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Abstract—Most of existing search engines retrieve web pages by
means of finding exact keywords. Traditional keyword-based
search engines suffer several problems. First, synonyms and
terms similar to keywords are not taken into consideration to
search web pages. Users may need to input several similar
keywords individually to complete a search. Second, traditional
search engines treat all keywords as the same importance and
cannot differentiate the importance of one keyword from that of
another. Third, traditional search engines lack an applicable
classification mechanism to reduce the search space and improve
the search results. In this paper, we develop a fuzzy search
engine, called Fuzzy-Go. First, a fuzzy ontology is constructed by
using fuzzy logic to capture the similarities of terms in the
ontology, which offering appropriate semantic distances between
terms to accomplish the semantic search of keywords. The Fuzzy-
Go search engine can thus automatically retrieve web pages that
contain synonyms or terms similar to keywords. Second, users
can input multiple keywords with different degrees of importance
based on their needs. The totally satisfactory degree of keywords
can be aggregated based on their degrees of importance and
degrees of satisfaction. Third, the domain classification of web
pages offers users to select the appropriate domain for searching
web pages, which excludes web pages in the inappropriate
domains to reduce the search space and to improve the search
results.

Keywords- Fuzzy Search Engine; Fuzzy Ontology; Semantic
Search

L INTRODUCTION

As the massive data on the internet is increasing rapidly,
internet search engines have become the essential ways to find
information. Most of existing search engines, such as Google,
Yahoo, MSN, ASK, Baidu, and Bing, retrieve web pages by
means of finding exact keywords. These keyword-based search
engines collect and analyze web pages through web crawlers.
While users input keywords to search web pages, web pages
that contain exact keywords are retrieved and ranked. For
example, the Google search engine sorts the search results by
their Page-rank scores, Relevance scores and Local scores.
However, traditional keyword-based search engines suffer
several problems:

e Synonyms and terms similar to keywords are not taken
into consideration to search web pages. Users may
need to input several similar keywords individually to
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complete a search. The restriction of exact keywords
makes it inconvenient for users to search web pages.
Many valuable web pages would be omitted if users
did not search for several similar keywords
individually.

e  While users input several keywords to search web
pages, different keywords may have different degrees
of importance in their opinions. Traditional search
engines treat all keywords as the same importance and
cannot differentiate the importance of one keyword
from that of another.

e The problem of information overload makes it difficult
for users to find really useful information from a large
amount of search results. Traditional search engines
lack an applicable classification mechanism to reduce
the search space and improve the search results.

To alleviate the mentioned problems, we have applied the
fuzzy logic theory and the semantic search techniques to
develop a fuzzy search engine, called Fuzzy-Go. First, a fuzzy
ontology is constructed by using fuzzy logic [15] to capture the
similarities of terms in the ontology, which offering appropriate
semantic distances between terms to accomplish the semantic
search of keywords. The Fuzzy-Go search engine can thus
automatically search web pages that contain synonyms or terms
similar to keywords. Second, users can input multiple
keywords with different degrees of importance based on their
needs. The totally satisfactory degree of keywords can be
aggregated based on their degrees of importance and degrees of
satisfaction. Third, the domain classification of web pages offer
users to select the appropriate domain for searching web pages,
which excludes web pages in the inappropriate domains to
reduce the search space and to improve the search results.

An overview of the Fuzzy-Go search engine is shown in
Figure 1. The Web Crawler is developed to gather and classify
web pages. Web pages are classified and stored based on their
domains. The characteristic information of web pages is
recorded in the Web Document. The Ontology Manager
constructs and maintains a Fuzzy Ontology. A data mining
approach is applied on the Web Document to calculate the
fuzzy similarity between terms in the Fuzzy Ontology. The
User Interface provides users to select an appropriate domain
and to input multiple keywords with different degrees of
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importance based on their needs. The Fuzzy Search Mechanism
would exclude web pages in the inappropriate domains to
reduce the search space and to improve the search results. The
keywords are expanded by the Fuzzy Ontology to find out
synonyms and terms similar to keywords. The search results
are ordering based on several fuzzy factors including the
satisfaction degrees of keywords, the importance degrees of
keywords, the relevance of domains, the page ranks [3], the
page in-links [2], titles, and last modified dates.

