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A multi-operator collaborative particle swarm optimization algorithm
with biased roulette
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(1. College of Computer Science and Technology, North University of China, Taiyuan 030051, China; 2. Institute of
Big Data and Visual Computing, North University of China, Taiyuan 030051, China; 3. College of Environment and
Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: To address the performance and technical bottlenecks of a particle swarm optimization algorithm in tackling
optimization problems of high-dimensional, large-scale, multivariate coupling, multi-modal, multi-extreme attribute
vulnerable to premature convergence, a multi-operator selection and fusion mechanism with biased roulette is
established based on the behavioral learning operator of particle swarm optimization and three differential mutation
operators with different learning preferences and a multi-operator collaborative particle swarm optimization algorithm
with biased roulette is proposed (MOCPSO). For balancing the exploration-exploitation trade-off, MOCPSO first
groups the iterative swarm into several subswarms with different learning tasks according to the fitness, where each
subswarm configures a differential mutation operator that the differential mutation vectors selected among the
exemplars of all subswarms through roulette selection, to pre-learn and optimize the iterative swarm and their exemplar
particles. Then all subswarms are merged undergoing behavioral learning operation of the particle swarm optimization
to improve the global convergence. Finally, for guaranteeing the diversity of algorithm convergence, the MOCPSO
incorporates an elitist learning strategy to guide iterative swarm escaping the possible local traps by performing
Gaussian perturbation on the current global best. Experimental results show that the proposed MOCPSO algorithm
possesses stronger and more competitive optimization properties than five state-of-the-art swarm intelligence algorithms
in solving the CEC2014 benchmark test suit.

Keywords: particle swarm optimization; differential evolution; multi-operator coordination; exemplar competition;
biased mutation strategy; elitist learning
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Algorithm 1 MOCPSO 3% 405

i\: N, D,MaxFes, [LB, UB], [Viax, Vinin;
HiHi: gbest, fitness(gbest).

1) Pop = LB + rand(N, D) x (UB — LB)
2) V = Viin + rand(N, D) X (Vinax — Vinin)

3) Pbest = Pop, gbest = argmin fitness(pbest,)
i=1,2,...,N

4) while Fes < MaxFes do

5)  (SubPop 4, SubPop 5, SubPop ) = Split(Pop)
6)  (Pbesta, Pbestg, Pbestc) = Split(Pbest)

7)  U_pbest = Algorithm 2(Pbesta, 5,c, SubPop 4 5 )
8)  Pbest = Algorithm 3(U _pbest, Pbest, D, CR)
9)  Merge(SubPop 4, SubPop 5, SubPop )

10) Merge(Pbest 4, Pbest, Pbestc)

11) Update V/, Pop by egs.(1, 2)

12) Update gbest, Pbest

13) Pop’ = Algorithm 4 (Pop, D, gbest, gworst)
14) Pop = Pop’

15) end while

16) return gbest, fitness(gbest)

Algorithm 2 ff 7 P46 285 T 48 SR 4 A Dy AT

HiN: Pbesta, 5.c, SubPop 4 5 ¢

Hith: U_pbest.

I)fori = A — Cdo

2)  ifrand(0,1) < p; then

3) temp_pbest, = SubPop, /7 4 H [H) H 4
4) endif

5) end for

6) if Pbest 4 then

7)  select = find(cumy >= rand(0, 1))

8) @S, = temp_pbest 4 (select(1))

9) U_pbest, < update Pbest4 by eq.(4)

10) else if Pbest g then

11) select = find(cump >= rand(0, 1))

12) =&, = temp_pbest 5 (select(1))

13) U _pbestg < update Pbestg by eq.(5)

14) else

15) U _pbest < update Pbestc by eq.(3)

16) end if

17) return U _pbest = (U _pbest 4, U_pbest 5, U_pbest )

Algorithm3 28 X AUELHRAE N ARNS

HiN: U_gbest = {U_pbest,, U_pbesty, U_pbest},
Pbest = {Pbest 4, Pbestz, Pbestc };

Hivth: TEHE BOBSAERL T4E Phest.

