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Abstract

Ontologies aresharedmodels of a domain that encode a view which is common to a set of different parties. Contexts are
local models that encode a party’s subjective view of a domain. In this paper, we show how ontologies can be contextualized,
thus acquiring certain useful properties that a pure shared approach cannot provide. We say that an ontology is contextualized

or, also, that it is aontextual ontologywhen its contents are kept local, and therefore not shared with other ontologies, and

mapped with the contents of other ontologies via explicit (context) mappings. The result is Context OWL (C-OWL), a language
whose syntax and semantics have been obtained by extending the OWL syntax and semantics to allow for the representation of

contextual ontologies.
© 2004 Published by Elsevier B.V.
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1. Introduction information exchange has been widely acknowledged

by the research community. Several different ways of

The aim of the Semantic Web is to make informa- describing information semantics have been proposed

tion on the World Wide Web more accessible using and used in applications. However, we can distinguish

machine-readable meta-data. In this context, the needtwo broad approaches which follow somehow opposite

for explicit models of semantic information (terminolo-  directions: 3
gies and background knowledge) in order to support

Ontologies are sharedmodels of some domain that s

* This paper is an extension and revision of the paper “C-OWL - encode a view which is common to a set of dif-s:
Contextualizing Ontologies”, presented at the Second International ferent partie$19]'

Semantic Web Conference (ISWC-2003). Contexts are local (wherelocal is intended here to
* Corresponding author. Tel.: +39 0461 882088; fax: +39 0461 *

882093 imply not sharedl models that encode a party’s s
E-mail addressbouquet@dit.unitn.it (P. Bouquet). view of a domair{14,13,12] a7

34
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Thus, ontologies are best used in applications where exact contrary, namely that contexts are all we neeé
the core problem is the use and management of com-Our attitude in this paper is quite pragmatical. We bes
mon representations. Many applications have been de-lieve that ontologies and contexts both have some ae-
veloped, for instance in bioinformatid40], or for vantages and that, therefore, they should be integrated
knowledge management purposes inside organizationsin the representational infrastructure of the Semantig
[8]. Contexts, instead, are best used in those applica-Web. Thus, on the one hand, the intended meaning af
tions where the core problem is the use and manage-terms provided by parties which are willing to share:
ment of local and autonomous representations with a information can be more easily captured with an ontolss
need for a limited and controlled form of globalization ogy (or a set of shared ontologies). On the other hanél,
(or, using the terminology used in the context litera- multiple ontologies (or sets or shared ontologies) whicks
ture, maintainingocality still guaranteeing semantic  contain information thashould notbe integrated (an o
compatibilityamong representatiorf$2]). Examples obvious example being information which is mutuallys
of uses of contexts are the classifications of documentsinconsistent) should be contextualized. We say that an
[6], distributed knowledge managem¢si, the devel- ontology is contextualized, or that it is@ntextual o
opment and integration of catalogd.,4], peer-to-peer  ontology if it is kept local (and therefore not sharedoo
applications with a large degree afitonomyof the with other ontologies) but its contents is put in relamw
peer nodes but still with a strong needoabrdination tion with the contents of other ontologies via explicito
[22] (with autonomy and coordination being the behav- mappings. 103
ioral counterpart of the semantic need of locality and Our approach in this paper is as follows. We take.
compatibility). the notion of ontology as the core representation mech-

Contexts and ontologies have both strengths and anism for representing information semantics. To this
weaknesses. It can be argued that the strengths of on-end, we start from the standard Web ontology language
tologies are the weaknesses of contexts and vice versaOWL [17]. Notice that from OWL we inherit the pos- s
On the one hand, the use of ontologies enables the par-sibility to have shared ontologies. We show, providings
ties to communicate and exchange information. Shared some motivating examples, that OWL cannot modekb
ontologies define a common understanding of specific certain situationsSection 4. Finally, we provide an i
terms, and thus make it possible to communicate be- extension of OWL, thatwe callontext OWI(C-OWL), 12
tween systems on a semantic level. On the weak side,which allows us to deal with all the examples3#ction 13
ontologies can be used only as long as consensus aboutl. C-OWL integrates in a uniform way the, somehow.
their contents is reached. Furthermore, building and orthogonal, key architectural features of contexts and
maintaining (!) them may become arbitrarily hard, in ontologies and the consequent semantic level diffats

particular in a very dynamic, open and distributed do- ences. 117
main like the Web. On the other hand, contexts en-  The main technical contributions of this paper ares
code not shared interpretation schemas of individuals the following: 119

or groups of individuals. Contexts are easier to define

and to maintain. They can be constructed with no con- 1. We provide a (somewhat synthetic) description af
sensus with the other parties, or only with the limited OWL and its semantics, restating Patel-Schneider
consensus which makes it possible to achieve the de- and Hayes’ semantid49], in a formal framework 12

sired level of communication and only with the “rel- more adequate to be extended (adapted) with a can-
evant” parties. On the weak side, since contexts are  textualized interpretation. These are the contents 6f
local to parties, communication can be achieved only  Section 3 125

by constructing explicit mappings among the elements 2. We modify the OWL semantics to make it ablesx
of the contexts of the involved parties; and extending to deal with the motivating examples reported i

the communication to new topics and/or new parties  Section 4 These are the contents 8éction 5 128
requires the explicit definition of new mappings. 3. We define the C-OWL syntax by taking the OWLiz

Depending on their attitude, from an epistemolog- syntax and by addingridge rules which allow to 10
ical point of view, some people would argue that on- relate, at the syntactic and at the semantic level, conr

tologies are all we need, while others would argue the  cepts, roles and individuals in different ontologiesa.
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We call a set of bridge rules between two ontolo-
gies acontext mappingThus, acontextual ontol-
ogyis an OWL ontology embedded in a space of
other OWL ontologies and related to them via con-
text mappings. We define the C-OWL semantics by
taking the modified OWL semantics, as defined in
Section 5 These are the contents $éction 6

4. Finally, inSection 7we show how C-OWL can be
used for the alignment of a set of independently
developed medical ontologies. We argue that the
medical domain benefits from the contextualization
rather than a complete integration of ontologies,

pings. In this approach, mappings are regarded as
projections of a local representation onto another;
and are first class modelling elements with a unique
identity. In other words, also mappings are vieweds
as part of a local representation. This view makes:ib
possible to have multiple alternative mappings bes
tween the same pair of contexts, and to define mag-
pings in one direction that differ from the mappingsss
in the opposite direction. 184

This different bias towards localization/globali-iss
zation, and the consequent very different treatment of

give some examples of possible mappings and show mappings lead to important semantic differences. OWik

the use of C-OWL for reasoning about mappings.

