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Abstract

To avoid premature effectively and improve the capability of global search,an algorithm named differential

evolution algorithm with adaptive population size reduction based on population diversity(Dapr-DE) was proposed. Da-

pr-DE firstly uses population diversity to control the population size reduction. Then,Dapr-DE divides the population in-

to some subpopulations by clustering and deletes the individuals according to their fitness, which keeps population diver-

sity effectively and avoids local convergence. At last,the experimental results validate the effectiveness of the proposed

algorithm on 30 real optimization problems in the CEC14 function set.
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faz mean 2.20008716E+ 03 2. 20056848 E+03 2.20118966E-+03 2.20009082E-+03
std 1.24997520E—01 3. 40480990E— 01 3.99166417E+00 6.91339762E— 02

best 2.62945747E+ 03 2.62945747E+ 03 2.62945747E+ 03 2.62945747E+03

_ worst 2.62945748E-+03 2.62945748E+03 2.62945748E+03 2.62945747E-+03

T2 mean 2.62945747E+ 03 2.62945748E+03 2.62945747E+ 03 2.62945747E+03
std 9.18524503E—13 9.18740844E—13 9.18544623E—13 9.18544623E—13
best 2.50000000E + 03 2. 50000033E+03 2.50000021E+03 2.51600758E+03

_ worst 2.52236875E+03 2.52355856E+03 2.52355856E+03 2.53220843E+03

S mean 2.51142921E+ 03 2.51156417E+03 2.51156417E+03 2.52540896E+03
std 5. 15797898 E+00 1.07887669E-+00 1. 07887669E+00 3. 13508083E+00
best 2.61528089E+03 2.60837595E+03 2.60000000E+ 03 2.64600970E+03
worst 2.65747230E+03 2.72464141E+03 2.70160507E+03 2.70103805E+03

F2s mean 2.63812186E+03 2. 66899960E+03 2.66031315E+03 2. 66985924 E-03
std 8. 66985174E-+00 6.78622462E+00 3. 40684604 E+01 1. 31810236 E401
best 2.70008173E+ 03 2.60595146E+03 2.70004677E+03 2.70006307E+03

_ worst 2.70022784E+03 2.64059294E+03 2.70022548E+03 2.70024380E+03

F mean 2.70016913E+03 2.70016946E+03 2.70010915E+ 03 2.70019089E+03
std 3.36565643E—02 3.21354846E—02 3.13874073E—02 3.39928039E—02
best 2.70104353E+ 03 2.70011132E+03 2.70101970E+03 2.70183793E+03

_ worst 3.00637042E+03 2.70023882E+03 3.10030701E+03 3.00004920E+03
for mean 2.70840119E+03 2.70275090E+ 03 2. 91447766 E+03 2.76688442E+03
std 1.25612156E+01 1.28561262E—01 1.69021391E402 1. 23487165E+02

best 3. 15682688E + 03 3. 15682689E+03 3. 15682698E+03 3. 15682703E+03

. worst 3.19946412E+03 3.16006121E+03 3.31860335E+03 3.17620418E+03

Fas mean 3.15946505E+03 3. 15739768E+ 03 3.19979004E+03 3.15795120E+03
std 6.70031754E+00 1. 24523484E+00 5. 06963505E+01 3. 29247889E-+00
best 3.01410663E+ 03 3.06572218E+03 3.04892149E+03 3.15859357E+03

_ worst 3. 12890872E+03 3. 12628056 E+03 3.19160845E+03 3.26364320E+03
fas mean 3. 11359402E + 03 3.12040376E+03 3.12524762E+03 3.20787628E+03
std 2.20487837E+01 1.06079472E4 01 2.41647485E+01 2.48343370E+01

best 3.46679271E+03 3.46951339E+03 3.29053808E+ 03 3.60229280E+03

_ worst 3.56959981E+03 3.56430824E+03 3.74169640E+03 3.74535033E+03

T30 mean 3. 499014758+ 03 3.51131878E+03 3.52760482E+03 3.64316128E+03
std 2.32807159E+01 2.06684507E+01 7.93033358E+01 1.55378934E+01

