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Abstract : PSO is widely used to solve complex optimization problems in practical problems in the fields of en-
gineering, science and management. Designing new strategies to deal with the performance and efficiency bottle-
necks of the algorithm is a research hotspot in this field. In order to solve the problem that the original velocity
limit strategy of PSO is relatively simple, which may easily lead to slow convergence speed and low performance
of the algorithm, this paper proposes a new velocity limit strategy combining iteration and problem dimension. By
analyzing the relationship of the algorithm evolutionary state evaluation to iterations and the dimension of prob-
lem for particle swarm optimization, a formula was designed to calculate the ESE influenced by the iterations and
problem dimension, and calculated the velocity limit on the basis of the ESE, so a particle swarm optimization
with velocity limit combining iteration and problem dimension was obtained. Finally, the algorithm was affected

by iteration and problem dimensions, adaptive and scalable for solving problems in different dimensions. The re-
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sults show that the strategy improves the convergence speed and accuracy. Experimental results prove the effec-

tiveness of the algorithm.
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dimension
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# 1 CEC 2013 iz 7 £
Tab.l1 CEC 2013 benchmark functions

No. Function Best
fi Sphere Function -1 400
| Rotated High Conditioned Elliptic Function -1 300
5 Rotated Bent Cigar Function -1 200
fa Rotated Discus Function -1 100
fs Different Powers Function -1 000
S Rotated Rosenbrocks Function -900
fa Rotated Schaffers F7 Function -800
Iz Rotated Ackleys Function =700
fo Rotated Weierstrass Function -600
Jio Rotated Griewanks Function -500
S Rastrigins Function -400
i Rotated Rastrigins Function -300
fis Non—Continuous Rotated Rastrigins Function -200
S Schwefels Function -100
fis Rotated Schwefels Function 100
fis Rotated Katsuura Function 200
S Lunacek Bi_Rastrigin Function 300
Jis Rotated Lunacek Bi_Rastrigin Function 400
fio Expanded Griewanks plus Rosenbrocks Function 500
T Expanded Scaffers F6 Function 600
fu Composition Function 1 (n=5,Rotated ) 700
o Composition Function 2 (n=3, Unrotated ) 800
Ix Composition Function 3 (n=3,Rotated ) 900
S Composition Function 4 (n=3,Rotated ) 1 000
Jos Composition Function 5 (n=3, Rotated ) 1 100
Jas Composition Function 6 (n=5,Rotated ) 1200
S Composition Function 7 (n=5,Rotated ) 1 300
S Composition Function 8 (n=5,Rotated ) 1 400

®2 ATURMEZURSH

Tab.2 Algorithms and parameters for comparison

Algorithm Parameter

PSOSAVL 0=0.9~0.4 ,¢,=¢,=2.05 ,v,,=100
HPSO ®=0.9~0.4 ¢ =¢,=2 ,0,,=100
HCPSO ®=0.729 6 ,¢,=¢,=2,v,,=100

PSO 0=0.9~0.4,¢,=¢,=2 ,,,=100

31 MR WEREST

VLPSOID 533X (9) 11 52 Wi 2 80 m 8 3 2 48
YO ] 8 4t B 6 bR ESE B £ 1 52 i R
ne (0,1), {0y EAREUE 23 0 52 i SUSRE B A
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Tab.3 The best result with different n in different dimension

Function n Dimension Best
20 40 60 80 100

0.1 5.01e+08 1.33e+09 1.79¢+10 2.36e+10 1.04e+13 1

0.2 5.43e+07 5.27¢+08 2.15e+10 1.35e+11 2.52e+13 1

0.3 4.08e+08 2.30e+09 1.09¢+10 7.80e+10 2.28e+12 0

0.4 4.54e+07 3.64e+09 9.45¢+09 6.15e+10 1.36e+12 0

0.5 3.50e+07 2.72e+09 3.22e+10 3.23e+10 1.11e+13 0

5 0.6 1.75e+06 1.54e+09 4.49¢+10 2.33e+11 1.66e+12 1
0.7 1.37e+08 2.63e+09 9.39¢+09 6.79e+10 1.28e+12 1