Search Engine

" Fuzzy Ontology
Ontology manager
~Web web

Document Crawler |/

- -

Fuzzy
Search
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Figure 1. An overview of the Fuzzy-Go search engine

II.  CONSTRUCTING THE FUzZZY ONTOLOGY

Domain dependency is an important character of
knowledge: the meaning of a term may be different in different
domains. We construct a two-layered fuzzy ontology to
organize terms that are elicited from WordNet [6]. WordNet is
a large lexical database of English, built by Princeton
University. Nouns, verbs, adjectives and adverbs are grouped
into sets of cognitive synonyms, each expressing a distinct
concept. In the two-layered fuzzy ontology, the first layer
forms a domain hierarchy (see Figure 2). We adopt the
Suggested Upper Merged Ontology (SUMO) [5] to classify
domains. SUMO is owned by the IEEE and defines a group of
domain ontologies which have been mapped to the WordNet
domains. In our approach, the domain hierarchy is treated as
gen-spec relationships. The upper level in the domain hierarchy

Figure 2. The domain hierarchy in the two-layered fuzzy ontology

maintains terms in a more general domain, while the lower
level maintains terms in a more specific domain. Each domain
contains a term lattice in the second layer (see Figure 3). A
sub-domain can inherit the term lattice from its super-domain,
add new terms specific to the sub-domain itself, and override
(i.e., redefine) fuzzy similarity between terms in the super-
domain.

information
perhighway

Figure 3. The term lattice in a domain

Church et al. [9] had extended the word association in
psycholinguistics to provide the basis for a statistical
description of the semantic relationship between words through
the co-occurrence of words. To determine the similarity degree
between terms, we use the data mining method to find out the
degree of co-occurrence for two terms in web pages. The
measure of mutual information [9] is adopted to calculate the
degree of a children node conforming to a parent node in the
term lattice. For any two terms x and y, the mutual information
I(x,y) is defined as

P(x,y)
P(x)P(y)

Where P(x) and P(y) is the probabilities of observing x and
y independently in web pages, and P(x,y) is the probabilities of
observing x and y together in web pages. The higher the
semantic relationship between x and y, the larger the co-
occurrence degree (i.e. P(x,y) is larger), and consequently the
larger the mutual Information /(x,y).

I(x, y) =log, M

To normalize the mutual information into a similarity
degree in interval [0,1], we adopt the maximizing set [16] to
assign the fuzzy similarity degree between terms. For all
mutual Information xeX, let f be a real-valued function in X.

The maximizing set M= {(x, - (x))},xe X assigns the
M
degrees of membership - (x) for all xeX with
M

S (x) —inf(f)
sup(f) —inf(f)

Where inf(x) is the minimum of f and sup(x) is the
maximum of /.

He (x)= ()
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The Ontology Manager is responsible to apply the data
mining approach to give the similarity degrees between terms
in all term lattices based on the Web Document. Figure 4
shows a term lattice with the similarity degrees. Note that the
similarity degree between two synonyms defined by WordNet
is assigned 1.0 directly.

wireless

Figure 4. A term lattice with similarity degrees

III. THE WEB CRAWLER

We develop a crawler agent to automatically extract web
pages and inventory them by finding out keywords and
characteristic values. While the Web Crawler retrieves web
pages, some important information of web pages is analyzed
and stored, including titles, keywords, the page ranks of web
pages, the last modified dates etc. Figure 5 shows the work
flow of the Web Crawler.
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Figure 5. The work flow of the Web Crawler

The Web Crawler is also responsible to classify retrieved
web pages by determining their domains. Since the amount of
retrieved web pages is huge, we adopt the notions of Fuzzy C-
Mean (FCM) [7] to cluster web pages based on their keywords.
In our approach, each web page is translated into a vector of
keywords. Each vector doesn’t belong to only one cluster but
belongs to several clusters with different degrees. By
comparing to the terms within domains in the Fuzzy Ontology,
the keywords in the center of a cluster are useful to determine
what domain the cluster belongs to.

