Wuhan University

Article ID 1007-1202(2009)02-0115-04
DOI 10.1007/s11859-009-0204-y

Journal of Natural Sciences

2009, Vol.14 No.2, 115-118

Optimization of Web Search Engine and
Its Application to Web Mining

0 CHEN Hao'? ZOU Beiji**, BIAN Naizheng?®'

1. School of Information Science and Engineering, Central
South University, Changsha 410083, Hunan, China;

2. Software School, Hunan University, Changsha 410082,
Hunan, China;

3. Department of Computer Science and Technology, Huaihua
University, Huaihua 418008, Hunan, China

Abstract: With the explosive growth of information sources
available on the World Wide Web, how to combine the results of
multiple search engines has become a valuable problem. In this
paper, a search strategy based on genetic simulated annealing for
search engines in Web mining is proposed. According to the pro-
posed strategy, there exists some important relationship among

Web statistical studies, search engines and optimization techniques.

We have proven experimentally the relevance of our approach to
the presented queries by comparing the qualities of output pages
with those of the original downloaded pages, as the number of
iterations increases better results are obtained with reasonable
execution time.
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0 Introduction

With the explosive growth of information sources
available on the World Wide Web, it has become in-
creasingly necessary for users to utilize automated tools
to find the desired information resources, and to track
and analyze their usage patterns. These factors induce the
necessity of creating server-side and client-side intelli-
gent systems that can effectively mine knowledge. Web
mining can be broadly defined as the discovery and
analysis of useful information from the World Wide Web.
This describes the automatic search of information re-
sources available online.

In recent years, genetic algorithm (GA) has been
used, mainly in the search, optimization, and description
of Web mining. Here, we describe some of the attempts.
A GA-based search to find other relevant homepages,
given some user-supplied homepages, has been imple-
mented in G-Search!!. Web document retrieval by ge-
netic learning of importance factors of HTML tags has
been described in Ref.[2]. In Ref.[3], Boughanem et a/
developed a query reformulation approach using GA, in
which a GA generates several queries that explore dif-
ferent areas of the document space and determine the
optimal approximate matching in documents. Automatic
Web page categorization and updating can also be per-
formed using GA™.. It focuses on the problem of index
page synthesis where an index page is a page consisting
of a set of links that cover a particular topic in Refs.[5,6].
Here, GA may be used to predict user preferences, dy-
namic optimization, and evolution of Web pages.

The aim of this paper is to define a steady state ge-
netic simulated annealing algorithm (GSAA) that evolves
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a population of pages. GA is randomized search and op-
timization techniques guided by the principles of evolu-
tion and natural genetics. It is an efficient, adaptive and
robust search process that can produce near optimal so-
lutions, and has a large amount of implicit parallelism.
Although GA is powerful in global search, it tends to
converge prematurely in the practical application, and
has low search efficiency in the later evolutionary proc-
ess. Simulated annealing (SA) originates from the
method of the statistical physics and is first employed by
Kirkpatric to solve the optimization problem. It has a
more powerful local search ability than GA, but it de-
pends more on parameters. GSAA is an optimal algo-
rithm combining GA with SA. GA is weak in local
search but powerful in global search while SA is weak in

global search but powerful in local search!’ .

1 Map the Web Search Problem to
GSAA

GSAA combines the concepts described in the pre-
vious section with those of a steady state GA. An indi-
vidual in the population is a Web page that can be nu-
merically evaluated with a fitness function. Initially, the
first individuals are mostly generated with a heuristic
creation operator which queries standard search engines
to obtain pages. Then, the individuals can be selected
according to their fitness, and can generate offspring
with crossover /mutation operators.

1.1 Fitness Function

The fitness function f(*) that evaluates Web
pages is a mathematical formulation of the user query
and numerous evaluation functions. We have used func-
tion f(*), similar to the evaluation functions used in
standard search engines.

Definition 1 Link quality F(L)

F(L)= ZZK

where n is the total number of input keywords, XK, is
the mean number of occurrence in link and X, K, , K,
are the keywords given by the user.

Definition 2 Page quality F(P)

F(P)= Y F,(D)

where m is the total number of links per page.

Definition 3 Mean quality function M
E_(P)+F_ (P
Mq — max ( ) 2 min ( )

where F_ (P) and F

max min

(P) are the maximum and
minimum values of the page qualities, respectively after
applying the GSAA. It should be noted that the biggest
value of F, (P) is mxn, and the least value of
F,,(P) is zero. Hence, the upper limit of M is
(mxn)/2. Application of the GSAA to Web pages will
increase the qualities of some pages and decrease those
of the others.

