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Abstract: To solve the contradiction between population diversity and convergence in Particle Swarm Optimization, an
improved particle swarm optimization which called dynamic multi-population particle swarm optimization algorithm
with recombined learning and hybrid mutation was proposed.In the proposed algorithm, a population was divided
dynamically and a new particle was reconstructed as a guiding factor.It retained the spatial information of the excellent
particles while increasing population diversity.During the execution of the algorithm, a hybrid mutation strategy was
applied to adjust the optimal solution.The opposition-based learning and neighborhood-disturbance operations were
implemented based on a time-varying probability.It helped the particles jump out of the local dilemma quickly, and
strengthened good searching in the nearby areas.The effectiveness and superposition effects of several proposed
improvement operations compared with several improved particle swarm algorithms based on a set of 14 multi-type
benchmark functions were verified.In order to further explore the sensitivity of probability-based hybrid mutation
strategy, a large number of simulation experiments were carried out to analyze the mutation mode and parameter
settings.The results showed that the disturbed extreme strategy had significant advantages.Controlling the learning
intensity reasonably can make the opposition-based learning show better performances, furthermore, a suggersted value
range was given.Finally, experimental results indicated that the proposed algorithm can get a better balance betweetn the
exploitation and exploration for the swarm searching and improve the solution accuracy and convergence performance.
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Randomly disorganize D;
Update dim according to Eq.(17);
for d=1:length(dim)
if TR < OR then
Generate the opposite Gbest by Eq.(11);
if Gbestq < min(Gbest) or Gbesty > max(Gbest) then
Generate the opposite Gbest by Eq.(13) again;
end
else
Execute the DE strategy on Gbest by Eqgs.(15)and(16);
end
Compare fit and select Gbest according to Eq.(18);
end
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Funs. Name X F*  Threshold
f1 Sphere [-100,1001" 0 1.00E-100
f2 Quadric [-100,1001" 0 5.00E—06
fs Rosenbrock [-2.084,2.0841° 0 5.00E—02
fa Griewank [-600,6001" 0 0.00E+00
fs Ackley [-32,3217 0 5.00E-14
fe Rastrigin [-5.12,5.12]° 0 0.00E+00
fr Schwefel [-500,5001" 0 5.00E—04
fs Weierstrass [-0.5,0.5]° 0 0.00E+00
fo Nocon_ Rastrigin [-5.12,5.12]° 0 0.00E+00
f10 Shifted _ Sphere [-100,1001" -450  1.00E-10
f11 Shifted_Rosenbrock [-100,1001" 390  1.00E+01
f12  Rotated_Rosenbrock [-100,100]" -900 5.00E+01
f13 Rotated _ Griewank [-100,1001" -500 5.00E-01
f1a Rotated _ Schwefel [-100,1001" 100 5.00E+03
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A HB 4y S B BT A I SR BUAR R B ik AR IR
H:7=3000. Xf &5 AWk ok B S22 47 30 Ik, Al
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¢1=1,¢2=1.2,¢3=0.3(bPSO, DMPSO. PSOH . DMPSOH

