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Protected Zone-based Population Migration Dynamics Optimization Algorithm

HUANG Guang-qiu and LU Qiu-qin

School of Management,Xi’an University of Architecture and Technology,Xi’an 710055, China

Abstract To solve global optimum solutions of some complex optimization problems,a new swarm intelligence optimization algo-
rithm, called PZPMDOQO, was proposed. In this algorithm,it is assumed that many biological populations live in an ecosystem,and
the ecosystem is divided into two regions:non-protected zone and protected zone. All kinds of protection should be carried out for
biological populations in the protected zone. There is a population migration channel between the non-protected zone and the pro-
tected zone. If the density of a biological population in a certain region is too high,the population will migrate to the low density
region spontaneously,resulting in the influence on biological populations in the low density zone by the migrated biological popu-
lation. The greater the proportion of a biological population,the greater the influence of the population. The stronger a biological
population is,the more the biological population will spread its advantages to other biological populations. There is a mutual influe-
nce on the survival and competition of each population in different zones,which is reflected in the interaction among the features
of biological populations.and the influence varies with time. The ZGI index is used to describe the strength of a biological popula-
tion. The protected zone-based population migration dynamic model, population migration and interaction of biological populations
are used to construct operators. PZPMDO has 8 operators,and only 1/1000~1/100 of of total variables are dealt with at a time of
evolution. The algorithm has the characteristics of fast search speed and global convergence, it is suitable for solving the global
optimization problem with higher dimensions.
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Table 2 Six benchmark function optimization problems

g4 W s Hib AR EYE- &0

gt ERERET Bk anagm
F23 Composition Function 3 & % —2721.4763
F24 Composition Function 4 K o 631.2470
F25 Composition Function 5 K 1200. 0000
F26 Composition Function 6 & % 294.1417
F27 Composition Function 7 K 4 1600. 0000
F28 Composition Function 8 * %0 —4756.7068
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Table 3 Parameter setting of intelligent optimization algorithms

