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Extended Particle Swarm Optimization to Maintain Wide
Distribution of Search Space
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Particle Swarm Optimization (PSO) is population based search method using particles that change position in the problem space.
To improve diversification of PSO, a search method by particle groups has been previously proposed (PPSO). In this research,
we proposed a new search method which creates groups depending on the fitness value of each particle, so that particle of the
group with higher fitness distribute in the vicinity of the best solution, while particles of the group with lower fitness distribute
globally by moving away from the center of the local group and the center of the whole group. We evaluated the effectiveness of
the proposed method, and showed that it improved the diversity of PSO by creating groups of particles distributed globally in the
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search space.
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DERREINT- B DBE 2RO N — T CHREEIT S
FIE(PPSO)BERE SN TWA[7][8]. PPSO i%, &7 /N—7
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HEHEMEN D B.

AT, ZD L7 PPSO DEZ FITHSE, R
DR/ & KIBb D 7V —F12315 % Z & T, BERIEDIR
FaPH AT A HERFT 5 PSO A4REET 5[9]. EFIETIE, 7
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PSO IZFIREZER FICRi T8 FEE L, d ot ORREZER -
DRIT | DAL x; = {xox%,... x4}, ER ZRT i OBEE
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HiskB[7][8]. LavL, #ARE#SD Z & Thi 1 DIENL D 7243
KL LK RV I N—T OEBPBBD T 5%, Tr—T0
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PSO XN PPSO & DI FEBR 1T o72. DR, —MIC
B PEOEBICENTESANLRTNE RN Fv—
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N—T K UTRLF RS RFTAI R IRIRESIZ A L, AR
EEHR TN —THEEZ Y KL T TR Z BT
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3% 3 Griewank BA#IC 31T 5 EMHE, FRME &K ON/IME

> TRPTERER & IRBAIERR DT A DS FE BN Y

TN—TDEL BRPFFRICEL T LE - EEZLND.
IO XS MEEMOBEIZE, BETETIEHL Y B
O3 B ONRIR A 3 A6 D% T A — Z R E DO BEEMEIZ OV TR
MRRETHD.

7% 1 Rosenbrock BAMIZ 3517 2 W H4IMHE, i KAE K OV /IME

(a) d=10
SEEIE KIE T/ ME
RETIL 0.006642 0.044293 0.000000
PPSO 0.013035 0.036914 0.000000
PSO 0.091770 0.223817 0.012316
(b) d=30
LA N ] e/ ME
RRFIE 0.000543 0.012316 0.000000
PPSO 0.001183 0.009864 0.000000
PSO 0.011568 0.049159 0.000000
(¢) d=50
SEA & RAE e/ ME
REFIE 0.001381 0.014772 0.000000
PPSO 0.004895 0.041631 0.000000
PSO 0.012018 0.092185 0.000000

7< 4 Schwefel BA3IC 3510 2 ¥ME, e RAE K O/ IMiE

(a) d=10
I fiE RRE H/ME
RETIL 1.11E-07 2.55E-06 8.86E-21
PPSO 1.67E-04 0.003119 7.80E-15
PSO 0.170419 3.989941 3.38E-24
(b) d=30
S fiE RARE w/ME
RRFIE 11.40013 17.59689 5.841742
PPSO 13.76693 21.02619 6.978173
PSO 13.71276 71.92184 0.025050
(c) d=50
SR & RAE e /ME
REFIE 33.06106 39.54724 26.92479
PPSO 37.09155 43.54496 32.95853
PSO 41.06352 146.62448 15.17400

7 2 Rastrigin BIEIZ 31T 5 EIMHE, RN K O/ IMiE

(a) d=10
SR & RAE e/ ME
REFIE 0.218997 0.994959 0.000000
PPSO 2.183551 4.175103 1.42E-14
PSO 5.452374 14.92437 1.989918
(b) d=30
I fiE RRE /ME
RETIL 14.63839 42.86451 5.969754
PPSO 25.31305 50.90045 13.93466
PSO 37.88845 68.65202 14.92438
(¢) d=50
S fiE RARE e/ ME
REFIE 28.83671 4576814 13.93599
PPSO 52.59353 85.45191 24.66811
PSO 77.04115 133.1453 38.80337
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(a) d=10
S SN e KAE e/ IMiE
RETIE 284.1126 710.6200 118.4283
PPSO 549.2632 949.0137 118.4283
PSO 498.3625 1296.027 108.6095
(b) d=30
S e KA e/ IME
RETIE 3317.684 4777.972 2175.119
PPSO 3961.619 4683.211 3162.573
PSO 2510.282 4366.437 1589.176
(c) d=50
EEfiE I KAE /Ml
BETIE 7014.424 9118.572 4051.355
PPSO 8035.161 9219.738 6308.616
PSO 5159.675 7771.124 3331.021
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4. BhYIC

AW T, BRBEOBIHML & Kb 77— 7125585 L
TYERTHZ LT, WRIRDIRKE ST &+ 2R TF
BEERELTZ[9]. ATIETILPPSO O 7 L —THEMRDE %
FieHkSE, B 7 — A I3RS S8, FALo
KL A-D 7N — TR A SED LI Lz, D%
2, FAED 7 N—TF NI N —T R RO ELNHEEN D
HIIBHEOEFREZERT D L & bIT, JRRMICHA L
TWD TR ORI HTT 2 e RIE AR R L7 RIZ, JRFTHY
BREATD LD T N—T~OBEN %17 5 A, Ok
T ONLEONEN 2B ST MEXEZEA L. Zhick
D, BRFEMBHRE R T ORI O RPTHRSE & IRIkE R & 5
BT, ZEMEMERFT2HNATRRE o7, F2, BE
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EER AT T,
AREBRORERLE LT, SEHWERCF—7BETH
% Rosenbrock B4%, Rastrigin BI%L, Griewank B84, Schwefel
B D & TIZRB W TEEF D PPSO XL 0 XIS R fE D &
DBEEDN/PNESWRE BT HR N, 202 &b,
RBFETIE ML ORI T O F N — T RSB 7 5545, Thr
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O 2 DENHK, SEMEZ KD IR RS
EIToTWAIZERBHLNIZR T, L L7enb,
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Schwefel B4k & 9 72 RT3 LLESBEIL T 5 &L 9 72/
ZERNZ BV TIE, BFTIC A3 5 7 b— 7 & RIS
DT D T N—T & ODRRBIRDOBIRED N T o Ao
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BoltlBEXbND. REFIETIIELNLOEIDDER
DERIBD IEFASR AR E ST 5%, 0K 9 hLiErk
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SBIL, TNV —T ORNRBIRO BRI DN TE LT
LI, BELrLEINDHEALEMEZEMCEDETH
ISR LT B A OV TREF L T L.
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