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ABSTRACT

There are a lot of search engines available to
retrieve GIS related information on Internet, such
as the general search engines like Yahoo,
AlltheWeb, or the specially designed search
engines for GIS Community like
GeoCommunity. It is genera for these current
search engines to provide irrelevant results and
miss relevant results when they are used to
retrieve GIS related information. No-Name, an
intelligent search engine designed by author, is
developed intentionally to overcome the
disadvantages and inability of current search
engines to serve GIS community. No-Name
builds a reasonable size keywords database by
carefully choosing about 2000 GIS terms to
construct a GIS thesauri. Since the terms are
usually relevant to each other, like a document
represented by "Oracle" and "SQL Server" has
an uncertain relevance to a query represented by
"Database", the term connection value that
represents the term relevance degree can be
determined by fuzzy logic. No-Name ranks the
websites and documents according to both the
frequency of keywords occurring in the text
including the heads, titles and bodies with
different weights and the relevance level

between the keywords according to the term
connection strength. No-Name supports two
independent layers, named term layer and
location layer. The term layer has a tree-like
structure with about 2000 GIS terms to construct
GIS thesauri. The location layer has a tree-like
structure with about 6 continents and 100
countries that are considered active in GIS field.
Moreover, No-Name has limited power to
support nature language input and Linguistic
Analysis. Several experiments were carried out
to assess the performance of No-Name and some
famous current search engines. The test results
show that No-Name is better than current search
engines in three respects: Relevant Sites
Retrieval, Irrelevant Sites Dodge, and Natural
Language ldentification. The test results also
show that No-Name can revise the term
connection values by learning from users
feedback.

INTRODUCTION

The Internet is an extremely vast source of
information and its contents are growing
explosively. Geographic Information Systems
(GIS), which deals with the management of
geospatial data, has become one of the most
dynamic area recently. The GIS information is
now experiencing an explosive growth on the
Internet. Today, it has become extremely
difficult for GIS professionals to select
qualitative data of the required relevance in a
reasonable amount of time. To save the GIS
users from the mess information on Internet,
search engines with high performance are
needed.

Search engine is one of the most essential tools
on the Internet. They help you find web sites
relating to a particular subject or the email



address of someone you know or articles posted
to a newsgroup or even companies which have a
presence on the Internet. The search engines are
basically huge databases containing millions of
records that include the URL of a particular web
page along with information relating to the
content of the web page which is supplied in the
HTML by the author. The search engine obtains
this information via a submission from the
author or by the search engines searching the
Internet for information [28].

Any search engine will fal into one of two
categories: for general purpose or for a special
community. A general search engine is designed
for general populations. Their service covers a
wide variety of subjects, and it is the reason why
most of current search engines are now used for
general purpose. Y ahoo and AlltheWeb are good
examples of General purpose search engine.
However, with width they can not go depth
further. On the contrary, GIS search engine is
one application of the specially designed search
engines for one community. It focusesits service
on providing exhaustive GIS information, and its
customers are mainly from GIS community.
Example for GIS search engine is Geo-
Community, founded by GeoComm
International Corporation in 1995.

Generally spesking, GIS search engine can
provide better service than General purpose
search engine for GIS community. By
constructing a more compact structure than
General purpose search engine, The GIS search
engine can retrieve more complete, relevant and
balanced GIS information with much lower cost.
The work is easier for GIS search engine to
increase its performance by retrieving relevant
information and dodging irrelevant information
than that for General purpose search engine.

However, current GIS search engines like Geo-
Community can improve their performance
further by applying fuzzy logic and text analysis
technology. Fuzzy logic can be used to solve the
relevance degree between terms. Current
information retrieval method like Bayesian
network model [1] tends to assume the terms are
atomlike and independent, but the independence
assumption is not realistic: Document cannot be
represented by a set of independent terms. Terms
are inter-independent in most application areas
[2]. For example, a document represented by
"Oracle" and "SQL Server" is usually relevant to
a query represented by "Database" to some

extent. The thesaurus Wordnet [3] simplify the
term relevance relations by dividing them into
several types. Table 1 shows the types of
relations. In fact, the relevance degree of every
term pair is different form each other and the
simplification will impair the relationship
between the query and documents. For a small
size thesaurus, like a GIS thesaurus containing
about 2000 keywords, it is possible to construct a
teem relevance factor table to quantify the
relevance degree of every termpair. In practice,
the term relevance factor table can be first set by
experts in GIS fields and then adjusted by the
feedback from users.