1)fori = A — Cdo

2) U _pbest, = Crossover(U_pbest, , Pbest; ) //eq.(6)

3) Pbest; = Selection(U_pbest,, Pbest; ) //eq.(7)

4) end for

5) return Pbest = (Pbest 4, Pbestz, Pbestc)
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. HoH, 320 7 i B SubPop .« SubPop g F11 SubPop
o N PR BE RERLT-4E Pbest 4 « Pbest g F1 Pbest 73 F & it
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1) Pbest 4: [DE/best/1, F' = 0.6, CR = 0.1];

2) Pbest: [DE/current-to-best/1, F = 0.8,CR =
0.3;

3) Pbest: [DE/rand/1, F' = 1.0,CR = 0.9].

MOCPSO 592 73 ] 18 AT P I e 45 I 30 £ AR
N 155 15 KL - £ v ok 45 22 Oy ik ) R R A A0 R ) B
Algorithm 2 %5 tH 1 i [ P4 5 A I8 A8 S #5 E O AR A,
e, M4 3 415 P B SubPop 4 SubPop 5 Fil SubPop .
()~ 2573 S FEAB v SR B pa s pp Mlpe, R §E
B B 2H 1 B AH S5 A R T 4 Pbest 4« Pbestp
HIPbestc i [ 176 5 72 73 5 0] 4R SR i, AR A0 3 B2 AH.
e 55 B A, T 55 2% 2H 22 73 = 1) o0k £ M R cumy AT
cump, -5 FAH N 22 7338 7 BT S5 MR AGE, PR ORI
8 A58 W 10k P4 A 9 THUZ 15 1 K1~ 4 Pbest 4 A1 Pbest

Ho 52 2 A R T AR S i X G R, 3 Pests

Pbestp Fl Pbestc AT 48 5 # AF A2 BCHT 1 1% 1 L
U pbest.

BERERL 8R40 22 03 78 St Ja, Ak B 06 H AT 28 X
A £ B 58, AH G Is SO ARG I Algorithm 3. 52
XA T8 G B FERL 742 U _pbest 4« U_pbest 5 Al
U_pbest, 53 7l 55 Pbest 4« Pbestp I Pbestc — X — 3¢
Gri B, ST IEACK T RS AR T AR A 4 JR) e . X
Bl e B R Or TR T EEAE R — AP AR
N2 ) e DIE DX ARE () 2 >0 BRI, IR ORAIE T iR 24K
R B 0 27 ST S5 (] B DL /)N R 28 1) G Ath 155 1 R
T B8 JR e e X I B A, ORAIE 1 R JE AR
T 2] ZFEI.

S AW AR Y = A AR T =R 5 <
JECJZE TR, H A 3 (1) F1(2) 3237 K2 AR 13,
e S e AW TN OB e W Y
23 FEIRF SRR

RS2 R BN T gbest [H] f A X 38 % AT, #li
By FC Bkt 8 7 1) JR) 8 AR A [X 2k, MOCPSO 5323k H
Ao 2 S B0 AT S 8l AR HOIRAS #4572

FIEEHT. Algorithm 4 45 H 1RG5 2% > S RGOy ARG,

Algorithm 4 F§9&=7% > Sems Py ALY

HiN:Pop = {1, @2, ..., x N}, D, gbest, gworst;
Hiti: Pop’.