The semantics of C-OWL is obtained by modify-
ing the OWL semantic§l9] using the ideas and no-
tions originally developed if5], which is based on
the semantics of context (the, so called, Local Mod-
els SemanticgL3]). The general notion of bridge rules
were originally defined iff15] and further studied in
[14,13,21,6,5]The bridge rules proposed in this paper
were first defined iffi7]. Finally, the constructs for rep-

is mainly inspired by the Tarskian style semantics afs
propositional description logics. A model theoretic sass
mantics is provided by mapping the elements of exisiw
ing models into an abstract domain, where concepts ase
represented by sets, relation by sets of tuples and in-
stances by elements of that domain. When reasoning.is
performed across different models, then these models
are assumed to share the interpretation domain. Thus,
as a consequence, the mappings between two models
become part of the overall model and define constraints

resenting bridge rules have been taken from the contexton the elements of the original two models. 198

markup languag€TxML][6].

2. Ontologies versus contexts, or globalize
versus localize

At the architectural level, the crucial difference be-
tween the notions of context and ontology is in how
mappings among multiple models are constructed:

e In OWL, the ability of combining models is re-
stricted to the import of complete models and to the

The situation is quite different when we move tQsw
contexts. In the Local Models Semantics, each context
uses a local set of models and a local domain of intes:
pretation. Relations between these local interpretatien
domains are established dgmain relationsvhich ex- 2
plicitly codify how elements in one domain map intQos
elements of the other domain. Domain relations ase
indexed by source and target domain, making them s
reversible and non-transitive; and bridge rules modiby.
only the target context, leaving the source unaffectechs

use of the imported elements by directreference. Via 3. A global semantics for OWL 209

the import mechanism, a set of local modelglisb-
alizedin a unique shared model (which, however,

According to[19], an OWL ontology is a set of 210

keeps track of the original distinctions). It is often annotatedaxiomsandfacts plus import references to 2.
assumed that references to external statements arether ontologies. OWL ontologies can be referenced
only made for statements from imported models, by means of a URI. Ontologies can also have annotas
however, this is strictly speaking not required. As tions that can be used to record authorship and other
a consequence, mappings rather implicitly exist in information associated with an ontology. Since annotas
terms of mutual use of statements across models. tion directives have no effect on the semantics of OWhs
In context-based approaches, local models are keptontologies in the abstract syntax, we ignore them. We
localized A limited and completely controlled form  concentrate on the OWL-DL fragment of OWL. Thisus
of globalization is obtained by using explicit map- language is equivalent to the SHOIQ(D+) DL, i.e.0
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SHIQ(D+) extended with an equivalent of the oneOf

constructor. The proposed framework can be restricted local concepts w.r.t.andr is alocal role (w.r.t), while

or generalized to OWL-lite and OWL-full, respectively.
Let I be a set of indexes, standing for a set

of URIs of onotlogies. For instance] contains

http://www.w3.0rg/2002/ [07/owl]. Let also

C, R andQ be the sets of strings that can used to de-

note concepts, roles and individuals, respectively. The

disjoint union ofC, R andO is denoted witHL.

Definition 1 (OWL ontology). An OWL ontology (or
simply an ontology) is a paifi, O;), wherei € I and
0; = (T;, A;) whereT and A are aT-box and anA-
box, respectively in the SHOIQ(D+) description logic
onL U (I x L). (i, 0;) is an ontology with index.
Suppose thaf, D, E, F € C andr, s € R. The fol-
lowing are examples of concepts that can appeér;in

C,i:C,CnD, j:E,Cn(j:E), IrCu D,

3(j:5).CU(j: F) 1)

Every expression occurring i@; without an index
is intended to be in the language defined®y L;.
The expressions appearing @& with indexes; are
supposed to be defined @, therefore they appear in
O; without index or with the indey. We introduce the
notions oflocal languageandforeign language

Definition 2 (Local language). A local concept, w.r.t.
i, is an element of that appears if0; either without
indexes or with index equal to Local roles and local
individuals are defined analogously. The set of local
concepts, local roles, and local individuals w.t.are
denoted byC;, R;, andQ;. The local language tq I;,

is the disjoint union of them.

Local objects of a languagg; are also called-
objects For notational convenience, in the following
we always use the colon notation. Thus, for instance,
the local concept€ e C; of an ontology0; are written
asi : C. A foreign conceptor equivalently anon-local
conceptw.r.t.i € I, is a concept that appearsdn but
is defined in some ontolog® ;. Foreign concepts are
referred with the notatiop: c. An analogous definition
can be given for roles and individuals.

Definition 3 (Foreign language). For any+# i, a j-
foreign conceptw.r.i.is an element of that appearsin
O, with index j. j-foreign roles and-foreign individ-
uals are defined analogously. Thdoreign language
w.r.t. i is the disjoint union of them.

Among the concepts described in (D)and D are 2
267
E andF arej-foreign concepts ands a j-foreignrole.
By means of foreign concepts, roles and individualss
two ontologies can refer to treamesemantic object 2

defined in a third ontology.

268

271

Definition 4 (OWL space). An OWL spaceis a familyzz
of ontologies{(i, O;)};c; such that evenp; is an on-
tology, and for each # j, the j-foreign language of 2
O; is contained in the local language Of.

275

Moving to semantics, the idea is now to restate the
semantics iff19] making explicit reference to the no-z~
tions of local and foreign language. This distinctionys
crucial for the work developed in the next section, iss
not made inM19].

The semantics for OWL spaces defined18] is 2
based on the intuition that, in OWL, as in RDF, as
data type denotes the set of data values that is the
value space for the data type. Concepts denote setssof
individuals. Properties relate individuals to other inzs
formation, and are divided into two disjoint groupssss
data-valued properties and individual-valued propes:
ties. Data-valued properties relate individuals to data
values; individual-valued properties relate individualss
to other individuals.

In the following, we assume that any domain we ines:
troduce (denoted b possibly with indexes) contains 2o
the union of the value spaces of the OWL data types
and Unicode strings.

280

290

294

Definition 5 (OWL interpretatiorf19]). An OWL in-
terpretation for the OWL spacii, O;)}ic;, IS a pair 20
T = (A%, ()F), whereAZ, contains a non-empty set ofzor
objects (the resources) andf(is a function such that 2s

295

1. (, C)t < AT foranyi e I andC € C;;
2. (, )t c AT x Al foranyi € I andr € R;;
3. (i, o)t € D* foranyi e I ando € O;;

299
300

301

Notice that ()Z can be extended to all the complexo:
descriptions of SHIQ(D+) as usual. Statements cors
tained in the A-box and the T-box (i.e., facts and axos
ioms) of an ontologyO; of an OWL spacé(i, O;)}ic;
can be verified/falsified by an interpretation accordings
the axioms written if19].

We call the above interpretationgbobal interpreta- s
tion, to emphasize the fact that language is interpreteg

305

307
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against a global domain. We call the overall approach,
theglobal semanticapproach to OWL.

Definition 6 (OWL axiom and fact satisfiabilitf19]).
Given an OWL interpretatiof for {(i, O;)}ics, Z sat-
isfies a fact or an axionp of the O; according to the
rules defined in the table “Interpretation of Axioms and
Facts” of[19]. An OWL interpretationZ satisfies an
OWL space{(i, O;)}icr, if Z satisfies each axiom and
fact of 0;, for anyi.