0.8 4.16e+06 1.10e+09 1.16e+10 4.47e+10 7.50e+12 0

0.9 1.55e+08 6.47e+08 1.10e+10 4.14e+10 2.26e+14 0

1.0 2.13e+06 1.65e+09 1.40e+10 6.47e+10 3.75e+11 1

0.1 20.708 20.962 21.139 21.244 21.337 0

0.2 20.697 20.803 21.075 21.214 21.358 0

0.3 20.685 20.918 21.186 21.215 21.338 0

0.4 20.551 20.836 21.097 21.177 21.307 1

0.5 20.757 20.887 21.136 21.181 21.347 0

fs 0.6 20.693 20.72 21.135 21.197 21.274 2
0.7 20.67 21.001 21.036 21.257 21.308 1

0.8 20.717 20.888 21.129 21.134 21.339 1

0.9 20.581 20.919 21.093 21.274 21.331 0

1.0 20.704 20.998 20.918 21.204 21.305 0

0.1 7.07e+01 2.62e+02 6.50e+02 8.81e+02 1.38e+03 1

0.2 9.61e+01 2.89e+02 6.48e+02 1.01e+03 1.24e+03 0

0.3 8.41e+01 2.13e+02 6.51e+02 7.36e+02 1.18e+03 0

0.4 1.12e+02 2.74e+02 3.64e+02 7.03e+02 1.27e+03 1

0.5 7.54e+01 2.16e+02 5.71e+02 9.89¢+02 1.31e+03 0

o 0.6 1.03e+02 3.61e+02 4.01e+02 8.43e+02 1.10e+03 0
0.7 9.72e+01 3.17e+02 5.32e+02 6.65e+02 1.27e+03 1

0.8 9.70e+01 2.00e+02 6.13e+02 8.01e+02 1.17e+03 2

0.9 1.20e+02 2.73e+02 5.57e+02 8.74e+02 1.37e+03 0

1.0 7.32e+01 3.05e+02 5.90e+02 7.65e+02 1.36e+03 0

0.1 8.69e+01 2.87e+02 5.66e+02 1.01e+03 1.53e+03 0

0.2 1.16e+02 3.26e+02 5.73e+02 1.06e+03 1.30e+03 0

0.3 6.40e+01 2.45e+02 7.05e+02 9.71e+02 1.38e+03 0

0.4 7.29¢+01 3.14e+02 6.35e+02 7.58e+02 1.17e+03 1

) 0.5 8.18e+01 3.20e+02 4.83e+02 9.24e+02 1.39¢+03 0
Js 0.6 7.26e+01 2.37e+02 4.79¢+02 7.49¢+02 1.39e+03 1
0.7 8.78e+01 1.89e+02 5.33e+02 1.03e+03 1.33e+03 0

0.8 4.71e+01 2.30e+02 4.76e+02 7.70e+02 1.26e+03 2

0.9 1.17e+02 1.84e+02 5.05e+02 1.15e+03 1.52e+03 1

1.0 1.01e+02 3.01e+02 5.91e+02 9.79¢+02 1.53e+03 0

0.1 3.07e+03 1.43e+04 9.22e+03 1.48e+04 3.31e+04 0

0.2 3.62e+03 1.38e+04 9.26e+03 1.56e+04 3.21e+04 0

0.3 3.30e+03 1.46e+04 1.16e+04 1.39¢+04 3.08e+04 0

0.4 3.46e+03 1.49e+04 1.03e+04 1.49e+04 3.15e+04 0

0.5 3.59e+03 1.34e+04 1.12e+04 1.25e+04 3.17e+04 0

S 0.6 3.06e+03 1.42e+04 8.56e+03 1.07e+04 3.37e+04 2
0.7 2.50e+03 1.33e+04 1.18e+04 1.30e+04 3.24e+04 1

