$34 % A5 it " HL =2 Eire Vol. 34 No. 5
201145 A CHINESE JOURNAL OF COMPUTERS May 2011

ETXEEENHLE ZWSMES TSI

1).2 3 4 N 5 ), 1
¥ 8" MEE RZB %xl zxn’
D (HeR BT A2 B 24 M 510006)

D(E R RFITT B AR E R E S LS Bl 210093)
DR 2B LR 2R M 510665)
DRI R R M 510006)
DOTRRE B RCE SRS TN 510320)

B OB MRS T R ESEM R T I/5NE OC R B T AT A R M B Y SE S AT L
P, 2T S Markov (7R AT ) 1 3 2 45 25 50 A 1 BE AL B0k LA 45 0 A e Btk s AT 7 e sl e L B Sl T
PRS2 R0 43 ESF R R AR B @ T S A RBRAS M IR Y 6 R L SR T — Fhox b i A B 1 WSSOt 1 K
SR GTEBER BB T OIS R Bk OIS AR B T R AIA R AR R TR+ DEABKRZ
) 14 26 25 - 9 P BB SE 30 1 DA . SCRE 4R ) A 56 AR AR R T LA Sy F 50 0 A0 00 06 78 W SO b 48 A 0 L 0 b it Y —
o B S S

KW R RS FRRR R/ BERR
hE %S ES TP301 DOI S 10.3724/SP.]. 1016. 2011. 00801

Convergence Analysis and Comparison of Evolutionary Algorithms
Based on Relation Model

HUANG Han"”® LIN Zhi-Yong® HAO Zhi-Feng” ZHANG Yu-Shan” LI Xue-Qiang"”

D (School of Software Engineering , South China University of Technology, Guangzhou 510006)
» (The State Key Laboratory for Nowvel Software Technology, Nanjing University, Nanjing 210093)
D (College of Computer Science . Guangdong Polytechnic Normal University , Guangzhou 510665)
Y (School of Computer, Guangdong University of Technology, Guangzhou 510006)
9 (School of Mathematics & Computational Science, Guangdong University of Business Studies . Guangzhou 510320)

Abstract A relation-based model is proposed to analyze the equivalence and ordering of evolu-
tionary algorithm (EA) in convergence. Based on the property of absorbing Markov chain, the
EA of the same equivalence-in-status relation has the equal convergence, so that the partition of
EAs can be implemented in convergence. According to equivalence-in-status relation, an ordering
of stronger/weaker-in-status relation is proposed as a mathematical tool for comparing the conver-
gence of evolutionary algorithm. Furthermore, a stronger EA is given to improve the convergence
of EA. The relation of four (1+1)EAs with different mutation is analyzed by the proposed theo-
rems as case studies with a proof of numerical results. The presented model and theorem can be a

foundation to study the equivalence, ordering and improvement of evolutionary algorithm.
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Background

Theoretical foundation research which includes algo-
rithm modeling, convergence analysis and runtime analysis is
one of the most important topics of evolutionary computa-
tion. Convergence has been studied for several years since it
was a hot theoretical topic. As a result, researchers paid
more attention to the study of runtime analysis. The
authors’ recent work also focuses on runtime analysis of ant
colony optimization, evolutionary programming and particle
swarm optimization. However, it doesn’t mean the study of
convergence analysis is not significant, As we know, most of
the conclusion of convergence analysis is based on an irreduc-
ible Markov chain model which is similar to a conclusion of an
exhaustion algorithm or a stochastic algorithm. Further-
more, the result is only for convergence analysis of single al-
gorithm, but not for comparison with different algorithms in
convergence performance. It stagnated researches into the
convergence analysis of evolutionary algorithms.

This paper presents a theoretical work focusing on the
practical application of evolutionary algorithm. How power-
ful the algorithm is, how to compare an algorithm with oth-

ers and how to improve the performance of algorithms are in-

foundation of bio-inspired algorithms, including analysis of
convergence and time complexity.
LI Xue-Qiang. born in 1983, Ph. D. candidate. His

mainly interests focus on the evolutionary algorithm.

teresting questions in the application. Therefore, a relation-
based model is proposed to analyze the equivalence and orde-
ring of evolutionary algorithm (EA) in convergence. Accord-
ing to equivalence-in-status relation, an ordering of stronger/
weaker-in-status relation is proposed as a mathematical tool
for comparing the convergence of evolutionary algorithm.
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The presented model and theorem can be a foundation to
study the equivalence, ordering and improvement of evolu-
tionary algorithm. In the future study, the improved relation
model will be studied to discuss the convergence and compu-

tational time in order to make more fundamental improvement

of EAs.