H ¢3=0);0R=0.2.HPSO-TS Al CLPSO IS $ ik E 5
JESCHERAR . SEat gt LR 2, S E AR BoR, IR
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2 EIAMERRGHINN LI
Funcs. bPSO DMPSO PSOR PSOH DMPSOR DMPSOH PSORH DMPSORH HPSO-TS CLPSO
f1 4.25E+02 3.13E+02 8.72E-06 1.61E-106 1.28E-11 1.25E-106 5.50E-107 4.16E-115 0.00E+00 7.60E-10
fo 2.80E+03 2.47E+03 8.73E+00 5.37E-05 9.47E-02 3.63E-05 4.96E—06 2.14E-07 0.00E+00 2.78E+03
fs 491E+01 5.37E+01 2.44E+01 6.76E+00 2.03E+01 1.23E-01 1.48E+01 6.09E-03 2.89E+01 2.27E+01
fa 4.60E+00 5.50E+00 4.17E-02 0.00E+00 4.43E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.82E-07
fs 7.12E+00 7.41E+00 5.49E+00 2.13E-14 5.66E+00 2.13E-14 2.13E-14 1.42E-14 0.00E+00 1.50E—05
fe 6.71E+01 6.29E+00 2.04E+01 0.00E+00 2.34E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E—04
S 6.73E+03 6.51E+03 6.44E+03 3.82E-04 6.60E+03 3.82E-04 3.82E-04 3.82E-04 8.42E+03 3.83E-04
fs 1.52E+01 1.55E+01 1.29E+01 0.00E+00 1.33E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.79E-04
fo 7.66E+01 5.60E+01 3.60E+01 0.00E+00 3.30E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.50E-02
f10 2.40E+03 1.87E+03 1.16E+03 7.97E-10 5.38E+02 6.22E-10 1.05SE-10 2.43E-11 9.18E+04 1.00E—09
f11 1.11E+08 3.39E+07 4.29E+07 2.47E+02 1.39E+06 1.33E+02 2.17E+01 8.59E-01 1.58E+11 5.71E+01
f12 2.28E+02 2.04E+02 8.82E+01 2.73E+01 8.55E+01 2.07E+01 2.22E+01 1.41E+01 2.51E+04 5.03E+01
f13 4.60E+02 4.03E+02 1.31E+02 7.51E-02 1.08E+02 8.38E-02 8.25E-02 4.68E—-02 1.51E+04 1.97E+01
f1a 5.46E+03 5.28E+03 4.30E+03 4.83E+03 3.98E+03 4.32E+03 4.04E+03 4.00E+03 1.11E+04 5.61E+03
% 2 (SR L B (1) 1M R ARV T, A& S R S 0 S T
FT 1T 1 1T 17 17 " 1T "1 " 17T 717 17 71T 71T 717
> > ST > w 0.9 92.5 -
SR 5% DMPSORH 7 14 AN 58 4 B 10 - [Jveso e 15 3%
N NS C4.4 5.4 45 55 56 4.7 42 42 29 32 35925
MO TR 4 DRSS TLHPSO-TS , CLPSO 5 1505matut B |
. o - E DMPSO 09.8 3
AR 7 MR S A UG Q) ATk g DM L, TR
T 9573 PSOR FISE i 48 57451 119 572 PSOH £ T O Crsor TEFERRN (U
o — _ N ' 458
A IR R B LA R FE EEHUAE T bPSO, A ILIX P Fh 240 F4.7 55 48 58 59 48 4.5 29‘4'5_12_ 32 355 3'.7_:(2)9
SR SRR T AT R A P 3) e TR0 3102208 E
fﬂll%ﬂl%ﬁ(]ﬁ/f DMPSOH. PSORH %BEX?:EJI‘T 5 /I\BEJ% 68:_“"1 11,3103 12,1 12,7 10.0 9.9 ,50—'6|"1_1|i l 79 8,0 8.|4—:124
5 110.4 113 E
B 2 AU, 36 ELYEKCH 5 BB L A © [Oowesor) 0
N - N w H5.316.0152 165167152152 15.8 13.6 13.9 14.1431
Lt PSOH i‘%}ﬂ{jﬁ@ Hﬁj"DMPSOR ﬁ/ﬁﬁg{ﬁfl‘ 192 A Ear S .|—|1.5 e 1'_"'_'"_'_()
\ N 144 DMPSOH e T 7
fo~ f1o~ f11 EELE PSOR B HAME, HAE f14 BH gg‘ 1 s2.1 E
e s : Shes o eonzimess tor iy W s sz s
T?Hiﬁfwm%, /\ﬁEf}j'\‘fg EF§ZT PSOR. 1] DA% F [ IPSORH 199.8 197.8 di62
S ) AT BRI T ST o % > = - 4108
SFHUAN T, FEHEAT B0 S A% RS e B DLAL I, 3 | RS 114133 137 12,0 120 s 82 87 912-_(5)4
X7 T DA — e FE B k38 PSOR 51 18%‘ 1 DMPSORH| 150.7 23 .
S v — S 3 53.4 ]
PERE(4) 55 RTTH-GANFIAA L, 45 & =0 s 1051k 46058 08 162 bt s Lo IISS 163 68 121 o
N L 144.( 3
DMPSORH [ 7 7E f14 5% F DMPSOR 4b, HAt F [Jwaesoty 4ol ES
s N o N . F44.146.0 38.2 46.1 48.0 45.3 39.3 43.9 93834120
THE S RITEAR. Z5 L FTiR, A SCHR 1 = Fh 5w || pmaasn st e, LS
N = . . 87F [ CLPSO g
BABMAEH, 7 B Hofib & ge % (L 3k 5051 e S 3
F7.8 7.7 7.1 87 83 7.7 64
AU R U

