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Study of Real Function Problem Solution of MBO

Student : Wei-Chen Chuang Advisor : Prof. Ping-Teng Chang
Prof. Tsueng-Yao Tseng

Institute of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Heuristic algorithm develop have a lot of familiar model method already so far, but does
not have a common algorithm that can solve all problem functions yet. Each kind of method
all has its advantages and disadvantages. In order to draw on the strong points to offset the
weaknesses in practical application, derive a lot of methods of compound attitude out.
Marriage in Honey Bees Optimization (MBO) is by imitating a set of algorithms of
development of manner that the honeybee multiplies. The mechanism of utilizing honeybees
to multiply reaches and evolves the best. Apply optimization to, production schedule,
clustering, data mining topic that in a large amount at present. It has combined annealing
function and mating operation, such characteristic of global searched, keep the complexity
solved. Bind with other simple search patterns separately, do the competition in local
searching, there can be better adaptive capacity in the face of different problems, get the
result of convergence fast.

This research directs against different function characteristics and mathematics
environment, probe into the evolution method that MBO, sum up it ask characteristic of
solving and understand with heuristic to perform algorithm make logic up it. The parameter
of putting forward the real number question is set up, the result that proves via the experiment
reveals, the MBO in the real number parameter there can be quite good convergence results
too. Prove the combination method like MBO, no matter solve in the single or multiple local
solutions, there can all be outstanding global search capability and steady solving efficiency.
It is a fine algorithm of performing.

Keywords: Marriage in Honey Bees Optimization; Multi-Heuristic algorithm; Function
Characteristic; Global search; Local search.
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PHE KA R RUE 2 o TR G RS A TS 2 2
¥ b A FA| R AT o L Fogel #rE BenE F AR 0 F b E AR W T R
BRAZF LHAF LA o AF 4] o L Fogel 42 %) 5 2 5F (v 23§
dba Tt e BFEEEd Taaugit S g koo
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L. Fogel #-Fr & 7 SR 5 TF SERIRB > Z1IRFRIERBE § F B
AP E A oy SRR RBIF R LR ST A ERIZ F
G A A ARAA - B PTG UR G AR TR ELA A - 1358
o B IEF - R R B AR EOR o BT L RE Y R
@ﬁwoﬁﬁﬁiwﬁﬁﬂﬁ4w#ﬁ%%%ggﬁﬁmﬁ@&a,@m
%Pﬁp*ﬁﬂ$@ﬂ°ﬂﬁ?& e RGEERE 02 HAgke
Bs f B R GH Ao

i 1960 3| 1976 # B » Fi- RABERAF T et P FLER o R
TEE R H I RP A SRR DR R o d 1977 7] 1985 & > 7
BRI AE A o 1T E Rigd D. Fogel eh=~ 4 % 1§ 0 IS uF it ARG
AERENG LRGBS E AR o A ARG EOR R RN T E

%T?—‘f KRBT o FIP T BB B R R (AR E*ﬁﬁ*ﬁ”ﬁﬁ%ﬂiﬁfr

CROE REEI o Tt t AR LY A Skt s Sk R p B
PHEEVIE G ~ BT HRB|E R R o

2.1.2 #3 & (Swarm Intelligence)

« ¥ & it it (Ant Colony Optimization; ACO)

$% ¥ 5 i i© & Dorigo et al.(1991, 1992)# ! » f£2 i k3 k Si(Ant
System) o S_igd p AR R ISIREF L S & el A FE - RIREER D X RE
R K SLBR¥E MR (740 & B traveling sales man (TSP) B* &7 o bk 3 & o5 4 {8 >
MR EAREY A ST R aE AR o iR LR é_i? 5
5 1L eBRE kAL o £ & 03 Gambardella and Dorigo(1995)# &1 Ant-Q & &
E o R A RN MAE ko AR %mng1“~aﬁ%
Q-learning == 3% » { 3 »xehdp it 7 % % @R 5 - Bullnheimer et al.(1997)
P dEH PR B ARk R AT T FH  ASrank F B 2 o R L
5 ik i ke 7 0 Dorigo and Marla (1996 ~ 1997)#% o) zx 23T EG 8% 4 b
k2 Ant Colony System (ACS) » 3 st g2 = 5 B R AL * 3t 2
L fEb it i AL - Stutzle and Hoos(2000)#% ) % % % B < |+ T 00
#1 0 YLE S i AR IR % (Stagnation) sh R % R fLE { AT B 2 Max-Min Ant
System (MMAS) o 5 F>tag3 st g pmid I hans 5782 2 57 12
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3 orxenRfE2F F g Al e & Boif 1 B A8 > Dorigo et al.(1999) #-dk 3 & 1L~ ik 3
GBI i RIGE R S - R o 54w X2 Ant Colony Optimization
Meta-Heuristic - iz £ F £ 2 2 F 4 h A L ¥ & & ¢ Ant Colony
Optimization(ACOQO) -

¥R T R Aot ¢ 455 11995 # Bilchev ¥ Parmee § L4t
M A B B %3 349 ACO; 2000 £ Mathur et al.#-/ * 9 ACO &%
FH G DB E TS :f%a 2 {8 &5 Monmarche et al.z7 AP1(2000) ~ Dreo
fe Siarry =7 Continuous Interacting Ant Colony; CIAC(2002) » iz 14+ 3 ;& #7
B 2ZAFERASGACO 2 F > 8 3 2004 & Socha #& ) 7 2 v in &
PRk A 1 > 2008 & Socha and Dorigo fadt S FTeniufE > Bt 5 5
% B O #c(probability density function)z_ #£4 » -k A g EH A E 4 F ~ 3
250 B A T R B i 0 & 40 AOC for continuous domains(ACOR) -

o 3 A & v (Particle Swarm Optimization; PSO)

