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Abstract: Deep web data integration needs to do schema
matching on web query interfaces and obtain the mapping table.
By introducing semantic conflicts into web query interface
integration and discussing the origins and categories of the
semantic conflicts, an ontology-based schema matching method is
proposed. The process of the method is explained in detail using
the example of web query interface integration in house domain.
Conflicts can be detected automatically by checking semantic
relevance degree, then the categories of the conflicts are identified
and messages are sent to the conflict solver, which eliminates the
conflicts and obtains the mapping table using conflict solving
rules. The proposed method is simple, easy to implement and can
be flexibly reused by extending the ontology to different
domains.
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n recent years, the web has been rapidly “deepened” by

more and more networked databases on the Internet, and
it is believed that a significant amount of information is
“hidden” in the deep web, behind the query forms of search-
able databases. Since the information in these databases can-
not be accessed directly through static URL links, they are
only available as responses to dynamic queries submitted
through the query interface of a database. Because current
crawlers cannot effectively query databases, such data are in-
visible to traditional search engines, and thus remain largely
hidden from users'"'. It is in high demand to provide inte-
grated search systems over web databases, and integrating
query interfaces is the first and the most important step in
implementing such kinds of systems, because the quality of
the integrated query interface will directly influence the final
results of integrated systems. We have proposed a frame
named IQIBO to integrate query interfaces, in which we ob-
tain a UQI based on domain ontology and obtain the map-
ping of query interfaces and the UQI". In the IQIBO, the
main bottleneck is the semantic heterogeneity existing in
query interfaces and the UQI. In other words, we must elim-
inate semantic conflicts and resolve semantic heterogeneity.

In this paper, we propose a method to do schema
matching, which includes three modules: a coordinator, a
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conflict detector and a conflict solver. In the method, the
concepts in different web query interfaces are described as
ontologies and sent to the conflict detector. The conflict de-
tector first computes the semantic relevance degree of the
UQI and every query interfaces; if they are relevant, the
conflict detector detects if there are any semantic conflicts,
and then reports the conflicts to the conflict solver to elimi-
nate the conflicts and obtain the mapping table.

1 Semantic Conflict

Semantic conflicts refer to the conflicts caused by using
different ways in different web databases to express the same
entity in reality’”’. They can be classified as data-level con-
flicts or as schema-level conflicts''. Data-level conflicts are
due to different perceptions of the same concepts, and sche-
ma-level conflicts are due to differences in logical structure
of the same concept. We give the concepts of every type of
conflicts in Tab. 1. For example, dates can be represented as
a 6-character string (e. g. “160505”) or as a Julian date
(e. g. “16-May-2005""), which causes a data representation
conflict. Another example, in a concept “house” is represen-
ted as House ( floor number, size, price), and in another data
resource it is represented as House ( location, floor size,
price) , which causes a schema isomorphism conflict.

In web query interface integration, we will meet all kinds
of conflicts except ontology-caused conflict.

2 Schema Matching Method

In the IQIBO, there is a processor to dispose query inter-
faces, which has two parts, semantic matching and tentative
queries detection. The processor can discover web sites in
special domains on the web efficiently and accurately by
using ontology and match UQI and query interfaces to gen-
erate a mapping table. In this chapter we will give explana-
tion concerning semantic matching, which concludes with
the semantic conflicts solver as the main component.

2.1 Semantic conflicts solver

The semantic conflicts solver is the key in semantic matc-
hing, and it consists of three parts: they are the coordinator,
the conflict detector and the conflict solver. Fig. 1 shows its
structure and its relationship with other parts in IQIBO.

In the method, web query interfaces are described using
ontology and sent to the conflict detector. The conflict detec-
tor finds semantic conflicts and reports them to the conflict
solver. After eliminating the conflicts, the conflict solver gets
the mapping table. The coordinator is responsible for coordi-
nating and monitoring all kinds of activities, and mainly in-
teracts with the conflict detector and the conflict solver.
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Tab.1 Concepts of all types of semantic conflicts
Class Conflict type Description
Data value conflict Different interpretations of the meaning of data instance values.
Data representation conflict Similar objects are described by different data types or data format representations.
Data-level Data unit conflict Use of different measurement units.
conflict Data precision conflict Implementation of different scales, different domain precisions, or different data granularities.

Data reliability conflict

Data range conflict

Data present in different databases may be subject to data reliability.

Use different ranges.

Schema-level
conflict

Naming conflict

Entity identifier conflict
Schema isomorphism conflict
Generalization conflict
Aggregation conflict
Relation conflict

Restriction conflict

Labels of schema elements are somewhat arbitrarily assigned by different database designers.
Assignment of different identifiers to the same concept in different databases.

