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1 Introduction

The parthene-genetic algorithm (PGA)1?! is a genet-
ic algorithm ( GA) using ordinal character strings as
chromosomes, and its genetic operation is achieved by
the genetic operators operating in one chromosome only
such as pene exchange operator, gene shift operator and
gene inversion operator instead of crossover operators
operating between two chromosomes such as PMX, OX
and CX'*). Compared with the traditional genetic algo-
rithms (TGAs), the genetic operation in PGA is simpler
and more efficient, the inital population need not be
varied and there is no “immature convergence”, while
PGA has the basic featres of TGAs. When solving
combinatorial optimization problems such as train line
holding problem!"), travelling salesman problem!®) and
pattern clustering problﬂn[ﬂ ,» PGA is distinctly more ef-

ficient than TGAs.

Schemna theorem is a fundamental theory of GAs. On
the basis of Reference [6], this paper further analyses
and studies the schema theorem of PGA and gives out its
formula, and then approximately estimates the probabili-
ty that genetic operators of PGA destroy schemas.

2 The genetic operators of PGA

Definition 1 Gene exchange operation of PGA is
the procedure in which two or several genes (characters)
in a chromosome (character string) are exchanged by a
certain probability p,. The exchanged genes are random-
ly selected

Gene exchange operation can be divided into ope-
point gene exchange operation and multi-point gene ex-
change operation. The former exchanges only two genes
in a chromosome; the latter takes a definite positive in-
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teger u, at first, and then randomly selects a positive in-
tegerj € {1,2,:-,u,|, finally exchanges ; pair genes
in a chromoscme.

Definition 2 Gene shift operation of PGA is to
shift the genes (characters) in one or several sub-strings
in a chromosome { character string) backward in mrn and
to shift the last gene (character) in this {these) sub-
string(s) to the first location, by a certain probability
p.. In the gene shift operation, the shifted sub-string(s}
and its (their) length are randomly determined.

Gene shift operation can also be divided into one-point
gene shift operation and multi-point gene shift operation.
The former only shifts the genes in one sub-string in a
chromosome; the latter takes a definite positive integer
i, at first, and then randomly selects a positive integer j
€ {1,2,**, u,!, finally shifts the genes in  sub-strings
in & chromosome .

Definition 3 Gene inversion operation of PGA is to
invert the genes (characters} in one or several sub-
strings in a chromosome ( character string) by a certain
probability p;. In the gene inversion operation, the in-
verted sub-string(s) and its (their) length are randomly
determined .

Gene inversion operation can also be divided into one-
point gene inversion operation and multi-point gene in-
version operation. The former only inverts the genes in
one sub-string in a chromosomes the latter takes a defi-
nite positive integer u; at first, and then randomly selects
a positive integer j & 11,2, -, u;}, finally invens the
genes in j sub-strings in a chromosome.

Definition 4 Gene leap operation of PGA is the
procedure in which one or several genes (characters} in
a chromosome { character string) leap to other values in
the same order gene set!?), by a certain probability p.,,.
In the gene leap operation, the changed pemes are ran-
domly selected.

Gene leap operation consists of one-point gene leap
operation and multi-point gene leap operation. The for-
mer takes only one gene in a chromosome to leap to oth-
er values in the same order gene set; the latter takes a
definite positive integer u,, at first, and then randomly
selects a positive integer j € 11,2, 1|, finally
takes ; genes in a chromosome to leap to other values in
the same order gene set.

Definition 5 Gene recombination operation of PGA
is all the genetic operations that adjust the location of the
ordinal genes ( characters} in a chromosome such as gene
exchange operation, gene shift operation and gene inver-
sion operation.

3 Formula of the schema theorem of PGA

The formula of the schema theorem has relation with
the operative process of PGA. This paper analyses and
studies the schema theorem of PGA based on the model
operative process of PGA that has given out in Reference
[1].