% % ¥_d Kennedy and Eberhart(1995)# ! % erfe i i 3P i% & ko
BReL 2 R0 p AR BF s nidla X3 NaimgE i - 97
%75 AP B ez A2 E 3 > G4e o Shiand Eberhart(1998)4% 1'% i+ 45 #
@R R 0 AJE I LATRE R - B 12 F] (inertia weight) - 32F7 % 4p
BAREFSF 12 REFHE RSN o F 2 08 R B A 2 RO
J& o 2_ 1 % 2002 & Fourie and Groenwold #-# iz (Dynamic) g 4 31| » 1§ 1+
F13 2% g B b (Maximum velocity) o 4 i H oz ag T % (Fourie and
Groenwold, 2002) ; ¢ & ¥ ¢k 5 A 4% 41— @22 > 1 Bfﬁﬁ ¥+ (constriction
factor) % B~ 1% 2_ % #73% ) ehig (£ F]+ > 72 ¥ i 7| % 4% 52 % (Clerc and Kennedy,
2002) ; 4 ¥ 3 Bergh and Engelbrecht(2004) = fr i % cpr & #2 2 PSO

I EFE EE ,iii%ﬁ(SWarm)Fé“f;Pmi'ﬁ%ﬁﬂze MAE RS R
it ﬁﬂ:‘@ﬁat‘ F A enE Bk S (Particle) € 7 73+ &ﬁ’ S e I B NS 2
R p 2 BT A eniE 0 AP A2 G & & B (Particle best value,
pbest) » gt *b o g S FH G 2 By a5 x@jﬁﬂ*"v‘ Bk d ahin ¥ o 3
DR S AP R2 S A8 A 2 @ (Global best value; gbest) > & & _#8iT 3~

12



Th AR TR e AR R GRS AP B %A E(Local
best value; Ibest) » & EF H B 78 2 & %ﬁ%ﬁh{m% pbest 2 gbest(:
lbest) % jA- 2 & B+ TR & 9> % o %gr_i FRAHIEEER S FR
WHHRIT AR B P R o

2.2 & ¥ & i v (Marriage in Honey Bees Optimization; MBO)
A PO AP REMF LT LROAE 75 2]
Aldo D MBIRIETE iz F B L a C AEL T LW S
B EE BT e EEY > TG f»ﬁ%—%’f Ea I
i f—?mﬁﬁpﬁ R H s AT B 7 L i H AR o A ik
HE G FEEMBO)Y BEH Y 2 - o EEIFEZ A 2001 £4 HA.
Abbass (2001)#7#& J1 » q.\;ﬁr} BRI MR 7 L AR 2 hE S b (R R
- FEFE A o BRI G 2 é@lﬁé@pﬁl’i\i")%fﬁﬁ'ﬁé%"—i’
d ®

A7 o L AGHEFE T 5 - B85

i
3
=R

FrltFEanzeh b Flaaiik
Mo - BEET N SA- TN aud 2 o Abbass #rd J At HECE R
BE Y oo ¥ 2 g £ ) 4 K (spermatheca) 0 SiF- BB ISR N R L
BT > 2 1w I EY B LA TRE N - Aens p Al g
FEidpgHappL LA Y SR F R AR PA 2 Fall
DIRF AR o o

45 8 ¢ d 2% 2 (Queens) ~ 2224 (Drones) ~ 1 ¥4 (Workers)£? % & (Broods)
Arde A ;ﬁgl BBt RiETE O RAAL T - REF. Bd 2 O
FRA(FEIOF) R PEI LG PR A o do R Ao B A NE
EBRAELS v A (P RE)D R AGUE ZE > T E BN R A
it w8 (MBO)eni® (£ 4240 B 2.2

e
T
hiod
i
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List of Drone

Selected Queen
% ’* ’;( Select a Drone ﬁ

Drone at

kA=
A& =]

Replace the
queen if the

Brood
Brood best brood id
Apply filter
e — Local l— ii
Search
ii ii Selected
Brood

Selected Best >

Bl 2.2 S G55 48 en e

H.A. Abbass (2001) & 41 * 23 i1t i B 2 24 & 4 ehfig 4 50 ‘e eh
3-SAT (satisfiability problems) F* 4% - H.A. Abbass and J. Teo (2001) 41 * fa-#z:%
Ve A kg R FE 2 0 A 3-SAT(satisfiability problems) £* 42 ¢ >
W T 2w sk (T 5 87 K fEscd o Benatchba et al.(2005) #4245 # A i 1 R
* 3t T RLEE 85 - Bozorg Haddad (2006) 1 # s ¥ i it j7 52 KfRA--RE TR
R DR R ok PR GA ki o 2 12 Koudil et al.(2007)* 4§
A2 27 4 2| B* 42 (partitioning with scheduling) & 4 5 = #8255% » & i * s #%
¥ F k& 1 Ff2 - Fathian et al.(2007) ¥ *F & & F NBEB R D3 E > ey B
2R FR L TR S % E Kmeans B * 3t o A Y o Babak
Amiri(2007)F] * 3B it 7y 2 gl F 42> &2 GA~TS -~ ACO -~
SA ML o B P BT (E L M F B R4

# 2.1 MBO 4B & * v}?k

Problem Authors Contents Year
3-SAT problems  Afshar Marriage in honey bee optimization 2001
Single reservoir  Haddad and Afshar A new heuristic approach in hydro 2004
problem systems desing and operation

Haddad, Afshar and  HBMO in optimal reservoir operation 2005
Adams
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Problem Authors Contents Year

Data-mining ~ Karima, Lotfi and Using Bees to Solve a Data-Mining 2005
Max-Sat Mouloud Problem Expressed as a Max-Sat One
problem
Benchmark Hadda, Afshar and Honey-Bees Mating Optimization 2006
mathematical Marino (HBMO) Algorithm A New Heuristic
problems Approach for Water Resources

