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Abstract: In order to solve the semantic irreconcilable problems caused by contextual differences during the

process of ontology integration, a context-driven reconciliation mechanism is proposed. The mechanism is based

on the previous work about a context-based formalism—Context-SHOIQ (D +) DL, which is used for

explicitly representing context of ontology by adopting the description logic and the category theory. The

formalism is extended by adding four migration rules ( InclusionRule, SelectionRule, PreferenceRule, and

MappingRule), that are used to specify what should be imported into the IntegrativeContext, and three related

contextual integration operations of increasing interoperability ( import, partial reconciliation, and full

reconciliation) . While not exhaustive, the mechanism is sufficient for solving the five types of semantic

irreconcilable problems that are discussed, and favors integration of ontologies from one context to another.
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As the semantic web gains attention as the next
generation of the web, the issue of reconciling different
views of independently developed and exposed data
sources becomes increasingly important. Ontology inte-
gration serves as a basis for solving this problem. Ref.
[1] identified three different meanings of ontology in-
tegration. One of the meanings refers to building an on-
tology by merging several different ontologies about
the same subject into a single one that unifies all of
them. However, during the process of ontology integra-
tion, there are a great number of independently devel-
oped ontologies that reflect different views of their de-
velopers and the different needs and interests of their
owners. Therefore, these ontologies hold with respect
to their specific contexts, that is to say, the meanings of
the ontological elements (concepts and relations) are
different in different contexts. The contextual differ-
ences cause semantic irreconcilable phenomena that
pose challenges for ontology integration. Unfortunate-
ly, there is not an explicit representation of contexts for
ontologies in the semantic web so far. Hence, we need
to develop a mechanism that allows us to explicitly re-
present and operate contexts to handle some of these
semantically irreconcilable problems in ontology inte-
gration.

In the past, artificial intelligence ( Al) researchers
have encountered similar issues when integrating struc-
tured knowledge from different people or even the
same person at different times. To handle these issues,
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mechanisms such as contexts
have been proposed and implemented in projects such
as Cyc'”. Nowadays, context has also become an im-
portant consideration in the semantic web"””'. Howev-
er, the differences between Al systems and the semantic
web also mean that a context mechanism for the se-
mantic web will have substantial differences from the
Al context mechanisms'®'.

In this paper, we present a completely different
context-driven reconciliation mechanism for the seman-
tic web ontology integration. The mechanism is based
on our previous work about a context-based formal-
ism—— Context-SHOIQ (D +) DL"' that is used for
explicitly representing context. We extend the formal-
ism in order to take into account four migration rules
and three related contextual integration operations
which favor integrating ontologies from one context to

another.

1 Contextual Differences and Semantic Ir-
reconcilable Phenomena

In this section we discuss some of the semantic ir-
reconcilable phenomena caused by contextual differ-
ences that we observed in the process of building a
travel ontology by merging several ontologies from
multiple different contexts. These phenomena show the
need to provide a context mechanism for the semantic
web ontology integration.

Phenomenon 1 (synonym and homonym) The
designer of each ontology uses one’ s own lexical la-
bels to identify concepts and relations which results in
the phenomena of synonyms and homonyms.
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Phenomenon 2 ( class differences and property
differences) Different ontologies often use some par-
ticular classes and properties in different ways in differ-
ent contexts.

Phenomenon 3 (attitude differences) A related
phenomenon is that of an ontology having an implicit
attitude.

Phenomenon 4 (points of view) More contextu-
al differences occur when there are conflicting points of
view.

Phenomenon 5 (approximation and accuracy)
Approximation and accuracy is another contextual

difference between ontologies.

2 Context-Driven Reconciliation Mechanism
for Ontology Integration

We present the context mechanism based on our
previous work about a context-based formalism—Con-
text-SHOIQ (D +) DL that is used for explicitly re-
presenting context.

2.1 Context-based formalism

The context of an ontology refers to the source it
comes from. It can be any information used to charac-
terize the situation of ontological elements ( concepts
and relations). The ontological source information is
abstracted as a context.

There is not an explicit formalism definition of
context for an ontology in the semantic web so far. In
Ref. [9], we first defined a context-based formalism—
Context-SHOIQ (D +) DL which is under the frame of
SHOIQ (D +) DL, a kind of description logic underly-
ing OWL DL, from the category theory point of view.

We use y to denote a context. All the ontological
elements (concepts and relations) are always defined
within a context. For example, y. C indicates that the
concept C is defined according to the context y to re-
strict C within context y.

In Ref. [9], Context-SHOIQ (D +) DL syntax
and semantics are defined in detail, such as the defini-
tions of context, subcontext, context sequence and con-
text migration. Having the context-based formalism, we
can explicitly represent context as a basis for the con-
textual ontology integration.

2.2 Migration rules and contextual integration op-
erations

The context-based formalism provides us a meta-
theory to solve the semantically irreconcilable problems
arising in the integration of ontologies from different
contexts. Based on the formalism definitions of context
above, we can extend the formalism in order to take in-

to account the migration rules and the related contextu-
al integration operations to assist in the integration of
ontologies from one context to another.

For the sake of convenience in rendering descrip-
tions in the remainder of this paper, we assume that in
the process of ontology integration, we have a set of
ontologies (0,, O,, ..., O,; we call them source ontol-
ogies) that are going to be integrated into ontology O
(we call it the target ontology).

First, we declare a new definition about the Inte-
grativeContext as follows:

Provided that

0,) from multi-

Definition 1 (IntegrativeContext)
several source ontologies (O,, O,, ...,
ple different contexts are integrated into the target on-
tology O, these source ontologies correspond to their
contexts y,, y,, .., y, which are called sourceContexts.
The target ontology corresponds to its context y which
is called targetContext. We call the collection of target-
Contexts IntegrativeContext.

