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Degree Program of Computer Science
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ABSTRACT

Solving optimization problems is an important issue in many research domains.
Evolutionary computation is one efficient method to solve optimization problems and particle
swarm optimization (PSO) is a newly-developed algorithm of evolutionary computation.
Generally speaking, the customized algorithm using expert experience can more efficiently
solve specific optimization problems. However, the most researchers of solving optimization
problems often have knowledge of application domains but not ability of developing the
algorithm. This study aims to develop an efficient general-purpose particle swarm
optimization (GPPSO) algorithm to solve various kinds of optimization problems. GPPSO
utilizes three techniques to cope with the difficulties of intractable functions such as strong
interactions among parameters, multi-modal function and large number of parameters: a)
initial particle swarm of uniform sampling, b) Solis and Wets local search and c) intelligent
move mechanism. The high performance of GPPSO arises mainly from an orthogonal
experimental design with orthogonal array and factor analysis which can effectively advance
the search performance of exploration and exploit. Furthermore, the proposed initialization of
particle swarm can advance robustness of obtained solutions. The main control parameters of
GPPSO are analyzed and their default values of parameters are suggested or user-defined.
This study utilizes some benchmarks to evaluate GPPSO by comparing existing particle
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swarm optimization methods. The simulation results reveal that GPPSO performs well and

can be served as an efficient general-purpose algorithm of solving optimization problems.

Keywords : Optimization, particle swarm optimization, intelligent move mechanism,

orthogonal experimental design
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Vi=(VigsVigssVip)' (2-4)
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1. g A2 E 2 4 A # (7 (basic column) - H ¢ basic column 3 a; :
j=1,2,Q2_1+1,Q3_1+1,...,QH_1+1
Q-1 Q-1 Q-1

& 4 basic column :
for k=1 to J do

begin

Qk—] _1
Q-1
for i=1 toQ’ do

-1
& ; :{Q _kJmon

end

j= +1




2. 21§ basic column 1% * £11{7 (nonbasic columns)
for k=2 to J do

begin

_Qk—l_l
= Q_l

for s=1to j-1 do

+1

j

for t=1 to Q-1 do

a =(a,xt+a;) mod Q

JH(s-1)(Q-1)+t
end
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2.5 Dynamic Multi-Swarm Particle Swarm Optimizer with Local

Search 11 %

Dynamic Multi-Swarm Particle Swarm Optimizer with Local Search
(DMS-L-PSO)zt § 8 * Dynamic Multi-Swarm Particle Swarm Optimizer
(DMO-PSO)[13] » #c }+ & * Quasi-Newton method £ local search o 77 i* 1§ 4%
¢ AAPRRRAFE A R A I Ap R 50 E DG RS %
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38 (¥ 5% 5 47451 m*n particles > “E4#54 & nswarms > # B swarm F m B
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swarm’s population size % regrouping period © DMS-L-PSO » & * DMO-PSO - 4t
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Bogsdl o der B2 A AR e B DR G RarTi > FIZE AR AT
%@%wﬁﬁﬁ&’ﬁﬁ%mﬁéﬁaﬁhaza%mﬂ%&ﬁzvﬁ*@
OPSO e £ 3l4e 3 B84 # % T 2 B 545 Dbt G5 > 7 12 o eh

F 3P > E PRI IEHF»TE > £ H 4 large problem cpF i 0 dk AX4F o

2.7 A FFE 2 ¥ GPPSO it di

271 AFFEZEG A
A 7% & 2 (Genetic Algorithms, GAs) % i * /7 & 2 » AFFE 24 %
Bk 1 BAT 5k 2 - RBLE RS R A PR ] T A
Flo R BRI BATRE o B 22 L ATIRE 2 A A
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273 BAAFFE 28 3 HEFE 2 PR 2

FA o A TFIEE 2 ¢ aniE 3 (selection) Eif

%iﬁﬁﬁﬁ’%?&%m%§

ook F HFE 2R SRk (T X BT - E 3 a kF ey dpa
Grim e o B o AT U o ERBERLA > T LA LT

RIEFEZLFIRF I IHEE LA I RAZFTR ORI EFLZY 3D
PBEkppe hh iR NREA DB EER AP ENTZ Lk g
Bz o 3 HFE2 ¢0RBMmbEE > R THIPR S w o

TR 2 g U3 S8R
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FoAp BTG FRE F O RE A TR E 2 A e 1 g

FOHCP AT 0 R EIR E E FlA e i R iRGE SRR
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3.1

3.2

Ji

~ #& 1 GPPSO = 234

CRER )
B AR B R #Jﬁ#ﬁ*ﬁ»lilLF;,,axE#gfﬂ%)%% I R o PeE &

#Tw

bl

B e PR FAEOR T R B F A2 RE B o o i
- AR R > AR E R 3R 2 et AR AbA g2 o 7
AR Y > @I TG o REFHEF LI > S BRBPAENE EfRZL L
BB 3T AT B R RE 0 AR E 2P Ao r T OR8] 0 PeiE

FHFTEZE > RHH O PR ET S - Yo EREE -

BACRFIEREZA 0L AR ERA L AR T RE Y A

FERALF B A8 o ek i b VR R BP0 G R b B
3 HEFfROR0E 3 B ERle o B oo e S IR Rk gk B A

k3% B i fZ(local optima)enhf 38 ~ B &4 H0F ¢ F ~ ~ < $odig(large search space)
R REPF > 2 F 5 35 Pl i f2 o Local search 84 - ¥ &4 4 H ok 3 1T §
Fod B 2 A H B B i fRPE R ¥ localsearch ) ¥ U R ARIT RPN 35 I R P B F
fRo 2R S i B® FFEREFELS T AL TR I FORER M
e+ AR R RET MR BIOF L L FHIEFRER B8 S S Sl
HHZR S EEFEAR T BRG] JI E A AR EIIREST - B
Bt o VPSR D FER P e

BRI PSO v 4 » ODE 4] i 4o+ %3 > T @& * IMM 4-4

< SRR Y IMM ¥k Aendgs® > T o F ovkendy B FfE o s
% 7 i 3| general-purpose 1P o 30 F i eh g BcE > 4o 1% ODE 4 2 4 %

9

ok s o K iE- BIPRINTFE 2 8o

B FEFE G F

Rt

AR TR JaiiE B PengF oA st @ h R
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W RN A2 A g RIEF IR Y R ERA LI AL DRET NG 0 ATt
PELHEZ BB A 53455 PR 2393 FE TR REB O AP DA EfE TS

FlE v A2 FEZ 2T » Vi AL FEFEDES o A do B
A8

% B EAEBEFARETF Y ORER T B R AEFERESITIFEREE R
) 2E AP RS RE BO T LS e A T R A
eV EES G ok DT EF A B B S M E R EE S e o D EE T

Peid febi B - o

BB AEI A ROE S N L MBI EAE R TE AR D
ki B AR GURERT SRR s Bl WIE LA SR -
BfEe 7ty o EER o HATG fEBB i N BN Lo+ ¥iFd 2
e+ P o @ F SR RECL IR B B AR R o B A AL E D

ALV A AT F)F o B QA EMT LREISS Bl prARNEHy E s

-

JHcEE 0 R B AT UL FARTE ik b 20 £ A kg 4 B

BRI E A AT gy o KBS A 39323 0 H 37 Ao H &k %5 iF fZ(local
optima) » "k #c* 5 Pl E A 4 o LTk eiE FadeBh o T LR

BEIEE R > gt B> DL REF LR o
BhE AP A A AR oY SR anE A FE R BEaE AT Y
BfRZ B AL S BELS e R AREE 2L BEARTEE R 0 2 F
FleoF R ArT A g M o ofd 2 B A cnpFig > DHBET BRI gk g &4 @
B R AL > L G PREE AR TR R bR o
%k =% % ¥ _local optima FF > & * local search ¥ 12 f 83T ®e 45 3+
R I BERIFORERT R AR HEFE 2 AT
oo - B ke NS e 3 HUF B 2 Y 4o » R % gk (7 local search ¥ L pe g
BFaid oA I TR ORRER L 3 REH B a3 o local search # 10 R
RHEFAHN VAR ITNRER P FEEES YTk
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deF IR B 22 large BPREPF > »c % 3 & o OPSO ¥ % large F* 4% » OPSO %
F - BRFIDEFEIFHK TR A ARE o T UEE - B EAF RS T E]
BB T A A E P FHYEF P o

% i 3| general-purpose (P 1 SRR 3 HIFE EWE 2 E D ddcE 2 B

EFEZ oA rERL o Ed ERRF%K o B ERF- B2
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Hic o 2B i
PR EAA S BRI EL T BRI BTRER B e e P il
Ade it B L A AR Bl s RS B R R R L (W) o 34E iR
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PR R B Ed R F R R RE P F R RN g AR
SRR L 3 R oS C ) 2 ¢ 48317 random search » § B~ i R iE ]

2= ZHbgeFl =] 0 F 5 5 local search o ff € MIF R FIEF L 28

3.3 GPPSO z %3

3.3.1 GPPSO /4%
GPPSO /x4 40T
1@ % 8 2 & Bk F 44002
2. & & PSO nAz
3. local search %+
4. modified IMM » 4ef 3 S #ic 5 30 > #fF $E 2 (5 0 35 B4F v 10 B particle

BITE D%

Jet
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3.3.3 GPPSO 17 j# > jadcit
3331 F % A A0 ds

GPPSO = jZ#% i@ 5L PSO = /2 * "g 8 P~BL§ (T4~ 4nf2 » F,iFE T £

E L P ORF BRI AR 0 B A R LA AR Y T3 T i afE

N
\Z

(possible solution points)2 £t 11> #c ? fb > A RS ke EfRaRER L R
LH P B fE o F AR R B XA AR BT

ZHE LA o B YA PG B AR (dimension) © B W & R gL #
AEFEHBA > ook B 2 o MERERC AR S 0 BZ B AR
A AR RS R R .
2. RYRE VA A T o AR B L - F EB S - BE A DR AR R
PR EES T eEB TR E ) RpITRES A
TP [F o PR3l B g o Bl N it 5F B 2 44518 o N 5 R 4» swarm 0

particle # p -

3.3.3.2 Local search

Local search P chz F % { e ifd » THRE{L <~ PRER - H Fde

3. B AR ELT G RARORER B o f PR - 2 e
FEF 4F o RPEE D e i0F
Bk 52 5 2k ¥ local search ¥ 4 7 ende + i AQE N B S H BT iB A o 4o
iF 5 B edE 4 pr o T local search 2

GPPSO ¥ rilocal search #+4] » & & * & 4F a3+ & {7 local search » ¥
BB A 0 4 T 6 IR & B o
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3333 FEA RS B4
Novel Orthogonal Particle Swarm Optimization ® &-¥+#75 particle i% % £
eF BEPF TR FEURT BEPHIF LR S ARG T
particle #c£ > adopted PSO # 4 * &%t %43 e % B particle #AT 23] 3 #
B A B MR A AL T oL RE Ak o
B~ 8 [ fdF 05 B particle ¥ (FE 2R SHAOKR T A o L@

Bodd i % o oS S & B s dodF i particle 0 32 {7 - % B4 ¢ particle ©

3.4 GPPSO £ A Fliw & i chff (T &

B RS R R 0 AGAE e L REOPA LW - B
BREfREY oAt B R RO GRIFTIPER MK Y B
local search §? IMM » 5+ BFRE R » HBRAFIFY 2 hR PP IABH -

GPPSO “t » local search #5+| > local search fif = *iTd& » 35 3 { 45
oA OB BER O BEAFIFE 2 OREBH ML BT ORER
PR T o FE N F g e

GPPSO “: » IMM 4] » 7 $ b 2 51 5 32 P2 pefbdl > 24 7 b ob
BR > TR BN BRI B> PFFABEEAREE S IMM £d 224244 7

Bt > PEINBA P izEiis - BREBN 224229 5%

Ho) o 5l 3EE & E b R X RASFE 0 4oB] 2.5 ¢
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PN R S e AR
PR EY S SuREER Y PREES AR U E PRI RS RRI KA
5 CEC 2005 special session ek % > 12 % 35 <~ "OPSO: Orthogonal Particle Swarm
Optimization and Its Application to Task Assignment Problems”® & # gt = i cnp| 38