0.8 2.18e+03 1.53e+04 1.12e+04 1.35e+04 2.97e+04 2

0.9 3.60e+03 1.45e+04 1.26e+04 1.77e+04 3.17e+04 0

1.0 3.26e+03 1.44e+04 1.01e+04 1.39¢+04 3.21e+04 0

0.1 1.42e+03 8.47e+02 4.57e+03 5.34e+03 1.22e+04 0

0.2 1.77e+03 8.75e+02 5.06e+03 4.43e+03 1.11e+04 0

0.3 1.28e+03 1.95e+03 4.44e+03 4.00e+03 1.19e+04 0

0.4 1.77e+03 8.75e+02 3.70e+03 3.46e+03 1.07e+04 0

0.5 1.23e+03 1.75e+03 2.65¢+03 7.76e+03 9.86e+03 0

I 0.6 1.37e+03 8.87e+02 3.11e+03 5.75e+03 1.12e+04 0
0.7 3.07e+02 9.13e+02 2.03e+03 3.74e+03 8.66e+03 2

0.8 1.36e+03 8.39e+02 3.64e+03 3.15e+03 1.06e+04 3

0.9 1.50e+03 9.82e+02 2.29¢+03 4.02¢+03 9.93e+03 0

1.0 1.48e+03 8.64e+02 3.87e+03 4.53e+03 1.12e+04 0
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Tab.4 The best value for different 1t (1, =0.5)
M S5 So fis S Jos
04 4.73e-01 8.67e+00 1.22e+04 2.13e+01 4.44e+02
0.5 6.46e-01 9.61e+00 1.23e+04 2.19e+01 4.46e+02
0.6 1.83e-01 8.38e+00 1.33e+04 2.08e+01 4.40e+02
0.7 7.81e-01 5.22e+00 1.30e+04 1.94e+01 4.72e+02
0.8 5.33e-01 8.49¢+00 1.22e+04 1.95e+01 4.42e+02
0.9 4.73e-01 8.67e+00 1.22e+04 2.13e+01 4.44e+02
1 6.46e-01 9.61e+00 1.23e+04 2.19e+01 4.46e+02
RS AE e BRI R B RMAE (Uax=0.7)
Tab.5 The best value for different (i, (1m=0.7)
Moin fs So Jis S Sos
0.1 6.08e+02 8.26e+02 1.32e+04 2.25e+01 4.54e+02
0.2 6.35¢+00 1.83e+02 1.29¢+04 2.24e+01 4.47e+02
0.3 9.61e-01 1.39¢+01 1.37e+04 2.21e+01 4.25e+02
0.4 7.62e-01 1.02e+01 1.34e+04 2.11e+01 4.58e+02
0.5 4.85e-01 7.08e+00 1.25e+04 2.16e+01 4.73e+02
0.6 6.63e-01 1.87e+01 1.08e+04 2.0le+01 4.56e+02
0.8 7.31e-01 2.81e+01 1.35e+04 2.08e+01 4.51e+02
200 300
150
100 200
= sol = o}
-100 -
150l -100
-200 L~ : : : : ; -200 : ; : : '
04 05 06 07 08 09 1.0 01 02 03 04 05 06 07
Mo Movin
(a) fr
820 1200
800" 1 100}
780
g 760 [ =1 000
% 740 £
= = 900
720
700 800
680 - 700+
660 — ! ! ! L ! . L . . .
04 05 06 07 08 09 1.0 01 02 03 04 05 06 07
Monax Moin
(b) fis
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Fig.3 Curve of fitness as a function of u ., and g4,
% 6 VLPSOD &% 5 VLPSOID 23 %t bt
3.3 EREREN VLPSOID E Lo 4 Tab.6 Comparison between VLPSOD and VLPSOID