Notice that we do not give any interpretation of the
possibility for O; to import another ontolog® ;. How-
ever, from the logical point of view, importing; into
O, can be thought of as duplicating all the statements
of OJ' in 0;.

4. Motivating examples

We provide some examples which cannot be repre- whole OWL space, either.

sented with the current syntax and semantics of OWL.

concepts. Suppose that contains the axiomd C B
andC C D. Suppose thab, imports 04, this implies
thatOz contains1A C 1:Band 1:C C 1:D. Finally,
suppose thaD, contains the extra axiom B:C 1:C.
We have that any interpretation gfL, 01), (2, O2)}, 37
should be suchthat (K1) € (1:B) € (1:C)Y € (1: ==
D)*; and therefore (14)* < (1:D)*. This means that s
1:A C 1:Dis alogical consequence of the statemenis
contained in the OWL space and, therefore, that direg:
tionality is not fulfilled.
Example 2 (A special form of directionality: the prop- sss
agation of inconsistency). Considerthe previous exam-
ple and suppose thét, contains also the following two sss
facts: 1:A(a) and 1 =D(a). O3 is inconsistent, but we ses
want to avoid the propagation of inconsistencyg
However, this is not possible as the fact that there ig
no interpretation that satisfies the axiomgdp, auto-
matically implies that there is no interpretation for ther

353
354
355

356

362

367
369

371

Example 3 (Local domains). Consider the ontology

These examples show the need to enrich ontologies g\ of a worldwide organization on car manufacturss

with the capability to cope with:

1. The directionality of information flowwe need to
keep track of the source and the target ontology of
a specific piece of information;

2. Local domainswe need to give up the hypothesis
that all ontologies are interpreted in a single global
domain;

3. Context mappingswe need to be able to state
that two elements (concepts, roles, individuals) of
two ontologies, though being (extensionally) dif-
ferent, arecontextuallyrelated, for instance be-
cause they both refer to the same object in the
world.

Example 1 (Directionality). Consider two ontologies
01 and O, and suppose thab, is an extension of
01, i.e., 02 imports 01 and adds it some new axiom.
Directionality is fulfilled if the axioms added t®;
should not affect what is stated ifi;. Consider the
case where), contains the axiomg = B andC C
D; furthermore, suppose th&, contains the axiom
B C C. We would like to deriveA T D in O; but not
in 01.

ing. Suppose thabwcm contains the “standard” de- s
scription of a car with its components. Clearly, such &
domain should be abstract and general enough so that
it could be used (imported) by a large set of users deai-
ing with cars.Owcwm contains the concepar which is
supposet to capture any possible car, not only the ae-
tual physical cars in circulatiorOwcpm contains also ss
a general axiom stating that a car has exactly ore
engine.

378

382
(2) a3

Suppose that two car manufacturing companies, say
Ferrari and Porche, decide to adopt the WCM standassl
and import it in their ontologieSPrerrari and Oporche
The two companies customize the general ontology
provided by WCM by adding the fact that the engines
of a car is one of the engines they produce. Therefors,
the following two axioms are added to the ontologieso
OFerrari and Opgrche FeSpectively.

WCM: car C VhasEnging[F23, F34i}
WCM: car C YhasEnging[P09, P98i}

Car C (= 1)hasEnginel (< 1)HasEngine

386

3)
(4)

(3) states that, in the ontolog@rerrari, @ car has an su

392

393

Let us see how the global semantics behaves in this F23 or anF45i engine (two Ferrari’s engines). Sim-ss

case. Let{(1, 01), (2, O2)} be the OWL space con-
taining 01 and O,. Let A, B, C, and D be 1 local

ilar interpretation is given to (4). Notice that the axse
ioms above are supposed to have a local scope, i#.,
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they are supposed to be true only withing the on- 5. A semantics for contextual ontologies
tology they are stated. However, from the seman-

439

tical point of view, assuming global semantics im-
plies that the effect of an axiom global. Indeed, ac-
cording to the global semantics, any interpretation
of the OWL space containin@wcm, OFrerrari @nd

In this section, we incrementally extend/modify theo
OWL global semantics, and in the last subsection, alse
its syntax, in order to be able to model the above ex:

amples. a3

Oporchels such that, eithef23) Ferrai = (PQ9I)Porche

or (F34i)rerai = (POQ)LPorche, which is not what we  5.1. Directionality
want as Ferrari does not produce Porche’s engines and

neither vice-versa. The main problem here is the di- We modify the definition of interpretation givenas
versity of the domains betweeBrerrari and Opgrche above according to the intuition described®). The
and the fact that each of the two companies wants to main idea is that we split a global interpretation into a-
reason in its own local domain, ignoring the fact that family of (local) interpretations, one for each ontologyass
there are cars which engines different from the ones Furthermore, we allow for an ontology to be locally in-ss

444

446

they produce.

Example 4 (Context mappings). Suppose, we have an
ontology Ogiar describing cars from a manufacturing
point of view, and a completely independent ontology
Osgle describing cars from a car vendor point of view.
The two concepts of car defined in the two ontologies,
(that can be referred bgale :Car andFIAT : Car) are
very different and it makes no sense for either ontol-
ogy to import the concept of car from the other. The
two concepts are not extensionally equivalent and the
instances oFIAT : Car do not belong t&ale :Car and
vice-versa. On the other hand, the two concepts de-
scribe the same real-world class of objects from two
different points of view, and there can be many rea-
sons for wanting to integrate this information. For in-
stance, one might need to build a new concept which
contains (some of) the information 8ele :Car and in
FIAT : Car. This connection cannot be stated via OWL
axioms, as, for instance

Sale : Car= FIAT : Car
implies that
Carlsale — Cgrlrat

i.e., that the two classes coincide at the instance level.

In this example, the problem is not only at the se-
mantic level. As the following section will show, han-
dling this example requires an extension of the OWL
syntax.

consistent, i.e., not to have a local interpretation. In this
case, we associate t; a special “interpretation?,
called ahole that verifies any set of axioms, possiblys.
contradictory.

Definition 7 (Hole). A Hole is a paifA™, (.)*), such s
that A" is a non-empty set and){t is a function that
maps every constant 6f; into an element oA ™, every
concept ofC; in the wholeA™ and every role oR; into
the setA”™ x A™. H is called a hole om\™.

Analogously to what done if5], the function (*
can be extended to complex descriptions and complex
roles in the obvious way.

Definition 8 (Satisfiability in a hole)H satisfies all
the axioms and facts, i.e., ¢ is an axiom or a fact,
H = ¢.

Therefore, a hole is merely a representation of the
local interpretation of an ontology in cases where thiss
ontology is inconsistent. In the classical setting, this:
distinction was not needed, because there was nothiag
more to say about an inconsistent model other than that
any fact is derivable from it. In the distributed settingsro
we still want to be able to talk about the global inters:
pretation and therefore need an explicit way of talking.
about inconsistent local interpretation. This is done by
using the notion of a hole.

