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Abstract: To improve the performance of the ontology matching process, a more efficient ontology matching

algorithm, which can effectively eliminate unnecessary operations of matching entities, is proposed. By the

theoretical analysis and proof, a set of matching rules are summarized for depicting inherent relations among

matching results of entities. Based on these rules, the proposed algorithm can reuse the matching results of two

entities to directly determine the matching results of their adjacent entities. Thereby, redundant operations of

matching adjacent entities can be avoided, which can improve the performance of the whole matching process.

The experimental results show that, compared with related algorithms, the proposed algorithm has high matching

accuracy and can remarkably reduce the consuming time of the whole matching process. So, the proposed

algorithm is more competent for the large-scale ontology matching which often occurs in the practical

heterogeneous web resources integration project.
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Today, when integrating large-scale web re-
sources, performance is becoming a key factor for the
practical use of a matching algorithm to handle the se-
mantic heterogeneities. As an example, in undergoing a
practical project, a science and technology department
plans to establish a centric portal for integrating hetero-
geneous web resources distributed over the local of-
fices. Fig. 1 shows fragments of news ontologies pro-
vided by Science and Technology Department and
Shandong Province Office. To integrate their resources,
mappings must be first established among their hetero-
geneous ontologies. However, as increasing local of-
fices are involved as well as richer and richer resources
are supported, requirements of the performance of
matching algorithm are becoming more and more exi-
gent.

To provide higher matching accuracy, nowadays
most of matching systems' ™ depend on a domain spe-
cific thesaurus such as WordNet!” to determine the re-
lation holding in an entity pair (formed by two entities
which come from the first and the second matching on-
tology respectively ). However, matching entities by
consulting a thesaurus are time consuming operations.
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Fig.1 Fragments of news ontology. (a) Ontology of Science
and Technology Department; (b) Ontology of Shandong Province
Office

We believe that the less such matching operations are
executed, the higher will be the performance of an al-
gorithm. Through experiments, we discover that the re-
lation of two entities can be reused to determine the re-
lations among their adjacent entities. As shown in Fig.
1, after finding that the entity pair { News, Person )
have not any relations, without consulting the thesaurus
again, we can directly draw the conclusion that there
are also not any relations in the entity pairs ( Domes-
tic_News, Person) and {Foreign _News, Person ). This
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is because concepts “Domestic _ News” and “Foreign _
News” are firstly a concept “News”. Therefore, two un-
necessary operations of having to consult the thesaurus
are passed over.

In this paper, a set of rules to reuse matching re-
sults has been summarized and strictly proved, which
can be used to effectively cut down the unnecessary
operations of matching entities. A more efficient algo-
rithm (rule-match) based on these rules is developed.

1 Matching Algorithm

The result of a matching algorithm is called an
alignment'® | which composes of a set of strongest rela-
tions'”’ holding among entity pairs. The possible rela-
tions holding in an entity pair are equivalence ( =),
more general ( €), disjointness ( L) and overlapping
(N). To compute an alignment, the technique for
matching any two entities in a pair will be introduced
in section 1.2. Then, in section 1.3, the algorithm is
proposed to compute the set of possible relations for
any two ontologies.

1.1 Ontology model

The currently implemented ontology language is
based on RDF(S)""™ but contains some extensions
such as cardinality. In the model, concepts, properties
and instances are all called entities.

Definition 1 An ontology model is a tuple Ont-
Model: =(C, P, I, R), where

e C is the set of concepts. Concepts are collections
of objects that have similar properties. Concepts consti-
tute a subconcept—superconcept hierarchy with multi-
ple inheritances.

e P is the set of properties. Properties can be divid-
ed into datatype properties and object properties. They
are usually first-class objects. Besides, properties can be
transitive, symmetric, or have inverses.

e [ is the set of instances. Instances are individual
members of concepts.

e R is the set of restrictions. Each property has a set
of restrictions on its values, such as cardinality and
range.

1.2 Entity matching technique

The determination of the relation holding in an
entity pair is based on the exploitation of the entities’
names. Referred to the global thesaurus WordNet!”,
five terminological relations between two names ¢ and
t' are considered: (1) Equal: ¢ and ¢’ are exactly the
same with each other. (2) Synonym: t 5t but they are
synonyms. (3) Hypernymy/Hyponymy: ¢ has a more/
less general meaning than t'. (4) Meronymy/Holony-

my: ¢ is part/whole of ¢'. (5) Unknown: The relation of
terms cannot be recognized or supported. However, to
form an alignment, these terminological relations need
to be transformed into the above-mentioned entity rela-
tions. The transformation rules are demonstrated in
Tab. 1.

Tab.1 Terminological relations and their corresponding
entity relations

Entity relation ~ Terminological relation Examples
= Equal U Synonym News, News
c Hypernymy/Hyponymy People, Person
al Meronymy/Holonymy Date, Time
1 Unknown Title, Source

1.3 Rule-match algorithm

To improve the performance, the rule-match algo-
rithm depends on the following matching rules to elim-
inate unnecessary matching operations. Here, we give
the proofs of rule 1 and rule 3. The proofs of other
rules are very similar.