B BEFALIHRRT > FoA SN BIG 0 5 - I 5 5% GPPSO ¢if % $8c > 4

=

BB B GPPSO »uig i R Sofic > d F ST T Fen- 258k § 2K

FHco F oo AuAr 2 B d FEREEED 0 A4 B[S r i8]0 I HF T
A ‘r‘,m’ﬁ FPFEH P e = BF IV S @ * CEC 2005 special session e 2 2% %
w0 i>> ¢ * CEC 2005 special session i® 3 jp|3# e > ¢ ik GPPSO ¥ DMS-L-PSO
F oI o BT I 0 e L % CEC 2005 special session > © 3 % d7h 2 &%

TR o % A IR GPPSO 2 OPSO Mt #z > i * 34 < "OPSO: Orthogonal Particle Swarm
Optimization and Its Application to Task Assignment Problems”? -~ = B ciplif S fic o %
= 3R> 74 GPPSO *t CEC 2005 special session Ferjg fe & o & ~ 0> > ¢ * CEC 2005

special session ¥ % |38 S0l » vedi A Bldc N Z RSt aciE By o d TS

5] » GPPSO e acid B B o

4.1 PlFESHEA B
% 3 BipliEddic o & B 5 CEC 2005 special session (IEEE Congress on

Evolutionary Computation of the Special Session on Real-Parameter Optimization) [14]
B 2005 E rH dee- 3 FHRERIRE SN > AFFR R ana L R G kRl
5Nk R T OB N R aria F A R RS RO R Y
- 5 14 % 3 < "OPSO: Orthogonal Particle Swarm Optimization and Its
Application to Task Assignment Problems”® & #* et = i crp| 38 S e Pl3A S lic
4.27 o

CEC 2005 special session Test Functions =4F |4 4 5§
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+ Unimodal Functions (5):

Basic Functions (5)
F1: Shifted Sphere Function
F2: Shifted Schwefel’s Problem 1.2
F3: Shifted Rotated High Conditioned Elliptic Function
F4: Shifted Schwefel’s Problem 1.2 with Noise in Fitness
F5: Schwefel’s Problem 2.6 with Global Optimum on Bounds

+ Multimodal Functions (20):

Basic Functions (7):
F6: Shifted Rosenbrock’s Function
F7: Shifted Rotated Griewank’s Function without Bounds
F8: Shifted Rotated Ackley’s Function.with Global Optimum on Bounds
F9: Shifted Rastrigin’s Function
F10: Shifted Rotated Rastrigin’s Function
F11: Shifted Rotated Weierstrass Function
F12: Schwefel’s Problem 2.13

Expanded Functions (2):
F13: Expanded Extended Griewank’s plus Rosenbrock’s Function (F8F2)
F14: Shifted Rotated Expanded Scaffer’s F6

Hybrid Composition Functions (11):
F15: Hybrid Composition Function
F16: Rotated Hybrid Composition Function
F17: Rotated Hybrid Composition Function with Noise in Fitness
F18: Rotated Hybrid Composition Function
F19: Rotated Hybrid Composition Function with a Narrow Basin for the

Global Optimum
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F20: Rotated Hybrid Composition Function with the Global Optimum on the

Bounds

F21: Rotated Hybrid Composition Function

F22: Rotated Hybrid Composition Function with High Condition Number

Matrix

F23: Non-Continuous Rotated Hybrid Composition Function

F24: Rotated Hybrid Composition Function

F25: Rotated Hybrid Composition Function without Bounds

% 4.1 PR #EKF) £

Test function X Optimum
D=100
Dimension
F = —ZD: [sin(X;) + sin(ﬁ)] X €213l (Fi)we =
— 3 1=12,..,D 121.598
F,= —E[sin(xi + Xi,) + sin(%)] |XI=€1[; 13]D (F)ma =200

= x, €[-100, 100], _
Fy= 2 [ % +0.5] i12..D (Fy)in =0
D
3 5 e[-5.12,5.12], _
F,= Z[x —~10cos(27%)+10] b (F)min =0
D
B 5 e[-5.12,5.12], _
Fs - iZ:l:Xi i=1,2,...D (FS)min =0
. D . X €[-1.0, 2.0], (F,),. =1.85D
F, = ;(X‘ sin(1077x,)) AP
X €[-0.5,0.5],
F i sin(10x ) i_12..D (F)win =0
7 | 10x7
— o e[-30, 30], F) =0
F, =20+ exp(1)— 20 exp(-0.2 /BZ x2) —exp(BZcos(27rXi ) |i=12,..,D Jmin
i=1 i=1
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D
F, =418.9829D - x, sin(y/|x) ix‘_el[foo’; O () =0
L “1,2,...
D—
ZZZ[HXK&H-ﬁ52+(&—4y] SR B (R ) =0
— i=12,..,D
X €[-5.12, 5.12], B
= ZI_X i=12,.,D (Fi)n =0
X, [-600, 600], B
F) 40002 HCOS( )+1 i=1,2,...D (Fiz ) =0
42 F Ewp

FI1* GPPSO %3} e it 2 > BK b LBk 245 [Fl4c™ > & (dimension, D)
550 ko] &

F(X)=fo, x, €[-5.12,5.12], i=1,2,...,.D

GPPSOI;‘;#%E%T :

HF- R E AR BB LA RE oA L2
# R -2.56,0,2.56 F* = RESFZ e 5(% * & 2 4 F]F (factor) e ¥ »+ i

=

## & e dimension #0) 783 £ i 7 BAR %K 5d FER Y | (3% i
2o PR EAR R BiFERE - BIRIDL[E P/ LB N BEGLEF 475
HE N SFEE &Y g fep o
B R BRAY - BRI RS

=(X, X, %, X, X)) = (-2.56,-2.56,-2.56,-2.56,-2.56)

F o sl R

F(X)=(=2.56)" +(=2.56)" +(=2.56)" +(=2.56)" +(-2.56)" = 32.768

HAZ CHRREFIEEZEAR OB ET BRI EEIER -
# 2t e Local search » 13355~ i K35 I AE 184§ ued

% 21 : Modified IMM

S RERRE R LT R
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4.3

(EINe

4.3.1 PSO #3F 3% %8

Gl
1. k3 #F# P (number of particle) » ¢ dimension ;i %_> dimension %3 > k&

FRCP BEART -

2. g #2148 £ (inertia weight, W) » * 303285k 3 B > T r 2 B H0F & F B H0F o

3.CC i yYHc2e

4. &+ o3 B b B (maximal velocity, V. ) B * ko F B Bdos < o F
Bk g N AEHE Aot | £ 4 R BEF

Belg sz R - B ABEISGB P A R R hE LA R EH @ F R
R EFAPH R H AR

5o ARE R BRI oA A R e

ShiE P S IR R et ES ST
fIv ez Bl ¥ AERLY SR ZRE ZkRNERAEFTHR TR
BB Ao T A o Z BABABGE LA K ER KA PRI BRFERNE B
€% Bl gk d B

ERPHFE - BFEAA LI A RER S B LRSI B Sh

Bo%=ZBFELFEEE -

e 42 B AP SR kcA

Fddpfrig * hE AR | Bx R B E | FERL(Y)
# RNV,
Level 1 N=11 3 3
Level 2 N=13 5
Level 3 N=17 7
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343 L3 i 24

W W W NN
W I = W[ W
N[ =W |[—= W[ |W|[N|—
— W IND|N[— W[ W[~

H ¢ Factor1: R4=45f3@ * eh3E 2 4K #c > Factor2 @ &~ e+ B g B

(V,..) * Factor 3 : 17 B4 & (w) o

% 4.4 Dimension =102 8 2 & & 2 i B %

Factor 1 | Factor2 |Factor3 | Fitness value
11 3 3 5
11 5 5 1
11 7 7 0
13 3 5 4
13 5 7 1
13 7 3 8
17 3 7 0
17 5 3 7
17 7 5 3
# 4.5 Dimension =10 > ¥ % 4 {5
Factor 1 | Factor2 | Factor 3
Level 1 6 9 20
Level 2 13 9 8
Level 3 10 11 1
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# 4.6 Dimension=30> &4 2 % % & 4 it R %
Factor 1 Factor 2 | Factor 3 | Fitness value
11 3 3 5
11 5 5 1
11 7 7 0
13 3 5 5
13 5 7 1
13 7 3 7
17 3 7 0
17 5 3 7
17 7 5 3
# 4.7 Dimension =30 > ¥ % 4 {5
Factor 1 | Factor2 | Factor3
Level 1 6 10 19
Level 2 13 9 9
Level 3 10 10
Bk

% dimension=10 p¥ » f¥cefie § 5 > A= 4it @ % (e 2 &0k

ﬁﬁi? 135 ﬁk_‘m
RIBBERL T BEELEWE 3
% dimension =30 p¥ > L ¥ccfie B 5 o A dnit @ F GhE X Aok

ﬁﬁi? 135 ﬁk_‘m

‘}“’*f%ﬁ“‘ﬁﬁiﬁ 32 7;

Pa- IR SO FROTER S AR E A RERIS ) BS
P BEERT BT W)
Pl - LI A %L EE -
# 4.8 dimension=10 & 2 % ¥ S #p(- )
GPPSO GPPSO GPPSO GPPSO GPPSO
11,3,3) | (1,55 |(11,7,7) |(13,3,5 |(13,57)
F1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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F2 7.31E-14 5.68E-14 1.28E-13 7.31E-14 7.31E-14
F3 1.15E-12 1.37E-11 9.46E-07 3.11E-11 5.55E-09
F4 5.20E-02 3.46E-01 2.39E+01 2.42E-01 9.17E+00
F5 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fo6 1.14E+00 1.34E+00 4.99E-01 5.70E-01 1.14E+00
F7 5.94E-02 6.53E-02 4.25E-02 6.08E-02 6.26E-02
F 8 2.04E+01 2.02E+01 2.03E+01 2.03E+01 2.03E+01
F9 5.69E+00 4.12E+00 6.16E+00 3.98E+00 5.40E+00
F 10 5.83E+00 9.10E+00 9.33E+00 6.96E+00 9.67E+00
F 11 2.67E+00 2.89E+00 3.54E+00 3.26E+00 4.09E+00
F 12 1.30E+01 1.76E+01 8.64E+01 8.94E+00 5.81E+00
F 13 7.89E-01 7.06E-01 9.41E-01 6.52E-01 1.02E+00
F 14 2.33E+00 2.91E+00 3.14E+00 2.65E+00 2.99E+00
F 15 3.46E+02 3.65E+02 3.50E+02 2.53E+02 3.52E+02
F16 1.08E+02 1.11E+02 1.17E+02 1.10E+02 1.17E+02
F17 1.75E+02 2.02E+02 2.06E+02 1.71E+02 1.98E+02
F 18 5.63E+02 6:19E+02 7.20E+02 4.79E+02 3.10E+02
F 19 7.29E+02 865E+02 5.45E+02 6.78E+02 4.76E+02
F 20 4.59E+02 5.37E+02 6:57E+02 4.59E+02 6.15E+02
F 21 4.29E+02 5.00E=+02 5.50E+02 5.22E+02 4.71E+02
F 22 7.92E+02 7.94E+02 8.03E+02 7.56E+02 7.79E+02
F 23 6.29E+02 5.59E+02 5.80E+02 5.59E+02 5.59E+02
F 24 3.07E+02 5.20E+02 4.85E+02 3.49E+02 4.15E+02
F 25 3.53E+02 3.82E+02 3.89E+02 4.01E+02 3.81E+02
Winrank |4 1 1 2 1
# 4.9 dimension=10 & 2 % ¥ S #I5 (=)