3B R R IR BERA B, Z 0 VRS M S SREAE /o). Dapr-DE WP E 25 “ 80 fER T 4 4> R 4K
TE R 1 1Y JR ¥ e U0 R S A A SRk 1 SO AR O TG B K 5 (f5+ /155 f10s f25) T, Dapr-DE BV (E 25 =47 9. M4,
o GEREIRTE 21 DBy fos foo fus fos fsr fros fros pr-DE TEBREL(fo s fas fo s for s fos) AT B 5 000 SF 35 {8, T
SissSus frosfios Niss Soos Sorsfoes foas fous [oss foos [ao) PASIDE ZERRBLCfo s o fo o 1o fo s frius frs o fro s fos) WU BRCHF
o, Dapr-DE BYF (B S B iF 19 76 5 AN PRELC L7 fo s f11 s o5 » -3 {H.



5 11A

BATOP) A R TR RE 20 R 00 T AR R 4 08 2 o AL BV 165

PR T e, 33 L LR BT 4 A A0 R LG PR AR 1 T
R AANEEUNE LA REL £ D ZEERE 2 A
A BB fos T fo0 . HH B AT ST, TDE 835 A9 Wi S0 5 J2: T
B RE R AR R LR A R S B %2R — B
WA HAh 3 A ERAE 4 A REC LRI 2 R K, Ik
ST 6 F e e 0T () A 8 0 JR) 0 A SIS, 7
FBE B EEEE . B )R .35 Dapr-DE 76 & 1 Y 4 4> ok $ - 5]

5
X
20 0
18 Dapr-DE
— pr-DE
16 - - PA-DE
- TDE
14
2 12
£
if-‘: 10
2 08
=
06
oa} sl e -
!
02 e
0 100 200 300 400 500 600 700 800 900 1000
Generation
Ca) BREL 1
2707
Dapr-DE|
2106 — pr-DE
== PA-jDE
» 2105 —= TDE
3
g
o) 2704
=l
3
<~ 2703
2702 f,
|
1
2701 L
=
g
2700 -
0 200 400 600 800 1000 1200
Generation
(o) FREL fa6

T G I B W SOOI R T A 3 RR B H R R AR
B SICIR 25 3 7 S B A IR o e A H T T R 1)
SRV B 45 VE e AT SR 38R0 43 LI A2 Joe 4 % 119 4K Dapr-
DE L H Al 3 v 75 B2 0 22 (W A7 I 1R, (HL B S 3 445 8 4
WHOR B T AL BN £ (45 3 — F 53 16 i) 26 3% 7 Da-
pr-DE 53 8112 17 18] 18] 89 Lo 0 852 JF o 28 FE 3540 e B R Y
AL

4000
Dapr-DE
—— pr-DE
3500 - - PA-DE
--= TDE
3 3000
|
[
2 2500
-

P T s

1500
0 200 400 600 800 1000 1200
Generation
(b R 11
Dapr-DE

—— pr-DE
- - PA-DE
--- TDE

bestFitness

N V. F——

0 100 200 300 400 500 600 700 800 900 1000
Generation

() BREL fo9

[ 87 R B E S @ Y DL &/ BLE a2

g b TR 20 RE MG 4 Fh R BZE AR, Dapr-
DE 1Y SR HERETE 4 F b B8 36 i 2 B I 1 . 3X R B Dapr-DE
5 R B B - R e A0 A B B 0 R 0 TS [ 2 Y Y ] i A
BT R IE M X E BT 5 AR S EUR T LR O 4
e Aol R 94 22 A e B B SR TR AR Y 0 A R AT DR /N O
AT HRAS AN FE 1 AL 45 2R . (B7E — 28 s ¥ |, Dapr-DE & 3
45 T PA-JDE, i 32 B2 il TR0 RF /)N 1) 40 8055 17 5 122 114
R PERE, — R L AT T 5Bk Bk R S e L B . 78—
SR [ Dapr-DE RIAE S T prDE X B2 2 d TR 147
TERNHE 2 MW R s 1R S RE T .