participating in comparisons

ek * SR E
RCGAMT] ko =100, pr=0.5.¢,=0.5,A=0.5,C; =200
(18] b=10,m=38,p=0. 24,5, =0.025, s_ =0.015,
DASA .
e=1.0x10 '
NP-PSOL19] N=200
[20] k=100,elit="4,mp,,=0.01,R, =round(0. 5k.,k) ,
MpBBO
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N=200,p=10,SU=5,c=0. 1,/ =0.5,#p=0.5,
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fp =0.5
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Table 4 Optimum solutions obtained by PZPMDO and 7 compared algorithms when solving optimization problems listed in Table 2
B Aok PZPMDO RCGA DASA NP-PSO MpBBO MDE-LiGO SLADE ABC
T E —2.72%10%  —7.42X10° —2.52x10° —2.71x10° —2.52x10° —2.36x10° —2.51X10° —2.66X10°
S —2.72%x10°  —7.42%x10° —2.52x10° —2.71x10° —2.52x10%° —2.36x10° —2.51Xx10° —2.66%x10°
Tk £ 2.80X10 °  3.04X10°°  3.07X10 °  3.17X10 °  3.19X10 °  3.06X10 °  3.32X10 °  2.84X10 °
23 & /NME —2.72%10° —7.42X10° —2.52X10° —2.71x10° —2.52x10° —2.36X10° —2.51X10° —2.66X10°
&AM —2.72%10°  —7.42X10° —2.52X10° —2.71x10° —2.52x10° —2.36x10° —2.51X10° —2.66X10°
& B R H 5.92%10° 1.08%10° 1.34%10° 1.91x10° 3.51%x10° 3.15%X10° 1.13%10° 1.04%10°
#H 41 1 8 4 2 5 7 6 3
B4 2 1 3 4 2 5 7 6 3
T E 1.20X10° 1.20X10° 1.20%10° 1.06%10° 1.20X10° 1.12x10° 6.31x 10 7.10%X10°
1 1.20X10° 1.20%10° 1.20%10° 1.06%10° 1.20X10° 1.12x10° 6.31x 102 7.10X10°
AR ZE 3.29%107 %  3.55X10° 2 3.02X10° %  2.82X10° %  3.34X10 %  2.79%X10°%  1.54X10° %  3.25X10 °
Fou & ME 1.20X10° 1.zo><1of 1.20x1o‘3 1.06%10° 1.20X10° 1.12x10° 6.31x 102 7.10X10°
oA 1.20x10° 1.20x10° 1.20x10° 1.06 X 10° 1.20x10° 1.12x10° 6.31x 102 7.10X10°
& N E Kk 3.88%10° 4.01%X10° 6.52%x10° 1.48x10° 4.80%x10° 1.68X10° 1.05x10° 7.77%X10°
H 41 7 8 6 3 5 4 1 2
H 42 7 8 6 3 5 4 1 2
T E 1.25%10% 1.28%10° 1.29%10° 1.27%10° 1.30X10° 1.26X10° 1.29%10° 1.27%10°
S 1.25% 108 1.28X%10° 1.29x10° 1.27%10° 1.30X10° 1.26X10° 1.29%10° 1.27X10°
Rk £ 2.90X10 2 3.28X10 % 2.67x10 % 3.15X10 %  3.12X10 %  2.67xX10 %  3.30X10 %  3.33x10 ?
25 & /NME 1.25%10° 1.28%10° 1.29%10° 1.27X10° 1.30X10° 1.26X10° 1.29%10° 1.27X10°
&AM 1.25% 108 1.28%10° 1.29%10° 1.27X10° 1.30X10° 1.26X10° 1.29%10° 1.27X10°
& B R H 2.06%10° 2.47%X10° 2.92%10° 3.35%10° 3.62X10° 4.41%10° 2.44%X10° 7.94%X10°
41 1 5 7 3 8 2 6 4
H4 2 1 5 7 3 8 2 6 4
T E 2.95x 102 2.95X10° 1.50x10° 2.95%10° 3.78%x10° 2.95X10° 2.95%10° 2.95%10°
i 2.95x 102 2.95X10° 1.50%10° 2.95%10° 3.78%X10° 2.95%10° 2.95%10° 2.95%10°
ARk £ 3.38X10° % 3.19X10° %  3.11X10° 2  3.05X10 °  3.07X10 °  3.34X10 °  2.88X10 °  3.35X10 °
26 BOME 2.95x 102 2.95%10° 1.50x1o‘3 2.95x10° 3.78%10° 2.95x10° 2.95x%10° 2.95x10°
oA 2.95x 102 2.95x10° 1.50x10° 2.95x10° 3.78%10° 2.95x10° 2.95x%10° 2.95x10°
& B ok % 1.17%10° 1.80x10° 1.02X10° 5.52%10° 1.80X10° 9.89%10° 2.37X10° 4.30%10°
#H 41 1 4 8 2 7 5 6 3
H A2 1 4 8 2 7 5 6 3
T E 1.60x10° 1.62%10° 1.60 % 10° 1.61x10° 1.61x10° 1.61x10° 1.64%10° 1.60%10°
il 1.60X10° 1.62x10° 1.60x 10° 1.61x10° 1.61x10° 1.61x10° 1.64>10° 1.60%10°
Rk £ 2.92X10 2 3.17X10 % 3.03x10 %  2.90X10 2  2.86X10 2  3.07X10 %  3.43X10 ®  3.41x10 ?
Fo7 & NME 1.60X10° 1.62x10° 1.60 % 103 1.61x10° 1.61x10° 1.61x10° 1.64%10° 1.60X10°
&AM 1.60x10° 1.62%10° 1.60 % 10° 1.61x10° 1.61x10° 1.61x10° 1.64%10° 1.60X10°
& BB ok B 3.59%10° 1.38x10° 8.60x10° 4.86%10° 3.90%x10* 1.10x 105 3.83%10° 1.07x10°
H 41 3 7 1 4 5 6 8 2
H4 2 3 7 1 4 5 6 8 2
P —4,76X10° 7.84%10° 3.98%10° —2.49%x10° 4.03%x10° 3.07X10° 3.03%x10° 4.12%x10°
P —4.76X10° 7.84X10° 3.98%10° —2.49X%10° 4.03%x10° 3.07X10° 3.03%x10° 4.12%x10°
AR ZE 2.87X10° 2  3.21X10°%  3.25X10 %  3.07X10 °  2.61X10 %  3.02xX10 %  3.43X10 %  3.14X10 ?
Fog & NME —4,76X10° 7.84%10° 3.98%10° —2.49%x10° 4.03%x10° 3.07X10° 3.03%x10° 4.12X10°
& AME —4.76X10° 7.84%10° 3.98%10° —2.49X%10° 4.03%x10° 3.07X10° 3.03%x10° 4.12%x10°
& B Ak K 3.99%10° 3.15%x10° 1.44%10° 2.72%X10° 1.28%10° 2.02%x10° 1.55%10° 9.18X10°
#H A4 1 1 8 5 2 6 4 3 7
B4 2 1 3 5 2 6 1 3 7
LS TR YN 14 10 31 16 36 28 30 21
B4 2 B0 14 40 31 16 36 28 30 21
BARHL 1 1 8 6 2 7 1 5 3
AL 2 1 8 6 2 7 4 5 3