Optimization
Reservoir Haddad and Afshar ~ Honey-bee mating optimization (HBMO) 2007
optimization algorithm for optimal reservoir operation
problem

Partitioningand  Koudil, Benatchba, Using artificial bees to solve partitioning 2007

scheduling Tarabet, and and scheduling problems in codesign.
Sahraoui
Clustering Fathian, Amiri,and  Application of honey-bee mating 2007
Maroosi optimization algorithm on clustering
Vehicle Routing  Marinakis, Marinaki  Honey Bees Mating Optimization 2008
problems and Dounias Algorithm for the Vehicle Routing
Problem

¢k > Karaboga et al.(2005) £ Teodorovic et al.(2005) & %[ 41 1 ¥ ¢b &
R T2 7 5 oF B 2 - Karaboga »2 % § 3% P ik € ch 3w 4 4 450
G F 2 (7 A 0 & A B F 8 2 (Artificial bee colony; ABC) -
Teodorovic #7#& ! e84 ¥ & i it (Bee colony optimization; BCO) » F fk 3z #
FRIEF S DER BEF - FERBFETLEIARTARATT -
WHh> oo

d v pkdg MAIFIRFR R R KRR fe 24 A FE R
BiEd B G RaF it E o 4o D GA S TS ~ ACO ~ SA » (8 3l i et
gk o AP T R F P FAAY
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¥z FEABHEIS G
3.1 MBO L*b&f

&
SR

o

1%

~.

+.

.1")“17

_nﬁ“

It

&~ ol
“k

)

R

By mh"g
&

]

A%

hivd

IRy

5

&E_

S

\m

R

S -

A

[y

fév

e%

ﬁfi@%%g$é%?m—4 g

SRS S U AET T LA T
BB o @ F)F 02 Hig BT
F E E'Jﬂ Frackp 32 8 ¢ L H 28 (haploid) > Tt it
FARG B SBEA P IR ha 2 o TR BE LRAES &

%ﬁ{ﬁ?o PRAFLLXHEAIF XEHFOTERT AL B SR

T LR R ST

it
PR A
:w»;t%fi"‘*%"
¥

/

1
s b

v

% fe¥e Az (mating- flight) » £.d 3 5 5 7 B2 E T p a |
- AR EFT > G SRR KR aa%“*ﬁﬁif% ci g MR 0 B BT
t‘%d»‘iﬁao—ﬁ;#ﬂ]ﬁﬂiﬁa%’zﬁ’i‘i’ég.ﬁ;EIJ:—L B enzedg
G BT iE 8 Y Sk )5 () R R R 02
oo BFRER AR QETWREMNLY alf F 24 24 o
BEFEZLARBOHBIAELIT L L (L) 5l R ek AR
Q2 A4 3R Q)1 T Ao BE; @)1 g o B)hiET
RIS o H¥ X W S ek R B2 A & e > Bt
B ’%'%ﬁiﬁﬁﬁ’i%%ﬁﬁﬁﬁﬁ’%iﬁiﬁ%i’ﬁﬁﬁ
AT ¢ canffF L p > I F R ER AT A2 FTens
R BRFEGLUFREREIEES ~ A& B*NFIALE ?krﬁﬁ,ﬁiﬁzp’ﬁ;
Rl o B 31 5 H AR e
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T A 4 AR
EE SR NTE

37+ 2 p Sk

v

g 371 84 B8

T B EE

e

=
*
b
o
&

3
S

*

YR R %S E
5TR 4 AT R

l 3.1MBO 2 % #-7

B ivHh 2o HIP P HE AT
Step 1. 3% % ¢ 2234 eh% fie ¥ 42 (The mating-flight of the queen bees with
drones)
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Qﬁﬁﬁ{ﬁ%&éi F i R fEE E I A AR 2 Kk i 7 (State-space)
Vo BEMEEN 0 BEE SE R K HbE e ¥ AT
m%%4@M—u¢mﬁ4%%»wwﬁ@f:g’aﬁ&ﬁﬁbﬂ-ﬁﬁﬁ
B RN
& B35 2% 4 A 73] & (genotype) - ﬁt % (spermatheca) ~ st & (energy)
i# B (speed)w B L#ic; 2 S FI LY Bp2 (N4 BEEE S
Piroedipid > QP TS ATFPHEPN o B AT

Queen bee < e 3 (5 SA)

_a(f)
P(Q.D)=e " (1)

Feom 22t DB B T3 B 2 Q e S o A(f) &
BE(T P RS B)NL R o s 4 U R EE G TR T 0 A b
BAR) A G RRPRE o el R R o B e e Aept
35 B R R-g Ao R
Energy: E(z+1)=E(z)—sp 2)
Speed: S(z+1)=a*5(r) where 0 <a<1 (3)

0.5x Initial energy

Step =

Size of the spermatheca

=
T
=%
(g
AR
ETINS
WH
<

RS

Step 2.3% 2 & 4 + ¥ (The creation of new broods by the queen bees)
HAELpRRARLS T IEL R RERERF LY i g B TS ik
FHRBML AT ﬁ"(?’f’:f )R ZESE R B TS KA E B R

AL 4T T .
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¥ %2 < ) (Haploid-Crossover)
ek it =+ 7 5 H & (haploid) - # A& F)i friz Fi(genotype marker)

T L

A F]if e 3= 5 (Genotype-marker)

m u m m u m m u u u

BRIE 2 5 DR BB e
& ¢ eh1 3k ¥](Queen's genotype)

X1 X2 X3 Xq X5 X6 X7 Xg X9 X10

ze#4 ek %](Drone's genotype)

Y1 Y2 Y3 Ya Ys Y6 y7 Ys Yo Y10

648 PR G SRS s el BT () *E A B e
o

GBI R A - XTI o
ze ¥t ek 3 (Drone sperm)

* Y2 * * Ys * * Ys Yo Y10

LR B EIE DR RS AL

3 % (Child)

