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Performance Analysis and Parameter Selection of PSO Algorithms

WANG Dong-Feng® MENG Li*

Abstract Inertia weight and acceleration factors have significant impact on the performance of particle swarm opti-
mization (PSO) algorithm. Through simulation experiments on twelve classical benchmark functions, this paper studies
the algorithm’s exploitation ability and optimization performance with different parameters. Based on the experimental
results, we recommend a setting for fixed parameters. Furthermore, we study the situation where inertia weight remains
unchanged and acceleration factors change with iterations. Then a setting for varying parameters is recommended. The
recommended parameters setting methods are verified through 15 benchmark functions that were published in CEC2015.
At the end of the paper, a discussion of the PSO application issue on continuous optimization problems and discrete
optimization problems is given.
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ETE LA B B AL 5 T B 2 7 A 26 6 4%
ST TR
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s D007 B SR S BT E AN . AR ¢+ 1 I
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Vig(t + 1) = wvie(t) + c1ra(t) (pig(t) —
zia(t)) + cor2a(t) (Pgy(t) — wia(t)) (1)

Tig(t+ 1) = 234(t) + viq(t + 1) (2)

Hor, vig M @ig 203K F R BERIALE, w S5
PEAUEL, e A co FRINIE T, 203 A S HO
HEBEL pia M pga 73BN ASPMTEA I 7 S A
BEE, T M roa SAPIASAHEIRSZ RN [0, 1] Z[R]
B AR BEPLEL, IERXPIAFEYLER S, (45
AR R B — R AN E I, A R T
TR —ER S R REE S, AITA M T3] 7] &
R A