g AT, AT E A B R ) T B R

4 1, HPSO-TS Hi% BIHAT I [A] £+, bPSO
i) e 4, FLvks& PSOR. CLPSO. 3 H., % EE i 7y F
SE AT LRI, Ko B R S it AR S 4 5 BB VY
5] LA B SR (4, T O EE AR 1) SRR S B AT
i 1) 52 45 /N DMPSORH B8 1 1E f10~ f11 EHHSE]
. PSOH. DMPSOH £l PSORH b2 4k, Heth it}
[ AT -EA B, BRI S, A RIS S
— EFERE L3 0 S AT B[R], AR TR R
PRHCR 3, DMPSORH FIT % i (8] 3 4E b T 55 95

fifo fo S fs fo o S fo S fo S S S
B4 FREGTHEAERESTE

23 EHiEMEREREER SR

St EEIAR B 48 R PR RE, A SCEIUA R &
77 o5 HE PR SO SRR AT X E s, B 5
45t PSO. PSOR. PSORH. DMPSORH. HPSO-TS
A CLPSO 7SHFEVETE 30 AL IZ 47 (AR 2.
Horpox RIEARUHLy L HOE AFoR AR RN IE
IS FEAEAE AL IS AT I A AA.



B AAEHFIRRASTFNHSEMNEETHERANL L 7

10' : 10'
10° 10° _
o ybPSO 2 +bPSO % ¥bPSO
0 *PSOR 0 =PSOR 0 #PSOR
] Bl N ] 1 -1 ] -1
= 10" 4 PSORH 210 £ 10 :
= > DMPSORH | & 4 PSORH & PSORH
g > “HPSO.TS | & »DMPSORH | & »DMPSORH
T 10°f +CLPSO 107 +HPSO-TS {7107 +HPSO-TS
+CLPSO +CLPSO
-3 " " " " " -3 " " " " " -3 " " " M M
005 10 15 20 25 30 90 5 10 15 20 25 30 %0 5 10 15 20 25 30
Row Numbers/ 10° Row Numb_ers /10° Row Numbers/ 10’
0 (a) £, Lo (b) 1. 10 (o) f5
10° '\'\ v—v—v—v—v i |0 _10° o pso
. +bPSO * ¥bPSO X *
& 10° =PSOR R =PSOR 110 = PSOR 1
m 10 = 10
&10,2 4PSORH | & 4PSORH % +PSORH
2 »DMPSORH]| & § »DMPSORH |2 >DMPSORH
IR | +HPSO-TS | ~ 107} +HPSO-TS { 10 +HPSO-TS 1
10 +CLPSO +CLPSO < CLPSO
. s . . . . . . . s s 10° : : . . .
0703770 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Row Numbers/ 10’ Row Numbers/ 10° Row Numbers/ 10°
() f, (e) f; 1 () 15
10' : 10" 10 : : -
10°
~ 10 ol
O 5 »bPSO o
= 10 ¥*bPSO *bPSO
g =PSOR 10 :gggEH - =PSOR
% 107 4 PSORH = ) 4 PSORH
e »DMPSORH g fn »>DMPSORH | 210" »DMPSORH
107t +HPSO-TS 10° +HPSO-TS = +HPSO-TS
+CLPSO g <+ CLPSO ¢ +CLPSO
4 L + : + L -3 n " " L + -2
00570 15 20 25 30 1070 5 10 15 20 25 30 100075 10 15 20 25 30
Row Numbers/ 10’ Row Numbers/ 10° Row Numbers/ 10°
© f, ) f, o () f,
10' ; 10' — : : - ——
g ¥bPSO »DMPSORH ]
oL 10° St #PSOR +HPSO-TS ]
~10 »bPSO o o 0L, JAPSORHeCLPSO . 4
& =PSOR =10} ¥bPSO | R AR
& 10" 4PSORH  { =PSOR 5 ]
= »DMPSORH| % 1¢” 4+ PSORH ] =3
=02 +HPSO-TS | = »DMPSORH 2 5|
10 -+ CLPSO 10°F +HPSO-TS | |
+CLPSO
005 10 15 20 25 30 100 5 10 15 20 25 30 0 5 10 15 20 25 30
Row Numbers / 10° Row Numbers / 10’ Row Numbers / 10
) fo 0 1 " ) fiz
10' : ; ' ; ' '