BWIE AR T M2 I — TR
E 22 HE P B AT A8 Bl AL BE E L 5 Dapr-DE, H AR F i £
ToF A A ) A — I U 18 A A S D 68 3R 288 X Y B 4
HBE— 25 1 R4k, A5 R v A4 53 AR T 5T, AT 4 i
TR AR, XSERAERE T DR SRR
AR BAEH] CEC 14 sRE AR FEAT 92 5, 15 B 1 25
HWUESE T Dapr-DE A HE B A LR, Aid.Dapr-DE
FEAE — LR R 0 by T b e D /0N A 445 el 8RB A 2 )
8 7 8 sk 555 R Sy O IR B R 22 RIS TSR I B RE T
AN o] 5 ARk SN R R AT R Ok AR M E AR 4. bk K
B T il Yo — SE ST PR [A) 1, 4 TSP (o) &, 2 AT R 2k TAE
B —AJ5 ),

2 % X M

[1] STORN R,PRICE K. Differential Evolution—a simple and effi-

cient adaptive scheme for global optimization over continuous
spaces: Technical Report: TR-95-012[ R]. 1995.

[2] STORN R.PRICE K. Differential Evolution— A Simple and Ef-
ficient Heuristic for Global Optimization over Continuous Spaces
[J]. Journal of Global Optimization,1997,11:341-359.

[3] MOIRANGTHEM J,KRISHNANAND K R,DASH S S, et al.
Adaptive differential evolution algorithm for solving non-linear
coordination problem of directional overcurrent relays[J]. IET
Generation, Transmission & Distribution,2013,7(4) :329-336.

[4] WANG B C,LI H X,LIJ P,et al. Composite Differential Evolu-
tion for Constrained Evolutionary Optimization[ J]. IEEE Tran-
sactions on Systems, Man, and Cybernetics: Systems, 2018, 99
1-14.

[5] LAIJ C,LEUNG F H,LING S H. A New Differential Evolu-
tion with self-terminating ability using fuzzy control and k-nea-
rest neighbors[ C] // IEEE Congress on Evolutionary Computa-
tion. 2010:1-8.

[6] LI S,SUN W. Optimization of fuzzy control rules based on dif-
ferential evolution algorithm [ C] // Proceedings of 2014 IEEE
Chinese Guidance, Navigation and Control Conference. 2014
2610-2613.

[7] FENG X,SANDERSON A C,BONISSONE P P,et al. Fuzzy
Logic Controlled Multi-Objective Differential Evolution[ C] /Y
The 14th IEEE International Conference on Fuzzy Systems.
2005:720-725.

[8] LIU L,YIN ] T,ZHOU P T. Fault diagnosis of power trans-

former based on improved differential evolution-neural network



166

i BN R

2018 4F

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[C]// 2013 IEEE 4th International Conference on Electronics
Information and Emergency Communication. 2013:238-241.
BHATIA S, VISHWAKARMA V P. Feed forward neural net-
work optimization using self adaptive differential evolution for
pattern classification[C]J // 2016 IEEE International Conference
on Recent Trends in Electronics, Information & Communication
Technology (RTEICT). 2016:184-188.

GOLDBERG D E. Genetic Algorithms in Search, Optimization,
and Machine Learning[ R]. Addison-Wesley, Reading, MA,1989.
MENGSHOEL O J,GOLDBERG D E. The crowding approach
to niching in genetic algorithms[ ] ]. Evolutionary Computation,
2008,16(3):315-354.

SHI E C,LEUNG F H F,BONNIE N F. Differential Evolution
with adaptive population size[ C]//Law 2014 19th International
Conference on Digital Signal Processing. 2014 :876-881.

BREST J,ZAMUDA A,FISTER I,et al. Large scale global op-
timization using self-adaptive differential evolution algorithm[ C] //
Evolutionary Computation (CEC). 2010:1-8.

RONKKONEN J,KUKKONEN J,PRICE K V. Real-Parameter
Optimization with Differential Evolution[ C]// The 2005 IEEE
Congresson Evolutionary Computation. 2005:506-513.

PRICE K V,STORN R M, LAMPINEN J A. Differential Evolu-
tion, A Practical Approach to Global Optimization[ R]. Sprin-
ger, 2005,

FEOKTISTOV V. Differential Evolution:In Search of Solutions
(Springer Optimization and Its Applications)[ R]. Springer-Ver-
lag NewYork, Inc. ,Secaucus, NJ, USA,2006.