Here, these sourceContexts vy,, vy,, ..., vy, are also
called the context sequence y,, v,, ..., ¥,-

An ontology is always in some context. The ontol-
ogy can migrate between contexts, that is to say, it can
immigrate to or emigrate from some contexts. There-
fore, the process of ontology integration can be ab-
stracted as context migration, and it can be denoted as
Y5V ooV 7Y

We now introduce four migration rules that can be
used to specify what should be imported into the Inte-
grativeContext. The migration rules are not exhaustive,
but are adequate to cover the most common types of
contextual differences that we discussed in section 1.

Definition 2 (InclusionRule) The rule constrains
the IntegrativeContext to contain the full facts of what
it imports. That is to say, for example, if InclusionRule
(v, ~y) (where vy, is a sourceContext, y is a target-
Context), then facts that are true in vy, are also true in
v. The defining axiom for it is as follows:

v:-d(x) A InclusionRule(y, ~y)—y.p(x) (1)
where a free variable x is a formal ontological element
(concept or relation) ; ¢ is an axiom or a fact'"” . The
rule is the simplest form of migration.

Hereafter, we introduce some properties ( source-
Filter, targetFilter, propFilter, propMapTo, propMap-
From) proposed in Ref. [8].

Definition 3 ( SelectionRule)
specifies the ontological elements that should be direct-

The rule explicitly

ly imported from the sourceContext(s) to the target-
Context. The defining axiom for it is as follows:
7. (SelectionRule(y, ~ y) A sourceFilter(y,) A
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targetFilter(y) A propFilter(¢)) A
Vi d(yi- X, 7. ¥) >y d(x, y) (2)
where v,(i =1,2, ..., n) as sourceContext(s), and vy is
a targetContext.

Sometimes, we might have a preference for one
context over another. A preference rule serves for this
situation which can either specify a total preference or-
dering on a list of sourceContexts or simply that one
particular sourceContext is preferred over another. As
with SelectionRule, a preference rule can be constrain-
ed to apply to only a particular context. For example,
the ontology O, from y, has more detailed information
about more tourist attractions than O, from vy,, but y,’ s
data is more accurate. This preference rule allows us to
combine vy, with vy,, preferring vy, over v, if both have
values for a particular property for the same individual.

Definition 4 (PreferenceRule) The rule explicit-
ly specifies a preference list of sourceContexts or one
particular sourceContext that is preferred over another.
The defining axiom for it is as follows:

y (PreferenceRule(y,.y; ~y) A sourceFilter(y,. y,) A

targetFilter(y) /A propFilter($)) A

Vi ¢y X y-3) Ny = (3 (y.2)

d(y)- X, y.2) A Vi X#Ey.2) >y p(X, y) (3)
where Yoy (i, J = 1,2, ..., n) are sourceContext(s),
and vy is a targetContext.

One of the most common migrations required is to
distinguish between different uses of the same term or
to normalize the use of different terms for the same
concept. These migration rules specify the source term
and the target term. As with the SelectionRule, we can
constrain the application of these mappings to specific
phenomena such as synonyms and homonyms and class
differences and property differences.

Definition S (MappingRule) The MappingRule
can be used to distinguish synonyms and homonyms
and class differences and property differences between
contexts in the IntegrativeContext. The defining axiom
for it is as follows:

v. (MappingRule (y, ~y) A sourceFilter(y,) A
targetFilter(y) A propMapTo(¢,) A
propMapFrom(¢,)) A v,. (v, X, v.y) —
Y- (X, y) (4)

where y;(i=1,2, ...,n) are sourceContext(s), and v is
a targetContext.

The IntegrativeContext may have any number of
migration rules defined above to be imported into it.

Having these definitions and the set of migration
rules above, we can easily handle some semantic irrec-
oncilable problems in the process of ontology integra-

tion. Depending on the number of migration rules nec-
essary to be applied in the IntegrativeContext, three dif-
ferent levels of “integration operations” of increasing
operational power can be distinguished. They are im-
port, partial reconciliation, and full reconciliation.

Import is the weakest form of “integration opera-
tions”. It can only support InclusionRule. It imports
some ontological elements without any modifications,
so it can only support limited kinds of interoperability.

Partial reconciliation has more integration opera-
tional power and it can support SelectionRule and Pref-
erenceRule as well as InclusionRule. So it supports
more extensive interoperability.

Full reconciliation provides a more complete inte-
gration operational power with all migration rules (In-
clusionRule, SelectionRule, PreferenceRule, and Map-
pingRule) . It requires more extensive changes or major
reorganizations by selection, modification, transforma-
tion, adding or ignoring some ontological elements in
the sourceContext(s). So, it can result in the most com-
plete interoperability.

While not exhaustive, we believe these migration
rules and related contextual integration operations are
sufficient for solving many issues that arise in ontology
integration on the semantic web. More importantly, this
functionality can be incorporated into the semantic web
with fairly small and simple additions to the existing
standards.

3 Conclusion

The contextual differences cause semantic irrecon-
cilable phenomena that pose challenges for ontology
integration. In this paper we propose a context-driven
reconciliation mechanism to handle some of these se-
mantically irreconcilable problems. We avoid the gen-
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construct in Al but provide a completely dif-
ferent context mechanism for the semantic web ontolo-
gy integration. Our aim is to do some research for con-
textual ontology integration. This is only the beginning
of exploring the contextual ontology integration for the
semantic web, and many challenges such as how to ap-
ply migration rules and related integration operations

need to be done by our future efforts.
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