The same concept is described by a dissimilar set of attributes or is not set-operation compatible.
Different design choices for modeling related entity classes.

When an aggregation is used in one database to identify a set of entities in another database.
The relationships of the same concept with other concepts are different in different databases.

The restrictions on the same concept are different in different databases.

Ontology caused conflict

Use different ontology languages or use different versions of the same ontology language.

UQI |——| Semantic conflicts solver

Conflict detector

Map table

Query interfaces II

Fig.1 The structure of semantic conflicts solver

2.2 Ontology description of concepts

In the conflicts detection algorithm, concepts in different
web databases are described in OWL"' as follows:

(owl: Class rdf: ID = “concept”/ )

(owl: Class rdf: ID = “attribute”/ )

(owl: Class rdf: ID = “restriction”/ )

{owl: Class rdf: ID = “identifier”)

{rdfs: subClassOf rdf: resource = “#restriction”/ )
(/owl: Class)

(owl: Class rdf: ID = “reference”)

(rdfs: subClassOf rdf: resource = “#restriction”/ )
(/owl: Class)

(owl: Class rdf: ID = “constraint”)

( rdfs: subClassOf rdf: resource = “#restriction”/ )
(/owl: Class)

(owl: ObjectProperty rdf: ID = “Hasattribute™ )
(rdfs: domain rdf: resource = “#concept”/ )
{rdfs: range rdf: resource = “#attribute”/)

(/owl: ObjectProperty )

( owl: ObjectProperty rdf: ID = “Hasrestriction” )
(rdfs: domain rdf: resource = “#concept”/ )
{rdfs: range rdf: resource = “#restriction”/ )
(/owl: ObjectProperty )

( owl: ObjectProperty rdf: ID = “Hasidentifier”)

( rdfs: subPropertyOf rdf: resource = “# Hasrestric-
tion”/ )
(rdfs: range rdf: resource = “#identifier”/)
(/owl: ObjectProperty )

(owl: ObjectProperty rdf: ID = “Hasreference” )

( rdfs: subPropertyOf rdf: resource = “# Hasrestric-
tion”/ )
(rdfs: range rdf: resource = “#reference”/ )

(/owl: ObjectProperty )
(owl: ObjectProperty rdf: ID = “Hasconstraint” )
( rdfs: subPropertyOf rdf: resource = “# Hasrestric-
tion”/)
(rdfs: range rdf: resource = “#constraint”/ )
(/owl: ObjectProperty )

We use a tree structure (see Fig.2) to preserve the con-
cepts. For example, Fig. 3 is a housing web query interface,
and there are eight labels such as information category (sale
or rent), location, price, house kind, size, floor number, fit-
ment and keyword. We can obtain all the labels, we can de-
scribe it using a tree structure (see Fig.4).
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Fig.2 A part of tree structure for concept
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Fig.3 A house web query interface

It is a part of description and there is more information
that needs to be written down. For example, class attribute
has several characteristics to record, which are data-type, da-
ta-unit, data-precision, data-reliability, and data-range. In a
similar manner, other classes also have their appropriate



Ontology-based schema matching method in web query interface integration 387

@@

~ .
Y ~.
~ -
Constraint-house kind

= = =>» Hasconstraint; —— Hasattribute
+eseeeeee> Hasidentifier; — + = ¥» Hasreference

Fig.4 A part of house

characteristics to be recorded. We are not going to dwell on
them.

2.3 Conflict detector

The conflict detector is responsible for detecting various
types of semantic conflicts, which is the emphasis of this pa-
per. The algorithm is described as follows:

Input: The concepts in the UQI and query interfaces. The
query results from different web query interfaces.

Step 1 Compute semantic relevance degree.

Step 2 Detect schema-level conflicts. When a conflict is
found, write it into the conflict list and repeat step 2.

Step 3  Detect data-level conflicts. When a conflict is
found, write it into the conflict list and repeat step 3.

Output: The conflict list.

In the algorithm, detecting schema-level conflicts is prior
to detecting data-level conflicts, because schema-level con-
flicts have higher priority than data-level conflicts.

2.3.1 Computing semantic relevance degree

Irrelevance degree' is introduced before semantic rele-
vance degree is defined.