Keywords in web pages are regarded as the characteristic
values and each web page is translated into a vector of
keywords in the web page. Assume that all web pages in the
Web Document are gathered into k clusters. The Euler
distance between two web pages x; and x; would be

0=

k 2
dist(x,,x;)=| Y |x, —xjd‘ G3)

d=1

The center of a cluster will be changed after iteration. In
each iteration, we calculate the total deviation for changing the
center of the cluster. In the case of k& clusters, the total

k
deviation E can be obtained by g — x—C.

2 2k=cl
is the center of each cluster S; and x is the web page in cluster
S;. If the total deviation for the m+1°’s iteration is smaller than
the m’s, the center of the cluster would be changed into m+1’s
iteration -- otherwise the center would remain unchanged (see
Figure 6).

2, where C;

o o o o
af_ oo og, oo oo, oo od, oo
mo Fpmo Fpmo Fpmo
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Figure 6. Changing of the FCM center of the clustering

Since the centers of clusters will be changed again and
again, we use an objective function J to check if the result of
clustering is stable.

k k n 2
J =%, =2 3wl -c “

i=1 j=1

Where wj; is the degree of the web page x; belongs to the
k

1

cluster S; with w; = Yw; =1, wj forms a

2 Vi
(Bl
S -
weighting matrix, and C; is the center of each cluster S; with
L Wi, L . .
c =/ . If the value of the objective function J is stable,

I n
o
Jj=1

the result of clustering is stable.
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Finally, the characteristic values set of the center of the
cluster is captured to compare with terms of domains. We
applied N-Gram [4] to find out the degree of match between a
cluster and a domain. Assume that Cy is the keywords set
extracted from a cluster K and Cj is the keywords set of a
domain D. The degree of match between a cluster K and a
domain D is

_ ICy NCy)|

ACkt# o )
C

Sim(Cy,Cp)

A web page may belong to several domains. While the
degree of match between a cluster and a domain is above the
threshold, we assign all web pages in the cluster into the
domain. The domain classification mechanism can reduce the
search space and improve the search results.

IV. THE Fuzzy SEARCH MECHANISM

The User Interface of the fuzzy search engine provides
users to select an appropriate domain and to input multiple
keywords with different degrees of importance based on their
needs (see Figure 7). On the one hand, web pages in the
inappropriate domains can be excluded to reduce the search
space and to improve the search results, since all web pages are
already classified by domains. On the other hand, a better
search result can be obtained by differentiating between
keywords according to the degrees of importance. We use
linguistic degrees of importance [13] (i.e. don’t care,
unimportant, rather unimportant, moderately important, rather
important, very important, and most important) to make it
easier for users to grade relative importance. Each linguistic
degree of importance can be mapped to a triangular fuzzy
number as shown in Figure 8.

K
e ey ey oot

Figure 7. The user interface of the fuzzy search engine
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Figure 8. Membership functions for degrees of importance

It is inconvenient for users to be restricted to input precise
keywords. Users may need to input several similar keywords
individually to complete a search. To alleviate the problem, we
use the term expansion to find out synonyms and terms similar
to keywords based on the semantics inherited from the selected
domain. While the user selects an appropriate domain and
inputs keywords to search web pages, the Fuzzy Search
Mechanism would expand keywords to synonyms and terms
similar to keywords based on the term lattice of the selected
domain. For the example in Figure 9, when the keyword is
‘Computer Network’ and the o-cut is set to 0.475, we would
acquire 12 terms whose similarity degrees to ‘Computer
Network’ are greater than 0.475.

Carly varming
system

Figure 9. The term expansion of keywords in the term lattice

The fuzzy similarity between two non-adjacent terms 7
and T can be calculated by the multiplication principle for a
path from 7, to Tp. That is, we can obtain the fuzzy similarity
between 7, and Ty via another term 7 in the term lattice of the
domain D.

