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Abstract— A. Ontology Mapping

Ontology mapping is dependent on the matching algorithms, which in
turn depends on the semantics of the ontologies. This proposal grounds Ontology mapping, as a reconciliation approach, is seen as
on two distinct technologies: ontology mapping and ontology assemble. a key technology for the knowledge-based interoperability in

The ontology mapping system is a service-oriented system in which au- . . . . L
tonomous plug-able services capture and represent the ontology mapping the semantic web and in other information distributed systems.

domain’s expertise. Automatic ontology mapping systems perform poorly Ontology mapping does not intend to unify ontologies and
due to the lack of ontologies’ semantics to reason upon. The assemble their data, but to transform ontology instances between inter-

process aims to integrate well-founded, proofed knowledge into the the yanjent entities according to the semantic relations defined at
domain ontologies, providing extra semantics. Exploiting such semantics

in distinct phases of the ontology mapping process, we envisage that such conceptgal level (figure 1). Re_pOSitorie_S ar_e _therefo_re kept sep-

semantics would be very useful in the improvement of the automatic map- arated, independent and distinct, maintaining their complete

ping results. Conversely, the ontology mapping experiences would provide semantics and contents.

feed_—b_ack to the assemble prqces;,_suggestlng its improvement too. The Though the ontology mapping process [21] is much more

cyclic improvement would run indefinitely. . . .
complex, in the context of this paper we focus only on the dis-

This paper suggests therefore the combination of efforts from both the R g . ;
assemble and mapping processes towards a better semantic relations and COvery and specification of the semantic relations. In the dis-

assembled ontologies. covery (matching) phase of the process, similarities between
Keywords:Knowledge Representation, Ontologies, Knowl-entities of both ontologies are detected and measured, which
edge Management are further exploited in the bridging phase, that specifies which

entities are semantically related and what type of semantic re-
lation existent between them. For each new ontology added to

I. INTRODUCTION the interoperability context, a new ontology mapping process
occurs.
Semantic Web suggests the annotation of Web resourceg

with machine processable meta-data, enabling computer d§ OntoI:Person fs semantically
vices to analyze the meaning and the semantic relations beg [onto1:person cquivalent o Onto2:Employee Onto2:Employee
tween documents and their parts. Ontologies as means fat “givenName - ™ Ontot:givenName and ™ -name

.. . . . -fami ame B il i i
conceptualizing and structuring knowledge allows the explicit2 . e ey aanticall

specification of a domain of discourse, permitting the accesS |

and reasoning about agent’s knowledge. Ontologies raise the l

Ievel_of specific_ation of_ knowled_ge t_)y the combin_ation of da_ta_@ PL:Ontol:Person E1:0nto2:Employee

and its semantics, while enabling its exchange in an expliciff [gvenName = John _ name = John Carrew
. . familyName = Carrew transformation

understandable form. Semantic Web and ontologies are ther@»

fore fully geared as a valuable framework for distinct applica-8 Zse‘:;:‘r’ntze;::: E1:Onto2:Employee

tions requiring knowledge-based interoperability, like business: | famiyame = siva name = Jogo Silva

applications (E-Commerce, B2B) and information retrieval.

These online services require fast and reliable interoperabil- Fig. 1. Informal representation of ontology mapping
ity processes between autonomous and semantically heteroge-
nous entities. Protocols, messages and their contents are alDntology mapping is a time-consuming, human-intensive
potentially described and shared through ontologies. Howprocess, but unfortunately automation approaches are highly
ever, ontologies do not overcome per se any interoperabilityefficient and error-prone, specially because ontologies do not
problem, since it is hardly conceivable that a single ontologgnclose sufficient semantics to reason upon. In particular on-
is applied for all kind of domains and applications. tologies lack formal specification of contents.
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B. Ontology Assembly

In recent years, we have seen a surge of ontologies and
ontology technology with many ontologies now being avail-
able on the Web. At the same time one could observe that
most ontologies (e.g., consider the DAML ontology library
at http://www.daml.org/ontologies/ ) engineered
exhibit only rather simple structuresjz. taxonomies and
frame-like links between concepts.