Relation Example

Synonymy Computer — data
processor

Antonymy Big—small

Hyponymy Tree - maple

Hypernymy Maple—tree

Meronymy Computer -
processor

Holonymy Processor -
computer

Tablel: Somerelationsoffered by Wordnet

Most of current search engines classify the
website by analyzing the heads and titles. Text
analysis technology can be used to analyze the
whole text of a web page. The concept of text
analysis technology was first introduced by IBM
in 1999 and was applied in IBM Text Search
Engine. By recording the frequency of keywords
occurring in the text and rendering weight when
the keywords occurring at the heads and titles,
search engine applying text analysis technology
can rank the website according to the correlation
level to the keywords more sophistically and
reliably. By integrating text analysis technology
and fuzzy logic, the accuracy and integrity of
search engine are enhanced and can supply high-
quality information retrieval.

This paper is organized as follows: First the
information collection methods of No-Name are
introduced. Second the basic of information



retrieval, both traditional and recent approaches,
are reviewed briefly. Then previous work on
thesaurus-based information retrieval, a new
method using human-defined knowledge, is
described. An implementation of this new
method on GIS thesauri is described to show the
information retrieval strategies of No-Name, GIS
intelligent search engine. Then the unique
structure of No-Name to support multiple
independent layers is shown and analyzed.
Finally, concluding remarks are given.

SPIDER AND ROBOT: COLLECTING
INFORMATION ON INTERNET

No-Name is an intelligent GIS search engine to
retrieve information from the Internet devel oped
by the author. No-Name, a funny name, comes
from misunderstanding between the author and a
audience. When the search engine prototype was
first demonstrated in 1999, one audience asked a
guestion of "What is the name of it?". The author
answered with "No name"'. Although the
message that the author wanted to convey is"It
has not gotten a name yet", the audience took
"No-Name" as the name of the search engine and
the new name was getting popular soon.

No-Name employs spider technology and robot
technology to search, analyze and collect GIS
related information on Internet. A spider is a
program operated by a search engine that surfs
the web automatically. Asit visits each web site,
it records all the words on each site and notes
each link to other sites. It then "clicks" on each
link and off it goes to read and record another
web site. No-Name employs nultiple threads to
create spiders, so different spiders can search the
web parallel at the same time. The web sites of
famous enterprises , academics, organizations
and technology forums with activities in GIS
field are chosen as the start-off pointsfor spiders
since there are plenty of links at their web sites.
When a spider finds more than one link at a web
site, more spiders will be generated to follow
each link. If aspider finds that a website contains
no GIS information, the spider will kill itself and
the search process will stop there. Since the
spiders will consume the computer resources, the
search engine has to control the number of
spiders, or threads, to avoid resource exhaustion.

A robot is aprogram operated by a search engine
that can address other search engines as a user.
The current search engines available, both
general search engine and GIS search engine,

can response to robot's query represented by GIS
terms. However, the results from current search
engines are usually considered rough and can not
be used directly by No-Nmae. The rough results
will be purified by means of text analysis
technology.

Both spiders and robots adopt text analysis
technology to analyze and extract the useful
keywords from the texts and documents at web
sites. The concept of text analysis technology
was first introduced by IBM in 1999 and was
applied in IBM Text Search Engine. Text
analysis technology can be used to analyze the
whole text of a web page. By recording the
frequency of keywords occurring in the text and
rendering weight when the keywords occurring
at the heads and titles, search engine applying
text analysis technology can extract the feature
from a web site and save it to database. The
feature information will be used to rank the
relevance level of web sites to the keywords by
integrating term connection value information.
Two terms are considered to have relation with
each other if the documents represented by one
term are usually considered to have relation with
a query represented by the other term. Term
connection value is a fuzzy logic approach to
determine the connection strength between
terms. The concepts and methods to determine
term connection value are described in the
following sections.

BASIC OF INFORMATION RETRIEVAL

The goal of an Information Retrieval (IR) system
is to select the documents relevant to a given
information need out of a document database.
The present information explosion increases the
importance of this area. It is difficult to find out
relevant information from a huge information
mass like Internet [2].