BOLER L GF AR XA BRI R 3 122 A R ik

193

4 HEA 1 Rk S L AL TR R AR B bR RR A
He  HE 47 2 J2 3 S5 0 3 17 4 et B A e B A RN 3 N
TEM U HE R s e A HEA 1 R &R 2 43 ) Je 3k T HE 4
1 AHES 2 TS B0 HES .

JEZ % Friedman k3% % & PZPMDO 5 5 15 45 B 5

FAXT 8z B . N 4 TTLIE Y PZPMDO 52K ff F23—
F28 i}, ¥ A & B i e b i & SR e A it . 45 6 R O]k . PZPM-
DO BRI LA EREEL T 7 Mt b B, HoORMEBEEER
JERANER ¥ KN

#* 5 PZPMDO Bk 5 7 Fhoxd LB AT 4945 SR #Y Friedman
7 R L T 5 52 10 A B R % LB & PZPMDO SRS R L (0. 01)
BN RESS 7 EEIIRAENSERE BE AN Table 5 Comparison of Friedman test results between PZPMDO
[, Friedman £ 45 5 3k 5 ran, K i # =1 FoR and 7 compared algorithms (a=0.01)
PZPMDO F i iR 50 WSk A 99 %6 25 5, i = 2o 1t PZPMDO % i vs.
0 %%ﬂ“_\‘ PZPMDO ;ﬁi PE_ FI(J ,I.é ﬁg IEJ‘ X‘T Hﬁ% Jf H/‘J ‘ﬁ AFIE Zﬁﬁ ‘ﬁ %% 8] RCGA DSDA NP-PSO MpBBO MDE-LiGO SLADE ABC
F23
B, #5 L BEE= MEEMBEE=0 WEIEAH  agmnse, © 0 ° O 0 o 0
Fm PZPMDO 53k 5 7 R L4 vk B AN R AR A W 2% BF % 1 1 1 1 1 1 1
S5 R R O A 1 2 oy 000 0 o o
M 4 7] L& H, PZPMDO, RCGA, DSDA, NP-PSO, R 1 1 1 1 1 1 1
MpBBO, MDE-LiGO,SLADE L F; ABC & ¥ # - 5 & 1t B Fz5 o o 0 0 0 o 0
— ¥ N N — . y . (Asymp. Sig.)
7 R S 1 T 90 B D L o 0 O i ve 1 L
PN R B B 256 AT HE T T A B9 25 2 38 0 F26 o o 0 0 0 0 0
PZPMDO > NP-PSO > ABC > MDE LiGO > SLADE > (Asymp. Sig.)
B #FH 1 1 1 1 1 1 1
DSDA™>MpBBO>RCGA F27
) 0 0 0 0 0 0 0
f % 5 Al 1, PZPMDO 5325 3R fif 6 4~ 35 o ok B0 1k ) 8 (Asymp. Sig.)
Sy TN 5 . £ FE 1 1 1 1 1 1 1
B4 B 22 TR B BB 42,1 WK T A W 22 5 %6 o8
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Fig. 2 Sample convergence curves of 8 algorithms for 6 benchmark function optimization problems
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