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Abstract: To integrate reasoning and text retrieval, the architecture of a semantic search engine which includes

several kinds of queries is proposed, and the semantic search engine Smartch is designed and implemented.

Based on a logical reasoning process and a graphic user-defined process, Smartch provides four kinds of search

services. They are basic search, concept search, graphic user-defined query and association relationship search.

The experimental results show that compared with the traditional search engine, the recall and precision of

Smartch are improved. Graphic user-defined queries can accurately locate the information of user needs.

Association relationship search can find complicated relationships between concepts. Smartch can perform some

intelligent functions based on ontology inference.
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The technology of web search has been widely
used around the world. However, the precision and re-
call of existent search engines are not good enough to
satisfy user requirements. At the same time, they are
not intelligent enough to carry out some special que-
ries. Presently most search engines are based on key-
word or full-text index. As the most important applica-
tion of the semantic web'", semantic search is being
paid more and more attention to. The concept of se-
mantic search is put forward in Ref. [2]. Semantic
search integrates the technologies of the semantic web
and search engine to improve the search results ob-
tained by current search engines and evolves to the
next generation of search engines built on the semantic
web.

Based on the ontology function in semantic
search, we sort semantic search into three types: the in-
cremental semantic search engine based on the tradi-

[3-6]

tional search engine'” ™, intelligent semantic search

U701 and other semantic

based on ontology inference
search'"' ™.

Smartch, a new kind of semantic search engine
based on domain ontology, is implemented. Our initial
purpose is to improve the search result ontology infer-
ence. Existent search engines should do well with not
only higher precision but also higher recall. At the
same time, the traditional search engine cannot per-
form complicated constraint queries and relationship

queries between resources. Smartch integrates semantic

Received 2007-05-18.

Foundation item: The National Natural Science Foundation of China
(No. 60403027) .

Biographies: Wen Kunmei(1979—), female, graduate; Lu Zhengding
(corresponding author) , male, professor, zdlu@ hust. edu. cn.

search and search engine to effectively and truly find
user information. It is focused on resolving the follow-
ing questions: basic query with incremental recall and
unreduced precision based on ontology keyword par-
sing; concept query within domain ontology; associa-
tion relationship query between resources; user-defined
queries based on graphic manner.

1 Architecture of Semantic Search

A semantic search does not search the whole In-
ternet, it only searches some special domain. A com-
plete process of a semantic search includes the follow-
ing steps:

(D Knowledge base is established based on some
domain ontology;

(2 Crawlers build the index base for the internal
websites which belong to a special domain;

(3 System accepts the queries asked by users;

@ Inference engine analyzes user’ s query, per-
forms a reasoning operation and then returns the infer-
ence results to system;

® According to the inference results, the system
finds the record in the index base;

(6 Ranking the search results and combining with
the reasoning results to form the final results, the sys-
tem returns the final results to the user.

Based on the model proposed in Ref. [14], we
build the architecture of semantic search, shown in Fig.
1. The system is composed with three parts. They are
semantic search, resource and Intranet based on some
domain. The most important part is semantic search. To
implement semantic search, we need to construct four
components, including repository based on domain on-
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tology, reasoning engine, interface engine and crawler.
Resources contain arbitrarily many websites. We give
the details of these four components as follows.

Semantic search

Reasoning | .| Interface | ! Crawler
engine engine

Resoures

A
\ Intranet

Repository

Fig.1 Architecture of semantic search engine

1.1 Repository based on ontology

The repository stores domain ontology owl files.
Owl files should be the right domain ontology. Loading
ontology files and parsing RDF graph structure is time-
consuming work. Database is an answer to resolve it. It
is used to store ontology data. The method saves great
time used for reasoning.
1.2 Crawler

The crawler’ s task is catching the intranet re-
sources and building indices for them. First crawlers get
the URL information of starting resource. Secondly the
crawling range is set, where the range is restricted in
the Intranet. Then the web pages are crawled and indi-
ces are built based on these web pages. The system
needs to perform the whole crawling process timely
and update the index files to ensure the web pages are
updated. The crawling process is shown in Fig. 2. The
crawler controller is used to maintain URL information
and set the crawling range.