During the reproduction phase, each individual is
assigned a fitness value derived from its raw perform-
ance measure given by the objective function. This value
is used in selecting fitter individuals. The individuals
with better fitness values in the whole population have a
high probability of being selected for mating, whereas
the individuals with worse fitness values have a corre-
spondingly low probability of being selected. The fitness
function used in our GSAA is given by f(x)=¢"".

1.2 Selection Operator

We use “Stochastic Universal Sampling” as our se-
lection method""!. A form of stochastic universal sam-
pling is implemented by obtaining a cumulative sum of
the fitness values, and generating popsize equally spaced
numbers between 0 and sum( f'(*)). Thus, only one ran-
dom number is generated, all the others being equally
spaced from that point. The index of the individuals se-
lected is determined by comparing the generated num-
bers with the cumulative sum vector. The probability of
an individual being selected is then given by

popsize

P@)=f@)/ Z VAU

where f(i) is the fitness of individual (Web page) i and
P(i) is the probability of that individual being selected.
1.3 Crossover Operator

The following is the definition of the crossover op-
erator:

Step 1 Generate a random number 7, in the in-
terval [0,1] that equals to the number of pages. If
r. <P, then conduct the following crossover operation:
V/=r,xV,,V)=r,xV,,in which V,,V, are both parent
pages, and V.V, are both offspring.

Step 2 Compute the fitness value f(V/) and f'(V}),
if min{l,exp(—(f(V")—f(V))/T,)} > random [0,1], then
accept the new page. 7, is the annealing temperature of
the kth time.

1.4 Mutation Operator

A further genetic operator, mutation is applied to the

new chromosomes, with a set probability P_ . Mutation

m

causes the individual genetic representation to be changed
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according to some probabilistic rules. Mutation is gener-
ally considered to be a background operator that ensures
the probability of searching a particular subspace if the
problem space is bigger than zero. This has the effect of
tending to inhibit the possibility of converging to a local
optimum, rather than the global optimum. The following
is the definition of the mutations operator.

Step 1 Generate a random number 7,
terval [0,1], if », <P, then conduct the following mu-
tation operation on the individual V;: Use the approach
to randomly generate (integer) w ranging from 1 to the
total number of the links per page to determine the muta-
tion point, then use w to substitute K, in V.

Step 2 Determine whether the solution is accepted
or not after the mutation operator according to Step 2 in
the crossover operator.

1.5 Termination Condition

When the temperature 7; in the process of cooling
no longer falls, the annealing process will naturally stop.
1.6 The Solution Process of GSAA

The solution process of GSAA is as follows:

Step 1 Get the user request and initialize control
parameters: k =0, the initial temperature 7, the size of
the population popsize;

Step 2 Initialize parent population P(k) ;

Step 3 Evaluate the fitness value f(x) of each
individual in population P(k), and then select P(k) to
generate the parent population F(k) ;

Step 4 Crossover F(k) to generate the crossover
population C(k), and then mutate C(k) to generate
the mutation population M (k) ;

Step 5 Generate the next population

Plk+1)= F(hUM(k);

Step 6 When the termination condition is satisfied,
the annealing process will naturally end and give the

k

. b
popsize

in the in-

outputs to the user; otherwise, 7, , =7, x(1-

k=k+1, go to Step 3.
2 Experiment Results

2.1 Settings of the Experiment

The proposed GSAA has been implemented using
C++ language. The obtained program was tested using PC
PIV 2.8 GHz processor, 512 MB RAM, and HDD of 80
GB. For each problem, we use 300 downloaded pages
from the standard four search engines (Yahoo, Google,
Baidu, and MSN). They were stored in the HDD for fur-
ther operations. Tabulated results are averaged over 5 runs.

2.2 Experiment Results

Referring to Fig.1 of query No.1, we note that, if the
population size is too small (e.g. 20 pages), the GSAA
decreases the quality of the results. If the population size
is large (e.g., 100 pages), the selection operator does not
concentrate the search on important pages. We can also
note that when P is large (i.e., P, =0.75) the search
algorithm spends more time with unsuccessful exchang-
ing links. To improve the obtained results at these P, , the
number of iterations should be increased. Figs. 2-4 illus-
trate these phenomena. As a result, the execution time
will rapidly increase as shown in Fig.4.
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3 Conclusion

In this paper, we have proven experimentally the
relevance of our approach on the presented queries by
comparing the qualities of output pages with those of the
original downloaded pages. As the number of iterations
increases better results are obtained still with reasonable
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execution time. The small size of pages P, limits the
chances of improving the page qualities and reducing
execution time at a specified number of iterations. It
should be noted that the results depend on the prepara-
tion methods of the constituting pages under test.
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