Traditional approaches to IR, which are popular
in current search engines, use direct keyword
matching between documents and query
representations in order to select relevant
documents. The most critical point goes as
follows: if a document is described by a keyword
different from those given in a query, then the
document cannot be selected although it may be
highly related. This situation often occursin real
cases as documents are written and sought by
different persons[2].



In recent work, there is common agreement that
more adeguate relevance estimation should be
based on inference rather than direct keyword
matching [[4], [5], [6], [7]]. That is, the
relevance relationship between a document and a
query should be inferred using available
knowledge. This inference, however, cannot be
performed with complete certainty as in classical
logic due to the uncertainty inherent in the
concept of relevance: one often cannot determine
with complete certainty if a document is relevant
or not. In IR, uncertainty is always associated to
the inference process[2].

In order to deal with this uncertainty, probability
theory has been a commonly used tool in IR [[8],
[9], [20], [11], [12]]. Probabilisic modes
usually attempt to determine the relationship
between a document and a query through a set of
terms that are considered as features. Within the
strict  probabilistic  framework, inferential
approaches are often confined to using only
statistical relations among terms. The main
method adopted by probability theory to
determine the relevance degree among terms is
by considering term co-occurrences in the
document collection [13]. In this case, two terms
which often co-occur are considered strongly
related. The problem stands out in this method
because relations obtained from statistics may be
very different from the genuine relations: truly
connected terms may be overlooked [14]
whereas truly independent terms may be put in
relation [15].

A new method using human-defined knowledge
like a thesauri to establish the relationship
among terms is now getting popular in IR. With
the recent development of large thesauri (for
example, Wordnet [3]), these relations have quite
a good coverage of application areas. A manual
thesaurus is then a valuable source of knowledge
for IR. However, due to the lack of strict
quantitative values of such relations in thesauri,
the quantitative values have to be determined by
user relevance feedback or expert training.

PREVIOUS WORK ON THESAURUS-
BASED INFORMATION RETRIEVAL

Thesauri used in IR may be divided into two
categories according to their construction:
automatically or manually constructed. The
former are usually based on statistics on word
(co-)occurrences. While this kind of thesaurus

may help users to some extent, their utilization in
early systems shows that their impact on the
global effectiveness is limited [16]. The main
reason is that real relations (e.g. synonymy) can
hardly be identified statistically. In fact, words
very similar in meaning tend to repulse from
each other in continuous portions of text [14].
For example, ““document retrieval", text
retrieval” and “information retrieva" are rarely
used simultaneously.

Recent work pays more and more attention to
manually constructed thesauri [[17], [18]].
Initiated by Rada [19], a great dea of efforts
have been spent in defining IR suited semantic
networks based on manually constructed thesauri
[[20], [21], [22], [23]]. Metric over semantic
networks is determined by measuring the
similarity between two terms mainly according
to the topography of the thesaurus (the number
and length of links). Two problems may occur in
these systems. First, the estimation of the
strength of term connections which is based
heavily (if not only) on the use of thesaurus
topography may fail to reflect the real strength of
the connections. This strength also depends on
the nature of the relations between them which
affects their relevance to some application area.
Second, the metrics used to measure term
connection are often symmetric: for a metric m,
we have m (ab) = m (b,a) for any pair of terms a
and b. This property is obviously
counterintuitive. For example, a document about
object-oriented languages should be more
relevant to a query on programming languages
than in the reverse situation.

A new method was recently proposed to revise
the strength of term connections according to
users feedback using fuzzy logic [[2],[24]]. The
core idea can be represented as follows.
Assuming one term is relevant to another if a
document represented by the first term is
relevant to the query represented by the second
term alone. The term relevance can be
represented with a fuzzy implication relation

suchas g¢ pwhere b T [0,1] .In

thisway, the entire thesaurus may be represented
asaset of fuzzy term relevance relations:



The key problem lies in the estimation of term
relevance strength b given athesaurusrelation

between two terms according to the users' judge
on if the documents represented by aisrelated to
query represented by b only.

The principle goes as follows. The system gives
a tentative query evaluation and provides an
answer (a set of ordered documents). Then the
user is required to give his or her own relevance
evaluation of the retrieved documents. The user's
evaluation is used by the system to revise the
strength of term relevance relation in order to
better fit the user's evaluation.