Resources in a
pecial domajn

Crawling f Crawler -
controller Index
e

Fig.2 Crawling process of semantic search engine

1.3 Reasoning engine

The reasoning service of semantic search is carried
out by reasoning engine. It returns the inference results
to the traditional search engine or directly to the user.
The reasoning engine can perform concept query, in-
stance query and association relationship query, provi-
ding powerful reasoning functions. The reasoning is
implemented based on the tableau algorithm.

The semantic search engine provides four kinds of
reasoning services: consistency reasoning which checks
whether the ontology contains inconsistent facts; classi-
fication reasoning which calculates the consumption re-
lationships among concepts and establishes a concept
hierarchy graph; realization reasoning which finds the
most direct concept of the appointed instance; and
query reasoning is mainly for individual queries.

The reasoning engine obtains the user’ s keyword
from the interface engine and treats it as a concept and
then performs the concept reasoning operation, if the
concept exists in the ontology knowledge base, the
system returns its equivalent concept, sub-concept and
super-concept, then performs the instance reasoning op-
eration and finds all the individuals of the concept; if
the concept does not exist, then the reasoning engine
regards it as an instance, and does the instance reason-
ing operation. The reasoning results are put forward to
users and also to traditional search engine. If the con-
cept does not exist then the results are directly forwar-
ded to the traditional search engine. The whole refer-
ence process is shown in Fig. 3.
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Fig.3 Reasoning process of semantic search engine

1.4 Interface engine

The user can interface with semantic search en-
gine using four forms: keyword query, concept query,
association relationship query and user-defined query
based on graphic mode.

The user submits the query. The query is firstly
put forward to the reasoning engine. After the reason-
ing operation is completed, the inference results are
forwarded to the search engine. And related web pages
are found from the index base. The reasoning results
are combined with related pages to generate the final
results. Eventually these results are ranked according to
their important values and returned to users.

The user can define the query through a graphic
mode. The user-defined method is shown in Fig. 4. The
first step is selecting one ontology concept. Then all the
properties of the concept are shown to be extended.
The user clicks the selected property to expand the
query graph and restrict it. And then the user can
choose the property’ s range concept. Again the process
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can be circular until the user-defined process is over.
Finally the user needs to set the query concept.

——‘Select ontology concept|

Get all the properties
of the concept No

prope:

Yes
Generate the new
query graph

Yes
Set the query concept

Fig.4 User-defined process of graphic query

2 System Implementation

The implementation of semantic search is based
on the integration of search and inference. We use Lu-
cence (an open resource tool) as our Intranet search
tool and Jena (another open resource tool) as our on-
tology parsing tool. To improve the efficiency for the
operation of uploading owl files, the SQLServer is used
as the tool for ontology data persistence. Based on Je-
na, we develop the SQLServer database interface (for
the reason that Jena API only provides MySQL, Oracle
interface). The ontology model can be directly read
from the database. The method can save a great deal of
time. We use Pellet which is an open-resource reason-
ing tool as our reasoning engine, the reference services
can be done through calling the Pellet API.

The user-defined process of graphic query is im-
plemented based on scalable vector graphics (SVG).
On the client side SVG graphic technology and Ajax
are adopted. On the server side servlet plays an impor-
tant role of accepting requests from the user. Grahpviz
is the tool to generate SVG format string flow.

