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Multi-swarm collaborative particle swarm optimization algorithm
based on comprehensive dimensional learning

Zhang Qiwen, Wang Yangting®
(School of Computer & Communication, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Aiming at the problem of "over-exploitation" in dimensional learning strategy (DLS) , this paper proposed a multi-
swarm collaborative particle swarm optimization algorithm with comprehensive dimension learning (CDL-MCPSO) . The
cluster structure of master-slave paradigm divides the population into a master group and four slave groups, in which the
master group executes a comprehensive learning strategy to conduct a large-scale exploration in the search space, and the
slave groups execute a comprehensive dimensional learning strategy (CDL) to exploit high-precision solutions near the local
optimal. The master-slave groups can effectively achieve the balance between exploration and exploitation by executing
algorithms with different functions. At the same time, in order to maintain the diversity of the population, the CDL-MCPSO
proposed a new solution exchange mechanism(SEM) , By doing this, the algorithm can accomplish information exchange and
cooperation after the master-slave groups running their respective algorithms for several generations independently, so as to
guide the particles to conduct more accurate searches in the later stage. Finally, for the high randomness of the initialization
process, the algorithm adopted latin hypercube sampling to reconstruct the input distribution. In order to verify the
effectiveness of CDL-MCPSO, compared with 5 kinds of PSO variants in 10 test functions. the results show that the algorithm
can always find better or equivalent solutions. It is feasible and efficient in solving complex functions.
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Fig. 1 Master-slave paradigm cluster structure
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Fig. 4 Individual distribution of the population at the 50th generation
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Fig. 5 Individual distribution of the population at the 500th generation
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Tab. 3 The 10 test functions used in the experiment

No. Functions F=F(x")
. Rotated High Conditioned Elliptic
Unimodal f; ] 300
. Function
Functions . .
f, Rotated Discus Function -1100
fy Rotated Weierstrass Function -600
) f, Rotated Griewanks Function -500
Basic .
. fs Rotated Katsuura Function 200
Multimodal . .. .
) fe Lunacek Bi_Rastrigin Function 300
Functions - . ..
Rotated Lunacek Bi_Rastrigin
f, ) 400
Function
Composition Function 2
fs 800
(n=3,Unrotated)
Composition Composition Function 3
. fo 900
Functions (n=3,Rotated)
Composition Function 4
fio 1000

(n=3,Rotated)

4.3 ILEEE

N T UAiE CDL-MCPSO SEIEAEK fift 52254 1) i (1 1L RE

s H 5 40— 7B 5 (unified particle swarm optimization,
UPSO)3), 58 4 511 R T BF 5.2 (fully informed particle swarm,
FIPS)!! 4 & 22 > i - B 5 7% (particle swarm optimization
based on dimensional learning strategy, DLPSO)?!, J£4T454
2 SR BEU AL S 7 (parallel comprehensive learning particle
swarm optimization , PCLPSO)! J% 45 #E ki T B 5 3% (A
modified particle swarm optimizer, PSO-W)PIFLff et s 1B
BEBATRT SRS . A T ARIEDHA R AP, BRI SH0E
BYJHE: MRS 40, EARECH 1000, FrE H%5 7
£ D=10. 30, 50 =AML T AR MK B H B A ST 247 30
Wo SEIGIAEE W B U RN : AMD Ryzen 5350H with Radeon Vega
Mobile Gfx 2.10 GHz, RAM 16GB, Windows 10 #{f &4,
Matlab R2016b. CDL-MCPSO 3%k J %t H Bk ) 250 ¥ B 1 % 4
Hios.
#* 4 CDL-MCPSO Sk Koxt WA S Hi &
Tab.4 CDL-MCPSO algorithm and comparison algorithm parameter setting

(=R ZHRE 2R
PSO-W ©=0.9~0.4,c1=c2=2 [2]

UPSO %:0.729,c=1.49445 [13]

FIPS %:0.729,0=2 [11]
DLPSO ©=0.9~0.4,01=1.5,c2=0.5~2.5 21]
PCLPSO ©=0.9~0.4,c=1.49445 [17]

CDL-MCPSO  ©=0.9~0.4,c1=c2=2.05,c3=2.0,c=1.49445
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4.4 EEMEESHR

F 5~6 FIRTE D=30,50 WA 4ESEIEI T, B SEIEENRA
B L (R B AR HE R 22 . N Rk IR A R 45 SR UKL 5
IR, WEREIE TG 1 CDL-MCPSO &k 7 7E MR
Kt EROMERENE B ELIAN, BENETE HADLE K Z RO L ik