Sim(T,,Ty) = %%{Sim(TA,TC)xSim(TC,TB )y (6

Therefore, the terms similar to a keyword with degree = o
cut could be found through the term lattice of the selected
domain. All synonyms and terms similar to keywords are taken
into account while we calculate the degree of satisfaction
between the keyword and a web page. In our approach, the
keyword density is used to determine the degrees of
satisfaction between keywords and web pages. The keyword
density is the percentage of times a keyword appears on a web
page compared to the total number of words on the web page.
Many SEO (Search Engine Optimization) experts consider the
optimum keyword density to be 1 to 3 percent [1]. Others claim
that the optimum keyword density would be 3%, 4% even as
high as 2%~8%. We add the density of the keyword and all
similar terms together, and adopt the largest range (i.e. 2 to 8
percent), S functions and Z functions [16] to establish the
membership function of the optimum keyword density (see
Figure 10). If the keyword density falls within 2% to 8%, the
degree of satisfaction between the keyword and the web page
would be set to 1. In the case of 0% to 2%, the S function is
applied to set the degree value; whereas in the case of 8% to
12%, the Z function is applied to set the degree value.
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Figure 10. The membership function of the optimum keyword density

Since users may input multiple keywords with different
degrees of importance to search web pages, the totally
satisfactory degree of multiple keywords should be aggregated
based on their degrees of importance and degrees of
satisfaction. The fuzzy weighted average (FWA) [8,11] is
applied to calculate the totally satisfactory degree of multiple
keywords using triangular fuzzy numbers. In our approach, the
degree of satisfaction between a keyword and a web page is the
indicator (x;), and the degrees of importance are weights (w;)
that act upon indicators. Therefore, the fuzzy weighted average

y can be defined as
W )

y=f(x[,.,.,xn,w1,.,.,w,,)= n
w.

i=1 1

Where there is n keywords, the degree of satisfaction x;, 1 <
1< nis a crisp value, and the degree of importance w;, 1 <i<n
is represented by a triangular fuzzy number. We adopt the
approximate expressions on @ and ® operators for the
computation of L-R fuzzy numbers, which is suggested by
Dubois and Prade [10]. For example, a user may input two
keywords to search web pages: ‘expert systems’ with

moderately important and ‘soft computing’ with very important.

In the term lattice, the term ‘expert systems’ links to a similar
term ‘knowledge-based systems’ with the similarity degree
0.786, and ‘soft computing’ links to ‘fuzzy logic’ with 0.623.
Assume that the keyword densities of ‘expert systems’,
‘knowledge-based systems’, ‘soft computing’ and ‘fuzzy logic’
for the web page P are 1.5%, 1.2%, 0% and 2.1% respectively.
The expanded keyword density of ‘expert systems’ would be
1.5%+1.2%%0.786=2.4432%, and the degree of satisfaction
between ‘expert systems’ and P would be 1. The expanded
keyword density of ‘soft computing” would be 0%+2.1% x
0.623=1.3083%, and the degree of satisfaction between ‘soft
computing’ and P would be S(1.3083)=1—2[2_1‘3083]2 —076 -

FWA is applied to calculate P’s totally satisfactory degree of
keywords as

(0.250.50.75) ®1.0®(0.751,) ®0.76 _ (0.82,1.26,1.51)

(0.25,0.5,0.75)®(0.75, 1, 1) (1,1.5,1.75)
1517 6 8508
1.3536

Applying the mathematical operations on fuzzy numbers
[10,16], we get two fuzzy numbers (0.82, 1.26, 1.51) and (1,
1.5, 1.75). The center of gravity is adopted to defuzzify a fuzzy

number [14], which is achieved by mathematical integral.
Therefore, P’s totally satisfactory degree of keywords is
0.8508 .