1) P = gbest

2) d = rand(D)

3) P P? 4 (22 — x2,) - Gaussian(u, o?)
4) fp = fitness(P)

5) fg = fitness(gbest)

6) fu = fitness(gworst)

Nif fp <= fo

8) gbest +— P

9) else

10) gworst < P

11) end if

12) return Pop’

A SCIHEALE B gbest i) — N5 RE AT P 5, 75
Ja O R frs:
Pl=PpP?+ (XL, — X2

(Omax — Omin) - t/T. Q)
Horf: P4SRIR gbest 1158 d 4 FE; Gaussian(u, 0%) 38
INYIME R p FRUHEZE RN o () BT BENL AL, o A BEI%
RIRBNE BN “FERF TR o = 1LOM
Omin = 017058 o M EFANF AP X0, A X o)
BRI AR d e AR ) B R R. BHam iR
i R SR (3 LB AL T gbest (1438 B AR, T 5
Hr gbest; S22, W) 5 451k AR 1 FH i 2 A 22 PR RE
S gworst.
3 SERwIHSERS

AR K 36 MOCPSO 532 (1) 7 R A SR A 250 %.
T 26, 45 H BT I i) S AR S, 4 AR DR BRI S 4L
B B RS2 56 A5, 20 T LA MOCPS O 532 5 5 Fh [R) 25
RAREM LR 2 5.
3.1 RiE)E

S5 e F CEC2014 Wl X #EB4 56 1iF Py $28 5034 (1)
AR, 26 15126 7 CEC2014 35 A8 1) 51 e A4
E, G B 206 R G M A 4 KSR
32 BHEENRESEE

N IE MOCPSO 5032 A 2P, AR 5 3 HU)
H AT 4 B 253k PSO 532: (B2 4% CLPSOM®!,
TSLPSOPS!, GLPSO[4, DMSPSOPB)) LA Jz — Fil 2ft
it DE 57 MRDEB! & JF 14 g b A s iy, 2555 b 592
1 ESHRE R 2 Fiow, bS50 & 5 955
BRERFF— B P BE BR ORR BOTPAN I MaxFes =
300 000, HAZH7IE17 20 K. 5 FIEFh UL 3 B

) - Gaussian(u, o),  (8)

0 = Omax —
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£ 1 CEC2014 E NI & ¥

PR HURE No. PR A4 TR IR
f1 rotated high conditioned elliptic function 100
unimodal functions f2 rotated bent cigar function 200
f3 rotated discus function 300
fa shifted and rotated Rosenbrock’s function 400
fs shifted and rotated Ackley’s function 500
fe shifted and rotated Weierstrass function 600
f7 shifted and rotated Griewank’s function 700
fs shifted Rastrigin’s function 800
fo shifted and rotated Rastrigin’s function 900
simple multimodal functions  f1¢ shifted Schwefel’s function 1000
f11 shifted and rotated Schwefel’s function 1100
f12 shifted and rotated Katsuura function 1200
fis shifted and rotated HappyCat function 1300
f1a shifted and rotated Hgbat function 1400
f1s  shifted and rotated expanded Griewank’s plus Rosenbrock’s function 1500
fi6 shifted and rotated expanded Scaffer’s F6 function 1600
fi7 hybrid function 1 (N = 3) 1700
fis hybrid function2 (N = 3) 1800
. . fi9 hybrid function3 (N = 4) 1900
hybrid functions . .
f20 hybrid function4 (N = 4) 2000
fo1 hybrid function 5 (N = 5) 2100
fa2 hybrid function 6 (N = 5) 2200
f23 composition function 1 (N = 5) 2300
f2a composition function2 (N = 3) 2400
fa5 composition function 3 (N = 3) 2500
» . f26 composition function4 (N = 5) 2600
composition functions . .
faz composition function 5 (N = 5) 2700
fas composition function 6 (N = 5) 2800
f20 composition function7 (N = 3) 2900
30 composition function 8§ (N = 3) 3000

NN = 30, W E4E5 D = 30. SLI6 55K F Matlab
R2017a i HEAF, % 5L TENRL & Intel(R) Core(TM)
i5-7300HQ CPU @ 2.50 GHz 116.0 GB N 7711 &5 2\HL
FiE1T.