Z[K/J\jﬁf}{%f(: (6) E‘]i’i‘j’fﬁ%ﬂ]ﬁ N (t)ﬂ%% 5 *//ﬁ%:{?i Function VLPSOID VLPSOD
> 3 e A R TAS g
4 VLPSOD, 315 VLPSOID HIVERE H A/ Hr . %H?XT P 5 290400 £.050400
28 M IEAERECAL TR, IR B a7 21T 10 / | 896407 | 906407
. € . e
VR, OB AN R i B 1 T M B B L 926 i Voo s
VLR EERTHOk 30 A, SRR TE Sy 30 4, Bk 5 70 Vet
’f%?ﬁ(%&j‘j 10 000 Yj_,\o igﬁ%%ﬂﬂ% 6 F)T‘/j—‘_\‘o ﬁ 9.51e+03 9.83e+03
HE% 6,5 VLPSOID &AM I, £ B k5K fs 2.08e+00 3.33¢+00
W& A9 VLPSOD %4 3k P RE H BLRR MK, 28 AN o 2K, s 1.61e+02 1.65¢+02
VLPSOD 7£ 18 /> R % Hh i 38 B2 2% F VLPSOID 55 £ 8.08e+01 8.03e+01
(AR 5 A R A, 15 D21 REE 9 4,8 A fi 2.09e+01 2.09¢+01
AT REN 4 4>), FB VLPSOID Z 4k VLPSOD, % 3.01e401 3.050+01
RV S fIN Ay ap N LV R ab
1 18 B 2% A 5 W R 1o B8 v 78 A B 4 o 4 JR) 18 R RE fo 3.046101 6.050401
J, JE W Je A R e R R SCRE D i S 640401 S 13601
I, 2 X SR AR 5 B AL A R P Rl ' 1'27 0 1’50 0
3.4 4REEERE SN VLPSOID &k 4 i fe e e
S X 2 FE S B T VIPSOID 5 3 1 B 40 47 | f 1920402 18lex02
AT K (6) B 4k R WS h (D) L BR, FRE LN Jis 1.48e+03 1.65+03
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VLPSOI, Jf- 5 VLPSOID #J1: BE bL 5 4 ¥, SE 56
PO RAL BRBUR £, /5. /i3, fis oSS © PR EREL, PIA
R ST E 4T 10 K, BB B e SR AN
[F) 248 52 11%) PR B4 SF- 2 B O 3 I R 5 6 12 e
TH30 4, RS 2 S R 30,60,90 4k, 5
PEARRECK 50 000 K, SEEREE RN 7 iR,
WA 7 AIAL, 5528 VLPSOID Bkt , 2
Bk 4 B SR B 1) VLPSOI PEBE 80 T R34, fig
W] Hb A H VLPSOL 73X 6 A1k ok 45 i 2 v 22
T VLPSOID, iX 561, bR 1 4 B2 S ms | B3 vk 7 v 4
23 GRS A 2%, PO RERRAIC . 4 SRk rE 4R
o RE I PR AP BE
% 7 VLPSOID &i%5 VLPSOI L83ttt
Tab.7 Comparison between VLPSOID and VLPSOI

Dimension
Function  Algorithm
30 60 90

VLPSOID  5.15e+08  8.23e+09  2.72e+11

g VLPSOI 1.15e+08  8.30e+09  2.96e+10
VLPSOID  2.08e+01  2.11e+01  2.12e+01

. VLPSOI 2.09¢+01  2.11e+01  2.12e+01
VLPSOID  1.47e+02  4.28e+02  7.43e+02

/s VLPSOI 1.79¢+02  3.07e+02  7.60e+02
VLPSOID  1.73e+02  3.77e+02  9.29e+02

/o VLPSOI 1.77e+02  4.24e+02  1.06e+03
VLPSOID  4.26e+03  1.06e+04  1.37e+04

s VLPSOI 5.68¢+03  1.01e+04  1.90e+04
» VLPSOID  3.00e+02  1.80e+03  1.37e+03
fa VLPSOI 3.02e+02  3.46e+03  1.64e+03