4.0 R#bPSO®PSOR »DMPSORH;j

_ 10’ ~39 4 PSORH+HPSO-TS |
* ¥ bPSO ?i . + CLPSO
. =PSOR " 38
= 107 4 PSORH 2
% »DMPSORH | 237
107 +HPSO-TS
+CLPSO 3.6
3 A 3.5
0 0™ %70 135 20 25 30 0 5 10 15 20 25 30
Row Numbers/ 10° Row Numbers/ 10’
(m) £ (n) fiu

5 TREHI TR AT E

M S BT DR Y, 5 30E S50 45 RARRL, 7S P
B3tk 4 B 4 22 % DMPSORH A1 PSORH Uk
SEUHG P2 AE R 73 bR 2 B AR EE B 24T bPSO. PSOR
F1 CLPSO. fEBEHL f1+ fas f5+ fs £, DMPSORH 5
PSORH Wt St i 28 FE AR B 4, 13X Ui B AE X IX FL A bR
AT RAGES M-P SRS 2 3 SAE . JFH, WE (b).
(g) F (i)~ (n) AT DL 3045 SIS 1) L 7 280 FH O 2

AN B N A R R . BeAh, TR AL 4 R 5
(f10~f14).DMPSORH HiZ% ¥ 3t 4k & 34 R I A 4, IR
SSOKRE P RN 5 B 2L AR 34, 1 HPSO-TS HIZRIARXT %
72, FUEFEAR T B E I bPSO.
2.4 M-PREESSHE XM

MR bk (1 52 56 25 B A 23 i, M-P 3 6T 42
FEEERAFREMRA TR PEA M-P




8 % %

5 & XK

Femg A 7 07 I ROH, A B R B SR 1
DMPSORH(DMPSORH-Null) FlI4E i GM g [ LA
% DE %W/ DMPSORH(DMPSORH-GM) 1£ N
X EC . A R EGE AR E A 3000, BhAZIEAT 30
K. SEI IR SR EIEIEAT 30 IRBIRR T2 (Success
Rate,SR), HJ 5790 f ik B3R 1 F BIE RS
BAT RRE R L. R B, B4t S b AR S o
IR E ) H AL AE (Median Number of Successful
Mutation, MNSM), #7742 5 J5 '] Gbest 5 It | & B 4%
TG T, K 3 45 T RIS AR, “Median” KL
SRR ALA.

f10 #F,DMPSORH 7E K &6 73 Wl ikl o5 % b ¥ L
DMPSORH-Null. DMPSORH-GM [f] 45 S 5 4, I
HB SR AR S D et 2 g . A, TESRAEAS FEAR 4,
FRINFMFEE DR (Fosf5~f6~f14)» DMPSORH 1]
MNSM 75 T~ Ho At P A 5%, Ui B Rl DE SR 1)
R B2 454 GE RIS 517E DMPSORH-
GM TERREL f3+ f7 LB 2T DMPSORH-Null #ll
DMPSORH. {HTE f5 PR R A LA K f 4 13
BERRAS, B f11+ f12~ f13 L.,DMPSORH-GM 45 i
Z L+ DMPSORH-Null, %7 T DMPSORH. iX % i
GE & 7R3 % 25 A 2 A 2 5 e ke 21— & 1 A