The search results are ordering based on several fuzzy
factors including the totally satisfactory degrees of keywords,
the page ranks, the page in-links, titles, and last modified dates.
Through the mutual compensation of all fuzzy factors, an
ordering of search results which is considered in every respect
can be generated. The fuzzy weighted average [8,11] is utilized
to aggregate all fuzzy factors based on their degrees of
importance and degrees of satisfaction. The users can manually
select appropriate fuzzy factors with different importance
degrees to meet their specific requirements (see Figure 11) --
otherwise the importance degrees of fuzzy factors would be
default values. Figure 12 shows the ordering of search results
which the grade is generated by aggregating all fuzzy factors.

Advance Search
Keyword Density
Domain: PageRank

Yahoo Inlinks
WebPage Title
Keyword in URL
Last modify

<|ElElEEE

‘ Search Upper domaln |

1. 85/1692 2nalog compufer, planimeter, in case, allbrit, england, 1949 - powerhouse

museum collection

our collaction that belong to the same formal classification categories as the object you are viswing, similar
objectscalculating instruments > anadg compuiers+ 887708 computer, analogue, applied dynam... +85/1690 ..

2. 85/1690 analog compofer, indicator, ground position, mk1b v2112, [england] -

powerhouse museum collection
our collection that belong to the same formal classification categories as the obiject you are viewing. similar
objectscalcnlating instruments = anads compuies+ 88708 computer, analogues, applied dynam... +85/1692 ..

domsin Engineering Science »» computer ssienoe > computer

R

Figure 12. The ordering of search results
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However, the original setting is not optimal, and it needs
continuous learning and adaptation to fit users’ expectations
gradually. We have applied the genetic algorithm to propose a
self-adaptation approach to Fuzzy-Go search engine [12]. For
each search, the fuzzy search engine records the difference
between the ordering of search results and user’s real behavior
on clicking web pages. This feedback is gathered and analyzed
to adjust the fuzzy similarities between terms in the fuzzy
ontology, the domain classification of web pages, and the
default importance degrees of fuzzy factors. The ordering of
search results can thus be improved gradually by continuous
learning and adaptation.

V. CONCLUSION

In this paper, we develop a fuzzy search engine, called
Fuzzy-Go. First, the Ontology Manager constructs and
maintains a Fuzzy Ontology. A data mining approach is
applied on the Web Document to calculate the fuzzy similarity
between terms in the Fuzzy Ontology. The Fuzzy Ontology is
constructed by using fuzzy logic to capture the similarities of
terms in the ontology, which offering appropriate semantic
distances between terms to accomplish the semantic search of
keywords. The Fuzzy-Go search engine can thus automatically
retrieve web pages that contain synonyms or terms similar to
keywords. Second, the Web Crawler is developed to gather and
classify web pages. Web pages are classified and stored based
on their domains. To deal with the huge amount of retrieved
web pages, we propose a data mining approach to cluster web
pages based on their keywords. Third, the User Interface
provides users to select an appropriate domain and to input
multiple keywords with different degrees of importance based
on their needs. The totally satisfactory degree of keywords can
be aggregated based on their degrees of importance and
degrees of satisfaction. Finally, the Fuzzy Search Mechanism
would exclude web pages in the inappropriate domains to
reduce the search space and to improve the search results. The
keywords are expanded by the Fuzzy Ontology to find out
synonyms and terms similar to keywords. The search results
are ordering based on several fuzzy factors including the totally
satisfactory degrees of keywords, the page ranks, the page in-
links, titles, and last modified dates. The advantages of the
proposed approach are as follows.

e  Using fuzzy logic to capture the similarities of terms in
the ontology, which offers appropriate semantic
distances between terms to accomplish the semantic
search of keywords. The domain classification of web
pages offers users the selection of the appropriate
domain to search web pages, which excludes web

pages in the inappropriate domains to reduce the search
space and to improve the search results.

e Users can input multiple keywords with different
degrees of importance based on their needs, and all
fuzzy factors are aggregated based on their degrees of
importance and degrees of satisfaction. Through the
mutual compensation of all fuzzy factors, the ordering
of search results which is considered in every respect
can be generated.
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