X1 \Z X3 Xa Ys Xe X7 Ys Yo Y10

Step 3. 1 ¥ xig+ & 2 3§ B & (The improvement of the broods’ fitness by
workers)

LA RS A - AT A IR EFRE AFE P ARIT
el e B E(TRBHEE) S ¥ ¥ 03 24 GSAT(greedy local search
procedure), Random Walk, Probabilistic Greedy(—- = #% & &< & i or " & i
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£ 1f#), One-point Crossover, and WalkSAT, HSAT (hill-climbing procedures),
SLS(simple local search), GLS(Guided local search) » # # 2 HSAT % % & 47
(Mouloud Koudil, 2007) -

AT R e d 22 5 One-point Crossover ~ Random Walk v
Hill-climbing procedures » %%t B %4 ¥ & bo T P
1. One-point Crossover

Bk #h 2 21 ik e F) B wdeT o

¥ 2 a2k F](Queen's genotype)

X1 X2 X3 Xq X5 X6 X7 Xg X9 X10

3 % eh 4 F)(Brood's genotype)

by | b | by | by | bs | De | by | Ds | by | by

T ERER RS

Xy X, X3 Xy Xs | X X7 Xg Xo X10

bl b2 b3 b4 b5 b6 b7 b8 b9 blO

|
VA F B AT AEBERE P - L AT

#7+ % ek F](New brood's genotype)

2. Random Walk
"T85 9 (Random Walk) 2~ &7 | e #3558 o AR HERY >
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%Km»’glh"’ri‘%ﬁ_ Aot B NgeT 4 7

’ —
bt,i =a+ bt,i + &

. 4
g €iid N(0,5°%) (4)
b, 1 4 % tenfp % I B R 5 el % Bk e

RoaR - BAE & GFEAA -

3. Hill-climbing procedures
2 Lz (Hill-climbing) 5 & - BHFF AR SRE H e w B cnff H
W] o gt RN g (F e T

(1) &4 375 & b, =b,;+¢, & eiid N(0,57)

(2) 4% f(bt,,i)g f(bt,i) P -

Step 4. 1 3% ¢hig B i (The adaptation of the workers’ fitness)

385 B g R B g"{ﬁ L F R ERER o AR B RS
R o R
& o

B e T

f by )~ 7 (b))

Worker's fitness : Fitness(t+ 1) = W (5)

2 ()= (B0)

b, P& F tefp % I B+ R0 5% tenfp it 5 0 By 85T

Rowh (el )k E o

Step 5. B &+ & F & < (The replacement of the least fittest queen(s)

with the fittest brood(s))
21



LEF BEE L out s ¥k iFod A BB B /)’14’5 F R g 2
ECN

I
S g S AR ERTY A B 0 B -

2L

mlﬁli'ﬁﬂ-a_l‘ )

=X Qi AR o

Original MBO algorithm
Initialize workers randomly generate the queens apply local search to get a better queen for a
pre-defined maximum number of mating-flights

for each queen in the queen list
initialize energy, speed and position
while the queen’s spermatheca is not full and energy > 0
the queen moves between states and probabilistically chooses drones
if a drone is selected, then
add its sperm to the queen’s spermatheca
end if
update the queen’s internal energy and speed
end while
end for each
generate broods by crossover and mutation
use workers to improve broods
update workers’ fitness
while the best brood is better than the worst queen
replace least-fittest queen with the best brood
remove the best brood from the brood list
end while
kill all broods

B 3.2 255 i1 dﬂ/ﬂi%&l,%

3.2 MBO L...%ﬁ

Abbass and Teo (2001)# J1# 3% & % > ;‘g 5
TR - RIREER - %Fﬁ*—&ﬂ@ﬁ DSE NN 23 930
MR R A RIS E AT 2 ﬁﬂ@ﬁaﬁﬁﬁfﬂ TR B HEE
Jw®w&§” FE o FfEBE VR RERF o R NRE 2 e G RE
Pentoriadd ffRgiers > BLES T~ R R GRS
HRIEF F i o] FARS e R R A -

FRE BB EER G OEA A RT A G Z BI%A D ET L (Simulated
Annealing; SA) ~ 7L FIiF £ 2 &7 ® B H0F o

o
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B b — A A Tl Sl f e e BT o
&gﬁﬁﬁﬁﬁméﬁgaﬁiﬁﬁﬁ’&ﬁ%iiﬂ&ﬁﬁ%ﬁﬁﬁ%
o A fie i R o FR T 2B ARE 2 0nk

AFFE 2 — I FF R G F VAR RFAR SRR 3 > d ATFIR R 2
ﬁiﬁﬁi%%% A2 SR RFER BRI R o

BIF 2 P —7 % & WalkSAT ~ random walk » i #_{¢ X Mouloud
Koudil #72t # e» GSAT 22 HSAT > '+ %2 By FfiE Hoaficg > 2 > 4
PR T i A BRI oPE s F ok E

T s REIEAR

A TFEE

Walk SAT ~ Random Walk ~ HSAT...