GPPSO GPPSO GPPSO GPPSO

13,7.3) | (17.3.7) |(17.53) |(17.7.5)
F1 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F2 5.68E-014 | 8.84E-14 7.31E-14 4.87E-14
F3 7.03E-012 | 8.25E-05 1.09E-12 1.01E-10
F 4 3.54E-001 1.75E+01 5.87E-02 1.52E+00
F5 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fo6 2.07E-08 4.43E-01 6.21E+01 3.56E-06
F7 3.90E-02 7.35E-02 3.80E-02 4.82E-02
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F8& 2.01E+01 2.04E+01 2.03E+01 2.01E+01
F9 3.44E+00 4.54E+00 5.26E+00 6.28E+00
F 10 8.32E+00 7.74E+00 1.06E+01 1.01E+01
F11 2.24E+00 4.91E+00 2.51E+00 2.70E+00
F12 1.05E-09 3.61E+01 2.86E+00 8.04E+00
F 13 6.40E-01 8.11E-01 6.25E-01 1.03E+00
F 14 2.63E+00 2.96E+00 2.89E+00 3.18E+00
F 15 1.42E+02 2.22E+02 1.99E+02 1.60E+02
F 16 1.04E+02 1.04E+02 1.03E+02 1.16E+02
F17 1.84E+02 1.90E+02 1.98E+02 1.82E+02
F 18 3.00E+02 6.89E+02 3.00E+02 5.30E+02
F 19 3.04E+02 6.96E+02 3.82E+02 6.34E+02
F 20 3.19E+02 7.67E+02 3.38E+02 6.41E+02
F 21 5.16E+02 5.00E+02 5.43E+02 5.00E+02
F 22 7.46E+02 7. 78E+02 7.98E+02 8.04E+02
F 23 5.59E+02 5.77E+02 5.59E+02 5.59E+02
F 24 3.24E+02 6.25E+02 4.15E+02 6.33E+02
F 25 2.07E-08 4.25E+02 3.83E+02 3.83E+02
Winrank |11 3 4 2
% 4.10 dimension =30 = & % 7 & d#kyp(- )

GPPSO GPPSO GPPSO GPPSO GPPSO

(11,3,3) | (11,55 |(1L,7.7) |13,3,5 |(13,57)
F1 1.01E-13 1.20E-13 1.20E-13 1.01E-13 1.07E-13
F2 1.16E-07 5.18E-06 5.61E-05 2.08E-06 6.36E-05
F3 6.35E-02 4.81E-01 2.96E+00 1.99E+00 3.16E+00
F4 2.61E+04 3.70E+04 4.55E+04 2.80E+04 3.37E+04
F5 1.33E+03 2.48E+03 2.93E+03 1.20E+03 1.75E+03
Fo6 1.35E+00 1.47E+01 5.20E+01 3.78E+01 1.15E+02
F7 1.59E-02 2.02E-02 2.40E-02 2.10E-02 2.45E-02
F& 2.10E+01 2.10E+01 2.08E+01 2.10E+01 2.09E+01
F9 5.35E+01 6.97E+01 7.78E+01 4.89E+01 6.71E+01
F 10 6.92E+01 8.88E+01 9.94E+01 7.13E+01 8.18E+01
F11 2.44E+01 2.60E+01 2.47E+01 2.72E+01 2.85E+01
F12 1.96E+04 2.17E+04 3.03E+04 2.84E+04 1.63E+04
F 13 3.61E+00 5.23E+00 6.14E+00 5.39E+00 5.31E+00
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F 14 1.17E+01 1.20E+01 1.22E+01 1.19E+01 1.24E+01
F 15 3.70E+02 3.53E+02 3.75E+02 3.99E+02 3.48E+02
F16 8.60E+01 1.59E+02 2.02E+02 1.65E+02 1.03E+02
F17 2.89E+02 3.47E+02 4.13E+02 2.88E+02 3.12E+02
F 18 9.06E+02 9.07E+02 9.06E+02 9.06E+02 9.06E+02
F 19 9.06E+02 9.06E+02 9.06E+02 9.06E+02 9.06E+02
F 20 9.07E+02 9.07E+02 9.05E+02 9.05E+02 9.05E+02
F 21 6.35E+02 9.34E+02 1.03E+03 6.98E+02 7.33E+02
F 22 8.65E+02 8.85E+02 8.82E+02 8.71E+02 8.74E+02
F 23 8.30E+02 1.10E+03 1.10E+03 9.10E+02 1.10E+03
F 24 9.42E+02 9.54E+02 9.55E+02 9.52E+02 9.49E+02
F 25 2.19E+02 2.13E+02 2.16E+02 2.20E+02 2.15E+02
Winrank |5 1 2 2 1
# 4.11 dimension =30 & < % 7 & #yp(=)

GPPSO GPPSO GPPSO GPPSO

(13,7,3) 4730 (15,3) | (17,7,5)
F1 1.06e-13 1.14E-13 1:33E-13 1.01E-13
F2 4.42e-07 1.84E-04 5.77E-06 4.63E-05
F3 5.82¢-01 3.05E+00 2.21E-01 5.86E-01
F4 3.36e+04 2.99E+04 3.17E+04 4.68E+04
F5 1.93e+03 1.52E+03 1.12E+03 2.00E+03
Fé6 6.78e+01 4.49E+01 8.87E-01 8.88E-01
F7 2.87e-03 1.26E-02 9.02E-03 2.32E-02
F8 2.09e+01 2.09E+01 2.10E+01 2.09E+01
F9 5.82e+01 5.95E+01 6.03E+01 7.03E+01
F 10 6.30e+01 7.72E+01 6.71E+01 8.70E+01
F11 2.58e+01 2.71E+01 2.58E+01 2.41E+01
F12 6.56¢+02 2.22E+04 1.32E+04 3.61E+04
F 13 2.94e+00 5.76E+00 3.50E+00 5.22E+00
F 14 1.19¢+01 1.19E+01 1.22E+01 1.21E+01
F 15 3.52¢+02 3.33E+02 3.85E+02 3.86E+02
F 16 1.22e+02 9.22E+01 1.39E+02 1.36E+02
F17 3.29e+02 2.83E+02 3.29E+02 3.48E+02
F 18 9.05e+02 9.05E+02 9.07E+02 9.06E+02
F 19 9.05e+02 9.05E+02 9.07E+02 9.06E+02

32




F 20 9.06E+02 9.06E+02 9.07E+02 9.06E+02
F 21 1.10E+03 6.33E+02 8.31E+02 1.10E+03
F 22 8.62E+02 8.73E+02 8.75E+02 8.79E+02
F 23 1.04E+03 9.56E+02 1.08E+03 1.10E+03
F 24 9.47E+02 9.53E+02 9.63E+02 9.54E+02
F 25 2.13E+02 2.21E+02 2.15E+02 2.14E+02
Winrank |8 5 3 2

432 GPPSO » #4773 %% %

4321 H ¥ eaPSO» & 4 » 353 Bt de 40 it en PSO 0 Bk i 5 v

B

PP HRAID DAk O E R LT E g # Y RISk
Function 6 » Function 7 > Function 132 Function 15 > Function 18 > Function 21 >

Function 24 o o § g % & Mgl @ B 3 HRALILY T4~ 4o eon sk il

4 o
Pk SM A e R M D R A CRER 13 B Ak I BERAE T BIE
BE 3

Fo412 4o r it h B 2 F R kR s B

Dimension 10
PSO PSO+ E % F % A4LILY) 4~ 4 f2

Function 6 1.24E+03 5.24E+02

Function 7 2.36E-01 2.23E-01

Function 13 | 1.13E+00 7.62E-01

Function 15 | 3.93E+02 9.02E+01

Function 18 | 8.93E+02 8.61E+02

Function 21 | 4.85E+02 4.60E+02

Function 24 | 2.00E+02 2.00E+02

Win rank 0/6 6/6
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4322 H #e3PSO » 274 ~ local search 57 PSO e 2 & % L #in

i * jp|3:& 3 #ik Function 5 » Function 7 » Function 13 » Function 15 & d § % %

o

-

23] > 4e ~ local search T 35¥ 113 4o f0F 2k o

=g

VSR Sl A e hE L AR B 13 Ak I BRERE T R
A

130

T

% 4.13 4c » local search e % #cdix

Dimension 10
PSO PSO +local search
Function 5 0.00E+00 0.00E+00
Function 7 2.36E-01 8.51E-02
Function 13 1.13E+00 1.15E+00
Function 15 | 3.93E+02 3158 E+02
Win rank 1/4 2/4

4323 H ¥ PSO > &4 Aimodified IMM 7 PSO 7§ & & & vt

B

4 » modified IMM(OPSO) » # dimension = chpFi » ¥ 125 di 2%k » & *
% 3 # Function 4 » Function 8 » Function 14 > Function 16 - ¢ § 2% % % ¥ 5w »
% dimension #{ * chpFiz > % % 4F > § dimension -] PPFIE o HOF 2k L
F P AE3 4 > %] dimension -] ehpFiE o iF modified IMM § 3 4¢3 % = #c
FohFle A de b R hE LA RER I3 AR I BEER T B

‘'L 13-

% 4.14 4v » modified IMM 7§ 5% #icdy

Dimension = 10 Dimension = 30 Dimension = 50
PSO PSO + PSO PSO PSO PSO +
modified +modified modified
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IMM IMM IMM
Function4 | 2.96E+02 | 6.23E+02 | 3.43E+04 | 2.99E+04 | 1.12E+05 | 1.09E+05
Function 8 | 2.03E+01 | 2.04E+01 | 2.09E+01 | 2.09E+01 | 2.11E+01 | 2.11E+01
Function 14 | 3.20E+00 | 3.63E+00 | 1.28E+01 | 1.27E+01 | 2.30E+01 | 2.28E+01
Function 16 | 1.54E+02 | 1.73E+02 | 2.72E+02 | 2.14E+02 | 3.67E+02 | 3.24E+02
Win rank 4/4 0/4 0/4 3/4 0/4 3/4

4.3.3 CEC 2005 special session dimension 10 2 dimension 30 ¥ 2%

%5
% 414 % 4 4.18 % dimension 10 g 2% » & 419 1 4 422 %
dimension 30 7 Z &% o
FoSU At hE AR ER 13 BRI BEEAE T RIE
#E 3o
% 4.15 Dimension = 10> result’of Function:1-5

Pro. |1 2 3 4 5

FES

10° | 1 3.43E+001 2.31E+002 3.12E+004 3.99E+003 5.47E+002
7" 8.21E+001 | 3.99E+002 | 3.85E+004 | 1.80E+004 | 1.06E+003
13" 1.08E+002 | 7.27E+002 | 4.30E+004 | 2.02E+004 | 1.16E+003
19 1.10E+002 7.71E+002 4.62E+004 2.24E+004 1.24E+003
25" 1.38E+002 8.48E+002 4.77E+004 2.59E+004 1.65E+003
Mean | 1.35E+002 6.70E+002 4.77E+004 2.01E+004 1.23E+003
Std 7.17E+001 2.41E+002 1.06E+004 8.11E+003 3.84E+002

10* | 1° 1.48E-002 2.84E-002 1.10E+003 7.45E+002 1.27E+000
7 3.54E-002 1.23E+001 3.79E+003 1.52E+003 2.20E+000
13" 8.09E-002 1.24E+001 5.12E+003 1.77E+003 3.90E+000
19" 1.09E-001 2.21E+001 6.24E+003 4.57E+003 5.00E+000
25" | 4.47E-001 2.58E+001 | 8.23E+003 | 5.92E+003 | 6.17E+000
Mean | 2.84E-001 1.86E+001 &.07E+003 3.23E+003 4 .44E+000
Std 2.99E-001 8.79E+000 | 5.07E+003 | 2.07E+003 | 1.96E+000

10° | 1° 0.00E+000 | 0.00E+000 | 5.11E-013 4 .42E-004 0.00E+000
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7" 0.00E+000 | 5.68E-014 9.09E-013 1.13E-002 0.00E+000
13" | 0.00E+000 | 5.68E-014 1.19E-012 7.22E-002 0.00E+000
19" | 0.00E+000 | 5.68E-014 5.51E-012 2.99E-001 0.00E+000
25" | 0.00E+000 | 5.68E-014 5.57E-012 5.17E-001 0.00E+000
Mean | 0.00E+000 | 5.68E-014 7.03E-012 3.54E-001 0.00E+000
Std 0.00E+000 | 2.32E-014 9.51E-012 5.21E-001 0.00E+000
% 4.16 Dimension = 10 > result of Function 6-10