3.5 VLPSOID &EERHERESD T

BE X 40 A AR SCHR HE 1) VILPSOID B ik 1
HEFR 2510y 4 FhREAE 28 It R 4 058
Fogse, A3k ol B5pk 37 32 4T 50 Uk 15 3 O 2
P38 N B {H (Mean ) K HoAz #E J7 2% (standard devia-
tion, Std.), FLH SR E WK 8 PN, LI 45 AN
F IR,

M4 2% 9, A L LA 575, VLPSOID 7 28 4~ bR
R 14 A RBIYE R T 2RI AR, Hd s
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Tab.8 Experimental parameters

Population Dimension Iteration Replication number

30 30 150 000 50

A RECR 4 1,15 D2 ERECP A 6 1,8
HERBUTA 445 AL LRI AL HCPSO
W HTE 28 DB A 7 A4 Rt FEAH FE R B ik
o, VLPSOID P fg h st my Eik

HARTE 28 A R B P HoA 14 A R BRICR
T HA R, SR I B S R 7 vk AT, VILP-
SOID B L TCIR SR 7E Ll R Bl . 205 sR B 65 bR
B R B0 A, 3 2 7 25 A R 36 (8, 7 L A B30Tk
R s, O 2R T e d A

T WA U8R UE VILPSOID 8 vk 1 RE A &bk |
BEXE2E O S50 50H , i e K0 r ik 0E . ¢ KRG A
FH D 3 PR K #4049 RN 0.05, B4
g 10 Frow . Horp MR R R A SO F X L
L RIR IR AR SCRTAE R 2%

MFEF AT LUEH, 5 PSOSAVL H kM 1, 5
/f@ﬁlé/qﬁﬁﬁm 16521 22 3 f25 5 fas X6 A~ bR Ak
T4 B Ay oR B0 W Ak T 8 A X L HPSO
Bk, T LLFE ) VLPSOID B yE AR B % ; 5 HCP-
SO LA EL , AR SCH L AE 7 A4 R B ROR 22 T X
bR, fa, 5 PSO Bkt bl LUA AR SCHE
B HATE fi fis fie BREL LA T8 BARSERIE,
1 28 D eRE R XTLbHh, ARSCE R AF T PSOSAVL,
HPSO ,HCPSO #1 PSO 11 o 545043 51 2 22 .28,
21,25, Zf BRiR AR SCREREXT IR A —E
(455 4 fig
3.6 EEMKEES T

R B I SCIR A, R A VLPSOID 5 1
LA E AL 6 A FEAEN K R i, ViR T A
TSI At bR AR A 3 N R B kG AR A il £k A R
W 4, o6 A~ sRECsT R BRI R B L — 1
PRI, 22 W R BRI 3 1> R LA S 52 5 o B8 R
ASPREL, SR SRR B R R 30 4, BRI
30 A EARIRECH 150 000 K .

i &l 4 (a) AT 1, VLPSOID 7 5 ok 850 5 HiAth
B RIARY & 4(b) K 4(c)FIE 4(d) ]
A, VLPSOID Bk fE 2 e R B0 R IR 47, K&k
FRE) — T3 AR A Al 2 48 1) A WAC SRR PR L
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Tab.9 Experimental results of function tests
Function Standard VLPSOID PSOSAVL HPSO HCPSO PSO

Mean 5.35e-06 5.68e—06 2.35e+03 1.44e-01 5.53e+03

/i Std. 3.65e-06 5.96e—06 2.82e+02 5.88e—02 5.25e+03
Mean 8.39e+06 1.02e+07 4.86e+07 1.07e+07 7.66e+07

/2 Std. 5.76e+06 7.85e+06 9.24e+06 5.89¢+06 9.25e+07
Mean 1.15e+08 2.09e+08 7.89e+09 3.70e+08 3.65e+13