PR RS R BOA A R K b 2 REFR B A A B 2
WEER, REANRE ERE M EA L, AL B g i
10 2 2 J DR A ANHESR Y R 25 6 27 20 SRS (CLS) M SR 15 2 T 27
I HNS(COL)EFRISACHTIIAAE T O0F5 MRS, /%R T W)
REAFAEBAUAR I T AT X, NIRRT R PR R B8 1 2L

5 XHEEEN B LR LSS R (D=30)

Tab.5 The optimization results of the comparison algorithm on the test function(D=30)

PRIAL Criterion PSO-W UPSO FIPS DLPSO PCLPSO CDL-MCPSO

| Mean 1.07E+08 1.70E+07 1.67E+08 5.36E+07 3.26E+08 1.60E+07
Std 8.06E+07 1.38E+07 1.86E+07 6.23E+07 8.16E+07 4.55E+06

f, Mean 1.04E+05 5.45E+04 8.45E+04 6.27E+04 3.95E+04 4.79E+04
Std 3.01E+04 1.67E+04 2.22E+04 2.04E+04 2.26E+04 4.10E+04

f, Mean 2.52E+02 2.47E+02 3.93E+01 3.12E+01 3.06E+01 2.39E+01
Std 1.51E+00 3.25E+02 3.78E+00 1.74E+00 3.35E+00 3.22E+01

f, Mean 2.42E+03 4.08E+03 5.78E+03 4.74E+03 4.24E+03 3.76E+03
Std 3.42E+03 2.24E+03 7.14E+02 3.05E+02 6.18E+02 7.50E+02

f, Mean 2.28E+02 2.28E+02 3.09E+00 2.47E+00 2.32E+00 1.33E+00
Std 3.38E+02 3.39E+02 3.01E-01 4.64E-01 5.96E-01 4.39E-01

f, Mean 6.92E+02 3.32E+02 2.35E+02 2.92E+02 1.93E+02 9.32E+01
Std 1.26E+02 2.68E+02 2.74E+01 6.07E+01 7.38E+01 1.12E+01

f, Mean 6.84E+02 3.83E+02 2.46E+02 2.61E+02 2.39E+02 1.34E+02
Std 1.19E+02 2.34E+02 1.91E+01 5.46E+01 1.05E+02 1.46E+01

f, Mean 5.51E+03 3.25E+03 6.74E+03 5.89E+03 3.58E+03 4.29E+02
Std 3.49E+03 1.89E+03 2.19E+02 1.56E+03 8.48E+02 3.85E+02

f, Mean 8.48E+03 7.77TE+03 8.97E+03 7.95E+03 6.61E+03 5.30E+03
Std 3.47E+03 2.57E+03 2.52E+02 8.83E+02 8.85E+02 2.66E+02

f Mean 4.31E+02 4.21E+02 3.03E+02 2.88E+02 2.94E+02 2.15E+02
Std 3.68E+00 2.10E+02 2.04E+02 1.08E+01 7.63E+00 5.01E+00

R 6 NS I e B L AL AL 4 2R (D=50)
Tab. 6 The optimization results of the comparison algorithm on the test function(D=50)
PR Criterion PSO-W UPSO DLPSO PCLPSO CDL-MCPSO

f Mean 6.63E+08 4.03E+08 3.64E+08 2.12E+08 2.27E+08 2.60E+07
Std 2.68E+08 3.10E+07 5.13E+07 3.74E+07 1.64E+08 1.05E+07

f, Mean 9.46E+04 1.63E+05 1.72E+05 9.73E+04 8.79E+04 9.93E+04
Std 7.02E+04 6.54E+04 2.03E+04 2.62E+04 2.12E+04 3.42E+04