w2 BARSHEER

ik EBBH
CLPSO w = 0.7298,c = 1.49445
TSLPSO c1 =co =1.49445,¢3: 0.5 ~ 2.5
GLPSO w =0.7298,¢1 = c2 = 1.49445,CR = 0.5
MRDE F =[0.6,0.8,1.0],CR = [0.1,0.5,0.9]
DMSPSO w = 0.729,¢c1 = cp = 1.49445
MOCPSO w = 0.7298,¢c1 = c2 = 1.494 45

33 EBEAMREXLEREER ST

AN MOCPSO Bk 5 5 Fh 56 4 55032 3K fit
30 4EMR R B IL PERE. R 3AH T & e Bk
SR, O & FIE AR R A S E A bR
#E 2= . Friedman £ /7 LA TE 95 % BAS KF R XU
Wilcoxon PR ARG B8 45 5. K3 1, fF54“+7“ =" fi“="

73 137 MOCPSO HUIETEAR G 1] @ AL oKk g 1 2
FART L B ST EEEF T X BRI SR AR R, Bt
Ah, “+) = /=" FHHMOCPSO HIF%AE 4= Rk ] 5t
HR T 5 T RG] 45 1 A G L B9 1) 1) =

W 3 Frow, X T A W f; ~ f3, MOCPSO
SRR A SR W R AT A A B ) S AR . X
ZL13 25 T MOCPSO 5% FIXE 7 51 5 2] S g, e ik
A 16 010 [ 22 e A8 S 457 6 T AR R R T 5 2 21
AL, 8 T0 2 B R (4 5 =15 2 B B4 T, T
JE TE BLARLES M S0 2 1), %) T2 B AR R 1) 2 351
[F) 2% 2] B8 A5 R T SR A T2 B R T DU SR e 2 4 )R
AT, AT HE— 20 51 SR Z & AR T3 e A 4
SR BRI AR, N SRSk, X F £, MOCPSO 5% 1
REHE 4 25 2, HLIREL 1) s AL Al s 22 T GLPSO Bik, 2
AR T He 42 4 Fhoxd B B35, b 7 > 2B 2 e )
B fs ~ fi6, MOCPSO By 45 HoAth 5 Fft 55 4 SRV AE SR
FER fs fo~ fr~ fos fio M fiis fiss fias fis B
A SRAF R I B AR, 2R BH T MOCPSO Bk h 2 5
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R3 ERFEEKRBIOENL BN SREGLITE
No. CLPSO TSLPSO GLPSO MRDE DMSPSO MOCPSO
fi 5.71e+06 (2.26e+06)(+) 4.18e+05(2.93¢+05)(=) 1.21e+05(9.57e+04)(—) 1.01e+06(6.99¢+05)(+) 5.45¢+06(2.17e+06)(+) 4.17e+05(3.40e+05)
fa2 2.06e+02(3.40e+02)(+) 2.72e+02(7.82¢+02)(+) 3.07e+02(4.33e+02)(4) 1.45¢+04(1.05e+04)(+) 6.24e-02(9.99¢-02)(+)  3.84e-14(1.39e-14)
fs 1.33e+02(1.62e+02)(4+)  1.24e+02(2.36e+02)(+) 5.38e+02(5.26e+02)(+) 6.97e+02(5.28¢+02)(+) 1.81e+00(2.58e+00)(+) 4.18e-08(1.72e-07)