> N . H 25 N =3
ME 3 W4 ESERTUE BN B WAEH, {572 DE MR A, Svkfa e M H 5.
=3 AETHEAHAAELESE
F DMPSORH-Null DMPSORH-GM DMPSORH
uns.
Median SR MNSM Median SR MNSM Median SR MNSM
f1 2.98E-113 100% 2.53E+03 3.08E—-113 100% 2.52E+03 4.16E-115 100% 2.53E+03
f2 5.53E-07 100% 2.83E+03 4.83E-07 100% 2.84E+03 2.14E-07 100% 2.88E+03
f3 8.51E—03 90% 2.82E+03 8.42E+00 0% 2.88E+03 6.09E-03 100% 2.82E+03
fa 0.00E+00 57% 2.00E+02 0.00E+00 53% 2.40E+02 0.00E+00 77% 2.00E+02
fs 2.13E-14 100% 2.88E+02 1.60E-14 100% 2.72E+02 1.42E-14 100% 2.89E+02
fe 0.00E+00 100% 1.80E+02 0.00E+00 100% 1.68E+02 0.00E+00 100% 1.86E+02
fr 3.82E-04 87% 2.70E+02 1.51E+03 0% 6.00E+00 3.82E-04 93% 2.80E+02
fs 0.00E+00 87% 2.75E+02 0.00E+00 80% 2.35E+02 0.00E+00 90% 2.91E+02
fo 0.00E+00 100% 2.51E+02 3.62E-06 10% 7.56E+02 0.00E+00 100% 2.68E+02
f10 1.00E-07 0% 2.85E+03 2.27E-13 97% 4.06E+02 2.43E-11 100% 1.30E+03
f11 8.11E+01 0% 2.83E+03 4.89E+00 77% 2.87E+03 8.59E-01 90% 2.89E+03
f12 5.86E+01 50% 2.83E+03 1.72E+01 87% 9.93E+02 1.41E+01 93% 2.90E+03
f13 7.61E-01 37% 2.84E+03 5.78E—-02 100% 6.32E+02 4.68E—02 100% 2.77E+03
f1a 4.05E+03 90% 1.89E+03 4.22E+03 90% 1.81E+03 4.00E+03 90% 2.13E+03
Fz 4 ORBRMEMINSEIE (T=200)
Funs. OR=0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
f1 1.93E-07 3.95E-10 2.74E-11 1.49E-11 1.38E-12 1.22E-12 1.52E-13 1.65E-13 1.22E-13
fa 9.34E-07 3.80E-09 1.18E-09 1.30E-12 3.99E-13 4.34E—-12 3.62E-12 1.97E-12 8.82E—13
fe 9.99E-01 5.37E-06 1.13E-07 2.18E—-09 1.94E-11 5.58E-12 2.46E—-12 8.25E-13 8.97E-14
fs 5.26E-02 6.70E—-03 1.53E-03 9.59E-04 6.45E-04 4.17E-04 2.27E-04 2.61E-04 1.81E-04
fo 1.42E+01 1.48E+01 1.62E+01 1.12E-07 3.91E-09 8.91E-10 6.37E-12 8.84E—13 2.79E-13
£S5 OR BURMEMIRSLIE (T=3000)
Funs. OR=0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
f2 3.26E-07 2.14E-07 7.05E-07 7.12E-07 1.28E-06 2.03E-06 3.21E-06 1.31E-05 5.13E-05
f3 441E-03 6.09E-03 1.47E-02 3.11E-02 5.32E-02 7.44E-01 3.24E+00 6.51E+00 8.86E+00
fs 2.13E-14 1.42E-14 1.42E-14 1.24E-14 1.24E-14 1.42E-14 1.42E-14 7.11E-15 7.11E-15
f7 3.82E-04 3.82E-04 3.82E-04 3.82E-04 3.82E-04 3.82E-04 3.82E-04 3.82E-04 3.82E-04
f10 2.24E-11 2.43E-11 3.33E-11 1.98E-11 3.10E-11 4,05E-11 5.80E-11 9.99E-11 1.66E-10
f11 8.00E-01 8.59E-01 1.18E+00 4.82E+00 1.49E+01 2.24E+01 1.98E+01 2.68E+01 2.42E+01
f12 1.49E+01 1.41E+01 1.50E+01 1.53E+01 1.54E+01 1.60E+01 1.66E+01 2.24E+01 1.61E+01
f13 5.79E-02 4.68E—02 3.69E-02 5.54E-02 6.89E-02 6.16E-02 6.41E-02 7.63E-02 9.48E-02
f14 4.30E+03 4.00E+03 4.03E+03 3.94E+03 4.07E+03 4.24E+03 4.43E+03 4.44E+03 4.19E +03

