization for solving optimization problems
with nmitiple conflicting objecttves. Unlike the onginal
marriage in loney-bee ophnuzation the proposed
algorithm divides the objeciive space into several
colonzes. each of which has its own queen. Therefore.
the muitiple mating behavior of the queen. m which the
gueen performs with several drones from other
colonies. helps maximizing a genenc vanance in the
population, which in tum improves the search ability of
the algorithm The experimental results on different
ZDT test functions show that the proposed algorithm is
well capable of converging to the true Pareto front with
better spread of sotutions than the other two state-of-
the-art models.

TABLEI MEAN AND VARIANCE OF THE CONVERCGENCE METRIC
Test Convergence Metric
Fuacticns PAES NSG.A-H (real-coded) The praposed model
ZDT1 0 082085 (0.008679) 0033482 (0 (104750} 0.630974 (0.001666)
ZD712 0126276 (0.036877) 0072391 (0.031689 0.067908 (0 000717)
ZDT3 0 023872 (0 000010y 0114500 (0 007940y 0023747 (0 00101H
ZIDT4 0854816 (0 527238) 0313053 (0.118460} 0.203611 (0 188460)
ZDT6 0085469 (0 006664) 0296364 (0 013135} 0.439687 (0 0050913
TABLEN MEAN AND VARIANCE OF THE DIVERSITY METRZC
Teut Diversity Metric
Funetions PAES NSGA-IT (real-coded) The proposed model
ZDT1 1.229794 (0.004839) 0.390307 (0.001876) 0.551515¢0.000827)
ZDT2 1 165942 (0.007682) 0430776 (0 004721) 0.363713 (0 000525}
ZDT3 0 785920 (0 001633) 0 738540 (0 019706) 0.538479 {0 000263)
IDT4 0 870456 (0101399 0.702612 (0.06464%) 0.504928 (0 000033)
ZDTé 1153032 (0 003916} 0 6680235 (0.009923) 0.538407 (0 000290)
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