BIRNIBR ARG FEEEFIEESE Vol.6 No.2 16-24 (Aug. 2013)

HEALETRIZ B 1) 5 OneMax [HED
Markov B §H & FH U 72 IR g R 7 A

WA ok MR B HES R BEA? g E2e) Bk R

ZftH 2012F11A7H, B%ftH 2012F12F271,
#%$%H 2013F1H23H

BE LR A EBOMEICEA T 256, 2ORERBZ THT5Z LIZIEFRICEETH L. K
Tl3, OneMax FIREOINHEEEE 2 Markov 8 E 7V % W THNF L 7245 RI2OWTHE T 5. &I,
OneMax MO HEAL#EFEZ Markov #IHE TV D 1 D TdH 5 Wright-Fisher ET NV EHWTRIEL, O
BREATHI AT 5. RIS, SEFPEBETEIZH 5854, OneMax FIEDIEFIRIERERE T IV LM% T
HHIEERT. EUHRBRERET IV IENERFETICREINTE Y, BEITVOBAMIZT T
WZHISNT WS, Foaxld, ZOREHS OneMax FIHEIZ BT 2 BERATHO EA MO T & B\ 7z,
Markov # #{ O %€ HIRBENONUREE L, ZEBATHIO 2 FHICKE VEAMZ w5 2 & CHEERNIZ TR
TAHEILNTE D, 155 NG TRME & FI@EI0E ORI R 2 EERM I L, Bw—F»foh
5T EIRT.

F—7— R ELEHE, BEMTLTY XA, <ba 7, PUREER, OneMax [

Analysis of Convergence Time Using Markov Chain
for OneMax Problem in Evolutionary Computation

KiMINOBU KoGA! KAZUMA YASUNAGA? QINGLIAN MA3
MAKOTO SAKAMOTO? HIROSHI FURUTANI?®  YU-AN ZHANG*

Received: November 7, 2012, Revised: December 27, 2012,
Accepted: January 23, 2013

Abstract: In applying Evolutionary Computation (EC) to realistic problems, it is very important to es-
timate their computational times. In this paper, we report the results obtained by Markov chain model
for the convergence time of OneMax problem. First, we describe the evolution process of OneMax problem
within the framework of Wright-Fisher model, which is a version of Markov chain, and calculate its transition
matrix. Next, we show that, if a population is in linkage equilibrium, OneMax problem is equivalent to the
asymmetric mutation model. The asymmetric mutation model is well studied in population genetics, and the
eigenvalues of its transition matrix were already known. From this result, the analytical form of eigenvalues
of transition matrix for OneMax problem can be obtained. In Markov chain theory, the convergence time of
Markov chain can be estimated by using the second largest eigenvalue of the transition matrix. We compare
this theoretical estimation with the convergence time of average fitness, and show that the agreement is very
good.
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N-DEPENDENCE OF AVERAGE FITNESS
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Fig. 5 Dependence of the average fitness on N. p,, = 0.005.

The horizontal axis represents generation.
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(2B TROEME AR S T2 P(0) 1

Pm)=1—<1—i>N,

PHEMETE L., TIUERICIEF IS REE RS, L
PLIEFIZCRKELR N, 2EZIEN=20LF 5L, X
P(0) &
1 N

Pm)—1<1N> ~1l-e'=063

TH5H. B 11 30O ThBEMIH B L FHE O N KLF
PERLTWA, YREERTH L, HEHV A AHhKE
K23 EREMHAR T B L5 hb.

© 2013 Information Processing Society of Japan

CONVERGENCE TIME
50
= TC(FITNESS: pm=0.01)
TC(EIGEN: pm=0.01)
----- TC(FITNESS: pm=0.03)
—— TC(EIGEN: pm=0.03)
45
\'4 \"4
40 L =20, pm =001
e 35
30
S °
I ;N P Ly "~
'l \‘: . " s
25 L =20, pm =0.03
20
40 80 120 160 200 240 280

N
7 IEXTRRZERAE R E FOVIZ BT B IR T (fitness) O N
AFVE. pr = 0.01 & 0.03. ¢ = 20. FEFIE LT

T, (eigenvalue)
Fig. 7 The population size dependence of the convergence time
T.(fitness) in the asymmetric mutation model, with
pm = 0.01 and 0.03. ¢ = 20. Solid lines are theoretical

estimation T¢(eigenvalue).
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Fig. 9 The bit length dependence of the convergence time
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Fig. 11 The N dependence of number of generations that the
optimal solution will appear for the first time. ¢ = 40,
Pm = 0.005.
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