M-P SREIE ) IR AZ 57 J7 B OR 9 e e bs
H.OANT WX OR % DMPSORH 5 ik g 1) 5%
Wi, AR SESGRE 0.1 AR D9 TE] FE,OR X [0.1,0.9] Z 4]
MBUE, Fk R s T B E DY 3000 k. T
f1.Sphere. f,.Griewank. fg.Rastrigin. f5.Weierstrass

A fo.Nocon_Rastrigin 7E Ml i # # i Sk ) 1 4 /ME,
Fr LASIBG FR 4 B 7=200 308 34T . BN
BRI BIZAT 30 IR, e N AR, S50 g SR B AR L
®4, RS,

T A WEWETIRLEY f17 fas for [3 Ffo %



BT F AR EWF ARG T FONE ST HEAI X 9

OR P52 LUK, A BUE I 3G, 28 200 AR
SSRGS FEAEIZ W/ HAA B B3, HA2, X 54
2 BR) B 7 T B i KA AR AT DA SR A
18, i BHLEAR [ IR ARREFZ H, OR [ EUE S 2 52 B
ERIWSOE .

M5 IR S, S mT LUK B, A S /ME 1)
7T A EREOT OR BIBUBRMERUI, AN FE— MR AE 0~3
MNER AR T f5 KIRAERE OR BUE XS I A2 AR
PLA, oAt o BTS2 I AR AR (F 71 f12~ f13 f14)
BE RIS (fan f3~ f1ro~ f11). HIEATIL,OR )
BN IX L R R R AN K, AE — B AR JE B UUE
CRPRIUPN e

FF LR M LAS H OR X AS R IR b8 £ 1)
TR A R 2R E R, IXTR 4 PRy s
HEAT O AT DR ORI OR RIS SIGH JE, 1
XTEE 5 AR R Ui ) FEC /N OR i v BV RIS
G RE. AN, 25 RS 30 S0 (08 1 AN AR M R LR A S
BB, ASC4E H OR HUEYEHITE [0.2,0.4], A F|
FInsREERIRAREE 1. LAk, 3R 3 BOEE 45 R EoR
X BREL f1~fo MEALIT, ,OBL 2% BiL H 4 5 42 3301
76 M-P SRmE h b 3% B H AT (HE N OR (UM
MRl DL, A0 A FH A% 5 B e T 2 P AR 30 4>
BRIEIIRI SR ARERS BE. BT LA, 7890 K % OBL SElg 75 & Fil i
3 i) 2 20 5 FE DL R S 3 L
3 45ig

ASCAE fil B KL H 4 2 ) AR IR A R 7 R
WS PRI b, SR T — Ml 2 R AL . R
AR 5] 5 R R SR T ), IR S AR AR TR
PR R PRI AT — MMt Loy T, 75 PR FR 7 Fh R 02
RO E S il e S < N E A o s G B R S
HR A M-P SREE G4 5 AR R AT B 4E AR 7, K
Fo A 50 2% S0 T ) [ I 3 5 1 QIR R e 70, AT
U b R RE B0 B I R R R B8 ) 2 [B) RSP 7. S
SRR ARSI R & U i e B — e UM E
#MF F,DMPSORH 14 BE1E B N5 5l 2 s Eb i
XT LG SRR R I i, BAABONIH R AR A SO
HETIR GG 2 0715 B MBS &R, (HIE A E—
SE AN R, I TH] 0] 22 06 o Hi 0 A4 T R eb b e TR B 2
SRR SR A, A T PR, J54E
R 4 & BT Tl A = ) s e AR e A 2 H bl
A 0] AT R B AT
SEHk (References)

[1] Kennedy J, Eberhart R. Particle swarm optimization[C].
Proceedings of the IEEE International Conference on

(2]

(4]

(6]

(7]

(8]

[10]

[11]

[12]

Neural Networks. Washington,D.C.,USA:IEEE,1995,4:
1942-1948.

WHHE,Gary G, 5k 2%, LT Pareto JH 1% B bk THEL
B (7). A4, 2014(5):117-142.

(Hu W,Gary G,Zhang X. Multi-objective particle swarm
optimization based on Pareto entropy[J]. Journal of
Software,2014(5):117-142.)