' Mean 2.75E+02 2.67E+02 7.43E+01 5.76E+01 6.11E+01 4.90E+01
Std 2.27E+00 3.12E+02 3.44E+00 3.60E+00 5.09E+00 2.06E+00
f, Mean 1.88E+04 2.17E+04 1.92E+04 1.71E+04 1.90E+04 1.52E+04
Std 6.77E+03 4.36E+02 1.59E+03 1.10E+03 1.67E+03 4.94E+03
f, Mean 2.28E+02 2.28E+02 4.15E+00 3.71E+00 3.65E+00 2.21E+00
Std 3.37E-01 3.38E+02 3.38E+02 5.89E-01 4.75E-01 1.06E+00

f Mean 1.61E+03 4.54E+02 5.32E+02 6.87E+02 6.81E+02 2.32E+02
Std 7.17E+02 1.92E+02 4.35E+01 1.05E+02 2.98E+02 2.35E+01

f, Mean 1.62E+03 5.47E+02 5.30E+02 7.20E+02 6.64E+02 3.76E+02
Std 7.21E+02 1.39E+02 2.69E+01 1.11E+02 2.35E+02 9.88E+01

f, Mean 1.00E+04 6.80E+03 1.34E+04 1.17E+04 9.00E+03 5.70E+03
Std 4.94E+02 4.47E+03 2.08E+03 1.74E+03 1.32E+03 4.75E+02

A Mean 7.68E+03 1.87E+03 1.51E+03 3.23E+03 2.97E+03 1.40E+03
Std 1.93E+03 1.43E+03 1.32E+03 1.75E+03 5.26E+03 1.36E+03

. Mean 4.90E+02 4.74E+02 3.92E+02 3.72E+02 3.77E+02 3.39E+02
Std 2.79E+00 1.77E+02 1.36E+01 1.31E+01 1.57E+01 1.68E+02

Bl 7~12 43 AR T CDL-MCPSO HyAfE fi (Frlg), . (£
MEA)FN T (A =A% 30, 50 4 RISt 2R [, 4Fnl ik
B f St 2R B, AR 7 W] LA SR B G Fk B 2 A T PSO-
W. UPSO. FIPS, 5 PCLPSO #ftl, MuHykis T &Rt

fift, i PCLPSO MY $k 24 R i@, i ELA 50 A4k
TR s it THe, & 10 FIE 7 (R ks, &
XTEREL fa NSkt 261, JEHGEE 11, CDL-MCPSO 468 H i
T FHAbST L EE, N o sk ih 28 B v LLE WA H CDL-
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Fig. 7 Convergence curve of f; (D=30)
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Fig. 11  Convergence curve of f, (D=50)
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Fig. 12 Convergence curve of fy (D=50)

AT #E—BKAF CDL-MCPSO 53 1L RE , i %5058 4
FE M, SRR B KCE N 0.05 B Wilcoxon Hiky
THERFIW R . For “47 “—" “=” 5353 R CDL-
MCPSO FEMEE RN T« 95T M2 T BRI B 45
o MFE 7 K Wilcoxon WXL RAKE, 1£ a=0051 CDL-
MCPSO SHEAE M ek A ARRT X B3 — et 3

%7 @it Wilcoxon [l 75 3] 45 5
Tab. 7 Results obtained through Wilcoxon's test

D CDL-MCPSO VS P-value + ~ — 0=0.05
PSO-W 0.000851 37 1 0 Yes
UPSO 0.000112 36 1 0 Yes
FIPS 0.000401 36 1 0 Yes
30 DLPSO 0.000102 35 2 0 Yes
PCLPSO 0.000099 36 1 0 Yes
PSO-W 0.000134 36 1 0 Yes
UPSO 0.000026 35 1 0 Yes
FIPS 0.000147 37 1 0 Yes
20 DLPSO 0.000082 36 2 0 Yes
PCLPSO 0.000096 36 1 0 Yes

FEAE DL EXFEC 4047, CDL-MCPSO AJ LA 43 55 47 () 2 b
PEIF R GG 2 RS m R B I, JF AR SR ENE R
R e Syl S g 8. Rk, CDL-MCPSO & — g
BT PSO T REMI A 47 J7 12

5 Z£FiE

NP FRBAT R P SAI BRI R Re Sy, A
ST EMTE ARSI I T SRS YRR 2 ST 2 R MR
TR ST I5(CDL-MCPSO), £ MBI AT BAT AN F B fig
(K127 2] SR, Horh RS2 2 SRS A2 61X DLS A7 AE 1Y “ 3 BETT
K7 OAIT R, RN R THR I B, R ERE T —Ah T
AL, T RER 2 18] (A5 3L, SER 45 RAEW] CDL-
MCPSO SIEAMUBERS R4 K 2 M, T MG b
R B 4 £ A R AR U A R T EL A A S A A ) Jo
EEIHEUIRRS, AR T RGN YRR R,
WA RS T A FEIT R T B B R R R A A
F8 73 U R K R M K L P S B B 2 ) R AR AT
A RIS .
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