Definition 9 (OWL interpretation with holes). An s
OWL interpretation with holes for the OWL spacews
{{i, Oi)}ier, is a familyZ = {Z;};c;, where eacly; =
(AT, ()%), called thelocal interpretationof O, is ei-
ther an interpretation of,; on AZi oritis a hole for
L;onAZi andforalli € I, eachAZ coincides and are s
equal to a set denoted y~.

451
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474

477

481
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Each ()% can be extended in the usual way to inter-

pret local descriptions. Foreign descriptions are inter- 1: A C 2: B is not satisfied if it occurs D2, while it

preted by the combination of the differen)( for each

i € 1. In particular for any concept, role or individual
of the alphabet ;, ()% can be extended to be the same
as ()%. Namely:

() = (@)% ®)

which can intuitively be read as, “the meaning of jhe
foreign concepyi: x occurring inO; is the same as the
meaning ofc occurring inO;". Since all interpretations

share the same domain, this semantics is well founded.Z is an interpretation for the OWL space containing

Namely, the interpretation of-foreign concepts iri
are contained in the domain 9fA% . In the following,
we give some examples affi, for which we suppose
thatC, D € C; andr e R; andD, F € C; ands € R;.

T Any subset ofAZi if 7; # H;
~ | AT otherwise

(cnD)Y = (C)% n(D)"
(€nj: B = ()" n(E)Y

AT\ (O if T; # H,
(=C) { AT otherwise U E) ()
AT\ (EYS if T, # H;
AT otherwise

(—jE)f = : (6)

Definition 10 (Axiom satisfiability). Given an OWL
interpretation with holes] for {{i, O;)};c;, Z satisfies
a fact or an axiomyp of the O, in symbolsZ =i : ¢

if Z; = ¢. An OWL interpretatior satisfies an OWL
space((i, 0;)}ics, if Z satisfies each axiom and fact of
O; for eachi.

Notice that any global OWL interpretatidh as de-
fined in Definition 5 is a special case of an OWL in-
terpretation with holesefinition 9). This happens if
everyZ; is not a hole. S®efinition 9 can be seen as
an extension obefinition 5

Let us see how holes affect satisfiability and ulti-
mately how they allow to better model the intuitions
behind OWL. A first effect of holes is that the same

axiom can be satisfied in an ontology and not satisfied & hole.

in another. Consider for instance the OWL interpreta-
tion with holes{Z1, Z», H3}, whereZ; andZ, are not

holes. Suppose thatj’t ¢ (B)*2. Then we have that so

521

is satisfied if it occurs ir0s3.

Example 5 (Examples 1 and 2 formalized). Considetzs
the OWL interpretation with hole¥, = {Z1, 75} de- s
fined as follows

522

525

1. ATt ={a,b,c,d}, ATt = {a}, B = {a, b}, CT1 = 56
{c}, D11 = {c, d},

2. AT2 = {a, b, c,d}, andZ, = Ho, i.e.T» is a hole.

527

528

529

and 0o, since 530

1. 1 =EACB, 1 =ECCED,andZ; - AC D, by sa
construction ofZy,

22 HLE=1AC1:B, I, =1:BC 1:C,and, = 1:
C C 1:D, becausé; is a hole.

532
533

534

Notice thatZ is an interpretation that satisfié® (i.e., s
1:AC1:B 1:BC 1:C, and 1C C 1:D), without
makingA C D true in O;.

To formalizeExample 2 we consider the same in-sss
terpretation as above. This interpretation satisfies any
axiom in Oz (Z; is a hole) still keeping)1 consistent s«
(Z1 is an interpretation which is not a hole and which:

satisfies0O).

536

537

542

5.2. Local domains 543
The OWL semantics described in the previous sega
tion assumes the existence of a unique shared domain,
namely, that each ontology describes the propertiessaf
the whole universe. In many cases, thisis nottrue as, for
instance, an ontology on cars is not supposed to speak
about medicines, or food. The idea here is to associate
to each ontology a local domain. Local domains mayo
overlap as we have to cope with the case where two
ontologies refer to the same object.
Definition 11 (OWL interpretation with local do- sss
mains). An OWL interpretation with local domainsss
forthe OWL spacé(i, O;)}ics,isafamilyZ = {Z;};c;,
where eaclt; = (A%, (.)%), called thelocal interpre-
tationof 0;, is either an interpretation df; on AL or

552

555
556
557

558

Definition 11is obtained fromDefinition 9 simply
by dropping the restriction on domain equality. Theso

559
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interpretation (% is extended to complex concepts,

roles, and individuals, in the usual way. We have to

take care, however, thgtforeign concepts, roles, and
individuals used ir0; could be interpreted (by the local
interpretatiorf;) in a (set of) object(s) which are notin
the local domaim\%i. Indeed, to deal with this problem,

we have to impose that any expression occurring in

O; should be interpretable in the local domahd.

As a consequence, we restrict the interpretation of any

foreign concepC € C;, any foreign roler € R; and
any foreign individuak € O; as follows:

1. :0)% =()5in AL
2. (0% = (WY n(AT x AT)
3. (j:a)I' = (a)Ij

Notice that point 3 above implicitly imposes that if
a j-foreign constantj:a is used in the ontology;,
then its interpretation irj, i.e.,a’/, must be contained
in the domainAZi. Let us now see how we can deal
with Example 3

Example 6 (Example 3 formalized). Consider
the OWL interpretation with local domaing =
{Zwem, Zrerrari Zrorche for the OWL space containing
Owcm, OFerraris @1dOporche SUppPOSe thakycm con-
tains four individualg, . . ., c4 for cars and four indi-
vidualses, ..., e4 for engines, WitkhasEnginéWCM =
{(c1,€e1),...,{Ca, €1)}. Let Aperrari = {c1, c2, €1, €2}
andAporche = {c3, 4, €3, e4}. be the local domains for
OFerrari and Oporche respectively. Suppose thaterrari
interpretsF23 andF34i in e1 ande; respectively, and
that Zporche interpretsP09 andP98i in e3 and ey re-
spectively.

This OWL interpretation with local domains sat-
isfies all the axioms (2), as ifiycm a car has only

one engine; it satisfies axioms (3) since the inter-

pretation ofcar:WCM in Ogerrari iS restricted to be

{c1, c2} whose engine is a ferrari engines. Analogously

this OWL interpretation satisfies (4). Notice how-

ever that Ferrari’'s engines are disjoint from Porche’s

engines.