S5 Std. 1.39e+08 2.87e+08 1.77e+09 6.26e+08 2.0le+14
Mean 2.77e+02 4.49¢+02 1.18e+04 1.24e+02 1.33e+04

fa Std. 2.00e+02 2.86e+02 1.83e+03 3.90e+01 2.42e+04
Mean 7.68e-04 7.73e-04 8.75e+02 2.32e-01 6.13e+03

fs Std. 5.87e-04 4.71e-04 1.63e+02 4.43e-02 6.20e+03
. Mean 1.02e+02 1.15e+02 3.30e+02 1.00e+02 6.57e+02
Js Std. 3.28e+01 5.36e+01 4.67e+01 3.75e+01 6.03e+02
Mean 4.52e+01 5.90e+01 8.34e+01 4.23e+01 5.71e+02

fi Std. 1.48e+01 1.59¢+01 1.20e+01 1.39¢+01 1.31e+03
Mean 2.08e+01 2.08e+01 2.08e+01 2.08e+01 2.08e+01

fs Std. 5.42e-02 5.05e-02 4.58e-02 5.02e-02 5.30e-02
Mean 2.37e+01 2.46e+01 3.67e+01 2.26e+01 2.85e+01

fo Std. 3.14e+00 3.10e+00 1.03e+00 2.37e+00 3.10e+00
Mean 8.75e-02 1.33e+00 3.70e+02 1.88e+00 1.14e+03

Jo Std. 5.62e—02 8.38e+00 6.23e+01 3.23e-01 7.56e+02
Mean 6.59e+00 6.99e+00 2.45e+02 7.82e+01 1.42e+02

S Std. 3.43e+00 3.26e+00 1.28e+01 2.20e+01 7.25e+01
Mean 8.99¢+01 1.00e+02 2.44e+02 8.83e+01 2.11e+02

Ji Std. 3.24e+01 2.95e+01 1.03e+01 2.85e+01 9.99¢+01
Mean 1.53e+02 1.64e+02 2.41e+02 1.59e+02 2.55e+02

Jrs Std. 3.05e+01 2.74e+01 1.33e+01 2.77e+01 7.01e+01
Mean 4.29e+02 4.13e+02 6.78e+03 2.45e+03 3.51e+03

Se Std. 1.87e+02 1.81e+02 2.18e+02 7.13e+02 3.51e+03
Mean 4.78e+03 5.33e+03 6.80e+03 5.15e+03 4.52e+03

Jis Std. 8.84e+02 8.84e+02 2.57e+02 1.25¢+03 8.89e+02
Mean 1.63e+00 1.61e+00 1.94e+00 1.93e+00 1.05e+00

Jio Std. 3.55e-01 2.86e-01 2.05e-01 1.75e-01 2.44e-01
Mean 5.32e+01 5.37e+01 3.11e+02 1.88e+02 1.87e+02

Jr Std. 6.34e+00 8.68e+00 1.59¢+01 3.51e+01 1.29e+02
Mean 1.09e+02 1.25e+02 3.10e+02 1.92e+02 2.14e+02

fis Std. 2.03e+01 2.38e+01 1.48e+01 3.25e+01 1.34e+02
Mean 4.33e+00 4.84e+00 5.55e+01 1.48e+01 5.86e+04

Jo Std. 1.78e+00 1.87e+00 1.06e+01 3.16e+00 3.92e+00
Mean 1.11e+01 1.14e+01 1.27e+01 1.11e+01 1.48e+01

fa Std. 8.92e-01 1.39e+00 2.26e-01 7.85e-01 7.73e-01
Mean 3.13e+02 3.05e+02 8.71e+02 3.21e+02 5.96e+02