Han H G, Lu W, Hou Y, et al. An adaptive-PSO-based
self-organizing RBF neural network[J]. IEEE Trans
Neural Netw Learn Syst, 2018, 29(1):104-117.

A, R, BB B TR TR W
EAMFZHRKGBEE I ET5FE%
#,2011,33(8):1871-1876.

(Teng Q Z, Tang T, Li Z J, et al. Three-dimensional
reconstruction of sandstone section image based on
particle swarm optimization[J]. Journal of Electronics &
Information Technology,2011,33(8):1871-1876.)
I W U N TR PN S N T e
JREB A 2 BE U RO KL T OREBLE (D). i EONL A
1#,2015,38(7):1398-1406.

Xia X W, Liu J N, Gao K F, et al. Particle
swarm optimization algorithm with reverse-learning
and local-learning behavior[J]. Chinese Journal of
Computers,2015,38(7):1398-1406.)

Shi Y H, Eberhart R C. A modified particle
swarm optimizer[C]. Proc of IEEE Icec Conference.
Piscataway,NJ:IEEE,1998:69-73.

Yang X F, Liu S L. Dynamic adjustment strategies
of inertia weight in particle swarm optimization
algorithm[J]. International Journal of Control and
Automation,2014,7(5):353-364.

Ratnaweera S K, Watson H
C. Self-organizing hierarchical
with
coefficients[J]. IEEE transactions on evolutionary
computation,2004,8(3):240-255.

1S/ S U ) e v e e S B L T B S
(¥R & RL 7 OB SR (0] OF SOML R A A
2015,32(12):3626-3628.

(Zhang S P, Zhong W B. Hybrid particle swarm
optimization algorithm of new

A, Halgamuge
particle  swarm

optimizer time-varying acceleration

learning factors
and constraint factor[J]. Application Research of
Computers,2015,32(12):3626-3628.)

Chen Y G, Li L X, Peng H P, et al. Particle swarm
optimizer with two differential mutation[J]. Applied Soft
Computing,2017,61:314-329.

P, R, s BB R RERRL TR
FVEWEIT (7], T254R, 2012,40(11):2194-2199.

(Li W F, Liang X L, Zhang Y, et al. Research
on PSO with clusters and heterogeneity[J]. Acta
Electronica,2012,40(11):2194-2199.)

Niu B, Huang H L, Tan L J, et al
Symbiosis-based alternative learning multi-swarm
IEEE/ACM

Biology &

particle swarm optimization[J].

Transactions on  Computational



10

A

B

=

5 Xk R

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

Bioinformatics,2017,14(1):4-14.

TR, XA, Wt B&E M A EH L H sk T
FERAL VL [1]. 55 5 5R,2015,30(8):76-81.

Wi H M, Liu Y J, Li P C. Adaptive
dynamic reconfiguration multi-objective  particle

swarm  optimization algorithm[J]. Control and
Decision,2015,30(8):76-81.)

Ty, Xk, fESRAE. — MR TR & L AR 1 e 2
REPLAGSRIE []. THEEHLET 7i 5 & J€,2013,50(11):28-36.
(Ma C, Deng C, Xiong Y, et al. An intelligent
optimization algorithm based on hybrid of GA
and PSO[J]. Journal of Computer Research and
Development,2013,50(11):28-36.)

ok ) 60 RS, S ME IR G R BEAR A B R
fift 22 22 A B B I R[], R SEL AR AR IE R
4,2010,16(7):1427-1436.

(Feng H K, Bao J S, Jin Y. Hybrid particle swarm
optimization algorithm for multiple vehicle dragging
goods problem[J]. Computer Integrated Manufacturing
Systems,2010,16(7):1427-1436.)

R, KB A T AN E AL 2 B AR
R RS [J]. 421 5 TR 5K,2017,32(3):403-410.
(Li F, Liu J C, Shi H T, et al. Multi-objective
particle swarm optimization algorithm based on
decomposition and differential evolution[J]. Control and
Decision,2017,32(3):403-410.)

Kiran M S, Gunduz M. A recombination-based
hybridization of particle swarm optimization and
artificial bee colony algorithm for continuous
optimization problems[J]. Applied Soft Computing,2013,
13(4):2188-2203.