5.3. Context mappings

We have concepts, roles and individuals local to dif-
ferent ontologies and domains of interpretation. A con-

holds between elements of two different ontologies
Thus, for instance, ifexample 4 one possible map- eos
ping could allow us to say that the cla€sr in the oo
ontology OgaT contains the same cars as (or, as we
say, is contextually equivalent to) the classGa#r de- s
fined in the ontologyOgie. As from Example 4 this  eos
cannot be done via local axioms within an ontology. e

The basic notion towards the definition of contextu
mappings aréridge rules 612

Definition 12 (Bridge rules). A bridge rule fromto j = e
is a statement of one of the four following forms, e

cC a =
ilx — jiy, ix— jly, i:x—> j.y, 615

. L. , k.
Iix—> jly, Lix—> J.Yy, 616
wherex andy are either concepts, or individuals, Ok

roles of the languageks; andL ; respectively. o
A mapping between two ontologies is a set of bridges
rules between them. 620

Definition 13  (Mapping). Given a OWL space sz
{(i, Oi)}ier @ mappingM;; from O; to O; is a set of ez
bridge rules fromo0; to O;, for somei, j € I. 623

Mappings are directional, i.e);; is not the inverse e
of Mj;. A mappingM;; might be empty. This repre- s
sents the impossibility fo@ ; to interpret any-foreign 2
concept into some local concept. Dual; might be

a set of bridge rules of the forinx — j:y for any s
elementx (concept, role, and individual) a®;. This e
represents the operation of mapping all@finto an s
equivalent subset ab ;. If this subset i) itself then e
this becomes the contextual mapping version of the
OWL import operation. However, notice that import-sss
ing O; into O is notthe same as mappidyto O; with 4
M;;. In both cases, information goes franto j. The s
difference is that, in the former case, duplicates the ez
information ofi- foreign elements without any changess
while, in the latterO; translates (via the mappid;;) e
the semantics 0; into its internal (local) semantics. e

Definition 14 (Context space). A context space is a paiko
composed of an OWL spadéi, O;)};c; and a family s
{M;;}i, jer of mappings fronito j, foreach pait, j € 1. e

To give the semantics of context mappings we exs
tend the definition of OWL interpretation with locales
domains with the notion afomain relation A domain s

text mapping allows us to state that a certain property relationr;; € ALi x A7 states, foreachelement?i o
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to which element im\%i it corresponds to. The seman-
tics for bridge rules froni to j can then be given with
respect tos;.

Definition 15 (Interpretation for context
spaces). An interpretation for a context space
{(i, O)}ier., {Mjj}ijer) is composed of a pair
Z, {rij}i jer)- whereZ is an OWL interpretation with
holes and local domains dfii, O;)}ie; and r;;, the
domain relation fromi to j, is a subset oA%i x A%,

Definition 16 (Satisfiability of bridge ruley.

ilx =N jiyif rij(in) c vyl

(=}

ix = jiyif rij(fo) 2yl

=
=
=

(SR

ix — jiyif rij(in)zyIf;
ix = jiyif rii(cI) Nyt = g,
Eiix — jiyr(B) Nyl £ ¢;

o~ NP

(SR

An interpretation for a context space is a model for it
if all the bridge rules are satisfied.

Whenx andy are concepts, sa§ and D, the intu-

itive reading of : C =N Jj:D,isthatthe-local concept
C is more specific than thgconceptD. An analogous

reading can be given to C =N j:D. The intuitive
reading ofi: C N j:Dis thatC is disjoint from D.
Finally, the intuitive reading of: C SN j:DisthatC
andD are two concepts which are compatible. When

andy are individuals, thei: x =N Jj:ystates thap is

amore abstract representation of the object represente

by x in i (intuitively, there might be more than on&

corresponding to the samg Vive-versai : x =N Jjiy
states thay is a less abstract (more concrete) repre-
sentation of the object representedidin i (intuitively
there might be more than onés corresponding to the
samex).i:x —> j:ystatesthat andy are atthe same
level of abstraction. Notice that, we addi —> j:a

for any individualz of A; andA ; we reduce to the case
of OWL interpretation with holes and local domains).

oL
i:x —> j:ystatesthat andy denotes completely un-

related objects. Whilé:x — j:y states that andy
might be related.

1 In this definition, to be more homogeneous, we consider the in-

Example 7 (Examples 4 and 3 formalized). The factss
that Sale:Car describes theameset of objects from ess
two different points of view, can be captured by asserds
ing the bridge rule:

688

Sale:Car —> FIAT: Car 7

The domain relation fron®gge to OFiaT Of @ny con-  ew
textual interpretation satisfying (7) will be such thate
rij(Car)ZSale (Car)ZFIAT . 692

689

6. C-OWL: extending OWL 693

In the previous sections, we showed how certaig
requirements with respect to a contextual representa-
tion, in particular local domains and directionality carms
be achieved by a modification of the OWL semantics:
keeping its syntax unchanged. This allows us t@s
define Context OWL as a strict extension of the OWkss
standard This minimal invasive approach guaranteesa
wide applicability of the model proposed here. In factp
we can create an OWL space by defining mappings
between already existing ontologies on the web. What
is left to be done is to define an appropriate language
for representing mappings between OWL ontologies
along the ideas presented in the previous sectiof.
C-OWL can therefore be straightforwardly obtainea
from CTtxML [6] by substituting the language foros
representing contexts in item 1 with OWL, and by
keeping item 2 unchanged. As a consequence, C-OWkL

cJ;as the full representational power of OWL when we:

oil down to using ontologies, and the full representar.
tional power ofCTxML when we boil down to using 7z
contextual information. The further nice propertyis
of C-OWL is that the two components are comrs
pletely orthogonal and one can use the ontology or the
contextual component in a totally independent manner.
In this section, we define an RDF-based syntax fe#
such mappings. We introduce the semantics using an
example, explain the different parts of the specificatios
and define an RDF schema for the mapping represen-
tation.
The philosophy of C-OWL is to treat mappings ass
first class and to represent them independently from
the ontologies they connect. There are a couple of ag-
vantages of this approach. From a syntactic point ef

722

terpretations of individuals to be sets containing a single object rather VieW, the advantage is that we can define a language

than the object itself.

for specifying mappings independently from the OWlzs
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Vino

e gt = ! v s -
WhiteWine RedWine inoBianco VinoRosato VinoNero

Fig. 1. A C-OWL mapping from the ontology “wine” to the ontology “vino”.