Bl 3.3MBO x4

o #H#i¥ L (Simulated Annealing; SA) g4
Bl S kR i¥ L 2 2 2 Abbound et al.(1998)# d1 ¢ 7 T e BAAA
g
& Bk ik (Configuration) @ T A% - B R T » A ALA 4 g dnfE s TR IF
P IR {7 B o
2. #%F ;Z P(Move Set) : 23 ViEARY > d P ow ek Sk S AEB R B Y
RAL LI Y- FRE - SA ¥ iFE R G R IF 2 (Gradient
Type)fedp itz L ;2 (Iterative Improvement) -
3. & A& 3 #(Cost Function) : #7F % — 43R T 2 i £ Slie(rp Sk
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E) -
4. 13X 42 & (Annealing Schedule) : i3 X 424 ¥ & 2 ch5lics A 4B & -

B LS o LR R o

i Kirkpatrick et al.(1983) s % 4 &) B2 L B 2 R4 - 4

YofE o X kIR iR MM A 2 - ARTE BN RV R TRE TR T H
i d  FZATIRRAL > RIS T BT BRSPS P HELT R
RO FRLNBEESE > FFELA I N ORETIEF o X R
EIFF TR P R ER > D) - R AR RS A de i3 M 4
FOBDIRELLIEE o F ABEMF TWEFS ERTEY S ARL S
PFIT I e R o

\

o ATFIREZ i

AFLRE 2P 58S NOFE G2 f LR ELOIEE > 0 S
% %2 S fe(Multimodal)® % > A FLF B2 B AT B2 {7 RS I
£ & & f% (Global Optimum) > F FF+ & % 4 Ko > ® 3 & if f# (Local
Optimum) o 42 1 5 5 Fliw 8 2 chdo A BB o 7 i d 303 B 47 PP Y i
£ 3 5 Ep o 4 § ¥ - Bk Koo Goldberg(1989)#ip 7 A Fliw B 2 4 Y
@&ﬁ&&ﬂ*%iﬁ?ﬁﬁéTﬂﬁﬁ%ﬁ:

1. AFFEE 2@ TR M MBisrniion 2 F 28 o Fpt v ¢

2. ATFLFE i aeF A L HE R B REF . fﬁa{‘ﬁ? i 2E e P
MipFE oom 2 R EELA S o F P WA E BB 2 (Local
Optimum) -

3. AFFE ¥ i P & S ¥c(Objective Function)enE i » 7 7 & ficA
AL RN Bt A Y L A i RSl Blde § P R

4, A TFNFEE ) 45 5 1 (Probabilistic) > ;¢ &k Ffz > @ 2 £ % P an
(Deterministic)#LR] - - k¥ @& v { £ # -
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« HFFHIEFZ P
L= 5 MERTIE D é",%”} W fez s ¥- o f 518
ﬁi’ﬁ%“ﬁiiﬁgﬁﬁaﬁéi;'4r%@a*4wsm4a¢¢a%
¥ o j% ¥ 18 av figde Hill-climbing procedures 5 d i+ & 2ok o

iézfc%f:f%%*;‘é 1] o
Hill-climbing & - fafp “X¥:eg i > vl H- f2af2 3 FFivde
FEoX AR -ty > AP BRI R ER D - BASITE o F A
TREenp RSB E Il Pow R0 P Sl E kit P o ’I} L ARITRRB~ 8 P o
f& 5 FR O REATRD P RAURIT IR BEE - BHTR o dogt - -
e EFRERA AL FAE T P ARES S Sk oHill-climbing £ 4 AtiT 2+
Bodr gk o (iR € F BN PR AT o AATE TRl Sikcs B RS
Boid B R B T AP AT Y S E S T 0 B R A

\\-

9

BGAGHER -MBO® SA Y5 - BRI o 7 RiFH 2 iEFERY
TR ERLRLDIEE LR P AL KR 2BEF AR R 0 A
ig;ﬂg@@%bl\/lBO%F;{iﬂ SRR T - o e B A S VN CR i
SOPF R RE B SR T BRI R TR o

GA&%&’GAéﬁi%wﬁﬁﬂﬁﬁE%’$??&H%?’Eﬂ
MBO 3 & % H 2 fledf (Ferdfa 4 4 7 — Renfr o 4k B2 (5 eh1 34 17 5
e AR iRy o BB ek TA L T F RO CGA R 2 S0 A
Frict Egmepea o

MEF A MBO 3 & F it x enfdd] o A 31 kR H g - 4 SA
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MBO & SA ~ GA 93 ¢

MBO

SA

GA

R fe R B
Fo@ RARM LR AR
B BARE o y;%‘g}

HEH guEfd § ¥ ‘J’ﬁ’f [F3

A AR E L B

W £ B P RBEHFL SN . BEL E EE s A R
ﬁ"%'ﬂ" ’ HeLm e o
B AR AT 2@
F| A R ik ok % o
N s S T T TR RPN
LS ehF N F AR R S EIE RS e f R
B S E o RIEH LS AcB B R T % ’ E ‘J ‘;J; ﬁﬂ;;:{ ‘
cp TURRAU AL SERBERURAL o
BiEs frsed 3 mly ROIT-BRECER L g
BTesc o IT - gt B G ORE A blERR 2w ¥
it g R A o B g B FET I NE R Raaki R
i e - - B g § REEHE o
wF -
hAfep ¥ohd kg4
B I[%%Lé’iﬁrﬂlﬁ@ i3 ﬁg“{ﬁﬁmﬁf‘ff’?&"ﬁ'%
VEHS R o A 4 3TenS Fo BT - ko fEd
< e Ao H Tk ok fR g % — BAES Rk AT S
e TE 0 R SR R BERORES KR
& Wit} LR e RS
BiE o
B RRH e BT
%% . _ AL RIS P g
BB FTHE A @
H{E 5P
D R ﬁiﬁ%%@nﬁﬁﬁm
fedt fFeny e o i & R I Ll B3
& B AN B 2 g PAR S 4 ﬁ“ﬁmgvlzl—n[;m‘}g _
T 3 A S B k2L AR
> e FEIEE o ¥E -
XA A BB
A PR R BFRR B B

TR TR ’%ﬁﬁLt‘;#'J
DEIHF SR o
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‘;Ei ’?5&'6"’%&7}' “SA\*?
41 Bl
AR HC i MBO 4 %tid 7] ek &

e a1 T2 3 2 frg P ik 2

MR EHE g B IR
B R fR R R ¢ gy 0 e CEC 2005
special session (IEEE Congress on Evolutionary Computation of the Special
Session on Real-Parameter Optimization) & 2005 +# #3& i enfl 2 p] 28 & e R
Poa RIREE R o AN BREET o anEAHERT o p o e g A iR
T E PP R % o ¥ AT T b )R % ¥ i B osession @ &K
ik B GR TR A 4T 0 i@ LR MBO ST HEE si b et e B o