fa 7.25e+01(2.04e+01)(+)  5.34e+01(4.26e+01)(+) 3.70e+00(1.44e+01)(—) 7.62e+01(4.43e+01)(+) 4.36e+00(1.55¢+01)(=) 1.29¢+01(2.52e+01)
fs 2.04e+01(4.45¢-02)(+) 2.00e+01(9.86e-04)(—) 2.09¢+01(4.16e-02)(4) 2.01e+01(1.94e-01)(=) 2.00e+01(1.41e-03)(—) 2.03e+01(6.13e-02)
fe 1.12e+01(1.63e+00)(+)  9.28e+00(2.89¢+00)(+) 6.51e+00(2.16e+00)(4) 6.54¢+00(2.30e+00)(+) 1.44e+00(1.15¢+00)(—) 3.18¢+00(2.65¢+00)
f7 7.35e-07(1.30e-06)(4+)  1.55e-05(2.96e-05)(4)  7.50e-03(1.15¢-02)(+)  9.85e-02(1.02¢-01)(4+)  1.01e-03(3.10e-03)(4)  1.42e-13(8.14e-14)
fs 1.08e-13(2.54e-14)(—)  2.16e-13(3.50e-14)(—) 1.19e-13(2.54e-14)(—) 1.44e-09(6.42¢-09)(—) 1.02e+01(6.98e+00)(+) 1.93e+00(1.09¢+00)
fo 4.80e+01(8.77e+00)(=) 4.78¢+01(1.10e+01)(=) 3.82e+01(8.96e+00)(—) 4.72e+01(1.03e+01)(=) 4.43e+01(6.40e+00)(=) 4.58e+01(1.15e+01)
fio 1.88e+00(1.71e+00)(—) 1.97e+00(1.56e+00)(—) 8.75e-01(9.62e-01)(—)  1.03e+00(7.64e-01)(—) 3.96e+02(1.44e+02)(+) 7.80e+00(7.47e+00)
f11 2.24e+03(2.69¢1+02)(=) 2.09¢+03(4.60e+02)(=) 2.05¢+03(3.57¢+02)(=) 2.03e+03(4.54e+02)(=) 2.60e+03(3.29¢+02)(+) 2.22¢+03(5.15¢+02)
fi2 4.03e-01(8.16e-02)(+)  1.50e-01(4.03e-02)(=) 2.51e+00(3.02e-01)(4)  7.89e-02(3.25¢-02)(—) 4.48¢-01(7.85¢-02)(+)  1.46e-01(8.31e-02)
fia 2.68¢-01(2.44e-02)(—)  2.34e-01(3.70e-02)(—) 3.41e-01(1.02¢-01)(=) 2.56e-01(3.54e-02)(—)  2.00e-01(3.57e-02)(—)  3.04e-01(3.03e-02)
fis 7.21e+00(1.30e+00)(+)  5.27e+00(1.56e+00)(+) 2.98e+00(5.76e-01)(—) 5.84e+00(2.32e+00)(+) 6.24e+00(8.44e-01)(+) 4.00e+00(1.03e+00)
fie 1.03e+01(2.96e-01)(4+)  1.00e+01(5.38e-01)(=) 1.06e+01(8.62e-01)(+) 9.01e+00(7.30e-01)(—) 1.07e+01(4.40e-01)(+)  9.77e+00(7.12¢-01)
fir 5.40e+05(2.65¢+05)(+) 1.69e+05(1.34¢+05)(+) 2.26e+04(1.31e+04)(=) 1.01e+05(1.58e+05)(=) 2.69¢+05(1.01e+05)(+) 5.83e+04(9.34c+04)
fis 1.07e+02(6.56e+01)(—) 1.89¢+02(1.17e+02)(—) 1.49¢+03(2.03e+03)(=) 3.54e+03(3.57¢+03)(=) 1.00e+03(7.36e+02)(=) 2.74e+03(3.63e+03)