This new method is right in concept but is hard
to be realized on a large size thesauri like
WordNet, which contains about  words and
phrases. To determine the strength of each term
connection, in other word, a node of the semantic
networks which contains enumerable nodes,
needs infinite users' feedback, which will rapidly
increase the cost and time. Moreover, biased
users feedback, for example, users feedback
focuses on some nodes heavily but scares on
other nodes, will deteriorate the final results. In
practice, the full thesauri is divided into afew
groups, a group of thesaurus relations are
adopted instead of individual relations among
terms [2]. However, the results will be definitely
deteriorated since the group classification is very
coarse and can not represent the true relations
among terms.

Although this new method, to revise the strength
of term connections according to users' feedback
using fuzzy logic, is hard or impossible to be
realized in a large size thesauri, it is very
possible to be realized in a small size thesauri.
The following section describes how this method
is improved and realized on a GIS thesauri,
which contains about 2000 terms.

INFORMATION RETRIEVAL BASED ON
GISTHESAURUS

The tree-like GIS thesaurus is constructed by
adding a few hundred GIS terms into an online
GIS dictionary [25]. With the fast advancement
of GIS technology, the GIS terms of the GIS
thesaurus have to be updated frequently, even the
structure of the GIS thesaurus might need to be
renewed in a few years. To enhance the
reliability and provide an adequate service, any

update on the GI S thesaurus should be approved
by the GIS expert board.

The GIS thesaurus prototype adopted in No-
Name, the GIS intelligent search engine, are
composed of about 2000 GIS terms and further
divided into 16 categories. Each category
contains about a few tens to a few hundreds
terms. Figure 1 shows the structure of the GIS
thesaurus prototype.
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Figurel: GlSthesaurusstructure

The possible combination for 2000 terms can be
as much as 2000 * 2000 = 4,000,000. Notice
b (ab) isdifferent from b (b, where a,
b represent any two keywords. b (ab) stands

for term connection valuefrom a to b. Two
assumptions are made to simplify the
computation for term connection strength.

Assumptionl: b (A0A)=0; b (A, A,j)=0

where A0 stands for “GIS technology”, Ai
(i=1,...16) stands for the categories like “Data
Collection” and “Data organization” (notice the
categories are also terms), and A (j =1, ..)
stands for the terms under category i .

Assumption2: b (AA) = 0 (i <> )
b (AA)=1(@(=]j); b (Aj, Aq = 0(
<>porj<>q); b (Aij,Apq) = 1(i=porj=q).

The first assumption shows that a document
represented only by term “Data collecting” has
no relation with a query represented only by
“GPS”, but a document represented only by term
“GPS’ relates to a query represented only by
“Data collecting” to some degree. The second
assumption shows that a documen represented



only by term “GPS’ has no relation to a query
represented only by “Digitizing” or “Vector” and
viceversa

The number of term connection with unknown
values is compressed from 4,000,000 to around
2,000 under these two assumptions. It is now a
reasonable work for the expert board to set a
prior value for each term connection and it can
be redlized to modify the prior values for term
connection by users' feedback.

More specifically, for a given term a, set B
contains all terms with unknown connection

vauetoa B ={b 1}, (i=1...}. Assumea
[

document G is one of the query results of a,

and G containsaterm set C. C = {¢c 1},
J
(j=1,...}. Set D istheintersection of Band C. . D

= {d ‘ }, k=1...}. b represents the

corresponding relevance relation of ‘ and a,

m( d ,a). b isdetermined asfollows:

k

1. When a user input a query that contains only
term a, a list of documents including G are
given as query results. The decision on the
degree how the document G is related to the

query isbased on p with prior values.

2. The user examine the document G and
indicates whether it is relevant to aor not.

3. Thenthevalue p ismodified to either

bk = min[ 1,bk*(1+e)]
or
bk = max| O,bk*(l—e)]

where e T [0,1] is the change scale. The

query is evaluated againwith ;" and |,
k k

4. The fuzzy value for this relation is adjusted to
the value which leads to the best answer.

The approach used to adjust the strength of a
relevance relation is simple and efficient.
However, the performance is possible to be
further improved if the users' feedback can be
classified. For example, the experts feedback
should have more weight than those of amateur
users. It is an interesting topic to identify the
experts feedback from the amateur users, or
more practically, to divide the feedback into
groups, then identify one group containing more
feedback from experts than other groups. The
analysis of the feedback shows that the feedback
from experts has some different characteristics
from that from the amateur users on statistics.
The results might be used in No-Name in the
future.