ARG R T ARG L & Wﬁ%@’W$¢?%%m$&&ﬁ@
- RERIEE S EREFIE SE TS Lok
ﬁﬁ%umﬁipzwﬁﬂﬁﬁéﬁ&&ﬁﬂ
B LA 4L
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AL S L
f =Zm:Xi2 Unimodal
i1 Separable
(Sphere Model) Scalable
H - m(i Y Unimodal
T B % f. = ;[; X’} Non-separable
E% (Schwefel’s Problem) Scalable
(unimodal) m = Unimodal
f. = ;(10 )m_l e Rotated
(Rotated High conditioned Elliptic Non-separable
Function) Scalable
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o

24
T 3B i#
xﬁ'rﬁi

(multi-modal)

m—.

f, =3 (1000 — %,,)2 + (% ~1)?)

i=1

(Rosenbrock’s Function)

Multi-modal
Non-separable
Scalable

Having a very narrow
valley form local
optimum to global
optimum

fs =[x —10cos(27x;) +10]

i=1

(Generalized Rastrigin’s Function)

Multi-modal
Separable
Scalable

Local optima’s
number is huge

inz icos(ani)

-0.2 m
f; =20+e—20e mo—e!

(Ackley’s Function)

Multi-modal
Rotated
Non-separable
Scalable

Global optimum on
the bound

If the initialization

procedure initializes
the population at the
bounds, this problem
will be solved easily

l m m X
fo=——) x2-[ Tcos(—%) +1

i=1

(Generalized Griewank Function)

Multi-modal
Rotated
Non-separable
Scalable

No bounds for
variables
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5%%] FRR AP AT IR0 420 F BB L P HE -
#cH 7 1000 =t & 3+ & (Function Evaluations) » ¥ €453 7 25 X § 5% ° &
i v = #ic(FES)iZ 7] 1000 pF » A %) 2442 22 & (error value) f(x) — f(X) ¢ & -
B function .25 X F T T OB HEEE L o F R IEEEAEFE R
B AT TR A A W 2 & - B e Kfgenief E(Accuracy) BB if it eng % H
gip o] et g g ehfe R @ f(X) — f(X) = Accuracy » RSP R EE L T
WfRAHE AL o & 42 5 7 B test functions eh f g Rl T h E & -

Lé

L4283 0F B F A

Function . Search
f(x) Accuracy
number Range
[-100,100]"
F1 0 1.00e-6
m =10
[-100,100]™
F2 0 1.00e-6
m =10
[-100,100]™
F3 0 1.00e-6
m =10
[-100,100]™
F4 0 1.00e-2
m =10
[_5’5]m
F5 0 1.00e-2
m =10
[-32,32]"
F6 0 1.00e-2
m =10
[-00, 00]™
F7 0 1.00e-2
m =10
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(D) foacpFz T3 5 0 425 S ap3Ry > Bzaer 2 Rh o
FEFEHFEER > BT E o

(QEfcarprz TP R pFF 2 LB L D A (L)Y EREL -

(3)if e acPF2 B R AT ¥0(E | B PR hB T P E BT I E o

(4) EjrarpF2 B d R AL QR HiREL -

(5) 1z &t 4 v+ (Convergence Percentage) : ¢ 4q #eist B > 58 5 it Sy
I T aC i 2 ek #i/3 F_erip iR = #1)*1009 o

422 R BE%
i R

ig%gg@@&ﬁ&%¢§m‘m~%‘moﬂ%@ﬁﬁﬁﬁ&4
4 it o A uh 600(3H Aga 10) ~ 300(¥f s+ * 4 20) ~ 200(¥ &+
H»§t30)¢’150(§+ﬁ%ﬁ'F*§t40) vt VAR R ARG F T 6000
TR E Lk c AR HRF TR OB FRRERF 09 BiANE
FdnE s 1o B s R 200 0 33+ R dcy MBO W B 2 Rjzeca
2B 248K e A L EFERAT MBO e %5 % -

(1) ¥ - % % & iz f#(Function 1~3)

- RE R EFOSEY MBO A REFFE SBEY F 7 4D
% I » & Function 3 sz act F e 2 o Function 1 + &~ &ﬁ\rg BN
PR BEARASE > A £ R 2T 7 & S Ap gt P RFA B iR £ (Standard
deviation, STD)# ] » FfE & Fi Z £ % - a3 > MBO + i i
30 P fERF R L B > 20 FFFIETAT B E o

(2) % £ % ¥ & iz fZ(Function 4~7)

T HE B EFINL R MBO A&~ =X § % < Function4 @ %
2 FE Ed R BRI G EFALZE 8
WA BEFFTEREEE o FERFF L > A3 Nl 10 chpFiE & R
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2. BERFERBF B4 N £
L e fiT s MBO $oi & el (4842 — > & @SBRI U A e g
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ETIRS

%r]iﬁ’ﬁ;"’ 520 FAmAERLEF 50540709 B
1510 st s 4 B o2 ML RGP Feh 3 (7% > 3]
goa¢~ﬂﬂﬁﬁ“ RS o B R MBO e it o
ﬁ%i% PR chd 0 o &l fdicle £0 E iicleaca it B
3 4

245 8 At SR T 2 4w SR E PR A R L(Rank) o £ B3t
L St AT Sl # 4 fe(Total Rank) » S frdk i 4 on 3 B 2 0%



% 4.4 F 2 MBO a2 58

h
spermat eca 10 20 30 40
size

F# value CPUTime Con. value CPUTime Con. value CPUTime Con. value CPUTime Con.
Avg. | 4.10e-08 4.7503 0.00e+00 2.9327 0.00e+00 4.4722 0.00e+00 6.0596

