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ABSTRACT

The paper presents an extension d Vose's Markov chain model
for genetic dgorithm (GA). The model contains not only standard
genetic operators sich as mutation and crossover but also two new
operators — trandation to the left/right and permutation d bits.
The presented model can be used for finding the transition
matrices and for the investigation d asymptotic properties by
using Markov transition functions. The egodty of the Markov
chain describing the GA with new operators, trandlation to the
left/right and permutation, is rown. The model is gedalized for
a cae of Bentley’'s GA. For this GA the egodty of the Markov
chains and the asymptotic corredness in the probabili stic sense
are shown. To model other aspeds of the Bentley's GA (effedive
fitness total transmisson probability) the microscopic Exaa Poli
GP ShemaTheory for Subtree Swapping Crosover is used.
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1. INTRODUCTION

There ae many works based on Schema Theory [3] explaining
how the GAs work. The other approach to the formalizaion o
GA is based onthe microscopic Markov chain models, such as
Vose's model of SGA [5]. The Markov chain model enables the
investigation d asymptotic properties and transition matrices. The
only ore known Markov chain model for more mplicaed
evolutionary algorithm — GP with hamologots crossover, withou
mutation - is presented in [4] by Poli. The paper presents an
extension o Vose's Markov chain model for SGA to GA with
new operators — trandation to the left/right and permutation o
bits. The model is gedalized for the cae of Bentley’'s GA [1]
which is used to generate 3D-solids designs in a CAD system.
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Next, the microscopic Exaa Poli GP Shema Theory for Subtree
Swapping Crosovers is applied to the Bentley’s GA to cdculate
the dfedive fitness and the total transmisson pobability for a
fixed-size-and-shape schema uncer hierarchicad crossover.

2. EXTENSION OF THE VOSE'S
MARKOV CHAIN MODEL

The extension d Vose's Theory for SGA consists of adding rew
operators: trandation to the left/right and permutation. The genetic
algorithm is modeled with a homogeneous Markov chain. The
ergodty of the Markov chain and the asymptotic corrednessin
the probabilistic sense of genetic dgorithm were shown. The
sketch of the proof is shown onthe figure. In the model the search
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ditributions are defined as for SGA in [5]. Trandation to the right
consists of creaing the cde z[OX from the wde xO X hy
usingthetranglationmask u O X asfollows:
z=Xouwhere: X=(Xg, X, Xe=1); U = (Ug,Uq,....Uc—1)
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Trangdlation to the left consists of creding the cde zO X from
the cde xO X by using the trandation mask u 0 X acording to
therule: z=x%uwhere

00w = left(u)
+o-left(u) W < left(u)

g
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The transposition operator consists of creaing the de
zO X from the wmde x0O X by wsing the transposition mask
vO X acordingto therule: z=xe v where
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The probability distribution move, of the result of the translation
to theright of the @de x is given bythe foll owing formula:
move, ({Z) = 3 yu[xou=27]where

uXx
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The probability distribution move, of the result of the translation
to the left of the @de x is given bythe following formula:

move, ({Z) = 3 y,[xou=7]
uXx

The probability distribution transp, of the result of the

transposition d the ade x is given bythe foll owing formula:
transp, ({2) = Zav[x- v = z] where
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3. APPLICATION OF THE EXTENDED
MARKOV CHAIN MODEL TO BENTLEY 'S

GA

The extended Markov chain Model is applied for the Bentley’s
GA under the asaumption, that crosover points are numbers of
primitives. The mutation d groups of aleles is modeled as
compasition o permutation and trandation to the left/right
operators. The probability distribution mut, of the result of
mutation o aleles of the @de x is defined as in [5]. The
probability distribution cross, is given by the following formula:

aross, , (B =5 % [(xOt)0 (0 y) = 2] with crosover type

tox
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4. EXACT MI CROSCOPIC SCHEMA

THEORY FOR BENTLEY 'S GA

Theoreticd results presented below are obtained on the basis of
Microscopic Schema Theory for GP with SubtreeSwapping
Crosover [3]. Hierarchicd crossover is modeled as gsrondy
typed crosover [2]. For hierarchicd crosover probability of
choosing nods, coded in the Node Reference System as

(dy,iy), (dsin) L in by, hy isequal to:

Pecgp (01,1, d, 05 [y, hp) =

CM (dy,iy,dy,i5, by, hy)
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where CM returns 1 when nodes are in the same dassand 0in the
other case. The total transmisdon probability and the dfedive
fitness for a fixed-size-and-shape schema H under hierarchicd
crosver and nomutation can be eaily cdculated onthe base of
the theorems presented in [3].

5. CONCLUSIONS

The paper has presented the extension d Vose's Markov chain
modd for GA with mutation, cros®over, trandation to the
left/right, and permutation d bits. The egodty of the Markov
chain describing the GA has been shown. The presented theory
has been applied to the Bentley’'s GA. The egodty of the Markov
chain and the asymptotic corrednessin the probabili stic sense for
the Bentley's GA has been shown. Also the microscopic Exad
Poli GP Shema Theory for Subtree Swapping Crossovers has
been applied to the Bentley’'s GA to cdculate the dfedive fitness
and the total transmisgon probability for a fixed-size-and-shape
schema under hierarchicd crossover.
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