2 RFEEERMRES

TR 3 e S U DR R R R AN SR
RE S S A K &R RATEOGER N S E X2 w
€ [-1,1], 1 + ¢p € [0, 8], X246 K2 BT
UK. i ) Se B iR T DA 12 A9 A A
Y BRI ER, X S o R Ol Y, AR 4
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Fun 10: Weierstrass; Fun 11: Penalizedl; Fun 12:
Penalized?2.
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Fig.2 Relationship between particle exploration ability and its parameters
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Fig.3 Relationship between the algorithm success rate and particle parameters
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Table 1  Comparison of running results on 5 parameters
K% PARA min max mean =+ std SR % PARA min max mean =+ std SR
1 1.47TE—25 8.64E—22 6.32E—23 +1.34E—22 1.00 1 1.47E—02 1.64E—01 7.49E—02+ 3.35E—02 0.83
2 9.056E—36 5.64E—31 1.73E—324+7.16E—32 1.00 2 7.39E—03 1.84E—-01 7.77TE—024+3.52E—02 0.77
Fun1 3 1.98E—40 2.94E—34 1.31E—35+4.50E—35 1.00 Fun7 3 1.47E—02 2.21E—01 7.94E—02+4.10E—02 0.74
4 1.81E—57 2.84E—33 2.86E—35+ 2.84E—34 1.00 4 1.72E—02 3.056E—01 1.12E—01 +5.99E—02 0.53
5 1.63E—27 1.45E—23 2.71E—25+1.46E—24 1.00 5 1.11E—15 1.69E—01 6.15E—02 + 3.39E—02 0.86
1 2.72E—02 7.29E+4+00 2.40E+00 4+ 1.43E400 0.84 1 2.38E—13 1.99E+01 1.99E—01+ 1.99E+00 0.99
2 3.18E—03 1.20E+402 3.75E+004+ 1.19E+401 0.76 2 3.55E—15 7.10E—15 3.94E—15+1.11E—15 1.00
Fun 2 3 1.20E—03 8.27E+00 3.45E+00+ 1.96E400 0.30 Fung8 3 3.55E—15 7.10E—15 3.97TE—15+1.16E—15 1.00
4 6.03E—02 8.96E+00 4.30E+00+ 1.57E+00 0.07 4 3.55E—15 1.15E4+00 1.15E—02+ 1.15E—01 0.97
5 2.21E—02 8.45E+00 3.45E+00+ 1.40E+00 0.31 5 1.42E—14 6.18E—13 1.51E—13+1.19E—13 1.00
1 6.55E—10 8.21E—08 1.38E—08 4+ 1.58E—08 1.00 1 0.00E+00 1.30E+03 6.41E+402 4+ 2.28E+02 0.35
2 5.68E—14 1.07TE—10 9.80E—124+1.70E—11 1.00 2 0.00E+00 1.42E+03 6.83E+402 4+ 2.86E+02 0.30
Fun3 3 2.98E—11 7.36E—09 8.82E—10+1.32E—09 1.00 Fun9 3 1.18E+402 1.54E+03 6.41E+402 + 3.04E+02 0.44
4 7.06E—12 4.01E—04 6.10E—06 £4.09E—05 0.94 4 1.18E400 1.19E+403 6.40E+02 +2.51E4+02 0.36
5 1.23E—10 1.02E—08 1.63E—09+ 1.77TE—09 1.00 5 0.00E+00 9.49E+02 4.48E402 4 1.86E4+02 0.67
1 1.06E—14 1.00E+01 5.00E—01 £ 2.19E+00 0.95 1 3.55E—10 1.57E+00 1.46E—01+4.41E—01 0.86
2 7.73E—20 1.00E+4+01 1.00E—01 4 1.00E4-00 0.99 2 0.00E+00 3.07TE+00 1.69E—01+5.28E—01 0.86
Fun4 3 7.38E—23 7.89E—20 9.10E—21 4+ 1.60E—20 1.00 Fun10 3 0.00E+00 1.50E+4+00 6.00E—02+2.96E—01 0.96
4 8.37TE—20 1.00E+01 1.00E—01+ 1.00E+00 0.98 4 1.81E—13 3.00E+00 1.40E—01+4.50E—01 0.46
5 1.64E—15 1.12E—13 1.82E—14+1.87TE—14 1.00 5 0.00E+00 3.46E—02 3.46E—04 4+ 3.46E—03 0.99
1 1.14E—25 1.00E+04 2.00E+02 + 1.40E+03 0.00 1 5.76E—27 5.30E—21 5.90E—23 4+ 5.30E—22 1.00
2 6.54E—35 1.82E—29 2.24E—314+1.82E—30 1.00 2 4.71E—32 1.90E—31 4.94E—32+1.53E—32 1.00
Fun5 3 1.74E—39 2.36E—33 1.04E—34+3.60E—34 1.00 Funll 3 4.71E—-32 3.11E—01 1.55E—02+6.81E—02 0.95
4 2.45E—54 6.74E—34 6.74E—36 £6.74E—35 1.00 4 4.71E—-32 3.11E—01 1.24E—02+6.12E—02 0.95
5 1.44E—26 7.31E—24 5.72E—25+9.94E—25 0.32 5 5.16E—29 3.55E—24 5.37TE—26 +2.57E—25 1.00
1 9.91E—13 1.39E+01 5.73E+00 + 3.06E400 0.55 1 6.86E—27 6.65E—22 2.13E—23 + 7.32E—23 1.00
2 9.94E—01 1.59E+401 6.61E+00 4+ 3.23E+400 0.43 2 1.34E—32 4.65E—31 2.13E—32+4.68E—32 1.00
Fun 6 3 0.00E4-00 1.39E+401 4.87E+0042.94E400 0.68 Fun12 3 1.34E—-32 2.72E—26 5.45E—28 +3.85E—27 1.00
4 9.94E—01 4.47E+01 9.87E+00+£ 7.05E+00 0.23 4 1.34E—32 4.23E—13 4.23E—15+4.26E—14 0.99
5 1.66E—13 7.95E4+00 3.29E+00 + 1.84E+00 0.85 5 2.78E—28 1.93E—23 2.82E—25+1.93E—24 1.00
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Fig.6 The influence of varying c; and c2 on algorithm’s success rate