Assume pene recombination operator and geme leap
operator destroy schema by the probability pyand p,,gre-
spectively, then the number of schema H in the new in-
dividuals generated from population ¢ by gene recombi-
nation operator and gene leap operator is

Mi(H,t) = M(H,0)(1 - pa), (1

Gene recombination operator and gene leap operator
search subspace A . and subspace A /%! rspectively, that
is, they process the schemna in their respective subspace,
so that py in formula (1) should take p,y or pgq TESpec-
tively, while they do not combine one with the other.
The mumber of schema H in population (¢ + 1} is
H
2F

(2)
where f is the average fimess of 2N individuals (where
N is the number of all the individuals in a population)
that contain & individuals in population ¢ and ¥ new in-
dividuals produced by the genetic operation, f{ H) is the
average fitness of the individvals including schema H.
Formula (2) isn’t an equation because we ignore the
number of schema H obtained from non-schema H.
From formula (1) and formula (2), we have

m(H e+ 1) > m(H,z)ﬂ}{ﬂ(l _1’2—"). (3)

That is the formula of the schema theorem of PGA,
which gives out the floor lever of the number of the
schema H in next population.
4 Estimation of the probability of the ge-
netic operators destroying schema

To improve computing efficiency, the genetic opera-
tors, on one hand, should generate more new schemas;
but on the other hand, should maintain the excellent

m(H,t +1) = [m{H, 1) + m(H,1)}
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schemata with high fitness, that is, the probability of
genetic operators destroying schema should neither be too
high nor too low. For the above reasons, it is extremely
important to estimate probability of genetic operators de-
stroying schemata for improving computing efficiency .
4.1 Estimation of the probability of the gene re-
combination operators destroying schema
4.1.1 Estimation of the probability of the gene
exchange operator destroying schema
In Reference (6], the probability of one-point gene
exchange operator destroying schema H has be given
out, that is,
Pt = p(H - OI(EH))O(H)‘ )
Considering v, < I, the average probability of multi-
peint gene exchange operator destroying schema H is

u
-

1
Pt = 25 L Pell - Pa) =

=1 €

p. - Lesy(L=0UYY 5)

LTS I

where p,; is the probability that schema H can live.
4.1.2 Estimation of the probability of the gene
shift operator destroying schema
The sum of character strings in length from 2
{ contained in schema H is
B = LLIE-_IZ (6)

If the number of character strings that only conmsist of
wildcards ( * )} in those character strings is r, then the
probability of one-point gene shift operator destroying
schema H is

Pu = P1- ). (M)
Considening #, <« {, and baving u, « 8, the average
probability of multi-point gene shift operator destroying
schema H is

1<
Ped=;zps(l“‘Pul)==‘

B =]

P.—&;\j Py =D -is ) (g
[P g
where p, is the probability that schema H can live.
4.1.3 Estmation of the probability of the gene
inversion operator destroying schema
Definition 6 Assume that character string A con-

sists of ordinal genes and character string A is copverted
into character string 8 by inverting all the genes in char-
acter string A. If A = B, the character string A is called
symmetrical character string.

The sum of character strings in length from 2 to £ con-
tained in schema H is 8. Assume that the mumber of the
symmetrical character strings in those character strings is
6. Then, probability of one-point gene inversion opera-
tor destroying schema H is

aﬁpm-%. (9

Considering u; <« i, the average probability of multi-
point gene inversion operator destroying schema H is
Pu= L2 R(1- PO ~

1g=1
pi_ﬂi GV CERES VIS
L B
where p; is the probability that schema H can live.

The symmetrical character strings can be divided into
two classes, one only consists of wildcards ( * ) and the
other consists of wildcards {( * } and fixed genes {char-
acters) . The number of the former is ¥ and the number
of the latter s 8. From §# = ¥ + §, we have 0 » 7, that
is, the gene shift operator destroys schema more easily
than pgene nversion cperator does.