7

N

o Syntax specification. the resulting language will referto through thecowl:source  and to a class from the 7o
0 elements of the OWL specification without extending target ontology by theowl:target property. The 7
7 it classes can be represented by a reference to the cotse-
732 Fig. 1shows an example mapping of two ontologies sponding resource in the ontology definition but it cans
72z about wines. In order to represent this mapping, we also be a complex OWL class definition that uses ek

7 have to capture the following aspects: ements from the respective ontology. In this way, wes

can represent complex mappings that go beyond se-
725 @ aunique identifier for referring to the mapping; mantic relations between class names. We have defined
725 @ areference to the source ontology; an RDF schema for the mapping representation. This
7 o areference to the target ontology; schema is shown iRig. 7. 769
s ® a set of bridge rules relating classes from the two

739 ontologies, each described by:

= e (areference to) the source concept; 7. Aligning medical ontologies with C-OWL 770
2 e (areference to) the target concept;

782 e the type of the bridge rule, which is one=fC, The need for terminology integration has beem:
743 3,1, % widely recognized inthe medical arealeading to a num-

ber of efforts for defining standardized terminologiesz
744 Fig. 2 shows an RDF-based representation of Itis, however, also acknowledged by the literature, that
us these elements. We use a resource of the typethe creation of a single universal terminology for thes
s cowl:Mapping as a root element of the descrip- medical domain is neither possible nor beneficial, bers
77 tion. This resource is linked to two OWL models us- cause different tasks and viewpoints require different;
s Ing the propertiesourceOntology  andtarge- often incompatible conceptual choid@$. As a result, s
o tOntology . The ontologies are represented by ref- anumber of communities of practice have been evolved
7 erence to their namespace. Further, the resource repthat commit to one of the proposed standards. This sits
= resenting the overall mapping is linked to a num- uation demands for a weak for of integration, also res
= ber of resources through theowl:bridgeRule ferred to as alignment in order to be able to exchange
s property. These resources represent the individ- information between the different communities. 783
= ual rules in the mappings and can be of type The notion of contextualized ontologies can provides
s cowl:Equivalent , cowl:Into , cowl:Onto such an alignment by allowing the co-existence of difss
6 cowl:lncompatible or cowl:Compatible ferent, even in mutually inconsistent models that are
7 each representing one of the types mentioned above.connected by semantic mappings. As discussed aboxe,
s Each of the resources representing a bridge rule is the nature of the proposed semantic mappings satisfies
= linked to an OWL class from the target ontology the requirements of the medical domain, because they

7

2

7.

N

7

N

7

a
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<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xmlns:
xmlns:
xmlns:
xmlns:
<cowl:

rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
cowl="http://www.cowl.org/"
owl="http://www.w3.0rg/2002/07/owl4">

Mapping rdf:ID="myMapping">

<rdfs:comment >Example Mapping for Web Semantics Journal Paper</rdfs:comments
<cowl:sourceOntology>
<owl:Ontology rdf:about="http://www.example.org/wine.owl"/>
</cowl:sourceOntology>
<cowl:targetOntology>
<owl:Ontology rdf:about="http://www.example.org/vino.owl"/>
</cowl:targetOntology>
<cowl :bridgeRule>
<cowl:Equivalent>
<cowl:source>
<owl:Class
</cowl:source>
<cowl:target>
<owl:Class
</cowl:target>
</cowl:Equivalent>
</cowl:bridgeRule>
<cowl :bridgeRule>
<cowl:Onto>
<cowl:source>
<owl:Class
</cowl:source>
<cowl:target>
<owl:Class
</cowl:target>
</cowl:Onto>
</cowl:bridgeRule>
<cowl:bridgeRule>
<cowl:Into>
<cowl:source>
<owl:Class
</cowl:source>
<cowl:target>
<owl:Class
</cowl:target>
</cowl:Into>
</cowl:bridgeRule>
<cowl:bridgeRule>
<cowl:Compatible>
<cowl:source>
<owl:Class
</cowl:source>
<cowl:target>
<owl:Class
</cowl:target>
</cowl:Compatibles>
</cowl:bridgeRule>
<cowl :bridgeRule>
<cowl:Incompatible>
<cowl:source>
<owl:Class rdf:
</cowl:source>
<cowl:target>
<owl:Class rdf:
</cowl:target>
</cowl:Incompatibles
</cowl:bridgeRule>
</cowl :Mapping>
</rdf :RDF>

rdf :about="http://www.example.org/wine.owl#wine"/>

rdf :about="http://www.example.org/vino.owl#vino"/>

rdf :about="http://www.example.org/wine.owl#RedWine" />

rdf :about="http://www.example.org/vino.owl#VinoRosso"/>

rdf :about="http://www.example.org/wine.owl$Teroldego"/>

rdf :about="http://www.example.org/vino.owl#VinoRosso"/>

rdf:about="http://www.example.org/wine.owl#WhiteWine"/>

rdf:about="http://www.example.org/vino.owl#Passito"/>

about="http://www.example.org/wine.owl#WhiteWine"/>

about="http://www.example.org/vino.owl#VinoNero"/>

Fig. 2. Specification of the mappings from Fig. 1.
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do not require any changes to the connected ontolo- 7.1.3. UMLS 831
gies and do not create logical inconsistency evenifthe  The Unified Medical Language System (UMLS}s:
models are incompatible. [18] is an attempt to integrate different medical termiss
nologies and to provide a unified terminology that cas.

7.1. (Bio-)medical ontologies be used across multiple medical information sourcess
) Examples of medical terminologies that have been igs

In the medical area, a lot of work has been done on tegrated in UMLS are MeSH and SNOWMED. In ougsr
the definition and standardization of terminologfes. case study, we used the UMLS semantic network. The
The result of these efforts is a large number of medical corresponding model that is available as OWL file cons
terminologies and classifications. The complexity of i5ins 134 semantic types organized in a hierarchy as

the terminologies used in medicine and the strong need || a5 54 relations between them with associated dor
for quality control has also lead to the development ,4in and range restrictions.

of ontologies that feature complex concept definition
(comparg16] for a discussion of the required expres- 7 o Alignment scenario
siveness). Some of these ontologies are available in
OWL and can be seen as the first OWL applications  c.owL and especially its formal semantics pross
that have a use in real life applications. We briefly \iges us with several possibilities concerning the aligrs
introduce three medical ontologies that are available in j,ent of the medical ontologies mentioned above. We
OWL. assume that the goal is to establish a connection he-
tween the Tambis and the GALEN ontology in suckus
7.1.1. Galen _ _ a way that the two models with their different fo-us
The Motivation for the GALEN projeci20] is the  cys supplement each other. The first option is to dis
difficulty in exchanging clinical data between different rectly link the two ontologies by defining appropri-ss:
persons and organizations due to the heterogeneity ofate pridge rules which formalizes the semantic relas
the terminology used. As a result of the project, the {jon petween concepts in the two ontologies. These
GALEN Coding Reference model has been developed. bridge rules can be represented using the syntax de-
This reference model is an ontology that covers general gcriped in the previous section and stored in separated
medical terms, relations between those terms as well fjjes that can be used by a third parties. A second
as complex concepts that are defined using basic termspption for aligning Tambis and GALEN is based ons
and relations. We used an OWL version of the GALEN 5 thjrg, already existing, more general model of thes
model that contains about 3100 classes and about 4004omain (UMLS in this case). In this setting, the resss

842

843

relations. lation between Tambis and GALEN can logjically s
_ inferredfrom the relations between each single ontoks:

7.1.2. Tambis ogy and the more general ontology UMLS as shown i
The aim of the transparent access to bioinformatics Fig. 3 a6
information sources (Tambig}] is to provide an in- Being the result of an integration of different medas:

frastructure that allows researchers in Bioinformatics jcg| terminologies (comparg]), the UMLS semantic scs
to access multiple sources of biomedical resources in anetwork is such a general model, that we can assumesit
single interface. In order to achieve this functionality, zg 5 general medical ontology that covers most of the
the project has developed the Tambis Ontology, which content of Tambis, GALEN and also other prospectives
is an explicit representation of biomedical terminology. - ontologies that we might want to align. Its importanis
The complete version of Tambis contains about 1800 tg notice that the fact that UMLS completely coversro
terms. The DAML +_OIL version we used in the case GALEN and Tambis is not a strong requirement, assa
study actually contains a subset of the complete ontol- partial coverage does not prevents us to define partial
ogy. It contains about 450 concepts and 120 relations. alignment. a7
In order to explore the use of C-OWL for the align-

2 See e.ghttp://www.medinf.muluebeck.delinge- ment of medical ontologies, we conducted a small case
[nerfiterminology/Index.html ]foracollection of standards.  study in aligning the ontologies mentioned above using
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UMLS

medical ontology

Derived Mappings

medical ontology genetic ontology

Fig. 3. Indirect Alignment of Tambis and GALEN using UMLS.

the UMLS semantic network as a central terminology. substances in a physical sense and energy makingst
We investigated the upper parts of the ontologies and more general than the notion of substance in UMLS o,
identified areas with a sufficient overlap. Such an over-

lap between all three models exists with respect to the seneralisedSubstanee=> Substance
following three areas:

The actual notion of substance as defined in GALEN

Processes:Different physiological, biological and s not as we might expect equivalent to the nowo
chemical processes related to the functioning of the tion of substance in UMLS, because it also conm
human body and to the treatment of malfunctions.  tains some notions that are found under anatomicad
Substances:Substances involved in physiological stryctures in UMLS. We can, however, state that the
processes including chemical, biological and phys- GALEN notion of substance is more specific thass

ical substances. _ . the union of substances and anatomical structures.in
Structures: Objects and object assemblies that form ymLs.

the human body or parts of it. Further, structures
used in the treatment of diseases.

916

Substance<= Substance.l AnatomicalStructure o7

We analyzed the three models with respect to these
three topics. Based on the comparison of the three mod-
els, we define mappings between Tambis and GALEN
and the UMLS terminology. These mappings consist
of sets of bridge rules each connecting single concepts
or fr??ﬁsgéﬁgv?/irﬁgfl\/c\)/gsaiscuss the ability of C-OWL notion of body substance in GALEN in a broader ones

. . . than in UMLS. 924
to reason about the defined mappings using examples
from the substances topic. We describe inferred knowl-
edge about the mappings in terms of detected inconsis-

tencies and derived semantic relations between the two ) ) )
ontologies. The other main class of substances mentioned da

GALEN are chemical substances. Looking at the things
contained under this notion, we conclude that it igs
equivalent to the notion of chemical in UMLS. 929

The next GALEN conceptthatalso occursin UMLS bus
has a slightly different meaning is the notion of bodyis
substance. The difference is illustrated in the fact that
it also covers the notion of tissue which is found undes:
anatomical structures in UMLS. We conclude that the.

BodySubstancei Body_Substance 95

7.3. Examples from the alignment

GALEN contains the notion of a generalized sub- B
stance which is a notion of substance that subsumesChemicalSubstance— Chemical 930
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Chemicals

Chemical viewed
Functionally

Chemical viewed

Structural

Tambis ontology UMLS ontology

Fig. 4. Inconsistent mapping in the example.

We can also find the correspondences to the distinction UMLS

between elementary and complex chemicals made by

GALEN in UMLS. Elementary chemicals are a special NAMEDHormone <— Hormone
case of the UMLS concept of elements ion or isotope.

EIemetaryChemica@ Elementlon_or_Isotop

955

956

Proteins are more specific than amino acids, peptides

or proteins.

Complex chemicals contain all kinds of chemical Protein <= Amino.Acid_Peptideor_Protein
substances sometimes viewed structurally, sometimes

functionally. Therefore, we cannot related this concept The notions of lipid and of carbohydrate are the same
to one of these views taken by UMLS. We also notice in the two models
that there are notions of complex chemicals in GALEN

that do not occur under chemicals in UMLS - e.g. Drugs  Lipid <= Lipid
that related to the concept of clinical drug classified un-

der manufactured objects.

Drug «<— Clinical_Drug

the union of the two views in UMLS

ComplexChemicak— ChemicalViewed.

Carbohydrate<—> Carbohydrate

958

959

961

962

963

There is an overlap between the notion of acid i

GALEN and the concepts amino acid, peptide or prass
Further, the UMLS views on chemicals also contain el- tein and Nucleic acid, nucleosid or protein in UMLS. g5
ementary chemicals. Consequently, we can only define

the notion of complex chemical to be compatible with Acid <~ Amino Acid Peptideor_Protein

L Nucleic Acid_Nucleosidor_Protein

Structurally inorganic chemicals.

L Chemical Viewed Functional

Metal <= InorganicChemical

Onthe level of more concrete chemical notions, we find _
a number of correspondences mentioned in the follow- In summary, we were able to find a lot of correspons:

ing. Named hormones are equivalent to hormones in dences on the level of groups of chemicals. While the
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Generalized Substance

Chemical Substance

Complex Chemical Substance

GALEN U MLS

Fig. 5. Derivation of additional mappings.

models disagreed on the higher level structuring of sub- 7.4. Benefits of using C-OWL 081
stances, they shared a lot of more concrete concepts.

As a consequence, we found a number of equivalence In the experiment, we defined mappings in a ads
and subsumption relationships between substances ahoc rather than a systematic fashion. Such an ad hec
a lower level while at the more general level, we of- approach for defining mappings bears the risk of ins
ten had to use weak relations or link to very general consistency and in completeness. We cannot prevest
concepts. the definition of inconsistent or incomplete mappings,

Generalized Substance

Tambis GALEN

Fig. 6. Derivation of semantic relations in the merged model.
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<?xml version="1.0" encoding="UTF-8"?> <rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlng:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlng:owl ="http://www.w3.org/2002/07/owl#">
<rdfs:Class rdf:about="Mapping"/>
<rdfs:Class rdf:about="Correspondence"/>
<rdfs:Class rdf:about="Equivalence">
<rdfs:subClassOf rdf:resource="#Correspondence"/>
</rdfs:Class>
<rdfs:Class rdf:about="Onto">
<rdfs:subClassOf rdf:resource="#Correspondence"/>
</rdfs:Class>
<rdfs:Class rdf:about="Into">
<rdfs:subClassOf rdf:resource="#Correspondence"/>
</rdfs:Class>
<rdfs:Class rdf:about="Compatible">
<rdfs:subClassOf rdf:resource="#Correspondence"/>
</rdfs:Class>
<rdfs:Class rdf:about="Incompatible">
<rdfs:subClassOf rdf:resource="#Correspondence"/>
</rdfs:Class>
<rdf:Property rdf:about="sourceOntology">
<rdfs:domain rdf:resource="#Mapping"/>
<rdfs:range rdf:resource="owl:0Ontology"/>
</rdf:Propertys>
<rdf:Property rdf:about="targetOntology">
<rdfs:domain rdf:resource="#Mapping"/>
<rdfs:range rdf:resource="owl:0Ontology"/>
</rdf:Property>
<rdf:Property rdf:about="bridgeRule">
<rdfs:domain rdf:resource="#Mapping"/>
<rdfs:range rdf:resource="#Correspondence"/>
</rdf:Property>
<rdf:Property rdf:about="gource">
<rdfs:domain rdf:resource="#Correspondence"/>
<rdfs:range rdf:resource="owl:Class"/>
</rdf:Property>
<rdf:Property rdf:about="target">
<rdfs:domain rdf:resource="#Correspondence"/>
<rdfs:range rdf:resource="owl:Class"/>
</rdf:Property>
</rdf :RDF>