fio 7.04e+00(7.51e-01)(+)  5.53e+00(1.36e+00)(+) 8.12e+00(1.32e+01)(+) 6.39e+00(1.96e+00)(+) 5.97e+00(6.71e-01)(+) 4.31e+00(1.69¢+00)
Fa0 1.96e+03(1.15e+03)(4)  7.226+02(6.83e+02)(=) 5.64e+03(3.30e+03)(+) 4.77e+02(7.30e+02)(=) 4.51e+02(1.30e+02)(+) 3.11e+02(2.67e+02)
for 7.566+04(3.96e+04)(+)  4.68e+04(4.21e+04)(+) 1.58e+04(9.52¢+03)(+) 1.01e+04(2.90e+04)(—) 9.37¢+04(5.03¢+04)(+) 1.34e+04(2.89¢+04)
fa2 1.79¢+02(7.84e+01)(—) 2.29¢+02(1.02e+02)(—) 2.96e+02(1.17e+02)(=) 2.82e+02(1.81e+02)(=) 2.30e+02(8.24e+01)(—) 3.58e+02(2.14e+02)
fas 3.15e+02(1.00e-08)(+)  3.15e+02(4.64e-12)(4) 3.15¢+02(6.74e-13)(+) 3.15e+02(3.36e-03)(+) 3.15¢+02(0.00e+00)(+) 3.15e+02(0.00e+00)
fou 2.25¢+02(5.90e-01)(+)  2.25e+02(1.05e+00)(+) 2.25e+02(1.35¢+00)(+) 2.31e+02(4.71e+00)(+) 2.23e+02(9.93e-01)(=) 2.24e+02(1.03e+00)
fas 2.076+02(6.29¢-01)(+)  2.06e+02(1.41e+00)(+) 2.10e+02(3.66e+00)(+) 2.05e+02(2.57e+00)(+) 2.08e+02(1.31e+00)(+) 2.04e+02(9.41e-01)
Fae 1.00e+02(6.31e-02)(=)  1.00e+02(6.43e-02)(=) 1.45¢+02(5.09¢+01)(=) 1.00e+02(6.21e-02)(=) 1.40e+02(5.02¢+01)(=) 1.25¢+02(4.43e+01)
for 4.12¢+02(7.13e+00)(—) 4.02e+02(1.04e+01)(=) 4.83e+02(8.87e+01)(+) 4.03e+02(1.49¢+00)(=) 3.76e+02(4.80e+01)(=) 4.30e+02(6.16e+01)
fas 8.80e+02(6.44¢+01)(=) 9.16e+02(6.95¢+01)(=) 8.83e¢+02(5.52¢+01)(=) 8.71e+02(6.23¢+01)(=) 8.69e+02(3.03e+01)(=) 9.42¢+02(1.49¢+02)
Fao 9.81e+02(1.02e+02)(=) 4.23e+03(1.12e+04)(+) 1.44e+03(4.50e+02)(+) 1.44e+03(5.69e+02)(=) 1.55¢+03(3.35¢+02)(+) 1.17e+03(4.43e+02)
f30 2.47e+03(6.36e+02)(=) 7.83e+03(5.24e+03)(4) 2.26e+03(5.79e+02)(=) 2.29e+03(1.03e+03)(=) 1.86e+03(4.79e+02)(=) 2.06e+03(9.26e+02)
Friedman rank 3.95 3.40 3.71 3.60 3.33 2.95
+/=/— 17/7/6 14/9/7 15/8/7 11/13/6 17/8/5 —
TURE A ST SRR AL ORI AN 2RI R M ) 4 M SO T BVER SRR S A ) Y A2 SRR R B 0. 0