VOLKOVAS R,FAIRBANK M,PEREZ-LIEBANA D. Diversi-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ty maintenance using a population of repelling random-mutation
hill climbers[ C] // 2017 9th Computer Science and Electronic
Engineering (CEEC). 2017:37-42

CHEN L. An Adaptive Genetic Algorithm Based on Population
Diversity Strategy[ C]//2009 Third International Conference on
Genetic and Evolutionary Computing. 2009 :93-96.
WAGSTAFF K,CARDIE C. Constrained K-means clustering
with background knowledge[ C]// The Eighteenth International
Conference on Machine Learning. 2001:577-584.

FREY B J.DUECK D. Clustering by Passing Messages Between
Data Points[]]. Science,2007,315:972-976.

CUI X X,LI M,FANG T ]J. Study of population diversity of
multiobjective evolutionary algorithm based on immune and en-
tropy principles[ C]// Proceedings of the 2001 Congress on Evo-
lutionary Computation (IEEE Cat). 2001:1316-1321.

LIANG J J,QU B Y,SUGANTHAN P N. Problem definitions
and evaluation criteria for the CEC 2014 special session and
competition on single objective realparameter numerical optimi-
zation[ R]. Tech. Rep. 201311, Computational Intelligence Labo-
ratory, Zhengzhou University, Zhengzhou, China, 2014,

LIU J, LAMPINEN J. A Fuzzy Adaptive Differential Evolution
Algorithm[ J]. Soft Computing-A Fusion of Foundations. Me-
thodologies and Applications,2005,9(6) :448-462.

ZHANG X,YE Z W, YANG J,et al. An approach for learning
the optimal “tuned” masks based on differential evolution algo-
rithm[ C] // 2017 International Conference on Security, Pattern

Analysis,and Cybernetics (SPAC). 2017:585-590.

(L35 148 T

—4—BFS —#-AGA —4—GWOA

025
020
g 015
= 010
005
* s 10000 20000 30000 40000
JREH K&
5 AR RIET M IR A [ R
BRIE BT RRSEE Y 328U d R 48 A A0 £ AT

o0 BT F) o o A RN TR B R R RO . (HUR ROR Bk iR
FEAE IR AT R op 28 5 IR T JR A o DG T 0k e 4 3 I AN

.

A IRAR S 1 ) A7 R B A T Y O O B PR Rl
FAT A R AT — 20 4R T Sk AR D

15 1 3 e

T T — 2 LAE,

[1]

[2]

[3]

£ % X M

CHO J,GARCIA-MOLINA H,PAGE L. Efficient crawlingth-
rough URL ordering[]]. Computer Networks and ISDN Sys-
tems,1998.,30(1):161-172.

KLEINBERG J M. Authoritative sources in a hyperlinked envi-
ronment[ ] ]. Journal of the ACM (JACM),1999,46(5):604-
632.

HERSEOVICI M,JACOV M,MAREK Y S. The Shark-search

[8]

L9l

[10]

[11]

[12]

[13]

[14]

algorithm an application: Tailored Web site mapping[JJ. Com-
puter Networks and ISDN Systems,1998,23(1) :41-58.

By /N, T AR B T ) s (DR A Y op SO MR B R R
WFoEL]. iF AL TR 512 A1, 2003,15:109-111.

AR KR L B 2% B, T S0 FE T DL T 4 25 2% Y S E B 5T
[, 53U IR 5E . 2009, 26(9) : 3418-3420, 3439,

ZEH L B ED L 2RI 30, 2T SVM Y 3 B b AR R[], 3
BRI ,2015,42(2) . 118-122.

KR, 8% PRV, 2 S T P A R A e R B g ).
MR ,2017,44(11) :460-463

WREZ, ZE55 5 B AR AR, 25 36T SVM BT Y 45 @l 32 e L] ].
YRR CH AR 22010, 47(3) 1 493-497.
MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf optimiza-
tion[J]. Advances in Engineering Software,2014,69(7) ;:46-61.
BB, R BRI AR B 1 o o R SR Y TR AR AL B vk
L) LR ,2017,44(3) : 259-263.

X G R, P A AR TR S R Y AR AR R [ ],
AL . 2007,27(12) :172-176.

KIS B, BT L Rk R )] AR S &
J#.,2012,22(8) ,48-52.

SRARUN XK HH A BT ORI A e A SR [T ). T EAL
REFBFSE .2017,34(12) :3603-3606.

FRISCHG T HARAR. A N I A R AR 3 I s R g
m R AR L) ], R HLRES: 2016 ,43(8) 1 254-257.