MULTIPLE INDEPENDENT LAYERS
STRUCTURE

Most search engines provide one textbox to
users. Users input all the keywords and organize
them with some simple binary combination like
"And" and "Or". Some search engines divides
the keywords into several overlapped categories
like Yahoo. Some search engines has begun to
divide the keyword into independent categories.
However, the importance for search engines to
divide keywords into independent categories has
not been fully recognized. In fact, by dividing
keywords into independent categories, or called
multiple independent layers, the users can
operate a query easier and get better results close
to the desire. Moreover, the query speed will be
improved.

The rule to divide keywords into multiple
independent layersis described asfollows:

Given Aisaset of terms, B and C are subset

of A and A= B E C . B={b }
J

(j=1,..). C={¢c ‘ } (k=1,..). |Iffor anyj
and Kk, b(b_,ck):o and
J

b (c ‘ ,b ) = 0 ,thenAcanbedivided
J

into two independent layer B and C.



No-Name currently support two independent
layer: Term layer and Location layer (Figure 2).
Term layer has a tree-like structure containing
about 2,000 terms. Location layer also has a tree-
like structure containing 7 continents and about
200 countries that are involved into GIS. The
tree-like structure of term layer and location
layer makes them easy to expand and be
organized. Term layer and Location layer meet
the requirement to be independent. The terms in
term layer has no connection strength with the
terms in location layer, and it accords to the
intuition: A document represented by term
"USA" has no "cause and effect” relation with a
query represented by "GIS", and vice versa.
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Figure2: Term Layer
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Figure3: Location Layer

The independent layers structure can help the
users to query useful results. If a user wants to
find out al documents about GIS activities in
China, he/ she can choose "China" in location
layer and perform the query. The result set will
contain the all the address of web sites that are
involved into the GIS activities in China. If a
user wants to know the activities and
advancement about data capture technology in
China, he/she can choose " Data Capture” in term
layer, and perform the query in former result set.
Users can also get a rough sketch about the
knowledge distribution in countries, or even
cities in the future, or in a specia technology
field. The information is very useful for
researchers.

The work to add a new independent layer,
Application layer, is now undergoing (Figure 3).
Application layer contains about a few hundred
existing or potential applications for GIS
technology, such as Government, Education,
Business, Public Service etc. Application layer
has a tree-like structure, and the terms are
organized mainly according to careers.
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No-Name has limited power to support Natural
Language input and Linguistic Analysis. No-
Name matches the natural language input with
the terms and some common words in database.
The common words includes "al", "some",
"somehow", "somewhat", "precise”, "precisely"”,
"accurate" ... The common words are used in
No-Name to set a threshold for query results. A
query needs all related documents will generate
more results than a query needs somehow related
documents, and a query needs somehow related
documents will generate more results than a
guery needs only precisely matched documents.
Conversely speaking, a query needs precisely
matched documents will generate results with
higher quality than a query needs somehow
documents. No-Name achieves the goal by
assigning the words different fuzzy values, like
"al" equals to 0.1, "somewhat" equals to 0.5,
"precisely" equals to 1.0. The fuzzy values are
then used to set the threshold for query results.,
and a document can not be output if itsrelevance
degree to aquery islessthan the threshold.

Natural language support and multiple
independent layer structure enable No-Name to
support complicate queries from users. For
example, when a user input "I want to know
something about remote sensing used in
Canadian government". No-Name will firg
identify "Canadian", "Government", "Remote
sensing”, and "Something" from the query, the
term "Canadian" will be mapped to the term
"Canada"' automatically, and then find the terms
"Canada’, "Government”, and "Remote sensing"
in the independent layers, and perform a query.

"Something" will be assigned a fuzzy value as
threshold, and the final results will be achieved
by filtering the prior query results according to
the threshold.

EXPERIMENTS
Introduction

Due to the limitation of free disk space available
at server, the records number in Database are
limited to 20,000 with a total size up to 300M.
Some general search engine usually generate
more than thousands of results toward one query.
Generally speaking, the results after the first 200
are usually not relevant to the query according to
our experience. To avoid wasting time and
speeding our test, only the first 200 results are
accepted and analyzed.

Assessment on the sear ch engines

While Yahoo and AlltheWeb are chosen to
represent the general-purpose search engines,
Geo-Community is chosen to represent the
current GIS search engine. Their performances
are compared with that of No-Name by studying
their retrieval results according to same queries.
An expert board with 3 persons is responsible to
evaluate the query results.