Pro. |6 7 8 9 10

FES

10° | 1 5.74E+004 1.98E+000 2.07E+001 1.61E+001 3.46E+001
7" 8.72E+004 2.76E+000 1.00E+005 1.77E+001 3.55E+001
13" 1.04E+005 5.51E+000 1.00E+005 2.76E+001 3.70E+001
19" 1.57E+005 5.83E+000 1.00E+005 3.22E+001 3.76E+001
25" | 2.17E+005 6.01E+000 1.00E+005 3.29E+001 5.06E+001
Mean | 1.40E+005 5.L6E+000 8.46E+004 2.67E+001 4.12E+001
Std 6.61E+004 1.90E+000 3.60E+004 6.93E+000 6.86E+000

10* | 1 1.09E+001 3.38E-001 2.04E+001 1.23E+001 1.98E+001
7" 1.46E+002 5.68E-001 2.05E+001 1.33E+001 2.28E+001
13" | 2.74E+002 6.19E-001 2.05E+001 1.45E+001 2.33E+001
19" | 3.75E+002 6.19E-001 2.06E+001 1.54E+001 2.33E+001
25" | 4.67E+002 7.16E-001 2.06E+001 1.58E+001 2.62E+001
Mean | 2.99E+002 6.20E-001 2.05E+001 1.47E+001 2.39E+001
Std 1.93E+002 1.31E-001 5.41E-002 1.23E+000 2.26E+000

10° | 1 4.18E-011 2.71E-002 2.00E+001 1.98E+000 6.96E+000
7" 5.18E-010 3.44E-002 2.00E+001 2.98E+000 6.96E+000
13" 1.31E-008 3.44E-002 2.00E+001 2.98E+000 7.95E+000
19" 1.92E-008 3.93E-002 2.00E+001 3.97E+000 8.95E+000
25" | 3.89E-008 3.93E-002 2.01E+001 3.97E+000 8.95E+000
Mean | 2.07E-008 3.90E-002 2.01E+001 3.44E+000 8.32E+000
Std 2.40E-008 7.92E-003 9.04E-002 6.55E-001 1.06E+000

# 4.17 Dimension = 10 » result of Function 11-15

Pro. | 11 12 13 14 15

FES
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10° | 1 9.76E+000 | 2.73E+002 | 5.00E+000 | 3.87E+000 1.86E+002
7" 1.01E+001 5.21E+002 | 6.66E+000 | 3.97E+000 | 2.61E+002
13" 1.04E+001 1.52E+003 6.86E+000 | 4.03E+000 | 3.59E+002
19" 1.05E+001 1.71E+003 7.03E+000 | 4.11E+000 3.83E+002
25" 1.15E+001 1.89E+003 7.64E+000 | 4.12E+000 | 4.03E+002
Mean | 1.06E+001 1.18E+003 7.03E+000 | 4.07E+000 | 3.30E+002
Std 6.48E-001 6.57E+002 | 9.81E-001 1.09E-001 8.23E+001

10* | 1 4.82E+000 3.50E+001 4.70E+000 3.72E+000 1.82E+002
7" 7.01E+000 5.27E+001 4.71E+000 3.75E+000 1.86E+002
13" 7.57E+000 | 9.80E+001 5.00E+000 | 3.77E+000 | 2.13E+002
19" 7. 75E+000 1.07E+002 5.28E+000 3.77E+000 2.46E+002
25" 8.02E+000 1.15E+002 5.50E+000 3.81E+000 3.38E+002
Mean | 7.21E+000 8.17E+001 5.21E+000 | 3.78E+000 | 2.46E+002
Std 1.02E+000 | 3.18E+001 3.82E-001 4.38E-002 6.51E+001

10° | 1 6.28E-001 5.97E-012 5.72E-001 2.59E+000 1.08E+002
7" 1.44E+000 | 1.48E-010 5.74E-001 2.60E+000 1.16E+002
13" 2.43E+000 | 3.63E-010 5:80E-001 2.63E+000 1.43E+002
19" 3.01E+000 |,1.43E-009 6.29E-001 2.65E+000 1.56E+002
25" | 3.08E+000 [-3:33E-009 6.74E-001 2.68E+000 1.68E+002
Mean | 2.24E+000 1.05E-009 6.40E-001 2.63E+000 1.42E+002
Std 9.25E-001 1.24E-009 6.38E-002 3.29E-002 2.57E+001

% 4.18 Dimension = 10 » result of Function 16-20

Pro. |16 17 18 19 20

FES

10° | 1 1.45E+002 4.38E+002 7.32E+002 8.27E+002 8.60E+002
7" 1.81E+002 4.52E+002 8.40E+002 8.45E+002 9.82E+002
13" 1.86E+002 5.00E+002 9.31E+002 9.44E+002 1.00E+003
19" 1.87E+002 5.07E+002 1.00E+003 9.48E+002 1.04E+003
25" 1.91E+002 5.07E+002 1.01E+003 9.96E+002 1.04E+003
Mean | 1.83E+002 4.94E+002 9.38E+002 9.50E+002 1.00E+003
Std 1.38E+001 2.94E+001 1.02E+002 6.94E+001 5.50E+001

10* | 1° 1.30E+002 2.99E+002 3.88E+002 3.52E+002 3.98E+002
7" 1.33E+002 3.22E+002 4.58E+002 4.84E+002 4.39E+002
13" 1.39E+002 3.24E+002 4.87E+002 5.36E+002 5.46E+002
19" 1.41E+002 3.33E+002 5.01E+002 5.79E+002 6.48E+002
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25" | 1.48E+002 3.42E+002 6.88E+002 6.36E+002 7.30E+002
Mean | 1.40E+002 3.38E+002 5.73E+002 5.87E+002 5.76E+002
Std 7.47E+000 2.10E+001 1.48E+002 1.22E+002 1.36E+002

10° | 1 9.81E+001 1.62E+002 3.00E+002 3.00E+002 3.00E+002
7" 1.02E+002 1.64E+002 3.00E+002 3.00E+002 3.00E+002
13" 1.04E+002 1.69E+002 3.00E+002 3.00E+002 3.00E+002
19" 1.06E+002 1.89E+002 3.00E+002 3.00E+002 3.00E+002
25" | 1.09E+002 1.92E+002 3.00E+002 3.00E+002 3.56E+002
Mean | 1.04E+002 1.84E+002 3.00E+002 3.04E+002 3.19E+002
Std 3.66E+000 1.47E+001 0.00E+000 1.46E+001 3.16E+001

# 4.19 Dimension = 10 » result of Function 21-25

Pro. |21 22 23 24 25

FES

10° | 1 5.92E+002 | 8.13E+002 | 6.58E+002 | 2.94E+002 | 5.74E+004
7" 7.43E+002 | 8.44E+002  |'1.07E+003 | 3.48E+002 | 8.72E+004
13" 1.07E+003 | 8:47E+002 [ 1.29E+003 | 4.84E+002 | 1.04E+005
19" 1.23E+003 [z:858E+002 .+ 1.30E+003 | 9.85E+002 | 1.57E+005
25" | 1.28E+003 |-8.58E+002 |.1.32E+003 | 9.98E+002 | 2.17E+005
Mean | 1.05E+003 | 8.65E+002""1.22E+003 | 7.48E+002 | 1.40E+005
Std 2.49E+002 | 3.0TE+001 1.86E+002 | 3.31E+002 | 6.61E+004

10* | 1 5.00E+002 | 7.95E+002 | 5.59E+002 | 2.01E+002 | 1.09E+001
7" 5.01E+002 | 8.02E+002 | 5.83E+002 | 2.01E+002 | 1.46E+002
13" | 5.02E+002 | 8.04E+002 | 6.26E+002 | 9.53E+002 | 2.74E+002
19" | 5.04E+002 | 8.06E+002 | 6.43E+002 | 9.56E+002 | 3.75E+002
25" | 1.04E+003 | 8.08E+002 | 1.00E+005 | 9.63E+002 | 4.67E+002
Mean | 1.48E+004 | 8.07E+002 | 3.37E+004 | 7.07E+002 | 2.99E+002
Std 3.47E+004 | 6.18E+000 | 4.68E+004 | 3.57E+002 | 1.93E+002

10° | 1 5.00E+002 | 7.32E+002 | 5.59E+002 | 2.00E+002 | 4.18E-011
7" 5.00E+002 | 7.32E+002 | 5.59E+002 | 2.00E+002 | 5.18E-010
13" | 5.00E+002 | 7.53E+002 | 5.59E+002 | 2.00E+002 | 1.31E-008
19" | 5.00E+002 | 7.54E+002 | 5.59E+002 | 2.00E+002 | 1.92E-008
25" | 5.00E+002 | 7.56E+002 | 5.59E+002 | 2.00E+002 | 3.89E-008
Mean | 5.16E+002 | 7.46E+002 | 5.59E+002 | 3.24E+002 | 2.07E-008
Std 7.27E+001 1.10E+001 | 3.41E-013 2.78E+002 | 2.40E-008
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% 4.20 Dimension = 30 » Result of Function 1-5

Pro. 1 2 3 4 5

FES

10° I 1.45e+004 | 4.79¢+004 | 4.05¢+005 | 9.13e+004 | 1.79¢+004
7" 1.85¢+004 | 5.85¢+004 | 1.23e+006 | 1.97e¢+005 | 1.99¢+004
13" | 2.09¢+004 | 6.87e+004 | 1.48e+006 | 2.39¢+005 | 2.11e+004
19" | 2.51e+004 | 7.16e+004 | 1.86e+006 | 3.58e+005 | 2.27e+004
25" 1 2.82e+004 | 8.22e+004 | 2.29¢+006 | 4.63e+005 | 2.49e+004
Mean | 2.37e+004 | 7.38¢+004 | 1.70e+006 | 3.12e¢+005 | 2.24e+004
Std 6.11e+003 | 1.33e+004 | 5.60e+005 | 1.28e+005 | 2.81e+003

10* I 1.22e+003 | 1.65e+004 | 2.32e+005 | 8.40e+004 | 7.04e+003
7" 1.56e+003 | 2.97e+004 | 3.38¢+005 | 1.13e+005 | 9.24e+003
13" | 2.18e+003 | 3.46e+004 | 4.13¢+005 | 1.37¢+005 | 1.08e+004
19" | 2.62e+003 | 3.68e+004 | 4.68e+005 | 1.47¢+005 | 1.16e+004
25" | 3.04e+003 | 3.76e+004 | 5.27¢+005 | 1.70e+005 | 1.30e+004
Mean | 2.45¢+003 | 3.52¢::004 . | 4.37¢+005 | 1.42e+005 | 1.09¢+004
Std 8.59e+002 |+7.16e+003 | 1:20e+005 | 3.52e+004 | 2.00e+003

10° ¥ 9.66e-013 =| 4.03e-0011 | 1.35¢+002 | 2.73e+004 | 4.24e+002
7" 1.45¢-011= | 5.86e+000 | 4.29¢+002 | 4.96e+004 | 1.42e+003
13" | 2.79e-011 | .2.20e+00174:8.03¢+002 | 5.78¢+004 | 1.83e+003
19" | 5.65e-011 [4.12e+001 |[-1.:39e+003 | 6.68e+004 | 2.71e+003
25" | 1.42e-010 | 6.31e+001 | 4.55¢+003 | 7.75¢+004 | 4.00e+003
Mean | 8.81e-011 | 6.03e+001 | 4.35¢+003 | 6.18e¢+004 | 2.42¢+003
Std 1.15e-010 | 5.97e+001 | 9.44e+003 | 1.47¢+004 | 1.43e+003