S Std. 9.02e+01 8.63e+01 1.42e+02 7.48e+01 4.76e+02
Mean 4.77e+02 4.45e+02 7.13e+03 2.56e+03 3.34e+03

fz Std. 2.48e+02 2.38e+02 2.62e+02 6.13e+02 1.02e+03
Mean 5.03e+03 5.24e+03 7.12e+03 5.45e+03 5.12e+03

f Std. 8.98e+02 8.53e+02 2.61e+02 1.35e+03 9.58e+02
Mean 2.54e+02 2.57e+02 2.88e+02 2.73e+02 3.03e+02

fu Std. 1.28e+01 1.27e+01 9.91e+00 8.44e+00 1.32e+01
. Mean 2.99e+02 2.96e+02 3.17e+02 2.92e+02 3.15e+02
fx Std. 1.86e+01 2.12e+01 4.15e+00 9.01e+00 1.28e+01
Mean 2.00e+02 2.00e+02 2.03e+02 2.00e+02 3.53e+02

S Std. 2.92e-01 1.68e—01 6.39¢-01 2.60e-01 6.71e+01
Mean 8.78e+02 8.96e+02 1.04e+03 9.21e+02 1.18e+03

Jr Std. 1.33e+02 9.57e+01 1.09e+02 6.23e+01 1.16e+02
Mean 3.35e+02 3.61e+02 1.51e+03 4.22e+02 2.84e+03

fx Std. 2.85e+02 3.18e+02 8.59e+01 3.84e+02 7.14e+02
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Tab.10 The 7—test experimental results
Function VLPSOID PSOSAVL HPSO HCPSO PSO

X t—value 3.62e-01 5.90e+01 1.73e+01 7.44e+00
Ji p—value 7.19e-01 3.38e—47 1.75e-22 1.36e-09
t—value 1.63e+00 2.51e+01 1.89e+00 5.27e+00

f p-value 1.10e-01 1.16e-29 6.47e—02 3.00e-06
t—value 2.02e+00 3.08e+01 2.81e+00 1.28e+00

/5 p—value 4.89e-02 1.07e-33 7.03e—03 2.05e-01
t—value 3.19¢+00 4.43e+01 -5.54e+00 3.80e+00

fi p—value 2.46e-03 3.48e—41 1.00e-06 4.02e—-04
t—value 4.97e-02 3.79e+01 3.71e+01 7.00e+00

I p—value 9.61e—01 6.12¢-38 1.63e-37 6.70e—09
t—value 1.28e+00 3.10e+01 -2.31e-01 6.53e+00

Js p—value 2.06e-01 7.76e-34 8.18e-01 3.60e—08
t—value 4.60e+00 1.48e+01 -9.48e-01 2.84e+00

f p—value 3.00e—-05 1.18e-19 3.48e-01 6.52e—03
t—value 1.96e-01 2.79¢+00 2.11e+00 -4.21e-01

Js p—value 8.46e-01 7.45e-03 3.99e-02 6.76e-01
X t—value 1.28e+00 2.75e+01 -1.97e+00 7.42e+00
f9 p—value 2.06e-01 1.92e-31 5.47¢-02 1.50e-09
t—value 1.05e+00 4.20e+01 3.90e+01 1.07e+01

Jo p—value 2.99¢-01 4.21e-40 1.54e-38 1.96e-14
t—value 5.88e-01 1.24e+02 2.22e+01 1.31e+01

g p—value 5.59e-01 6.07e-63 3.39e-27 1.24e-17
t—value 1.50e+00 3.07e+01 -2.69¢-01 8.26e+00

Ji p—value 1.39¢-01 1.12e-33 7.89¢-01 7.68e-11
t—value 1.76e+00 1.69e+01 1.00e+00 9.44e+00

fs p-value 8.42¢—02 4.57e-22 3.22¢-01 1.32¢-12
t—value -4.07e-01 1.52e+02 1.94e+01 1.81e+01

S p—value 6.85¢-01 3.64e-67 1.12e-24 2.47e-23
. t—value 2.97e+00 2.97e+00 1.77e+00 —-1.58e+00
Sis p—value 4.65e—03 4.65e-03 8.29¢e-02 1.21e-01
t—value -3.08e-01 5.07e+00 5.24e+00 -8.75e+00