Kadirkamanathan V, Selvarjah K, Fleming P J. Stability
analysis of the particle dynamics in particle swarm
optimizer[J]. IEEE transactions
computation,2006,10(3):245-255.
e, FIN. T 2 AR TR R A 8 SR
Ik & FOLHE ()] 42605 P 5K,2016,31(4):601-608.
(Gao Y L, Yan P. Unified optimization based on
multi-swarm PSO algorithm and cuckoo search
algorithm[J]. Control and Decision,2016,31(4):601-608.)
AKGR, 20, 8 S T S8 AR Y SR T AL
S ] BURH T HIR,2019, 42(19):11-14.

(Tong Q J, Li M, Zhao Q. An improved particle
swarm optimization algorithm based on classification[J].
Modern Electronics Technique,2019,42(19):11-14.)
Sabat S L, Ali L, Udgata S K. Integrated learning particle
swarm optimizer for global optimization[J]. Applied Soft
Computing Journal,2011,11(1):574-584.

I, XUPHPE, FRAESE. B IE MR G R S EE
[7]. HET2%4R,2011,39(8):1913-1918.

(Guo Y N, Liu D D, Cheng J, et al. Adaptive cultural
algorithm adopting mixed mutation[J]. Acta Electronica

on evolutionary

(23]

[24]

(23]

[26]

(27]

(28]

[29]

Sinica,2011,39(8):1913-1918.)

Xin B, ChenJ, ZhangJ, et al. Hybridizing differential
evolution and particle swarm optimization to design
powerful optimizers: a review and taxonomy[J]. IEEE
Transactions on Systems Man & Cybernetics Part
C,2012,42(5):744-767.

Clerc M, Kennedy J. The particle swarm: Explosion
stability and convergence in a multi-dimensional
complex space[J]. IEEE transactions on evolutionary
computation,2002,6(1):58-73.

B, 25 35 5. — b el 1 4 T e A RL T B AL SR
[7]. A4 2431%,2007,18(4):93-100.

(Hu W, Li Z S. A simpler and more effective
particle swarm optimization algorithm[J]. Journal of
Software,2007,18(4):93-100.)

JEBT T, SR, ERESE, — RS O S I 2 > Bk TR
AL [7]. FL 22 41,2013,41(8):1647-1652.

(Zhou X 'Y, Wu Z J, Wang H, et al. Elite opposition-based
particle swarm optimization[J]. Acta Electronica
Sinica,2013,41(8):1647-1652.)

TR, KK, M T MM T A
FORORL TR EE D P EN S H T
£,2018,46(9):1768-1772.

(Li Y M, Zhang H F, Cheng L, et al. Particle
swarm optimization based on multi-subgroup and
subspace learning strategy[J]. Computer & Digital
Engineering,2018,46(9):1768-1772.)

JE SC U, B e FE, R T 0 S B ¥ 4 AR R
EA /N TR = VA R A R R Ry o
F4,2020,40(7):1913- 1918.

(Zhou W F, Liang X L, Tang K X, et al. Hybrid
particle swarm optimization algorithm with topological
time-varying and search disturbance[J]. Journal of
Computer Applications,2020,40(7):1913-1918.)

Liang J J, Qin A K, Suganthan P N, et al. Comprehensive
learning particle swarm optimizer for global optimization
of multimodal functions[J]. IEEE Transactions on
Evolutionary Computation,2006,10(3):281-295.

EEE T

RO (1996 ), &, A4, MR RetiLsEE. AL

FRZE PR ZRAAL 227 9T, E-mail: 539974009@qq.com;

Rieds (1985-), 93, BIFER, -+, MR REIAL . R 2%

A 505 BRI 5T, E-mail: liangxiaolei@wust.edu.cn.

JA g (1995—), 5, A=, MEEE BE AL KW 78, E-

mail: 710158203(@qq.com.

I FE (1998—), 2o, Az, MM AL ST, etk 400

W UL T 7, E-mail: 2778380498@qq.com.

TKIE (1974—), 55, Bfx, 18 A4 00, WA@Y
TOURA I RGEER IRACSEE. BRI,

PiE5

HIHF 4T, E-mail:sanli@whut.edu.cn