Fig. 7. RDF schema defining the extensions to OWL.
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ss  but the semantics of C-OWL can be used to verify and defined rules explicit. We illustrate this possibilityos
s7  extend a defined mapping in order to detect inconsis- by discussing possible implications of an equivalence
a3  tencies and implied mappings. In the following, we mapping.Fig. 5 illustrates parts of the alignment 0fo.
a9 give examples of the use of the C-OWL semantics to substance related alignment of UMLS and GALEN. hess
o0 Vverify and extend the mappings between the substanceparticular, it shows the rule stating an equivalence hes

91 information in the different medical ontologies. tween the GALEN class chemical and the UMLS class:
chemical substance which is part of the alignment. The

sz 7.4.1. Verification of mappings definitions in UMLS state that chemical substances are

993 A mapping can become inconsistent if two classes less general than the class generalized substance, mare

94 Who are known to overlap, e.g. because they are sub-general than complex chemicals and disjoint from pros
95 classesofeach other, link to disjoint conceptsin another cesses. As the existing bridge rule states that the image
96 Model. An example of this situation can be found inthe of chemical is exactly the extension of chemical sub=s
o7 Substance related part of the alignméfig. 4 shows stance in UMLS, these relations also hold between this
98 the situation. On the right hand side, the extensions of image and the other UMLS classes mentioned. The
99 the UMLS concept chemical substances and some of itsrelations can be explicated by adding corresponding
1000 Subclasses are sketched. UMLS distinguishes betweerbridge rules stating that the image of chemicals is mase
w0 Chemical from a structural and a functional view. In the general than complex chemicals, less general that gesa-
002 Case where these two views are defined to be disjoint eralized substance and disjoint from processes. 1o
w003 (ONe can either take a structural or a functional view but ~ Similar inferences can be made based on bridge
w0 NOt both), we get an inconsistency with the mappings rules indicating specialization and generalization res
wos defined for the Tambis ontology, because the mappings lations. If we replace the equivalenceriy. 5by arule 12
1006 Claims thatthe image ofthe concept chemical is exactly stating that chemicals is more specific than chemical
w0z the extension of the structural view. At the same time, substances, we are still able to infer the relations:te
ws  We claim that the image of enzyme which is a subclass generalized substances and to processes. Just thesene
w0 Of chemical is exactly the extension of the UMLS con- to complex chemicals will be lost, because the image
100 Ccept Enzyme which is classified under the functional of chemicals might only overlap or be disjoint fromms:
11 Viewonchemicalsin UMLS andtherefore disjointfrom the extension of the respective concept. Conversely,
112 the structural view. This however is now possible inthe replacing the equivalence by bridge rule stating thas
s C-OWL semantics as the image of enzyme is a subsetchemicals is more general than chemical substances
s Of the image of chemical by definition. would have preserved the conclusion that chemicals
1015 This ability to detect inconsistencies depends on the is more general than complex chemicals. Finally, stak:
w6 €Xistence of appropriate disjointness statements in theing that chemicals is disjoint from chemical substances
w17 ontology the mappings point to. Alternatively, the use would have implied that it is also disjoint from complexss

s Of disjointness mappings can provide the same effect. chemicals. 1065
e If we want to make clear that chemicals in Tambis are
w20 Not classified according to the functional view (which 7.4.3. Merging local models 1066

1021 We just found to be not entirely true) we can alsoadda  Another thing we would like to do based on thes
1022 corresponding mapping stating that the image of chem- alignments is to compare the the local models (Tams
w23 icals is disjoint from the extension of the functional bis and GALEN) with each other and derive semantigs
w24 View on chemicals. The definition of this mapping will  correspondences between classes in these models.as
w25 have the same effect leading to an inconsistency as de-well. It turns out that we cannot really drive mappings:

w2s  SCribed above. between the two local models from their mappings 1.
UMLS, because referring to different interpretation das
wz  7.4.2. Derivation of mappings mains, we cannot compare the constraints imposedidy

1028 Besides the possibility to detect inconsistencies these mappings. This situation changes, however, when
e IN the mappings,we can also infer additional bridge we assume that the local models are to be mergediiin
w0 rules between the same models based on existing oneghis case, their interpretation domain becomes the same
w0 thereby making the complete mapping implied by the andwe can use the constraints to derive semantic corre-
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spondences between concepts in the two models fromsharing would have implied changing them. So, we use
the existing mappings. C-OWL to state semantic mappings between them. Fus

Fig. 6 shows two examples of derived relations be- thermore, we show how, by means of logical reasoning
tween concepts from GALEN and Tambis. The figure based on C-OWL semantics, additional semantic mapr
shows two concepts from each, UMLS (upper part), pings can be derived on the basis of a set of initiak
Tambis (lower left part) and GALEN (lower right part). mappings. 1129

We assume that we have fixed the inconsistency de-
tected in the mapping from Tambis to UMLS by re-

moving the bridge rule relating chemical substances References

to the structural view on chemicals and replacing it
by an equivalence between chemical substance and
chemicals in general. As the GALEN concept chem-
ical is also defined to be equivalent to Chemical, we
can derive that these two concepts are equivalent in
the merged ontology. Further, we defined the notion of
substance in Tambis to be more specific than the same
notion in UMLS which is again defined to be more
specific than generalized substance in GALEN. From
these mappings, we can derive that the Tambis notion
of substance is more specific than Generalized sub-
stance and add a corresponding axiom to the merged
ontology.

8. Conclusions

In this paper, we have shown how the syntax and the
semantics of OWL can be extended to deal with some
problems that could not otherwise be dealt with. The re-
sult is Context OWL (C-OWL), an extended language
with an enriched semantics which allows us to contex-
tualize ontologies, namely, to localize their contents
(and, therefore, to make them not visible to the out-
side) and to allow for explicit mappings (bridge rules)
which allow for limited and totally controlled forms of
global visibility.

This is only the first step and a lot of research re-

mains to be done. The core issue at stake here is the

tension between how much we should share and glob-
alize (via ontologies) and how much we should localize
with limited and totally controlled forms of globaliza-
tion (via contexts).

In the last part of this paper, we present a first appli-
cation of C-OWL for the coordination between three
complex medical ontologies such as GALEN, Tambis,
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