Two term sets with 10 and 50 terms respectively
are adopted to represent the queries. Each query
can only contain one term. The results are
shownin Table 2 and Table 3.

Relevance Irrelevance
results results
No-Name 443 172
Y ahoo 391 677
AlltheWeb 227 985
Geo-Community 36 12

Table2: Query results of term set with 10
terms

Relevance Irrelevance
results results
No-Name 1951 547
Y ahoo 1593 2640
AlltheWeb 1145 3256
Geo-Community 125 23

Table3: Query results of term set with 50
terms




Natural Language Support and Linguistic
Analysis

Two sentences, "Tell me al about GPS activities
in China" and "l want to know something about
AM/FM applications in Canada’, are selected as
queries to test the ability of No-Name and
current search engines to support natural
language input and linguistic analysis. The
results are shown in Table 4 and Table 5. While
"GPS' stands for "Global Positioning Satellite
System", "AM/FM" stands for "Automated
Mapping and Facilities Management".

| Afterlearning | 256 | @2 |

Table6: Query resultsbeforelearning and
after learning

Term
Connection TermX TermX
value (before (after
learning) learning)
Terml 05 0.7
Term2 05 0.3
Term3 05 0.8
Term4 05 05
Term5 05 0.9

Relevance Irrelevance
results results
No-Name 261 43
Y ahoo 132 68
AlltheWeb 1 199
Geo-Community 0 0
Table4: Query resultsof thefirst sentence
Relevance Irrelevance
results results
No-Name 42 7
Y ahoo 10 190
AlltheWeb 0 200
Geo-Community 0 11

Table5: Query resultsof the second sentence

Comparison of the system performances
beforelearning and after learning

No-Name can revise the term connection value
by learning from the users' feedback. A category
name "Database" is chosen as termX, and 5
terms, ("Binary Large Object", "Conceptua
Model", "Data Definition Language",
"Georelational Model", and "Spatial Database")
in this category are chosen to represent the
queries. The initial term connection values
between termX and the 5 terms are set to 0.5.
Each query can only contain one term. The
expert board is responsible to judge if the query
results are relevant to termX. The results of the
evaluation from expert board are used as users
feedback to train the search engine. 100 results
are chosen as feedback from the total 408
evaluation results randomly. The query results
before learning and after learning are shown in
Table 6 and the term connection values before
learning and after learning are shownin Table 7.

\ Relevance | Irrelevance
No-Name \ results results
Before learning 271 137

Table7: Term connection values before
lear ning and after learning

CONCLUSIONS

Compared to current search engines, No-Name,
an Intelligent GIS search engine, has a higher
perfformance in Relevant Sites Retrieval,
Irrelevant Sites Dodge, and Natural Language
Identification.

Spider, robot, and full text analysis technology
are applied in No-Name successfully. The
information collecting from Internet is efficient
and adequate.

It is realized to determine the strength of term
connections in small size thesauri according to
users feedback using fuzzy logic. The
experiment results support the search engine can
learn from the users' feedback. The relevance
results are almost kept as same, but the
irrelevance results are highly reduced after
training.

The test results show No-Name has the best
performance in natural language supporting
among the four chosen search engines. Anyway,
Yahoo also shows now it can support natural
language  identification =~ somehow.  The
improvement should be attributed to the
partnership between Yahoo and Google that
began in June of 2000 [27].



No-Name's unique multiple independent layers
structure can speed the query and help the users
to find better matched results.

Although the experimental results shows No-
Name is an Intelligent GIS search engine to
retrieve GIS informetion from Internet with high
performance, there are still some room left for
improvement. First, the expert board should
contain more experts to avoid misjudgment. The
decisions made by only a few experts are usually
fatal to misjudgment and thus become doubtful.
The noise, or misudgment by one expert is
expected to be weaken by recruiting more
experts to the expert board. Second, The
assumption 2, that any term has no connection
with its peers in the same category, is too strong
and might be not the truth. The term connection
value among terms in the same category should
be determined in the future which means the
number of term connection will be increased
from afew thousand to several tens of thousand.
Finaly, GIS is an explosive interdisciplinary
application science, and the terms that GIS
involves with are increasing dramatically. Itisa
challenging problem to maintain a reasonable
size GIS thesauri for the efficiency's sake, and at
the same time, to keep up with the advancement
of GIS technologies.
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