3x10° | 1 5.68e-014 | 3.66e-008 | 4.35¢-003 | 2.12e+004 | 8.17e+001
7" 5.68e-014 | 2.25¢-007 | 8.56e-002 | 2.55¢+004 | 1.17e+003
13" 1.13e-013 | 2.80e-007 | 2.08¢-001 | 3.17e+004 | 1.33e+003
19" | 1.13e-013 | 3.81e-007 | 5.81e-001 | 3.62e+004 | 2.22e+003
25" | 1.13e-013 | 5.60e-007 | 1.35e+000 | 3.99e+004 | 3.17e+003
Mean | 1.06e-013 | 4.42¢-007 | 5.82e-001 | 3.36e+004 | 1.93e+003
Std 3.70e-014 | 2.12e-007 | 6.16e-001 | 8.58¢+003 | 1.33e+003

# 4.21 Dimension = 30 > Result of Function 6-10
Pro. 6 7 8 9 10
FES
10° 1 1.27¢+009 | 1.03e+003 | 2.10e+001 | 2.32e+002 | 3.46e+002
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7" 3.77¢+009 | 1.30e+003 | 2.11e+001 | 2.99¢+002 | 3.88e+002
13" | 4.84e+009 | 1.53e+003 | 2.12e+001 | 3.27e+002 | 4.03e+002
19" | 6.25e+009 | 1.68e+003 | 2.12e+001 | 3.43e+002 | 4.15e+002
25" | 8.95¢+009 | 1.74e+003 | 2.13e+001 | 3.65e¢+002 | 4.48¢+002
Mean | 6.12¢+009 | 1.56e+003 | 2.12e+001 | 3.31e+002 | 4.28e+002
Std 3.53e+009 | 2.33e+002 | 6.65¢-002 | 3.86e+001 | 4.46e+001

10* I 3.03e+007 | 3.09¢+001 | 2.10e+001 | 1.44e+002 | 2.23e+002
7" 7.03e+007 | 5.32¢+001 | 2.11e+001 | 1.75e+002 | 2.32e+002
13" | 9.67e+007 | 6.70e+001 | 2.11e+001 | 1.99e+002 | 2.39e+002
19" 1.12e+008 | 7.30e+001 | 2.12e+001 | 2.08e+002 | 2.65¢+002
25" | 1.40e+008 | 7.49¢+001 | 2.12e+001 | 2.29e+002 | 2.66e+002
Mean | 1.03e+008 | 6.56e+001 | 2.11e+001 | 2.01e+002 | 2.56e+002
Std 4.79¢+007 | 1.33e+001 | 6.89¢-002 | 2.71e+001 | 2.02e+001

10° ¥ 1.85¢+001 | 1.90e-004 | 2.09¢+001 | 4.43e+001 | 7.08e+001
7" 8.90e+001 | 6.21e-004 | 2.10e+001 | 5.34e+001 | 8.28e+001
13" 1.55¢+002 | 7.51e-004 | 2.10e+001 | 5.84e+001 | 8.46e+001
19" | 2.50e+002 | 1:27€-003 " |'2.11e+001 | 6.68e+001 | 9.08e+001
25" | 4.67¢+002 49.01e-003 | |.2.11e+001 | 8.43¢+001 | 9.36e+001
Mean | 3.27e+002= | 4.05e-0037| 2:10e+001 | 6.76e+001 | 9.37e+001
Std 3.76e+002= | 4.52¢<003" | 4.42e-002 | 2.16e+001 | 1.44e+001

3x10° | 1 1.11e-008 ' 8.52¢-014" | 2.07¢+001 | 3.39¢+001 | 5.77e+001
7" 1.32e-003 | 2.27€-013, 1 2.09¢+001 | 4.62¢+001 | 6.03e+001
13" | 3.98¢+000 | 2.84e-013 | 2.09¢+001 | 5.45¢+001 | 6.10e+001
19" | 4.11e+000 | 3.12e-013 | 2.09¢+001 | 5.70e+001 | 6.25e+001
25" | 1.51e+001 | 7.39e-003 | 2.10e+001 | 6.97e+001 | 6.28e+001
Mean | 6.78e+001 | 2.87e-003 | 2.09¢+001 | 5.82e+001 | 6.30e+001
Std 2.68¢+002 | 4.12e-003 | 6.17e-002 | 1.72e+001 | 3.62e+000

% 4.22 Dimension = 30 » Result of Function 11-15
Pro. 11 12 13 14 15

FES

10° I 4.06e+001 | 3.04et+005 | 4.72¢+003 | 1.32e+001 | 5.74e+002
7" 4.48e+001 | 3.04e+005 | 7.44e+003 | 1.35¢+001 | 5.93e+002
13" | 4.55e+001 | 3.04e+005 | 8.63¢+003 | 1.39¢+001 | 6.01e+002
19" | 4.65e+001 | 3.04e+005 | 1.54e+004 | 1.40e+001 | 6.23e+002
25" | 4.73¢+001 | 3.04e+005 | 1.59¢+004 | 1.41e+001 | 6.40e+002
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Mean | 4.57e+001 | 4.29¢+005 | 1.04e+004 | 1.39¢+001 | 6.06e+002
Std 1.88e+000 | 9.06e+004 | 4.49¢+003 | 2.80e-001 | 2.30e+001
10* ¥ 3.61e+001 | 1.72¢+005 | 2.81e+002 | 1.32e+001 | 4.91e+002
7" 3.86e+001 | 1.72e+005 | 6.47¢+002 | 1.34¢+001 | 4.92e+002
13" | 4.06e+001 | 1.72¢+005 | 8.28e¢+002 | 1.34e+001 | 4.93e+002
19" | 4.14e+001 | 1.72¢+005 | 9.76e+002 | 1.35¢+001 | 4.95¢+002
25" | 4.23¢+001 | 1.72e+005 | 9.94e+002 | 1.36e+001 | 4.96e+002
Mean | 4.05¢+001 | 1.94¢+005 | 7.45¢+002 | 1.35¢+001 | 4.93e+002
Std 2.16e+000 | 1.56e+004 | 2.63e+002 | 1.53e-001 | 1.86e+000
10° 1 2.44e+001 | 2.80e+003 | 1.39¢+001 | 1.25e¢+001 | 2.99¢+002
7" 3.46¢+001 | 2.80e+003 | 1.80e+001 | 1.27e+001 | 3.68e+002
13" | 3.52e+001 | 2.80e+003 | 2.03e+001 | 1.27e+001 | 3.78e+002
19" | 3.63e+001 | 2.80e+003 |2.10e+001 | 1.27e+001 | 3.79e+002
25" | 3.70e+001 | 2.80e+003 | 2.12e+001 | 1.28e+001 | 3.99e+002
Mean | 3.50e+001 | 4.35¢+003 | 1.89¢+001 | 1.27e¢+001 | 3.65¢+002
Std 2.73e+000 | 1.88e+003 | 2.75¢+000 | 1.28e-001 | 3.42e+001
3x10° | 1 1.41e+001 | 5:62e+002 |'2.60e+000 | 1.16e+001 | 2.95¢+002
7" 2.34e+001 4 5.62¢+002  |.2.61e+000 | 1.17e+001 | 3.50e+002
13" | 2.42e+001= |15:62e+0027| 2:82¢+000 | 1.18e+001 | 3.64e+002
19" | 2.84e+001= | 5.62e+002 { 3.29¢+000 | 1.19¢+001 | 3.65e+002
25" | 3.04e+001 | 5.62¢+002 | 3:40e+000 | 1.20e+001 | 3.84e+002
Mean | 2.58¢+001 | 6.56e+002 | 2.94e+000 | 1.19¢+001 | 3.52e¢+002
Std 4.70e+000 | 8.51e+001 | 3.39¢-001 | 1.47e-001 | 3.04e+001
% 4.23 Dimension = 30 > Result of Function 16-19
Pro. 16 17 18 19
FES
10° ¥ 3.88¢+002 | 8.14e+002 | 1.01e+003 | 1.04e+003
7" 4.71e+002 | 9.50e+002 | 1.07e+003 | 1.10e+003
13" | 5.45¢+002 | 1.13e+003 | 1.09¢+003 | 1.13e+003
19" |5.99¢+002 | 1.22e+003 | 1.13e+003 | 1.15e+003
25" 1 6.59¢+002 | 1.30e+003 | 1.22¢+003 | 1.18e+003
Mean | 5.72¢+002 | 1.15¢+003 | 1.12e+003 | 1.14e+003
Std 1.09¢+002 | 1.80e+002 | 7.04e+001 | 5.62¢+001
10* ¥ 2.24e+002 | 6.14e+002 | 9.15¢+002 | 9.14e+002
7" 2.90e+002 | 7.43e+002 | 9.19¢+002 | 9.18e+002
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13" | 3.01e+002 | 7.97e+002 | 9.21e+002 | 9.21e+002
19" | 3.15e+002 | 8.28¢+002 | 9.23e+002 | 9.23e+002
25" | 3.64e+002 | 8.79¢+002 | 9.29¢+002 | 9.35¢+002
Mean | 3.20e+002 | 8.16e+002 | 9.24e+002 | 9.28e+002
Std 5.78e+001 | 1.14e+002 | 8.53e+000 | 1.74e+001
10° ¥ 9.92e+001 | 3.12e+002 | 9.04e+002 | 9.05¢+002
7" 1.67e+002 | 3.87e+002 | 9.05¢+002 | 9.05¢+002
13" 1.86e+002 | 4.10e+002 | 9.05¢+002 | 9.05¢+002
19" 1.89¢+002 | 4.36e+002 | 9.05¢+002 | 9.06e+002
25" 1 1.98e+002 | 4.65e+002 | 9.07e+002 | 9.06e+002
Mean | 1.93e+002 | 4.26e+002 | 9.06e+002 | 9.06e+002
Std 6.69¢+001 | 6.07e+001 | 1.09¢+000 | 7.86e-001
3x10° | 1% 5.73e+001 | 2.52e+002 | 9.04e+002 | 9.04e+002
7" 8.29¢+001 | 2.98e¢+002 | 9.05e+002 | 9.05e+002
13" 19.27e+001 | 3.18e+002 | 9.05e+002 | 9.05e+002
19" 1.10e+002 | 3.31e+002 | 9.05e+002 | 9.05¢+002
25" [ 1.21e+002 | 3:45¢+002 ]19.06e+002 | 9.06e+002
Mean | 1.22e+002 4 3.29e+002 | 1.9.05¢+002 | 9.05e+002
Std 8.39¢+001= | 6:03e+001"{ 9.90e-001 | 7.59¢-001

4.3.4 GPPSO & Dynamic Multi-Swarm Particle Swarm Optimizer

with Local Search &+t $i2
F1 2 F5 ¢unimodal test functions > dimension 10 » GPPSO # 3+t DMS-L-PSO
4% » multimodal test functions #32% i» » dimension 30 FF > GPPSO # 3t
DMS-L-PSO -

Pl - LI SR ERP-TiEE o

# 4.24 DMS-L-PSO & GPPSO 7§ % +* i

Dimension = 10 Dimension = 30
DMS-L-PSO | GPPSO DMS-L-PSO | GPPSO
Function 1 0.00e+000 0.00E+000 | 1.13e-014 1.06e-013
Function 2 1.29¢-013 5.68E-014 | 2.65e-006 4.42¢-007
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Function 3 7.00e-009 7.03E-012 | 8.37e¢+005 5.82e-001
Function 4 1.80e-003 3.54E-001 | 6.57e¢+003 3.36e+004
Function 5 1.13e-006 0.00E+000 | 3.29¢+003 1.93¢+003
Function 6 6.89¢-008 2.07E-008 | 7.53e+001 6.78¢+001
Function 7 4.51e-002 3.90E-002 | 7.00e-003 2.87e-003
Function 8 2.00e+001 2.01E+001 | 2.00e+001 2.09¢+001
Function 9 0.00e+000 3.44E+000 | 2.38e+001 5.82e+001
Function 10 | 3.62e+000 8.32E+000 | 4.45¢+001 6.30e+001
Function 11 4.62e+000 2.24E+000 | 2.945e+001 | 2.58e+001
Function 12 | 2.40e+000 1.05E-009 | 9.63e+002 6.56e+002
Function 13 | 3.68e-001 6.40E-001 | 2.99¢+000 2.94e+000
Function 14 | 2.36e+000 2.63E+000 | 1.22e+001 1.19¢+001
Function 15 | 4.85¢+000 1.42E+002 | 3.56e+002 3.52¢+002
Function 16 | 9.47e+001 1.04E+002 | 1.53e+002 1.22¢+002
Function 17 1.10e+002 1.84E+002 | 2.03e+002 3.29¢+002
Function 18 | 7.60e+002 3.00E+002 | 9.13e+002 9.05¢+002
Function 19 | 7.143e002 3.04E+002. | 9.13e+002 9.05¢+002
Function 20 | 8.21e+002 3.19E+002 | 1.13e-014 1.06e-013
Function 21 5.36e+002 5.16E+0027| 2:65¢-006 4.42¢-007
Function 22 | 6.92e+002 746E+002 |/8:37¢+005 5.82e-001
Function 23 | 7.30e+002 5.59E+002|-6.57¢+003 3.36e+004
Function 24 | 2.24e+002 3.24E+002 | 3.29¢+003 1.93e¢+003
Function 25 3.65e+002 2.07E-008 | 7.53e+001 6.78e+001
Win Rank 11/24 13/24 6/19 13/19