Ontology 1
e.g. power systems,
corporation, university

Combination
Description

Combination

Description Timeless/

Spaceless
Ontology

This observation might indicate that such — comparatively
— simple structures are sufficient for the large majority of
ontology-based systems. According to our own experiences
about ontologies for knowledge portals [24] and power sys-
tems [18], however, one frequently needs intricate concept de-
scriptions and interactions — in particular ones about time and
space.

Temporal
Ontology

Spatial
Ontology

Because of intense (and fruitfully ongoing) research, many
practical theories about time and space are now well under-
stood. While the same can be said about the engineering of
concept hierarchies and concept frames, the issue of how to Fig. 2. Factorization for ontology engineering
engineer complex ontologies with intricate interactions based
on time has not been researched very deeply, yet, rendering
the engineering of a new complex domain ontology with tim&- Proposal

and/or space is a labor intensive, one-off experience with little ) ) _ ) _
methodology. The integration of these foundational elements in a variety

of domain systems provides accurate proofed semantic ele-

Although strictly speaking orthogonality is a relation beents, upon which would be possible to draw better semantic
tween ontologies, not a property of an ontology itself, in thgg|ations.

scope of this papedrthogonal Ontologystands for an ontol-  Thjs paper proposes the combination of efforts from both

ogy describing a category of knowledge that for its generig,apping and assembly processes, towards quality and useful-
nature crosses multiple (application) (.jornamsz which can Bfiss of formal orthogonal elements. On one hand, mapping
further re-used (e.g., extended, specialized) in the develogr,cess would benefice from the more accurate and suited se-
ment of domain and task ontologies. TRethogonal On-  antics of the elements. On the other hand, the assembly pro-

tology may refer to very conceptual subjects like time, spacgess would benefice from the requirements and improvements
things, but is also expected to model specific knowledge (e-%uggested by the mapping process.

chemistry elements in the periodic table) commonly used in The rest of the paper is organized as follows. After point-
pharmacy or chemistry industry. Guarino [7] proposes ontof the motivations for this work in the current section. We
ogy engineering based in well-founded theories like identityescrine the foundations considered in the elaboration of this
Mereology TopologyandMorphology As in many other ar- o qsa1  mapping and assembling of ontologies, as well as
eas, well-founded theories allows to systematize processes g tools developed to support these procesgés=RA and
encompass a modelling and V&V proofs leading to easier "%ONTE, respectively. Then we present the proposal for com-

utilization and integration. bining efforts from both processes in a common framework.
However, the difficulty to model these issues, aggravated Wyinally, we relate to other work and conclude pointing some

the gap between the theory and implementation, lead to thégpects to be considered in a future work.

limited specification. Low reusability and low quality and high

maintenance costs of knowledge-based systems in general and

of ontologies in particular, are further side-effects.

Il. FOUNDATIONS

Factorization of problem and reutilization of (tested and valA. Mapping
idated) components are far-used in software engineering, to-
wards better and lower-cost solutions. Ontology assemble pro-This section describes the ontology mapping system ar-
cess (figure 2) suggests the integration of formally, compleshitecture conceived according to th@AFRA - MApping
but common elements into domain and task ontologies. FRAmework [21].



Besides the fundamental characteristics inherited fromcteristics of services, their input and output parameters, order,
MAFRA, the system architecture benefices from two complezonstraints, etc.
mentary observations: In particular, each service is able and autonomous to de-
L . . : . : cide which and how similarity measures are combined in order
1. It is virtually impossible to provide priori all possible . - . )

. . . . 10 determine the validity of a semantic relation between a set
transformation requirements using a monolithic and static SO .
ontology mapping system: of source and target ontologies’ entities. For example, imag-

' ine that the Concatenation service exists in the system, which

2. The transformation results of and ontology mapping exdias the ability to concatenate source ontology’s attributes into
cution largely depends on the transformation service agne target ontology attribute. This service would describe their
sociated with semantic bridges. matching requirements as (1) all entities should be string at-

The adoption of a modular, open architecture arises ther%ributes, (2) at least two source entities should be related to
. : o 1 ' i 1 inali h
fore as a natural approach (figure 3), in which independe pe (and just one) target entity (n:1 cardinality) and (3) the

transformation modules. referred as Services. are attache %\me or lexicons associated with source entities should be hy-