10 44

EARNEE: KU RR R PERE T AN S R % 1559

TR 2 B ORAE; 3) BN, AR
Feh e Rl 4) BRI S AR /DR D, BT %
MR 5) e X, YR A, X 1 Al
X 3 R/ INE SE BUE S KA . T A
FIRIETE w > 0.68 B, IR ILF¥R 0. X 3
IERIRATFE LR, X 8 M pR%k b, w3, K
W& 7 FEHE 9 fEARIXIE 3 BN, FORE Funé,
Fun7 fl Fun9, 50 2 BUS 7 4 09 s, Rk
MG 8. FE Fun6 A Fun7 b, XFF3EL ¢, A e
P IUE SR, w IUE BT DAL /DS, 0 AE 08 0 553
PASAEEIIPERE. 75 Fun 2 b, &ANSEIEAHE Y 1 w
EYEREAAR/D. MILEME, MM w i
Rl B /NI 2 R I R ) S IR &, RIS 4. SR 5
FISENG 6 FIEATTHUR, B a3 R 2R
AT, ZEA 12 MR BCRE, i 8 7E Fun 6,
Fun7 f1 Fun9 b, 7 w = 0.68 KEAG R 5 H 1%L
S, I H, fEHAD 8 AN eREE, BRI 8 [ w id
FVEEIEARSES, H1E w = 0.68 B, 18524 R
T PERE, B, w = 0.68, ¢ TEIEf TR T 2.5
LRPEINE] 0.5, ¢ 1 0.5 LRPEREINE] 2.5, J&—Fp
RIS HEEE I . X5 Ratnaweera 2507 4211
() ¢ JBIRN co 534 ()RR SRS A AR 1, 7E STk
[17] w1, ¢ Al o YARALTE R 5 A SCHIA], 17 w [RH
L 0.9 BEIERLPER/NE] 0.4, A SCHE H AL
Bk [17]) IS EORE TR 12 DR R st 4
UK 2 . #6358 2 1, Method-ours 545 3
) w = 0.68, c; TEERFEH 2.5 LrkmNE
0.5, co By 0.5 P ME| 2.5. Method-[17] 2453
HR[17] 5 w WEUE H 0.9 Bl 1 4 /N 5]
0.4, ¢ 1 cy HIZRALTEE S Method-ours fH[A].
22 B TR AR S|, RS EE
T SCHR [17] Ry vk, AR, o fle 1)
AAGTE R, AR AR w R A
(), TEFRATI LTS & 3, M1k A [0.5, 2.05]
BF, w B 0.75 MPEREZML T 0.68. [HI, 3 NS4z
() PR A B 2 AR B

4 AXSHREHANMAHIERERE—LWIE

Ryt 2B B UE A S SR E T YRR R, R
55 2 WL E SEOEEE TS 3 TR S 4L
wE I, M T 2015 AR HE BT AR 2, R
CEC2015 %7imy 15 v g o).

XS EACRE T I E, RN il T r
A IR BCEAMF (BE 50), sRELERCH 10, Fok
EARECH 5000, B R EGSITRECH 100. 155
BOE SR IB B 4 8 K BE 1 2 %8 (Success rate, SR),
Har, F1~F15 48 &85 4 51k 3000, 1500,
20, 10, 500, 1000, 10, 200, 110, 1000, 500, 110,

30, 3000, 110.

