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01 0oooo
Table 1 Test functions.

googd oo googd

Shubert (F1) (Zle icos[(i + 1)w1 + i]) x (Z":l icos[(i + 1)wa + i]) ~10< z; <10

Himmelblau (F2) —(200 — (212 + 22 — 11)% — (21 + x22 — 7)?) —6<z;<6

Six-Hump Camel Back (F3) | 4[(4 — 2.1z12% + m14/3) sz Tixe + (—4+ 4.’[)22) . .’1,'22] —-1.9 <z, < 1.9
11<a <11

Branin RCOS (F4) (zo — 57\_12 cx? 4 5@ — 6)24+10- (1 — =) - cos(z1) + 10 -5 < z1 < 10;
0< 2z <15

ZiDzl(”_aj)2
3-peaks function (F5) — Z?Zl e o2 ,((a1,a2,a3) = (—1,0,1),0 = 0.3) —2<z; <2
Shekel function (F6) " = |im=5,7,10;(i = 1,2,3,4) 0<x; <10

j=1 4 248,
Iy (@i=Cij)2 48y

B8 =1[0.1,0.2,0.2,0.4,0.4,0.6,0.3,0.7, 0.5, 0.5]

4 1 8 6 3 2 5 8 6 7
C= 4 1 8 6 7 9 5 1 2 36
4 1 8 6 3 2 3 8 6 7
4 1 8 6 7 9 3 1 2 36
Sinusoid function 1 (F7) Zf—l sin(6.5z;) 0<z; <3
02 0000
Table 2 An experiment result.
Function(dim)‘ oo gooooooooo oooo
SDEOOOOO
F1*(2) 6.96e-06+£1.37e-05 — 15.384+1.31
F1(2) 2.09e-0444.23e-04 — 1.844+1.17
F2(2) 3.51e-10+£5.17e-26 3471+641(50) 4.00+£0.00
F3(2) 5.30e-12£4.04e-27 1759+118(50) 2.00+0.00
F4(2) 4.15¢-11%1.29¢-26 4670+1325(50) 2.8240.38
F5(2) 1.49e-1041.03e-25 1870+231(50) 3.0040.00
F5(3) 2.22e-15+2.37e-30 35554+140(50) 3.00+£0.00
F5(5) 0.00e+4-0040.00e+4-00 82884773(40) 2.5240.50
F5(10) 0.00e+00+0.00e+00 — 1.08+0.27
F6(4) m=5 3.77e-09+4.14e-24 8038+589(50) 1.00£0.00
F6(4) m=7 2.37e-09£2.90e-24 8683+£1011(50) 1.00+0.00
F6(4) m = 10 2.90e-09+9.67e-10 8687+719(45) 0.90+0.30
F7(2) 3.39e-14£8.39e-14 — 7.58+0.49
goooooono
F1(2) 4.24e-0849.07e-10 | 26789+1320(50) | 18.00+0.00
F2(2) 3.51e-10£5.17e-26 4943+97(50) 4.00£0.00
F3(2) 5.30e-12+4.04e-27 22594237(50) 2.00+0.00
F4(2) 4.15e-11+£1.29e-26 3142+333(50) 3.00£0.00
F5(2) 1.49e-1041.03e-25 2290+112(50) 3.00+0.00
F5(3) 2.22e-15£2.37e-30 3479+254(50) 3.0040.00
F5(5) 0.00e+-0040.00e+-00 5737+268(50) 3.00+0.00
F5(10) 0.00e4-004-0.00e+4-00 13513+596(50) 3.0040.00
F6(4) m =5 3.77e-09£4.14e-24 7643+732(50) 1.00+0.00
F6(4) m=7 2.37e-09£2.90e-24 7507+613(50) 1.00£0.00
F6(4) m = 10 3.22e-09£1.65e-24 9603£1101(50) 1.00+0.00
F7(2) 1.83e-11+3.79e-11 6060+409(50) 9.00+0.00
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1010

oooooooooo
SbEOOsS00000000000000 62000
goooooooooooooobooOooooDoonbo
gooooooooooboobooooobooobooo
goooooooooooooooOoooooobooo
oooooooooooooooooooooood
goooobooocoooooooboooooooobooo
oooooOoOoOoOoSbEOOOOOOOOOOOO
gooooooooooooooboooooooooboo
goocooooooooooOoooooboobooooo
oo000000oooooooooooooooooon
goooooooooooooobooooooDonbo
gooooooooooooooboooooooboobooo
gooooooooooooooooOoooooobo
ooooooooooooooboooooooobood
oooooooo

O0OO0OSDEOOOOOD F1OOODOODOOOO
000ooOoooo 800O0UoO0 R=0.50 SDE

10
5 O] O] O]
O] O] O]
ol
O] O] O]
O] O] O]
5L
O] O] O]
O] O] O]

06 OOOOOOO F1OOOOOOO
Fig.6 A snapshot in the last step of ISDE on F1.

100

#Spacies

ISDE

[ 50 100 150 200 250 300 350 400 450 500
Generation

07 riooOoOoooooo
Fig.7 The number of species on F1.