F1 88% 92% 100% 100%
STD | 7.10e-08 3.8335 0.00e+00 0.0378 0.00e+00 0.051 0.00e+00 0.1038
Avg. | 0.00e+00 3.2139 0.00e+00 4.691 0.00e+00 4.6093 0.00e+00 5.9533

F2 100% 100% 100% 100%
STD | 0.00e+00 1.195 0.00e+00 2.5606 0.00e+00 0.0733 0.00e+00 0.2756
Avg. | 0.00e+00 7.172 0.00e+00 3.01 0.00e+00 41015 0.00e+00 5.75

F3 36% 28% 20% 20%
STD | 0.00e+00 6.5664 0.00e+00 0.1129 0.00e+00 0.0771 0.00e+00 0.3097
Avg. | 8.82e+00 8.1015 8.68e+00 11.6356 8.65e+00 15.6043 8.66e+00 20.099

F4 0% 0% 0% 0%
STD | 2.50e-01 0.0544 2.78e-02 0.0235 5.15e-03 0.1607 3.34e-02 0.1189
Avg. | 0.00e+00 3.8737 0.00e+00 5.3731 0.00e+00 8.1162 0.00e+00 10.3731

F5 100% 100% 100% 100%
STD | 0.00e+00 2.4217 0.00e+00 2.2015 0.00e+00 2.5936 0.00e+00 3.0443
Avg. | 0.00e+00 2.9275 0.00e+00 3.7325 0.00e+00 5.6856 0.00e+00 7.6987

F6 100% 100% 100% 100%
STD | 0.00e+00 1.8631 0.00e+00 1.4699 0.00e+00 1.4537 0.00e+00 1.6126
Avg. | 0.00e+00 1.8119 0.00e+00  2.96308 0.00e+00 4.6988 0.00e+00 7.1512

F7 100% 100% 100% 100%
STD | 0.00e+00 0.8575 0.00e+00 0.1109 0.00e+00 0.2011 0.00e+00 0.4014

3L . con. = convergence
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ATRARE o AP SR T Ao B i AL B dai B A 05 2 10 B
R Sl £ B o

% 4.5 & SoficiE RIEF BIE A b A B e ae e

(GE BRG] A 4ot £)

(0.5 1) | (0.5.5) | (0.5_10) | (0.7 1) | (0.7.5) | (0.7_10) | (0.9_1) | (0.9.5) | (0.9_10)

F1 7.332 6.951 7.125 7.328 | 7.359 7.362 7.641 | 7.344 7.730

Rank 5 1 2 4 7 8 9 6 3

F2 29.797 | 10.875 | 28.906 | 28.89 | 29.016 | 38.094 | 41.031 | 40.266 | 36.703

Rank 5 1 3 2 4 7 9 8 6

F3 7.297 7.187 6.297 5.266 7.344 7.156 6.781 7.281 7.375

Rank 7 5 2 1 8 4 3 6 9

F4 26.98 41.43 41 34.46 | 41.90 43.10 26.04 | 41.48 40.51

Rank 2 6 5 3 8 9 1 7 4
F5 33.3 25.97 28.89 31.7 34.18 32.17 45.9 34.56 37.13
Rank 5 1 2 3 6 4 9 7 8

F6 37.62 34.74 33.54 3455 | 31.47 71.37 41.89 | 36.57 34.27

Rank 7 5 2 4 1 9 8 6 3

F7 25.73 16.39 19.89 16.07 7.69 37.23 1573 | 11.35 42.46

Rank 7 5 6 4 1 8 3 2 9
Total

33 24 18 21 35 50 42 42 42
Rank
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rA2 b d(u+A)ES B MBO A& »tir FenA B oo PR R d
B FE eV RAFERSIETERE T R A MBO> H s Ap R (u+A)ES
Pk D R B e ¥ (u+ A)ES At it Shfieei 2 > A CECO5 Special
Session #74t & erfp B < zgler‘ » Lino Costa #74& =7 PLES(A Parameter-less
Evolution Strategy for Global Optimization)42 ¢ 3 = £ ev§ % #cdp & % % >
govb o d 3 PLES & B A (u+ A)ES e 5T o H#3H Sl B g (e
U gra B2 PN KNP Bt B R o
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4 He S Bk RINA 87 PLES 913k 2 i 4 4 3 oo PLES s 48
#(u)s 100 F Rdc() i 1000 %8 € w iz iE BEc(p) s 100 R 58 R PR
BE Y AR E Y ;‘:1‘2(&\\?4]%2_!%]7/ /_Zr'll;"i’z'oc]/ /2\/5 ’ §g¢&% 46

MBO er%ficak 2 >34 S 8ics 103 AN#ich 20> 7@ ARy 5 09
BEnwEddeEms 1 ¥ 44%F A#cia10-~20~30 ~ 40 e fict #2040
R 8 7 o Be(F ok fp Nk JF T Sodik) 2 1000 =k o L 3 w5200
LRBIOE S Rl Sl Ao A4 4T

% 4.6 PLES 9 =% % #c

5 S
i) 10

3 S (1) 100

% B 8 () 10

2EFYEF () 1fden

¥EEY I (1) 1/ 2\/ﬁ

Z= S S BB

2 #c 1

1 BB g £ (3)
F N #c 20

Qe 7 = e 1000

R g 20

s d 5 T Rk 200

ST R R 0.5
BERENLEANE 10
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431 #(u+1)ESH R
MBO A} it e P ek LR EF R BIp @4 480 £ 49 L %%
W oo AR EREELR 7 BRES A B A 25 ARk B iEE S
1000 st fp v T 3o 2 BB MBO st 2 e B o d 5% B 57
fro 3 BH - B A G EORRSET > MBO B A P AR B
ES 22 PLES- & % & % ¥ 5 & 2% % 304 »Function 4 B2 & j# £ | & & &>
i A BRI R oo pt ot HARR REL F PRI % oo B KK
AT MBO eha fle 8 (FHEA AT » il o e iR B %
Yo FER e E TG e A oo
d FEHEIRT o MBO % 3V Snlich 2B HHFY > R HLES
far Rt fdm E 285G WM T RS RAFLAIR Vb d 3 MBO
B e d oy AU F AR 1w T ¢ 200
ARPWE > T L F A RN EREIrEY LT kG2
€3 0EeAE 2 -