From the user’ s view, the whole process of se-
mantic search is shown in Fig. 5. There are twelve steps
as follows:

(D Choose keyword query;

) Choose concept query;

(3 Choose user-defined query;

@) Input keywords;

(5 Input concept;

(6 User-defined graphic query;

(7) Submit the query to reasoning engine;

Provide the expanded results to search engine;

(©) Submit the reasoning results to generate final
result pages;

@0 Put index results into ranking component;

@ Transfer the ranked results to generate final re-
sult pages;

(2 Return the final search results to user.
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Fig.5 Semantic search process from user’s view

We build our IDC lab ontology “idc _onto. owl”.
It is an academic ontology. The final result pages are
combined inference results with search results. We
built the lab ontology mentioned above. And some in-
stances were existent in the ontology. If the user choo-
ses basic keyword query, such as “{[%4]”, the reason-
ing engine first regards it as a concept, then through
ontology inference we know that “Hifii” has the same
meaning as “}FE AL, so “iFE ML and “HL K are
both returned to the search engine. If the user chooses a
concept query, such as “f#14-4:", the reasoning engine
gets the equivalent concept, sub-concept and super-con-
cept of the concept. This result is shown in the top
right corner. At the same time, the reasoning engine
needs to index all the individuals of the concept “{#+-
A, and then return all the individuals to search en-
gine. Finally the search engine finds all the results
which satisfy the request. The instance of “descript” in-
cludes “JEEL”, “Ph/NFK” and “4F#EEE”. The search
engine also regards them as keywords and searches the
web pages related to these keywords. The brief intro-
duction from the ontology base about the instance is al-
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so shown at the bottom right. The detailed description
is shown in Fig. 6.

Imput: A4
. Display tree structure related

JHH more links PR s—— W
Link1 Student
Link2 Ph.D.
Link3 Ph.D. Candidate
FIPAR more links
Link1 Display all the individuals of the
Link2 concept “fH+4:":
Link3 FI/INHK : basic information
LM more links AxH53F : basic information

? JE¥L: basic information
Link1 L1

R Ry Click links you can get more
Link2 detailed information about the

Fig.6 Generating result pages
3 Experiment and Conclusion

Semantic search engine Smartch is implemented.
We do some experiments.

First we test basic query. “if3(” as a keyword is
inputted. Besides the web pages containing “}&3(”, the
pages containing “paper” are also returned. The result
is shown in Fig.7.

SmartCH WE) EOETN ER

HFPMTFS L HENER G%F Aef. 0. 0328)

Fig.7 Basic keyword query result

If the user inputs the concept “Z{Jifi”, all the indi-
viduals of the concept “ZJifi” existing in the ontology
are returned to the user. The web pages related to these
individuals are also returned to the users. The brief in-
troduction from the ontology base about the instance is
also shown at the bottom right.

If the user wants to ask the question “Who teaches
the course semantic web and ontology?”, we can re-
solve it using user-defined graphic mode. The finished
defined query graph is shown in Fig. 8. First, the user
chooses the concept “Z{Jii”’, and then displays all the
properties of this concept. The user can restrict selected
property “$ZI”. “1E XM 5AKIL” is set as the in-
stance of the concept “PfFE”. Finally, the user defines
the concept “Z{Jfi” as a query variable. The reasoning
engine retrieves all the instances of the submitted con-
cept. The final display format is the same as the con-
cept query.
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Fig.8 User-defined graphic mode

If the user inputs two entities, it means that the us-
er wants to find the relationship between them. In
Smartch, we input “r1” and “r2”, and the system re-
turns the relationship existing between them. The inter-
face is shown in Fig. 9.

Semantic association search (SAS)
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Fig.9 Association relationship search interface

Semantic search is different from traditional
search. It uses semantic search technology to improve
the search results. We develop the semantic search en-
gine Smartch. The experiment shows that Smartch can
improve recall, through keyword parsing based on the
ontology and it can extend keyword to its equivalent
concept, sub-concept. The concept query searches all
the instances of concept through inference. And the us-
er-defined method can inerrably ensure the semantic in-

formation which is hidden in the user’ s query and im-
prove the precision. Smartch can also find out the asso-
ciation relationship between two entities. So it can im-
plement some intelligent functions compared to the tra-
ditional search engine.
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