00000000000 Differential Evolution 000000000000 DODODOO

35

Rinit

0 50 400 150 200 250 300 350 200 450 50C
Generation

08 r1iOOOOOOOOOOOODO
Fig.8 Specie’s territory radius on F1.

10 @ T s\ ru
| 6‘2 O oL . %
i ®® @@ ®, ° e

-10 "5 ‘0 ‘5 10
09 F1O 250000000
Fig.9 A snapshot in 25 step of ISDE on F1.

00000000000000Rw: 0000000
ooooooooooORrROOOCOOOOOOOCOOOO
gooooooooooooobooOooooobooboo
R 0000000000000 O08OO0O0O0O0O
oooooo0ooooooo RO 100000000
oooooooooooooooooooooobooo
goooooooooooooooooooboooboo
gooooooooooooooooooooobooo
gooooooooooooobooooooobod
gooooooooooooobooooooo
OedoooOO200000000000O0AO0
g9boo0OO0o0oOooooooooOoooOoOoOobobOoOooo
oooooooooooo

5.5.2 0O 0O F5

2000 F50000000000000000 10
oooooooooooo

011 00SDEOODOODO (ISDE)y0DOoOO 100
o0 00000000000 DOOOODOODOO

010 F50 3000000
Fig.10 3D plot of function on F5.

#5pecies

L YTIECIE R TN S U -

o EY 100 10 20 20 300 ) 400 450 £
Generation

011 10000 r50000000O0O0
Fig.11 The number of species on F5 of 10D.

03 10000 F5000000
Table 3 Species-seeds on F5 of 10D.

SDE  |10(—0.996517)|76(—1.000000)|14(—0.999901)
000  |34(—1.000000)|44(—1.000000)|22(—1.000000)

03000 11000000 SbEOOOOOOOO
goooooooooooooboooooooDoooboo
ooooooooogoo
SbEOOO0OOOODOO0OOOOOOO0OO0OO0OO230
ooooooooooooooooboOoooooDo 3
goooooDooooDOoD0O000x; =—-10000
z;=1000000000000000000000
0000000000 o00oo0ooooooSpbEOOO
ooo0o0ooooO02000 FoOO0O00O0 10000
goooooooooooboooooobooooobo
000 R=0500000000000000000
goooooooooooooboooooooobooo
goooooobooooooboooooooooboo
O00000ooo0o00ooo0oooOoO0OSDE

1011



00000000000 2009/7 Vol. J92-D No. 7

04 O0O0O0D0O

Table 4 Experimental results.

Function (dim) | Algorithm oo oooooooooo oooo

F1(2) SDE 2.09e-04+£4.23e-04 — 1.84+£1.17
M1 4.16e-08+2.08e-09 40970+£2779(46) 17.84+0.37
M2 4.28e-08+9.44e-10 26567+1561(47) 17.8440.37
M3 4.24e-0849.07e-10 26789+1320(50) 18.00+0.00

F5(10) SDE 0.00e4-00£0.00e+00 — 1.08+0.27
M1 1.78e-17+4.98e-17 277024+1063(48) 2.96+0.20
M2 7.18e-1343.49e-12 30775+£2893(50) 3.00£0.00
M3 0.00e+4-00£0.00e+00 13513+596(50) 3.00£0.00

05 kPsOOOQoon
Table 5 Comparison of kPSO.