2 ARSCHICHR [17] SHBLEM ISR R
Table 2~ Comparison of optimization results between the

parameters set in this paper and [17]

%%t Method min max mean + std SR
Funl Ours 3.91E—33 1.42E—29 1.20E—30+2.51E—30 1.00
[17] 5.01E—33 6.95E—29 3.09E—30 £ 9.83E—30 1.00

Fun2 Ours 9.79E-02 2.26E+00 1.30E+4-00 £ 5.31E—01 1.00
[17] 1.00E+00 5.72E+00 2.40E400 £ 7.33E—01 0.84

Fun3 Ours 5.90E—13 2.27E—10 2.13E—11 + 3.88E—11 1.00
[17] 6.03E—13 2.48E—102.99E—11 +4.90E—11 1.00

Fun4 Ours 5.58E—18 7.20E—16 1.60E—16 £+ 1.52E—16 1.00
[17] 8.12E—18 2.87TE—13 6.86E—15 £ 4.09E—14 1.00

Funb5 Ours 7.24E—32 3.86E—28 1.60E—29 £+ 5.49E—29 1.00
[17] 2.12E—32 3.44E—28 1.656E—29 £ 5.70E—29 1.00

Fun6 Ours 9.94E—01 7.95E4-00 3.34E+00 £ 1.55E+00 0.92
[17] 1.98E+00 1.09E+01 5.49E+400 =+ 2.36E+-00 0.54

Fun7 Ours 0.00E4-00 1.42E—01 5.20E—02 £+ 2.94E—02 0.96
[17] 0.00E+00 1.84E—01 7.81E—02 + 3.58E—02 0.76
Fun8 Ours 3.55E—15 7.10E—15 4.68E—15+ 1.67TE—15 1.00
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Fun10 Ours 0.00E+00 1.44E—02 6.04E—04 £2.51E—03 0.94
[17] 0.00E+00 1.15E—01 3.03E—03 £ 1.64E—02 0.84
Fun1l Ours 4.71E—-322.90E—27 9.03E—29 + 4.35E—28 1.00
[17] 4.71E—321.34E—28 3.09E—30 £ 1.90E—29 1.00

Funl12 Ours 1.34E-326.16E—29 3.88E—30+9.45E—30 1.00
[17] 1.34E—32 1.09E—-02 2.19E—04 £ 1.55E—03 0.98
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Table 3

Running results on CEC2015 Benchmark functions F1 ~ F15 with fixed parameters

PARA F1 F2 F3 F4 Fb5 F6 F7

F8 F9 F10 F11 F12 F13 F14 F15

[6] 0.02 0.02 0.30 0.24 0.45 0.24 0.95 0.08 0.90 0.56 0.90 0.92 0.04 0.12 0.40
[7] 0.08 0.12 0.40 0.14 0.40 0.10 1.00 0.30 0.85 0.68 0.80 0.91 0.02 0.16 0.48
Ours 0.02 0.10 0.10 0.18 0.50 0.14 1.00 0.15 0.90 0.60 0.95 0.95 0.04 0.30 0.50
F 4 AE RN SR E T E CEC2015 HEHERE F1~F15 LWisfT4sR
Table 4 Running results on CEC2015 Benchmark functions F1 ~ F15 with time-varying parameters

Method F1 F2 F3 F4 F5 F6 F7

F8 F9 F10 F11 F12 F13 F14 F15

Ours 0.70 0.26 0.30 0.94 1.00

[17] 0.16 0.14 001 0.82

0.64 1.00
0.85 0.25 1.00

0.50 1.00 0.95 1.00 1.00 0.25 0.40 0.96

0.22 1.00 0.85 1.00 1.00 0.20 0.40 0.90
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1 SRR bR ESVA B AR SR . A ST
4 1 A it T SR B X EE S AL M, SO 25 HY Y
12 AMRAEK e FoR CEC2015 %A 15 A4~
BRI DAL TR, BE T AR SO ETEIE SR AL 1]
L AR

X R (SALEte) R =, ffasial
B WU SRS, AR, LA PSO &
TR B RO IR, — e T B I 7 M
B, B AT AR, X 5 T LA RERT
SR R =262 1) HERRELE PSO T L
DAL IR SR, 2) REE AT R A B AL HIE R 3)
HBTE L PSO SER AR T X T A ARSI,
ARSCHERR I S ROPUETT IR IR IE DN BT A
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6 it
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