Definition 1 The irrelevance degree of p and ¢ is ex-
pressed using I( p, g), the semi-irrelevance degree of p and ¢
is expressed using S(p, g) and the upper bound set of p is
expressed using U(p), These definitions satisfy the follow-
ing conditions:

1) Max(I(p,q).1(q,r)) e UU(p,1));

2) Replace I(p, q) in 1) with U(I(p, q)), and/or replace
I(gq, r) with U(I(g,r)), 1) is still tenable;

3) YpCq.I(p.q) =min{u|ue U(p,n)}:

4) Max(S(p.q),S(q,r) e U(S(p,1));

5) Replace S(p, g) in 4) with U(S(p, q)), and/or re-
place S(g, r) with U(S(q, r)),4) is still tenable;

6) S(p.q) =min{u | ue U(S(p,n)};

7) I(p, q) is a finite value in the conditions of 1) to 6),
other conditions, I(p, q) = = ;

8) If ¢ is an ancestor of p, I(p, q) =0.

Next is the definition of the relevance degree!” of two on-
tologies.

Definition 2 Given any two ontologies OP and OQ in a
specific field model DM, if the irrelevance degree of OP and
OQisn,ne N and 0 <n < », the relevance degree is ex-
pressed using R}, (p, q),0<Rp,(p,q) <1, and

1) Ry (p,q) =0, when n=o0;

2) RY.(p,q) =1, when n=0;

3) RY.(p,q) =1/n,when 0 <n< oo

4) Ry, (p,q) =1, when p > g, that is p is an ancestor of
q;

5) R];VM(a, c¢) = min(m, n), when RgM(a, b) = n and
R;VM( b,c) =m.

Under these definitions, the semantic relevance degree of
two concepts can be computed. By setting a threshold, we
can know whether the two concepts are semantically rele-
vant, then a conflict detection algorithm is applied to analyze
whether they are conflictive and which type the conflict is.
2.3.2 Detecting schema-level conflicts

Given two semantically relevant concepts C1 and C2, we
detect schema-level conflicts as below.

Step 1 Build trees for C1 and C2.

Step 2 Compare the names of C1 and C2. If their names
are different, there is a naming conflict.

Step 3 Compare every attribute of C1 with all attributes
of C2 to determine whether they are semantically relevant. If
there are semantically relevant attributes, compare their
names. If their names are different, there is a naming con-
flict. Compare semantically relevant attributes to find gener-
alization conflicts and aggregation conflicts.

Step 4 Compare attribute sets of Cl1 and C2 except se-
mantically relevant attributes. If they are different, there is a
schema isomorphism conflict.

Step 5 Compare identifier attribute sets of C1 and C2. If
they are not semantically relevant attributes, there is an enti-
ty identifier conflict.

Step 6 Compare reference sets of C1 and C2. If they are
not semantically relevant, there is a relation conflict.

Step 7 Compare constraint sets of Cl and C2. If they
are not semantically relevant, there is a restriction conflict.
2.3.3 Detecting data-level conflicts

Given two attributes A1 and A2, we detect data-level con-
flicts using the following operations.

Step 1 Compute their relevance degree.

Step 2 If Al is semantically relevant to A2, build trees
for them. If not, go to step 4.

Step 3 Compare all the characteristics of Al and A2,
such as data-type, data-unit, data-precision, data-reliability,
and data-range. If they are different, we can obtain a conflict
of the corresponding type.

Step 4 If Al and A2 have the same or similar names but
they are not semantically relevant, there is a data value con-
flict.

2.3.4 Reporting conflicts

After detecting semantic conflicts, the last thing that the
conflict detector needs to do is to report the conflict list to
the coordinator. The conflict list includes all conflicts detec-
ted by conflict detector with all their types and concepts in
1t.

2.4 Conlflict solver

The conflict solver has a rule base and several processors.
In the rule base, there are rules for conflict solving, for ex-
ample, {rule: price—rent charge | information category =
“rent”} means if “rent charge” in a query interface is a na-
ming conflict with regards to “price” when the information
category is “rent”, then “rent charge” matches “price”. Ev-
ery type of conflict has an appropriative processor, and by
using the rules in the rule base, the processors can obtain a
mapping table easily and quickly.

3 Conclusion

There are several advantages in using ontology and se-
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mantic conflict to resolve schema matching problems in web
query interface integration, which can improve the efficiency
of information retrieval, facilitate the sharing and reuse, and
provide a flexible and convenient interactive platform for in-
formation users. Through the analysis of various types of se-
mantic conflicts, an ontology-based schema matching meth-
od is introduced, thus the semantic conflicts in web query in-
terfaces can be identified and given to a conflict solver to be
resolved, then a mapping table is gained. The main task in
the future is to enhance the reliability and to improve its ef-
ficiency.
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