Algorithmd 000 « 000000| Shubert (F1) | Himmelblau (F2) | Camel back (F3) | Branin RCOS (F4)
kPSO (300%2000, 30*2000) 81194445656 2259+539 11244216 20844440
kPSO (500*2000, 60*2000) 117503+£77451 3713+£570 2127+341 3688717
000 (100%¥1000, 50%1000) 3058044208 3016+£219 1134£107 18524134
000 (100*1000, 60*1000) 30580+4208 3345+£175 15424184 21984301
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Fig.12 Specie’s territory radius on F5 of 10D.

gooooooooooooobooOooooobooboo
gooooooooooooobooooooobooo
goooooooooooooOoOoOOO0O00O00o0o
oooooooooooooooOooOOO0o00o0o0o00o
gooooooooooooooooooooobooo
Oo0oooooooooooSbEOOOOOOOO
00ooooooooooooooooooooooo

0120 SDECOOOOOO 10000 F5O0000
goboocooooooboooobooo 11ooooo
ooo0oooo0oooo0o0oooooo00 rROGOO
0000000000000000000000 Rinet
gooooooooooooooooooooboo
goooooooooooooboooooooboo
gooooooooooooooDoDDObOOO RO
000o0000000oo0o0o0o0o0o000o0o0o0oo0o0o0o

1012

5.6 ODOOOOOO

040 F1,F50 1000000SDEOOOOO
00000000000000 1,12, 300000
(MI)ODOODOOO (M2)0000000 (M3)00
00000000000000

SDED r1,r2, 1300000000000 (M1) 0
000SDEOOOOOODOOOOOODODOOO
00000000000000000000M100
0000000000 (M2)00F10000000
0000Fs000000000000000000
000OM20000000000000 (M3)OO0F1
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000

5.7 OO0OOOOO

o00oO0O0ooOo bEOOOOOODOOOOOO
00000000000 00kPSO (1100000
ooookpPSOO0O0OcOOOOODOOOOO EKODOO
k-means 0 [18)]J 000000000000 DOOOO
0000 k0OO00OO0OOOOOOOOOOOOOOO
pPSOOOOOOOOOOOOOOOOODOOOOOO
oooooookpSsOOOODOUOOOMOoDOOO
000000000 50000kPSOOOOFIOO
OO0 3000000 5000F2,F3, F400000 300
gooeoO0O000O0O0200000000000000
o00O0O0F10000 1000F2, F3, F4O0O0O0O0O
JoooooDoooOoOoooooooobooobooon



00000000000 Differential Evolution 000000000000 DODODOO

00000050000 6000000000 1000
00000000kPSO (30042000, 30+2000) 0 0 O
000 kPSOOOF10000000000O0F2, F3,
FAODOOO0OO0OO0OO0O0O0O000000000

KPSO (300%2000, 30+2000) 0 0 0 O (100%1000,
50+1000) 000000000 0F1 0 F4A00000
000000000F3000000000F200
kPSOODD0OO0O0O0OO0O0F2000000 kPSOD
0000000000 0F200000000000
000000000000000000000000
000000000000000000000000
0000000000000000F1000000
00000000000000000kPSOO0O00
000000000000000000000000
000000000000000000000000
000000000000000000000000
0oooo

6. 0O O O

Oo000o SbEO0O0O0O0O0O0O0OOOoOooooon
ooo0o0O0 ROOOODOOOODOOOOODOO
gbooobooooboobooooboooobobooobobooon
gboooboooooboooboooooboobooon
gooooooooooooobooooooobooo
gooooooooooooobooOoooooboboo
goooooooooooooboooooobooboo
oooooOoOoOooosSbEOoOOOOOOOOOO
gboobooooboobooobooooboboobooon
gbooobooooboobooobooooboboobooon
0000 SbE000OONODONOOOONOOooooon
gooooOoooOo0oo0ooObOooobOO0o0r2000
gboooooooboooboooooboboobobooon
gooooooooooooobooooooobood
dooooooooooooooboboooooogao
gooooooooooooobooOoooooboo
gooooOoooooooooboooooooo

g d

[1] J. Holland, Adaptation in natural and artificial sys-
tems, The University of Michigan Press, Ann Arbor,
Michigan, 1975.

[2] D. Goldberg, Genetic Algorithms in search, Opti-
mization, and Machine Learning, Addison Welsey
Longman, Boston, 1989.

[3] J. Kennedy and R. Eberhart, “Particle swarm opti-
mization,” Proc. IEEE International Conference on

(4]

(5]

(6]

(7]

(8]

19l

[10]

(11]

(12]

(13]

(14]

(18]

(16]

Evolutionaly Programming, pp.601-610, San Diego,
Calif, USA, March 1998.