4.3.5 GPPSO £2 8 is /i & 2 v fi
P eplEas 0 02 SR ERR G FRE R T A R AR
MRUREA X = BN
1. Unimodal functions :
25 xR H%Y o riE T e B PIRh Gk o RIS AL RIE S
TR o

2. Solved multimodal functions :

G4 B RPIE S 0 F 225 X F S(independent run)® I U F - ik %
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FRITRR BRI o A RIE S N R

3. Unsolved multimodal functions :

A4 BRI S Y > F A 25 b F S(independent run) ¥ 7 T3 fiE P - =X e

Bl % E PITRR EeriR I o RIAESNRIGR S T AR

4 42525 i test functions z TR & 2K

Function | Accuracy | Function | Accuracy
F1 1.00E-6 F 14 1.00E-2
F2 1.00E-6 F 15 1.00E-2
F3 1.00E-6 F 16 1.00E-2
F4 1.00E-6 F 17 1.00E-1
F5 1.00E-6 F 18 1.00E-1
F6 1.00E-2 F 19 1.00E-1
F7 1.00E-2 F 20 1.00E-1
F 8 1.00E-2 F21 1:00E=1
F9 1.00E-2 F 22 1.00E-1
F 10 1.00E-2 F 23 1.00E-1
F 11 1.00E-2 F24 1.00E-1
F 12 1.00E-2 F 25 1:00E-1
F 13 1.00E-2

GPPSO ## H # /B 2 v i f3 A cniP il > FH S5 40T & > A2 91 enif B 2

y)

7 unimodal i test function & > ¥ &4 Function 1 ~ Function 2 ~ Function 3 ~

Function 5 = i #* 42 ; & multimodal =77test functions ™ ¥ f%4 Function 6~Function

7 ~ Function 12 ~ Function 25 = B FF 48 o & < #74% 07 ;2 3035 %2 benchmark *

FREH N BRORE 0 22 H W R 2

# 4.26 GPPSO £ H is ji & i vb g fid - enh® 38

fffRil 4 R TR TP B kR

Methods

)

Unimodal

Functions

Multimodal Functions (20)

Basic

Functions

Expanded

Functions

Hybrid

Composition

Total
Solved

Functions
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(7) (2) Functions
(11)

GPPSO 1,2,3,5 6,7,12 * 25 8

DMS-L-PSO | 1,2,3,5 6,7,9 * * 7

EDA 1,2,3,4 * * * 4

Co-EVO 1,2,3,4 7 * * 5

DE 1,2,3,4,5 6,9 * * 7

K-PCX 1,2,4 6,9,10,12 * * 7

SPC-PNX 1,2,4,5 6,7,11 * * 7

BLX-MA 1,2,4,5 9,11,12 * * 7

LR-CMA-ES | 1,2,3,4,5 6,7,12 * * 8
4.3.6 GPPSO ¥ OPSO 1t i

i [6]¢ & * et o BRI S BGE .

# 4.27 GPPSO ¥ OPSO 5 2 Heipit
Dimension = 10 Dimension = 30
GPPSO OPSO PSO GPPSO OPSO PSO

F 1(Max) | 1.21591E+01 12.15981 10:29989 | 1.19183E+02 107.95418 | 67.63516
F 2(Max) | 1.66046E+01 16.14314 9.55425 1.13820E+02 100.31 35.69868
F3 0.00000E+00 0.000008 1.94071 | 2.01111E+01 22 572.61914
F4 5.57078E+00 5.25385 68.1531 | 6.48028E+02 540.85 1091.34
F5 1.97032E-09 0.00006 3.47987 | 1.38296E+00 10.21588 | 247.66333
F 6(Max) | 1.19878E+01 17.10911 5.52988 | 3.95963E+01 83.38101 | 16.54843
F7 1.11052E-02 0.00905 0.0118 1.12137E-01 0.12 0.12473
F 8 4.92422E-02 0.0043 3.51642 | 5.13868E+00 2.72 8.79337
F9 1.18439E+02 136.96 3741 1.17904E+04 14993 38509
F 10 4.51825E+00 7.87338 443.85 1.35571E+04 18055 129307
F11 0.00000E+00 8.8 15.62 3.20667E+01 119.63 392.02
F 12 9.49648E-02 1.000004 16.992 2.13396E+01 25.6 395.178
Win rank | 10/12 2/12 0/12 9/11 2/11 0/12

4.3.7 GPPSO ;% & ;2 45 3¢ B
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FE AR TOSTI T2z T2- T/ 2T

TO et 8 2 5%t REFT AN PR EFFERF -

for i=1:1000000

x= (double) 5.55;

X=X + X; X=X./2; Xx=x*X; x=sqrt(x); x=In(x); x=exp(X); y=x/X;

end

T1 &3+ 3 5% D 4% CEC2005 function3 = - § st /TR PR » 4418 ¢ —
#& dimension °

T2 et 2 ;8 % CEC 2005 function 3 3+ & /% & /2 23R (FF R > $HRIE S
T i#ik s - -8 > #* e dimension 2 T1 ¢ dimension 4 o T2 EY

Fif e N (FT BT i

# 428 GPPSO e/ % i2 3+ 3 FF 47 ;2

0 1% T2 fz—Ty fz—Ty T2

To 1 Ti
Dimension=10 | 484 | 796 | 1156 | 0.7438 0.4522 1.4522
Dimension=30 | 484 | 6140 | 6844 | 1.4545 0.1146 1.1146
Dimension=50 | 484 | 16797 | 17907 |2.2933 0.0660 1.0660

4 429 DMS-L-PSO x5 2 - B4 e R

10 Tl T2 T2-T1 fz—Ty T2
T0 T1 T1
Dimension=10 | 40.7510 | 30.6400 | 77.0380 | 1.1386 1.5142 25142
Dimension=30 | 40.7510 | 38.6340 | 88.8812 | 1.2330 1.300 2,300
Dimension=50 | 40.7510 | 46.4470 | 106.1240 | 1.4644 1.2848 22848

GPPSO i & ;2 4F e & B P~ 17 > @ * GetTickCount() » 3+ & TI1 e3R8 1> » 2 4%

FO gerk b 3R g sub-function 0 X B {7 R s (F o
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GPPSO ¥ ¥ #4 {7 Function 3 = & » % ¥ dimension _F 2 & i# # 4v > 4o % 8 5 ¢
S kit - At B AR S R 12T e B
R PRI = Sl & O f PR SBCR & SPERE o RA R
£ fZ_T%l 8% ¥ dimension = % & *% 1< > % 57 “§ ¥ dimension 2 § jF & ;2 e»
overhead(Fr 3= % & #icehpF ¥ )*% 14 > v i GPPSO 2 DMS-L-PSO & i ¥ i% > 4
T % > % dimension } = ehpFiz GPPSO #1Z #f *h e overhead "% 4 et

DMS-L-PSO - -

Z 2
g
£ 15 | —
= O ——Our PSO
8 —#— DMS-L-PSO
o
: ) .
3 O | —9@

10 30 50

Dimension

B 41 FE 2B PR AR RPERE(-)
B BER K T2 AR E R TR R L R S & o

PRRE > 4o & o ipd 50 U YRE R AR B 2 RH R TR S B e

o
n
T

.\—-‘.

—— Qur PSO
—=— DMS-L-PSO

o
n
T

Computational Complexity
i
T

10 30 50

Dimension

B 42 FE2TEETAERR S RB(D)
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4.3.8 GPPSO ¢ B#4]arcacid B " &
i# * CEC 2005 special session 1% 5 jp[3& S e o v ik B 4e » = B8 4] gt
WAV VR R A W 5 PSO 4 bR F B R4 E Boge 4 @ (PSO + use OA table
get initial) > PSO #r } local search(PSO + local search) * PSO +v } modified IMM(PSO
+ modified IMM) 2 2 GPPSO - B] 4.3 I B 427 & &~ B ¥ = L7 BPR et

BB o d P B E T 1185 GPPSO i acid B R F o

Fl

o 5.00E+02
% 4.00E+02 —#— PSO+use OA table get
- 3.00E+02 1nitial
& 2.00E+02 PSO + local search
£ LO0E+02 [FT = Eea,

0.00E+00 PSO + modified IMM

§§§§§§§§§§QQQQ
A AN I e —*~GPPSO
Number of evaluation
Bl 4.3 S8 F 1 Jcacst im)
F2
2 3.00E+02 —#—PSO-+use OA table get
~ 2.00E+02 initial
g 1. 00E+02 a2 PSO + local search
£ L
'ototo-o-c-o-olototototorototlc-o-c-0-0-0!
0.00E+00 PSO + modified IMM
Q@x@‘ g&@ Q@@“ Q@@“ Q@@“ Q@@“ éox@
NN A N —¢—GPPSO
Number of evaluation

B 4.4 S8 F2 oot fm)
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F3

2 2.00E+04 8- PSO+use OA table get
= 1.50E+04 initial
& 1.00E+04 PSO + local search
2 5.00E+03
2.00E+00 PSO + modified IMM
S ST S S
AN A NN ~*~ GPPSO
Number of evaluation
Bl 45 S#cF 3 o s )
F 4
;:‘»: 2.00E+04 ¢ ——PSO+use OA table get
= 1S0B+04 | initial
& 1.00E+04 PSO + local search
£ 500E+03 'i"?‘w -
0.00E+00 . PSO + modified IMM
ST FS S SS
S A NS o —oGPPSO
Number of evaluation
Bl 4.6 SdcF 4 o #f)
F5
2 1.O00E+04 | —#— PSO+use OA table get
S 8O00E+03 initial
2 0.00E+03 o mmnnna i
£ 4.00E+03 | QR PSO + local search
O e
VB NN PSO + modified IMM
SN AU S Ne —¢—GPPSO

Number of evaluation
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B 4.7 S8 F S Jcactt 5 F
Fo6
o 2.50E+05
?E" 7 00E+05 — PSQ+use OA table get
~ 1.S0E+0S initial
S 1.00E+05 PSO + local search
/= 5.00E+04
2.00E+OO | | . | | | | | | | |
N N N N N N PSO + modified IMM
c& %9 m;'? 439 (Q('? OOQ Q)('P —o— (GPPSO
Number of evaluation
B 4.8 S #cF 6 Jcactt 2 F
F7
[P}
TE 3 00E+03 —— PS?Jiuse OA table get
2 200E+03 F Hhd
E 100E+03 PSO + local search
2OOE+OO L7 V7 vy W e e e el d »
. . . . . . PSO + modified IMM
Number of evaluation
Bl 4.9 &8 F 7 Jcac R
F8&
O
?E 1.52F+00 F —— PSt(Qﬁiuse OA table get
2 LO2E+02 | titia
E 5 90E+01 PSO + local search
9 5 000 0000000000600000
2.00E+OO | | | | | | | | | | | | | | | | | | | o
PSO + modified IMM
SO\ SN SN SN SN SN
éox @X é(’x @)X é@x @X é@x
c& q& 0;.7 c& (06.7 009 Q)('P —o— (GPPSO