4.2 Estimation of the probability of the gene
leap operator destroying schema

In Reference [6], probability of one-point gene leap
operator destroying schema H has be given out, that is,

P = ngi(m' (1)

Considering u,, <« !, the average probability of multi-
point gene leap operator destroying schema H is

pes = 223501 - ) ~

Um' 1
pu- B (L0, )

where p; is the probability that schema H can live.
5 Conclusion

This paper analyses and stadies the schema theorem of
PGA thoroughly. From the point of view of processing
scherna, the genetic operators of PGA have their respec-
tive function. During the genetic operation, pene recom-
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bination operator and gene leap operator continually pro-
duce new schemata, while selection opemator, on one
hand, maintains the excellent schemata with high fit-
ness, but on the other hand, falls into disuse bad
schemata with low fitness. Similarly with TGA, through
genetic operator processing schemata, the individuals in
the population continually move towards the optimal in-
dividual in PGA, finally the optimal solution can be
pained.
References

(1] Li Macjun, Tong Tiaosheng &nd Luo Longfu. A parthenc-genetic al-
gorithm and its apphcation [1]. J. of Hunan University { Natural Sci-
ences), 1998,25(6):56 - 59

(2] Li Macjun and Tong Tiaosheng. A partheno-genetic algoritim and
analysis on its global convergence [J]. Chinese J. of Awtomation,
1999,11(2):119 - 123

(3] Pedro Lamemaga, Cindy M H Kijpers, Roberio H Mirga, et al.
Leaming Bayesian network structures by searching for the best order-
ting with genetic algorithms [J]. IEEE Trans. on System. Mac, and
Cybemetics, Part A: System and Humans, 1996, 26(4) ;487 — 499

[4] LiMsaofun and Tong Tisosheng. A parthenc-genetic algorittm solving

serial combinatorial optimization [ J] . Systems Engmeering and Flec-
tromics, 1998,20(10) :58 - 61

(5] Li Maojun, Pan Shansheng and Tong Tisosheng. The epplication of
partheno-genetic algorithm in pattem clustering probdem (J], Patterm
Recognition and Artificial Intelligence, 1999,12(1):32- 37

(6] Li Macjun, Tong Guangyn and Tong Tiaosheng. Stadies of schema
thecrem of partheno-genetic algorithm [A]. In: Proc. The Confer-
ence on Control and Decision of China { CDC'98) [C], Dalian:
Dulian University of Maritime Affairs Press, 198,332 — 335

[7] Li Maojun, Qiu lifang and Tong Tisotheng . The analysis on search-
ing efficiency of partheno-genetic algorithm [ J]. Joumal of Changsha
University of Electric Power { Natural Saence) , 1999, 14(1) :48 - 50

[8] Sun Yanferig and Wang zhongmo. Studies of schema theorem on ge-
netic algorithm (J]. Control and Decision, 1996, 11{suppl.1):22]
- 124

AT AEE F A

EME 1964 £F % S F 1986 SEF 1998 SEAE M K S S
TEMRPALER ANPRAENNERSEA TELHEEEN
THEE KPR AFREH TERMES. TR . Tul
iR 3tAy R

BAE 1936 5F £ 1961 SFEEN FRIAE RS RAME LR
AHEESEHTREREE L EST, RN RLNM,
A%,

( Continved from page 455)

[4] Kapila ¥ and Haddad W M. Memoryless H. controllers for discrele-
time systems wilh time delay [J]. Awtomatica, 1998,34(9): 1141-
1144

[5] de Sowza CE, Fu M and Xie L. H,, analysis and synthesis of dis-
crete-time systeros with tme-varying wncenaioty [J], IEEE Trans,
Aumatic Control, 1993,38(3) :459 - 452

[6] Li Y CuandXuXM. Thequadratic stahility of a discrete-time system
with structured uncertainties [J]. Int. J. Control, 1999, 72{16):
1427 - 1435

[7] Yu L. Robust stabilization of uncertain diserete-tme lincar systerms
(3], Contml and Dedision, 1999, 14(2) : 169 - 172

(8] Somg S and Kim J K. Ha control of discrete-time linear systems with
narm-bounded uncertainties and time delay in state [J]. Antomadica,

1998, 34(1):137 - 130

(9] Madmoud M S and Xae L., Guaranteed cost coutrol of mnoertain dis-
erete systema with delays [J], Int. J. Control, 2000, 73(2) ; 105 -
114

ES & Fiy
RAE 0L ANWHATAENHELSEATIRY
A TR ERBFR A B R, SR R
BHEBIBSNA .
AR 19364 E 1961 FFEEA FREFKEETIR¥R.AD
MEETRESE W14 30 BRI Ry 20 BE, I E
#®OH AR NEN SR


http://www.cqvip.com