R. Storn and K. Price, “Differential Evolution —
A simple and efficient adaptive scheme for global
optimization over continuous spaces,” Technical Re-
port TR-95-012, International Computer Science In-
stitute, Berkeley, 1995.

gooooooooooo oo«“gUoUOoobooooodg
00000000000 0000 AMvol.J70-A, no.3,
pp-581-584, March 1987.

S. Kurahashi and T. Terano, “A genetic algorithm
with tabu search for multimodal and multiobjec-

> Proc. 2nd Genetic and

tive function optimization,’
Evolutionary Computation Conf., pp.291-298, Las
Vegas, Nevada, July 2000.

J. Vesterstrom and R. Thomsen, “A comparative
study of differential evolution, particle swarm op-
timization, and evolutionary algorithms on numeri-
cal benchmark problems,” Proc. 2004 IEEE Congress
on Evolutionary Computation, vol.2, pp.1980-1987,
Portland, Oregon, June 2004.

J. Riget and J. Vesterstroem, “A diversity-guided
particle swarm optimizer — The ARPSO,” Technical
Report 2002-02, Department of Computer Science,
University of Aarhus, Denmark, 2002.

0 0O00«000000000DpU0Oooooooooog
J0o00ooOooOOD O00000o0ooooDO0Ovols,
no.2, pp.94-96, Feb. 1995.

0 000“000000000000D0000O0oODoog
oo ooO0O000O00000000vol.8, no.5, pp.233—
235, May 1995.

A. Passaro and A. Starita, “Particle swarm opti-
mization for multimodal functions: A clustering ap-
proach,” J. Artificial Evolution and Applications,
vol.2008, Article ID 482032, 2008.

X. Li, “Efficient differential evolution using speci-

”»

ation for multimodal function optimization,” Proc.
2005 Conference on Genetic and Evolutionary Com-
putation, pp.873—-880, Washington DC, June 2005.
J.-P. Li, M.E. Balazs, G.T. Parks, and P.J. Clarkson,
“A species conserving genetic algorithm for multi-
modal function optimization,” Evolutionary Compu-
tation, vol.10, no.3, pp.207-234, 2002.

X. Li, “Adaptively choosing neighbourhood bests us-
ing species in a particle swarm optimizer for multi-
modal function optimization,” Proc. 2004 Conference
on Genetic and Evolutionary Computation, pp.105—
116, Seattle, Washington, June 2004.
0o0ooo“000oo0oogooooooooooog
0oo0oooooooD 0000D-1IHT vol.J87-D-I1,
no.2, pp.771-774, Feb. 2004.

A. Petrowski and M.G. Genet, “A classification tree
for speciation,” Proc. 1999 Congress on Evolutionary
Computation, vol.1, pp.204-211, Washington, DC,
July 1999.

1013



00000000000 2009/7 Vol. J92-D No. 7

[17] M. Shibasaka, A. Hara, T. Ichimura, and T.
Takahama, “Species-based differential evolution with
switching search strategies for multimodal function
optimization,” Proc. 2007 IEEE Congress on Evo-
lutionary Computation, pp.1183-1190, Singapore,
Sept. 2007.

[18] R.O. Duda and P.E. Hart, Pattern Classification and
Scene Analysis, John Wiley & Sons, New York, 1973.

o000 200 120 10000210 30900000

ooooo

2007 000000000000000
gooOo02009 00000000000
oo0oo0oO0ooooooooooooo
ooobooooooooooooooood
oo0o00000000000D00000
ooo

O 0o oO0ooo

1997 00000000000002002
ooooo0oo0oooooooooOoon
2002 0000000000000000
J oooooooodzeo7000Oo0oOon
‘ . ooooooooooooooooooon

A oo0oo0o0o0o0ooO0o0ooO0ooobDo0oonoo
00000000O0OO0O0O0000000000O0O0O0O0O0O0
O0OO0OO0O0OOO0OIEEEOOOOOOODOM

od O oOoooo

997 Do0o0o00ooooo0oooooo
gooo0o0o0oooO0o0o0Ooooooo
gbooooooooboodzoeo70oboogd
0o0oo0O0oO0oooooooooooog
0000000000000 LinuxOOOO
IEEEO0O0OD

oo 00 oOoodd

1982 000000000001987 00
oooooooooooooooooog
0000000199400000199800
00o0o0o0o0ooO0o0oO0ooooooo
oOooo0oz2e05 00000000000
oo0o0o0o0o000000o000000
go0o0o0ooO0o0O0000000O0000O000O00000O0
00ooo0ooo0ooooooooooooooooooooa
IEEEOO0O0O00O00

1014