Number of evaluation
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B 4.10 S8 F 8 Jcac )
F9
o 2.00E+02
= 150E+00 - —8—PSO-+use OA table get
> initial
2 1.00E+02
£ 500E+0] | PSO + local search
s 0.00E+00 070-9-8-85:-8-0-5-6-9-9-9-9-9-9-9-9-9-0 -
. . . . . . . PSO + modified IMM
éon Q@x@ éon Q@x@ éoXQ Q@x@ éoXQ
c).Q q? a;'.) c& (05 OOQ Q;'.) —o— GPPSO
Number of evaluation
Bl 4.11 S8 F 9 Jxacrt Ll
F 10
%% 1.50E+02 —8— PSO-+use OA table get
> initial
2 1.02E+02
g 590F+0] PSO + local search
™ 2.00E+00 N
PSO + modified IMM
SSTF SIS
Q Q Q Q Q Q Q
Number of evaluation
Bl 4.12 Sn#Hc F 10 JTacrt R
F11
;% 1.70E+01 F —8—PSO-+use OA table get
- 120E+0] b——————— initial
§ 7.00E+00 me PSO + local search
LL‘ 2.00E+OO | | | | | | | | | | | | | | | | | | | PSO df d IMM
& @X@‘ @X@‘ @X@‘ @X@‘ @X@‘ @X@‘ e
N N AN N —e—GPPSO
Number of evaluation
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Bl 4.13 S#cF 11 Jzagtt & @l

F12
2 802E+02 | = PSO+use OA table ge
~ 6.02E+02 initial
& gg%grgg I PSO + local search
£ 202E+02 f "
- 200E+OO hf‘g.;.\ I [N B S I IR St Bl N
RS . . N . . PSO + modified IMM
N N N N N
Q{()X @)X Q X éox é()x éox é*{)X
AN R MEPAS A N —e—GPPSO
Number of evaluation
Bl 4.14 S8 F 12 fcact 2R
F 13
2 L5E+02 | —#— PSO+use OA table get
~ 1O2E+02 "\ initial
g 520E+01 F PSO + local search
= 2.00B+00 AT SR N
o . . . N . . PSO + modified IMM
PR PR LR
N %QQ NN AN %Q —e— GPPSO
Number of evaluation
Bl 4.15 S8 F 13 fcacrt )
F14
o 1.00E+00
% 6.00E+00 | +PSQ41-use OA table get
~ 5.00E+00 | 1nitia
g 31885188 L B enunon 7 PSO + local search
[L 2:OOE+OO | | | | | | | | | | | | | | | | | | | -
PSO + modified IMM
@x‘“ @X@ & @x@ FESNPE P
C)Q %Q ch C)-Q (O%Q OOQQ c)Q —e—GPPSO
Number of evaluation

52




B 4.16 S8 F 14 fc st #R)

Number of evaluation

F 15
g SO —=— PSO-+use OA table get
= +use able ge
° 288383 initial
12 2:OOE ) PSO + local search
LT_‘ O'OOE+OO | | | | | | | | | | | | | | | | | | | PSO d.f‘ d IMM
P FF P P P F o
,(<)>< <o>< %X @X @X @X @X
Y & ¥ F ¥ § S
G A T Y P —¢—GPPSO

Bl 4.17 S8 F 15 fcact 2]

F 16
g S —=— PSO+use OA table get
~ 2.90E+02 N"-.*._._.“ initial
S 1.90E+02 | T PSO + local search
=5 00E401 ®0eeceeeetccnneiiins -
§> X@( X@( X@g XQV X@( X@( PSO + modified IMM
%Qéo %QQ(Q ‘)Q{Q 6660 ")éo Qéo ‘)éo —o— GPPSO
Number of evaluation
Bl 4.18 S lic F 16 fc acht @)
F17
;5: 288518% B —=— PSO+use OA table get
~ 490E+02 | nitial
g 388518% PSO + local search
LT_‘ 1:90E+O2 | | | | | | | | | | | | |
> . . M > 5 > PSO + modified IMM
Q Q Q Q Q Q Q
NG Q@X ¢ ¢ ¢
") % o} o Oo 0) —e— GPPSO
Number of evaluation
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Bl 4.19 S8 F 17 fcact 2]

F 18
i:’) 1.10E+03 :lﬂ—.--s-»zuv - ——PSO+use OA table get
S 9.00E+02 | B Rt
é zgggrg% i N PSO + local search
ﬁ: 3.00E102 | | | | | | | |
. 8 ét- g g g g ér g g é" PSO + modified IMM
¥ ¥ ¥ ¥ ¥ ¥ ¥ F F ¥
M o W @M m m @M M m W
S A 7 A" @®@® @A 7 7 | —eGPPSO
v — [@\l (e} <t v \O ~ o0 (@)
Number of evaluation
B 420 S8 F 18 Jcactt 2 F)
F 19
o 1.30E+03
= 1L.10E+03 L T W Te—— —8— PSO+use OA table get
>~ 9.00E+02 | S g initial
g 7.00E+02 M PSO + local search
= 5.00E+02
3'OOE+O2 | | | | | | | | | | | | | | | | | | | o
QT I I T I IS IS PSO + modified IMM
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ F ¥
O oL oW @ @m @D o o@m @ W
S A& @w " @®” A @w #” # |—GPPSO
v — [@\] o <t v O o~ o0 (@)
Number of evaluation
Bl 421 S#HcF 19 Jxacrt )
F 20
o L30E+03
= LIE+D3 e mwwssns —#—PSO+use OA table get
Z 0.00E+02 & ‘14'&&04-»?«&44‘_“.“ initial
E T.00E+02 | PSO + local search
2 5.00E+02 F ° """’"‘"’""“\..... =
3'OOE+O2 | | | | | | | | .
0TI IITISTI S PSO + modified IMM
¥ ¥ ¥ ¥ ¥ ¥ ¥ F F T
8882288883843
S v N 0 N N 0N —o— GPPSO
w — @\ on <t w O ~ O N
Number of evaluation

Bl 4.22 S0#cF 20 qJxagrt # R
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F21

O
?E 1.20E+03 —— ilSit(i);iuse OA table get
E T.00E+02 |, PSO + local search
LT" 2.00E+02 | | | | | | | | .
N St S St S S S SF st s PSO + modified IMM
O O O O O O o o o ()
¥ ¥ ¥ ¥ ¥ ¥ ¥ F¥F F ¥
N mMm@mM@m@D@m@m @ m
S A @A @ A @Aw @ A Aw @ | —eCGPPSO
v — [@\] (<) < w \O o~ o0 (@)
Number of evaluation
Bl 4.23 Sn#HcF 21 Jcacr i@
F22
1.20E+03
;5; 1.00E+03 —&— PSQ+use OA table get
~ 8.00E+02 initial
;é 28851:8% 20N PSO + local search
2.00E+O2 | | | | | | | | | | | | | | | | | | | .
QYL PSO + modified IMM
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ F *F
m oM W oM oM oM om oMo
S Aa@® " A" @ " A A @ |—e—GPPSO
w — ([@\] o <t w O ~ (oz0) N
Number of evaluation
Bl 4.24 Sn#c F 22 Jcacr i@
F23
g 120E+03 k PStQJ[use OA table get
» 1.00E+03 —.\L._._._._‘_,. | initia
S 8.00E+02 & .F.‘ PSO + local search
iz 6.00E+02
4.00E+02 | | | | | | | | | | | | | | | | | | | o
DI T T T I IS IS PSO + modified IMM
+ ¥ ¥ ¥ ¥ ¥ F ¥ F ¥F
N W @m o oo M@ @ Mmoo
S & " " " a " A " @& |—eGPPSO
v — (@\] on <t v O c~ ole) (@)

Number of evaluation

Bl 4.25 S F 23 fcact ]
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F24

;5; 1.20E+03 F —#=PSO+use OA table get
- nitial
g 7.00E+02 PSO + local search
0 00E+02 N

S S S S S S S S < PSO + modified IMM

(@) o (@) o o (@) o (@) o (@)

+F ¥F ¥F ¥ ¥ ¥ ¥ F F *F

o m oW M o@m M om om M m

S & & @& @& &® &» A » @A | —eGPPSO

w — (@] onN <t v O ~ o0 (@)

Number of evaluation
Bl 426 Svdic F 24 fc acvt )
F 25

2 5.00E+02 —8— PSO+use OA table get
7 4.50E+02 — mitial
2 4 00E+02 A - e ] PSO + local search
LT_‘ 3.50E+02 | | | | | | | | | | | | | | | | | | | o

N S S S S S S S SF S PSO + modified IMM

(@) (@) (@) (@) (@) (@) (@) (@) (@) (@)

T ¥ ¥ ¥ F ¥ F ¥ F *F

m o@D D@D @M @m W om W

S ®a@® a7 @ @w @A 7”7 |—e—GPPSO

w — [@\] o <t v O ~ 0] (@)

Number of evaluation

Bl 4.27 S F 25 fc et 2]
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Definitions of the 25 CEC’05 Test Functions

Unimodal Functions:
1. Fy: Shifted Sphere Function

D
FO) =Yz +f _bias ,z=X-0,X=[X,Xy,.... Xp ]
i=l

D: dimensions. 0=[0,,0,,...,0,] : the shifted global optimum.

2. F,: Shifted Schwefel’s Problem 1.2

D i
F00=Y 0,z +f _bias,, z=x-0,X=[X,%,,.... Xp |

-1 j=l
D: dimensions
0=[0,,0,,...,0,] : the shifted global optimum

3. F;: Shifted Rotated High Conditioned Elliptic Function

D =

F,() =D (10°)°1z7 + f _bias,, z =(X—0)*M X =[X;,X,.,..., X5 ]
-1

D: dimensions

0=[0,,0,,...,05] : the shifted global optimum

M: orthogonal matrix

4. F4: Shifted Schwefel’s Problem 1.2 with Noise in Fitness

)+ f _bias,, zZ=X-0,X=[X,X,,.... X5 ]

F4(x)=(Z(2zj)2)*(l+o.4|N(0,1)

i=1 =l
D: dimensions
0=[0,,0,,...,0,] : the shifted global optimum

5. Fs: Schwefel’s Problem 2.6 with Global Optimum on Bounds
yi=1..,n, x =[13], f(x)=0

f () = max {|x, +2x, —7|,]2x, + X, =5

Extend to D dimensions:
Fs(X) = max{Ax—B[}+ f _bias;,i=1,...D,X=[X,%,,....Xp]

D: dimensions
A is a D*D matrix, a; are integer random numbers in the range [-500, 500], det(A) #0,A; is the

i™ row of A.
B, =A, *0,01is a D*1 vector, 0, are random number in the range [-100,100]

After load the data file, set 0, =~100, for i=1,2,..,[D/4],0, =100 for i=|3D/4],..,D

b
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Basic Multimodal Functions

6. Fs: Shifted Rosenbrock’s Function
D-1

F, () =>,(100(z° —7,,)* +(z,-1)*)+ f _bias,, z=X—-0+1,X=[X,X,,...,Xp ]
i=l

D: dimensions
0=[0,,0,,...,0,] : the shifted global optimum

7. F7: Shifted Rotated Griewank’s Function without Bounds

)+1+f bias, , Z=(X—-0)*M, X=[X,Xy,..., Xp ]

F00= 4000 RN

D: dimensmns
0=[0,,0,,...,0,] : the shifted global optimum

M’: linear transformation matrix, condition number=3
M =M’(1+0.3|N(0,1)|)

8. Fs: Shifted Rotated Ackley’s Function with Global‘©ptimum on Bounds

D D
F,(X) = —20exp(-0.2 /%Z Zf)—exp(%Zcos(ZﬂZi N+20+e+ f bias,, z=(x-0)*M
i=1 i=1

X=[X,X,,..., X ], D: dimensions

0=[0,,0,,...,0,] : the shifted global optimum;

After load the data file, set 0,; , =—32 0,; are randomly distributed in the search range, for
j=12,..]D/2]

M: linear transformation matrix, condition number=100

9. Fo: Shifted Rastrigin’s Function

D

F,(X) =Y (z7 —10cos(27z,) +10)+ f _bias;, z=X—-0, X=[X,X,,..., ;]
i=1

D: dimensions

0=[0,,0,,...,05] : the shifted global optimum

10. Fyo: Shifted Rotated Rastrigin’s Function

D

Fo(X) =Y (z7 —10cos(27z)+10)+ f _bias,,, z=(X—-0)*M,X=[X.X,,...,X; ]
i=1

D: dimensions

0=[0,,0,,...,05] : the shifted global optimum

M: linear transformation matrix, condition number=2
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11. F,;: Shifted Rotated Weierstrass Function

D kmax k max

F (0 =>.(D [a“ cos(27b*(z, +0.5))]) - DZ[a cos(27h*-0.5)]+ f _bias,,,

i= k=0
a=0.5, b=3, knax=20, Z=(X—-0)*M , X= [xl,xz,..., Xp ]
D: dimensions
0=[0,,0,,...,0,] : the shifted global optimum
M: linear transformation matrix, condition number=5

12. Fy5: Schwefel’s Problem 2.13

D
FL() =D (A —B(X))* + f _bias,,Xx=[X,X,,....X;]
i=1
D D
A = z(aij sing; +b; cosa;), B;(X) :Z(aij sin X; +Db; cosX;), fori=1,...,D
j=1 i=1
D: dimensions

A, B are two D*D matrix, a.,b. are integer random numbers in the range [-100,100],

u s Mij
a=[a,a,,...a],a ; are random numbers.in the range [-7, 7].