# 4.8 MBO ¥ % % %

MBO
Mean Std.
F1  0.00e+00 0.00e+00
F2  0.00e+00 0.00e+00
F3  0.00e+00 0.00e+00
F4  8.63e+00 1.0le-01

F#

F5  0.00e+00 0.00e+00
F6  0.00e+00 0.00e+00
F7  0.00e+00 0.00e+00
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# 4.9 ES ~ PLES ~ MBO T i23zsc 4 I

F# | (u+A)ES £ % PLES # ¢ MBO  # ¢
F1| 9.86e-09 (3) 8.4e-09 (2) 0.00e+00 (1)
F2| 29e-06 (3) | 9.65e-09 (2) | 0.00e+00 (1)
F3| 35205 (3) | 1.18e-05 (2 0.00e+00 (1)
F4| 7.49e+01 (3) 3.05e+01 (2) 8.63e+00 (1)
F5| 4.49e+01 (3) | 1.67e+01 (2) | 0.00e+00 (1)
F6| 2.04e+01 (2) | 2.04e+01 (2) | 0.00e+00 (1)
F7| 1.18e+00 (2) | 4.09e+00 (3) | 0.00e+00 (1)

432 1%

B0 FoRE oL MBO F b2 AEE U RREALE dad o
¢ * CEC 2005 Special Session #73 cp| & S Befa 5 2 P 8 Jf & 2 »xie i1
PRy F RS 5FP OMBO (R fzi 4 fap RT3 ILES; d 2 MBO
S| RAE BB LR AR 12 6000 X2 HHF B X 2EHHFRT
A 2200 RS HEF (L eed F R) R RfREADT €57 12000
R fEE s o F BE AR EFTI MBO A2 EFNFR @ H b
FTRFF 2R REFE O GECE 0 R Ea B
(u+A)ES 5 iz o

d AR RBRATT RV v BHEA G A A RSk 2R

m H IR RS S AES ) T FAPRKY - B
— ST S B A B a0 kA E MBO B i i i AR endk (Tl

4.4 MBO *t & S B A 5

Zyp AP PRI BT e blde D REBfERE T A
|4 (Separable) ~ i i+ ~ L BT AT B o A% § chdi Bl i S AR S
R JRILR o &) $ 53 MBO K3 @R R 2 & 519 B 12 MBO % %
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BIRRBE AT iRy (B o
4.4.1 Function 1 : Sphere Model

XX =X X, X |

NgE

F(x)=

i=1

m : dimensions.

Uil

iy
T
TR fy
A

(W i}
i
oy

S

> Unimodal
> Separable
> Scalable
> x €[-100, 100]", Global optimum : X, Fy(x)=0

sl H - FEfE L3 7 AR Riak m=10> 7 5 [-100,
100] > S#cz 2 E(ldea)d& iz ®@ 2 0 -

# 4.10 MBO ** Sphere Model % F# B »xxe

3 fe i {7 2 el iT RIL S S
WAl | Rl | A Ed | Rl | AR | TRk

3% 4% 0% 1% 97% 95%
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Unimodal

Non-separable

Scalable

X € [-100, 100]™, Global optimum : x, F,(X) =0

s B R fE Sl B3 T AL REaR m=10- #F
%[-100, 100] » sn#cz @ (ldeal) B iz & 5 0 o 4% 2 H — % & f200° 4
2 Function 1 7 fe a3t pt B Snficl 5 7 7 A Bl o P RS BciE X %
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4.4.3 Function 3 : Rotated High conditioned Elliptic Function

(%)= S (10°)7 5 X = [ X 3,

i=1

m : dimensions.

g0

ag o

B 4.7 Rotated High conditioned Elliptic Function = & % F = ‘&7 % B

Bk S
» Unimodal
» Rotated
> Non-separable
» Scalable
> x €[-100, 100]", Global optimum : X, Fs(x)=0
poxfen H- REE SB LT AR REAAR M=100 $# R
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ot o FRGFT A lkdg b MBO B E i E R iR o
4.4.4 Function 4 : Generalized Rosenbrock’s Function
m-1
=D (100(X7 = X1 )* + (% 1)), X =X, X1 es Xy |
i=1
m : dimensions.
B 4. 10 Generalized Rosenbrock’s Function = B % & = ‘&7 ®, B
Bk S g e
» Multi-modal
> Non-separable
» Scalable
» Having a very narrow valley form local optimum to global optimum
> X € [-100, 100]", Global optimum : X, F4(x*) =0
EdcE - B E REBFOSHE ‘494 M FHAERE M =
10 - # [ = [-100, 100] 7 &Lﬂt;(ldeal)ﬁx i E 5 00 pt Sifeh FrR e

RN ?Pﬁ“ﬁxfj'f_ﬁ > )?4,7 =
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445 Function 5 : Generalized Rastrigin’s Function
s (x) =D [%* —10c0s(27%) +10], X =[X;, X,,..., X, ]
i=1

m : dimensions.
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»  Multi-modal

> Separable

» Scalable

» Local optima’s number is huge
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» Scalable
Global optimum on the bound

Y

> If the initialization procedure initializes the population at the bounds, this
problem will be solved easily
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4.4.7 Function 7 : Generalized Griewank Function
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m : dimensions.
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»  Multi-modal

» Non-separable

» Scalable

» No bounds for variables

> X € [-00, 00]", Global optimum : X, F;(x)=0
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