JRPRZR 7 T 2P, SR T, H 2% 3 [RIRE T DAy 7 3,
X} T Fs, MOCPSO %323 it 35 f A iz A~ J CLPSO.
TSLPSO. GLPSO H1 MRDE 43 31| /1) 5 A1t filt, 1 kH %
DMSPSO 5k B A B E . H R A T 55 7 40 )
FRRBEAE— e FR B PRI 7 3R AR 0T A2 4 8] 35 73
/I X 31 78 AN 2[RI SR [ e S 00d B
AR T, RS R UFIE B F B S 2 (A RRAE, AT %
ik 7 MOCPSO 5 (AR 5 Be. R Wtk MOCPSO
SRR 2K 22 B0 2 153 22 B K 1) R A G At ko
PR R A REORTES ).

T IREEE f1r ~ fa, IR 37T UL MOCPSO
BYETE fio M for DHER BB 2, 7F f10 1 foo LHER H
1, H At i o 25 A0 o Ath 5 B 57%, 3 5] MOCPSO
SRV B e 0 T2 05 R R B 3R AT AR ) T2 ST AR
b, 1 3R TR R T R TE R 2 B 43 A 1 2 FE P,
PEF T HX R Z AR F BT N 215 R 2

TR f15, MOCPSO Hi% 3145 1) 5 AL fif 5L TSLPSO.
DMSPSO. MRDE 57k ¥ A W% M 22 7, (H & 1%
# T CLPSO Ff1 TSLPSO &%, HJE K 7E T CLPSO
TSLPSO £ ¥ 4 t MOCPSO %% B £ 0 5 i $iK 471
J B AR 3/ 3R A BE /g, Sz B, CLPSO F1 TSLPSO £
V2 T gk R R il A AR 7 RS R R TR R, RS K
TIERRL TR S IR R DK 1R T IE R
B Z FE A& R R A . A EBEE L,
TSLPSO HIELE AL IS 2 ik ] CLPSO HiEAT N
SJET 5 S FREOR T RS TR 5 A, AE 1)
J22 £, MOCPSO HiE R R B 2, Ax T H IR E A K
K fas ~ f30, MOCPSO 5LIEIRAF B ARMARALE fog F1 fos
EALBVEE 1,4 foan foo~ fao BLHNEE 2. 5 54, 1E foo
I, MOCPSO 5% 1) 5 L fi# & 3% f1t T DMSPSO #
GLPSO LB A, HAE for 1, MOCPSO Fi%AR
T GLPSO 1. X L 45 B 3% B, MOCPSO &2 1) 3k
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AR BE G 1) AT 2% B PR I AR T R AT A S e

A1, HH Friedman #5745 4 7] ., MOCPSO i
RIS/, KB T MOCPSO 595 1E 30 4 CEC 2014
MAAEE EBO bR B BRI 2R-& PERE. Bl
Wilcoxon Fk FIAS 46 25 SR W] 01, AH EE 4 B PSO 22 it 45
7%, MOCPSO L E B /D 14 AR A B S
% 7A@ E R I 2. #H B MRDE 59:, MOCPSO
SOEAE 1AM )8 B AT 2 A v, 1T MRDE
SVEANALE 64N i) FERS AR T MOCPSO Sy, BEAR T 5,
AL TR SR AT LIRS R AR SRR A T 2 AR Y
W Slat .
4 4 w

ARSCHR T — Bty (i [ PRS2 W 1 2 S 7 B )
FLFREC A 5175 MOCPSO SR A5 1E PSO S 38 15 5 37
S5 Bk R IR P B R MOCPSO B 4%
HUERRLTHE B R 2] KA EER T
JEVAR, &5 G OB 0 5 T 32 3 SRS, AR ) PR S T 3 AN
[ 27 2] Qi I 1) 22 43 2 S B, W0 R 48 3 3 AR B
JOF LA R B8 (AT R SE B, 1l 1 i i [ PR A
W P 22 S 0 [ 2 ) SR, [R) I &85 5 0 0 2 > SR Bl
BiMOCPSO Hi% ik Hi R S M AR SI56 25 32 9, AH L
HoAtl 5 R [F) 2 54 PSO F1 DE A8 i 89%:, MOCPSO .12
FEK A CEC2014 AN RIS I 1r) /1 HA S 2 AR
U T MOCPSO 532 IR R RN i 1) AR Ak 2%
o

WA, I B FVELE SR 0 R R M 35 1) 2 AR B 2
BEAS )8 OR R AE, I AR E 0B R E TS
& 54k, 78 J5 28 TAF FoR 2% B 25 G sl 5 2] Ik
K7, 3 B T 2 57 S50 E & MR R A S,
FEAe FLRLF T e SRR TRR AR A i) .
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