Jro p—value 7.59¢-01 6.00e-06 3.00e-06 1.38e-11
t—value 3.27e-01 1.00e+02 2.6%9e+01 7.34e+00

fr p—value 7.45e-01 2.34e-58 4.94e-31 2.00e—09
t—value 3.57e+00 5.87e+01 1.41e+01 5.61e+00

Jis p—value 8.05e—04 4.65e-47 8.01e-19 9.18e—07
t—value 1.36e+00 3.40e+01 1.87e+01 3.13e+00

Jo p—value 1.81e-01 9.31e-36 5.67e-24 2.98e—03
. (—value 1.18e+00 1.24e+01 -2.03e-01 2.15e+01
S p—value 2.45e-01 8.92e-17 8.40e-01 1.28e-26
t—value -4.93e-01 2.31e+01 4.63e-01 4.40e+00

S p—value 6.24e-01 5.67e-28 6.45e—01 5.80e—05
t—value —-6.09e-01 1.29e+02 2.41e+01 1.84e+01

fa p—value 5.45e-01 1.00e-63 8.61e-29 1.16e-23
. t—value 1.24e+00 1.58e+01 1.97e+00 4.62e-01
fx p—value 2.21e-01 7.99e-21 5.46e—02 6.46e-01
t—value 1.20e+00 1.63e+01 9.27e+00 1.93e+01

S p-value 2.37e-01 2.18e-21 2.38e-12 1.57e-24
t—value —-6.75e-01 6.35e+00 —2.25e+00 6.06e+00

S p—value 5.03e-01 6.75e-08 2.87e-02 1.91e-07
. t—value -5.41e-01 2.63e+01 4.23e+00 1.61e+01
S p—value 5.91e-01 1.56e-30 1.02e-04 3.50e-21
t—value 8.60e-01 6.81e+00 1.94e+00 1.12e+01

fr p—value 3.94e-01 1.31e-08 5.79e-02 3.76e-15
t—value 4.25e-01 2.87e+01 1.24e+00 2.60e+01

I p—value 6.73e—01 2.49e-32 2.20e-01 2.61e-30

Good 22 28 21 25
Bad 6 0 7 3
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Fig.4 Convergence curves of six test functions
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Tab.11 Running time of algorithm to achieve specified accuracy

15 135 E A 1

Algorithm Algorithm
Function Function

VLPSOID PSOSAVL HCPSO HPSO PSO VLPSOID PSOSAVL HCPSO HPSO PSO
fi 18.53 14.48 8.70 63.45 fis 23.40 25.61 43.29 30.05 45.77
f 35.30 49.88 S 21.39 33.79 32.39 35.39 28.41
f 26.44 18.08 4391 S 21.72 27.83 40.97 38.96 37.13
fa 66.53 79.48 38.58 41.64 Sis 23.53 34.62 2491 28.87 30.46
fs 15.89 20.58 16.09 S 19.59 32.83 32.625 41.13 4591
Jo 11.66 17.19 7.17 36.34 o 22.64 23.94 26.84 31.94
f 23.11 85.50 15.06 fa 13.23 17.78 24.76 22.84 26.81
Iz 8.19 13.36 10.59 13.03 13.16 In 57.99 45.17
fo 42.78 82.09 74.11 315.03 In 95.38 117.24 57.96
o 12.67 19.12 7.19 S 34.28 20.38 57.34 13.64
fu 14.27 25.94 12.83 27.37 30.75 s 72.13 84 100.26 34.86
fi 20.28 11.22 26.29 30.06 S 82.24 48.15 62.98
s 16.36 30.80 40.12 72.86 65.44 Jf 65.93 76.95 241.52
S 2275 19.05 45.98 33.88 47.25 S 56.17 87.09 175.57
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