Expanded Functions

Using a 2-D function F (X, y) as a starting function, corresponding expanded function is:
EF (X, X,,... Xp) = F(X, X))+ F (X, X )+ #F FOGIXE ) + F (X5, X))

13. Fy3: Shifted Expanded Griewank’s plus Rosenbrock’s Function (F8F2)

)+1

,14000 i1

F2: Rosenbrock’s Function: F2(X) = Z:(lOO(xi2 X))+ (% —1)%)

i=1
F8F2(X,,X,,..., Xp) = F8(F2(X,, X,)) + F8(F2(X,, X)) +...+ F8(F2(X5_;, Xp)) + F8(F2(X5, X))
Shift to
F.(X)=F8(F2(z,z,))+ F8(F2(z,,2,))+...+ F&8(F2(z, ,,2,)) + F8(F2(z,,2,))+ f _bias,,
Z=X-0+1, X=[X,X,,....; Xp ]

D: dimensions 0=[0,,0,,...,0,] : the shifted global optimum

62



14. F,4: Shifted Rotated Expanded Scaffer’s F6 Function

F(x.y)= 05+ (sin” (y/ X +)2/ )—ZO.f)
(1+0.001(x" +Yy7))

Expanded to

F.(X)=EF(z,2,,....2;)=F(z,,2,)+ F(z,,2,)+...+ F (25 ,,2,) + F(z,,2))+ f _bias,,
Z=(X-0)*M,X=[X,X,,...., X5 ]

D: dimensions

0=[0,,0,,...,0,] : the shifted global optimum

M: linear transformation matrix, condition number=3
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Composition functions

F (X) : new composition function

f.(X): i" basic function used to construct the composition function
N : number of basic functions

D : dimensions

M; : linear transformation matrix for each f,(X)

0, : new shifted optimum position for each f;(X)

F(x)= Z{Wi *[f.'((x—0,)/ A4 *M.)+Dbias, ]} + f _bias
i=1
W. : weight value for each f.(X), calculated as below:
D

Z (Xk — Oy )2

W= _ k=l ,
- = exp( Do )
_ Wi Wi == maX(Wi)
" woH(1-max(W)10) W, = max(w,)

then normalize the weight W, = w, / Z W,

i=1

o, : used to control each f.(X)’s coveragerange, a small o give a narrow range for that f,(X)
A used to stretch compress the function, 4 >1 means stretch, A4 <1 means compress

0, define the global and local optima’s position; bias, define which optimum is global optimum.

Using 0,, bias, , a global optimum can be placed anywhere.

If f,(X) are different functions, different functions have different properties and height, in order
to get a better mixture, estimate a biggest function value f . for 10 functions f,(X), then
normalize each basic functions to similar heights as below:

f.'(X)=C*f(x)/ | f_ .|, Cis apredefined constant.

|f = f.((X/A)*M,),x'=[5,5...,5].

maxi

is estimated using | f

maxi maxi

In the following composition functions,

Number of basic functions n=10.

D: dimensions

0: n*D matrix, defines f,(X)’s global optimal positions

bias=[0, 100, 200, 300, 400, 500, 600, 700, 800, 900]. Hence, the first function f (X) always the

function with the global optimum.
C=2000
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15. Fys: Hybrid Composition Function
f_,(X): Rastrigin’s Function
D
f,(x)=>" (%’ —10cos(27x)+10)
i=1
f, ,(X) : Weierstrass Function

f(x)= ZD:(kiax [a* cos(27b* (X, +0.5)]) - Dkfx [a* cos(27b* -0.5)],
i=1 k=0 k=0

a=0.5, b=3, kmax=20
f, ¢(X) : Griewank’s Function
D y? X.

fo)=> 2000 —Hcos(\/i_)+1

i=1 i=1

f, ¢(X): Ackley’s Function
1L 1
f,(X) =—-20exp(-0.2 BZ x0)— exp(BZ cos(27x;))+20+e

i=1 i=1

fy ,,(X) : Sphere Function
D
fi(x) = Z Xi2
i=1

o =1 fori=12,.,D
A=[1,1,10, 10, 5/60, 5/60, 5/32, 5/32, 5/1004:5/100]
M, are all identity matrices

16. Fj6: Rotated Version of Hybrid Composition Function Fs
Except M, are different linear transformation matrixes with condition number of 2, all other
settings are the same as Fs,

17. Fy7: F16 with Noise in Fitness
Let (Fy6 - f_bias;s) be G(X), then
F, (X) = G(x)*(1+0.2|N(0,1)|) + f _bias,,

All settings are the same as Fg.
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18. Fs: Rotated Hybrid Composition Function
f_,(X): Ackley’s Function

D D
f,(X) =—-20exp(-0.2 %Z x2)— exp(%z cos(2zx))+20+e
i=1 i=1
f, ,(X): Rastrigin’s Function

D
f,(x) =Y (%> —10cos(27x)+10)
i=1
f; (X): Sphere Function

fi(x) = ZD:Xiz

f, ¢(X): Weierstrass Function

D kmax k max

f(x)= Z(Z[a cos(2zb* (x, +0.5))]) - DZ[a cos(27b*-0.5)],

a=0.5, b=3, kmX 20
fy_1o(X) : Griewank’s Function

)+1

4000 Wi
o=[1,2, 1.5, 1.5, 1,1,1.5,1.5,2,2];

A=1[2%5/32; 5/32; 2*1; 1; 2*5/100; 5/100; 2*10510; 2*5/60; 5/60]

M, are all rotation matrices. Condition numbefsrare[2 3.2:3 2 3 20 30 200 300]
0,, =[0,0,...,0]

19. Fo: Rotated Hybrid Composition Function with narrow basin global optimum

All settings are the same as F;g except
c=[0.1,2,1.5,1.5,1,1, 1.5, 1.5, 2, 2];,
A =1[0.1%5/32; 5/32; 2*1; 1; 2*5/100; 5/100; 2*¥10; 10; 2*5/60; 5/60]

20. F,o: Rotated Hybrid Composition Function with Global Optimum on the Bounds

All settings are the same as Fg except after load the data file, set 0, ,., =5, for

j=12,..,D/2]

12))
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21. F;;: Rotated Hybrid Composition Function
f,_,(X): Rotated Expanded Scaffer’s F6 Function
F(x.y)=0.5 (sm (JX>+y*)-0.5)
(1+0 001(x*> +y*))°
f.(X)=F (X, %)+ F(X,, X)) +...+ F(Xp_;, X5) + F (X5, %)
f, ,(X): Rastrigin’s Function

f.(X)= ZD:(Xi2 —10cos(27X;)+10)

i=1

f, (X): F8F2 Function

F8(x) =

)+1

400 N
F2(x) = 2(100(x? — %)’ + (% —1)%)

i=1
f.(X) = F8(F2(X,,X,))+ F8(F2(X,, %)) +...+ F8(F2(Xp_;, X)) + F8(F2(Xp, X))
f, ¢(X): Weierstrass Function

D  kmax

f,()= > (D [a“ cos(27b* (x,40.5))])= DZ[a cos(2zb* -0.5)],

i=l k=0
a=0.5, b=3, kmax=20
fy 1o (X) : Griewank’s Function

+1
4000 = J)

c :[1,1,1,1,1,2,2,2,2,2] ,
A =[5%5/100; 5/100; 5*1; 1; 5*1; 1; 5*10; 10; 5*5/200; 5/200];
M, are all orthogonal matrix

22. Fy,: Rotated Hybrid Composition Function with High Condition Number Matrix

All settings are the same as F»; except M, ’s condition numbers are [10 20 50 100 200 1000
2000 3000 4000 5000]
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23. F,3: Non-Continuous Rotated Hybrid Composition Function
All settings are the same as F»;.
X ‘xj—olj‘<1/2
Except X; = for j=1,2,..,D
round(2x;)/2 |x; —0,|>=1/2
a-1 if x<=0&b>=0.5
round(x)=4 a if b<0.5 ,
a+l if x>0&b>=0.5

where a is X ’s integral part and b is X ’s decimal part
All “round” operators in this document use the same schedule.
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24. F,4: Rotated Hybrid Composition Function
f,(X) : Weierstrass Function

f.(x)= ZD:(kff[a cos(27zh* (x, +0.5))]) - Dkia:x[a cos(27b*0.5)],

a=0.5, b=3, kpmax=20
f,(X) : Rotated Expanded Scaffer’s F6 Function

(sin’({/X* +y*)—=0.5)
F(X,y)=0.5+ 5
(1+0.001(x" +y7))
fi(x) = F (X, %)+ F(G, %)+ + F (X, Xp) + F(Xp, X))
f,(X) : F8F2 Function

)+1

23000 L
F2(x) = Z(lOO(Xi2 ~ %)+ (% =1)%)
i=1
f.(X) = F8(F2(x,,X,))+ F8(F2(X,, X)) +...+ F8(F2(Xy_,, X5)) + F8(F2(X5, X,))
f,(X): Ackley’s Function
13 s
f,(X) =—-20exp(-0.2 BZ X2) — exp(Bz cos(27x.))+20+e
i=l i=1
f;(X): Rastrigin’s Function
D
f,(x) =Y (%> ~10cos(27x)+10)

i=1
f.(X) : Griewank’s Function

)+1

4000 N
f,.(X): Non—Contmuous Expanded Scaffer’s F6 Function

F(X,y)=0.5+ (sin* (/% +y*) - 0.5)

(1+0.001(x* + y*))?
f(X)z F(ylb yz)+ F(y2: y3)+-'-+ F(yD—H yD)+ F(yD9 y1)
X ‘xj‘<1/2

=1 for j=1,2,..,D
round(2x;)/2 ‘xj‘>=1/2

f,(X) : Non-Continuous Rastrigin’s Function

f(x)= ZD:(yi2 —10cos(2ry;)+10)

i=1
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X| ‘xj‘<1/2 )
= for |=1,2,..,D
round (2x;)/2 |x;|>=1/2

f,(X): High Conditioned Elliptic Function
i1

D i1
f(x)=>(10°)°"x’
i=1
f,,(X) : Sphere Function with Noise in Fitness
D
f, () = x)(1+0.1|N(0,1)))
i=I

o, =2fori=12.,D

A =[10; 5/20; 1; 5/32; 1; 5/100; 5/50; 1; 5/100; 5/100]
M, are all rotation matrices, condition numbers are [100 5030 105543227;

25. F»s: Rotated Hybrid Composition Function without bounds
All settings are the same as F4 except no exact search range set for this test function.
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