Rule 1 (concept hierarchy rule) If concepts C,

13

and C, have the relation “ 1, then any of their sub-
concepts also have the relation “ 1.
Proof C, and C, have the relation “ | ” means
NG = % (1)
Suppose that S, and S, are the subconcepts of C, and
C,, respectively. Then,
S, CC, S,CC, (2)
According to (1) and (2), S, NS, =
Therefore, S, and S, have the relation “ 1.

Rule 2 (property hierarchy rule) If property P,
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and P, have the relation “ 1 ”, then any of their sub-
properties also have the relation “ 1 7.

Rule 3 (property domain rule)  Suppose that
concept C, and C, have the relation “ 17, if C, and C,
are the domain of properties P, and P,, respectively,
then P, and P, have the relation “ 1.

Proof Suppose that R, and R, are the range of
and D,,...
D,, are the other domains of P, and P,, respectively.

Then,

properties P, and P,, respectively. D,,...D

1m

P,C(C,ND,N...ND,,)R,
P,C(C,ND, N...ND,,)R,
According to (1),
(C,ND,,N...nD,,) N(C,ND, N...ND,,) =

(3)

(4)
According to (1) and (4): P, NP, =(/).
Therefore, P, and P, have the relation “ L.
Rule 4 (object property range rule)  Suppose

that concepts C, and C, have the relation “ 17, if C,
and C, are the range of properties P, and P,, respec-
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tively, then P, and P, have the relation “ L.
The rule-match algorithm is demonstrated as fol-
lows:

Algorithm 1 Rule-match(O,, O,)

Input: Ontology O, and O,

Output: Alignment A(O,, O,)

1 Initialize an empty alignment

2 Get the entity set (E, and E,) of each ontology

3 Sort each set by the level of an entity

4 Starting matching

for each pair ¢, e E| and e, e E,
4.1 If the relation of e, and e, is determined, then continue;
4.2 Get the relation of e, and e, by looking up the WordNet;
4.3 Add the result of 4. 2 to the alignment;
4.4 Applying the rules to predict the relation among adjacent

entities.

endfor

5 Return to the alignment
Note that step 3 aims to ensure that the upper lev-
el concepts and their properties will take higher priori-
ties to be firstly matched. Step 4.4 will eliminate the
unnecessary matching operations based on the relation
between ¢, and e,.

2 Evaluation

As shown in Fig. 1, the above-mentioned practical
project for integrating science and technology web re-
sources provides the first group of experimental data
for us. Besides, to ensure the fairness and accuracies,
two other ontologies about the art history of Google
and Yahoo concept hierarchies are developed as the
second group of experimental data. They are shown in
Fig.2.
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Chat and ; ot :
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‘ C}flgrtuinnd ‘ Architecture H Organizations
(b)

Fig.2 Fragment of ontologies about art history of Google
and Yahoo concept hierarchy. (a) Google; (b) Yahoo
The proposed algorithm is mainly compared with
two other well-known algorithms ( WN-Matcher in the
CMS""and CtxMatch'™'). However, since the CtxMatch
algorithm is designed to be only applied to the concept

hierarchies, it does not attend the test of the first group
of data. The following tests have been executed on an
Intel Dothan machine at 1. 60 GHz with 1 GB RAM
and IDE disks.

The whole experimental process will be further di-
vided into function tests and performance tests. The
function test is aimed at finding whether the proposed
algorithm can work as well as other algorithms. Refer-
ring to standard evaluation measures in information re-
trieval, recall and precision are adopted to evaluate the
results. Here, recall is defined as the proportion of
matched entities which are detected, while precision is
defined as the proportion of detected entities that are
actually similar. The results of this test are shown in
Tab. 2. It shows that the proposed algorithm also has
high accuracy and can work as well as other algo-

rithms.
Tab.2 Results of function test
. Recall Precision

Algorithm
Test 1 Test 2 Test 1 Test 2
CMS 0.383 0.75 0.83 0.50
CtxMatch 0.75 0.75
Rule-match 0.83 0. 875 0.71 0.78

Note: CtxMatch does not attend the first test due to its limitations, so
the corresponding cells in two tables are empty.

The second test is to compare the performance of
each algorithm, which is aimed at finding whether the
proposed algorithm will greatly improve the perform-
ance of the matching process. The result of this test is
shown in Tab. 3. It shows that the performance of the
proposed algorithm is much higher than that of other
algorithms. Thus, in the practical applications, it can be
more adequate to match large-scale ontologies than
other algorithms.

Tab.3 Results of performance test ms
Test data CMS CtxMatch Rule-match
Data 1 24 859 10 250
Data 2 18 312 11 500 7859

3 Conclusion

This paper proposes a more efficient ontology
matching algorithm for integrating heterogeneous web
resources. Through theoretical analysis and proof, a set
of matching rules is summarized and strictly proved.
Depending on these rules, the proposed algorithm can
greatly improve the performance of the matching
process by decreasing unnecessary matching opera-
tions. It means that the proposed algorithm is quite
competent for the large-scale ontology matching which
often occurs in the practical web resources integration
project. The practical application and experiment have
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validated this conclusion.
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