: oaures, SeVICes, ) g’nym§ of all the name or lexicons associated with the target
the systgm func'uopal core modules (|_.e. brujglng,_execuno ntity. Other, more complex requirements are necessary, but
negotiation, evolution, etc.) [21]. Th's service-oriented APiheir use depends on the capabilities of the system to exploit
proach advocates the need to exploit the knowledge and ca

bilit ated with h Service in order to incr R ontologies’ semantics in discovering true similarities. This
es associate each Service in order to increase all-y o +asi for matchers.

tomation and quality of the overall mapping process. SerwcesWe envisage a modular, open architecture where new match-

represent expertise in applying transformation upon the ontcl»lﬁg algorithms are dynamically plugged into the matching

o9y Instances, b.Ut not only. In fact, it is suggesteq that Serrﬁodule according to availability and services requirements.
vices expand their expertise to other ontology mapping Procegs ., algorithm, named Matcher, is expert in measuring a spe-

phases, in special to the matching phase. Evolution, validatigg. - type of similarity between ontologies’ entities, but are not

?Wd negot|at!on of (.)f sem_ant|c relatu_)ns are other phases be?&iused on draw a conclusion on the ultimate similarity. This is
fiting from this service-oriented architecture.

a competence of the service. Accordingly, each service would
seek similarities from multiple matchers.

g ,% § % %é A Services are further able to determine if a set of source on-
= K E= % § gg § g £ 2 tology’s entities are semantically equivalent to a set of target
g ) g g ,‘E E|138| & 3 ontology’s entities according to the included expertise.
o © o © < For each semantic equivalence drawn, an instance of a se-
MAFRA Service Interface (API) mantic relation is specified. These instances are referred as
simiarity [Automatic| Manual | oo hecoriation] Evolution semantic bn_dges, and are the mapping elgments who wrap all
Measurment| Bridging | Bridging the information necessary to perform the instances’ transfor-
MAFRA Core Engine mation. Semantic Bridging Ontology (SBO) is an ontology
T T T T l T l _of semantic _relatlons _between two ontologies, that explo_lt the
— ‘5)\’ 3%. — E&. — idea of service des_cnbed above. Though no degp details are
- necessary concerning the concept of semantic bridge, more in-
instances| ~ Source - “giq oo "  Unstance) - Target - instances formation can be found in [22].

Ontology 5 tology T

Lift & Normalization

| B. Assembling

r i
I i
2B 2

FoNTE (Factorizing ONTology Engineering complexity) is
a ontology engineering methodology that pursues a ‘divide-

Eanl

ssaurce Source sTﬁrget Target and-conquer’ strategy for engineering complex ontologies
Otoloal Instances Ootoloal Instances with time. FONTE divides a targeted ontology that is complex
and includes time into two building blocks, a temporal theory

Fig. 3. Service-Oriented Achitecture and a time-less domain ontology. Each one of the two sub-

ontologies can be built independently allowing for a factoriza-
The more capabilities each service implements the mot@®n of complexity. The targeted ontology is then assembled
useful it is to the MAFRA Core Modules and to the ontologyfrom the time-less domain ontology and the temporal theory
mapping system as a whole. Services are described and sp@¢the operator.
ified through the instantiation of a simple ontology, which, in Thereby, the assembling operatoris very different from
the line of other approaches (e.g., OWL)8escribes the char- existing operators for merging or aligning ontologies [15, 17].

http://www.daml.org/services 2source entitys a kind oftarget entity



Merging ontologies is a process that intends to join different

Rules for -
Ontology 1

ontologies about overlapping domains into a new one and most -
of its problems and techniques are related to the identification @;}3_@1
of similar concepts through structure analysis (e.g., graph anal- Setup .
ysis, path length, common nodes or/and edges and lexical anal-
ysis). For instance, car from ontology@].car and auto from Y
ontology 202.automay be defined to be identical in the pro- Crifj;r
cess because of results of the structure analysis. To formalize accept” T, N\
the merging and aligning process, Wiederhold proposed a gen- RN Craate
eral algebra for composing large applications through merging ", Read A\
ontologies of related domains [25] and actually, the operations Creals Accept E Tas{‘s \
proposed lfitersection Union and Differencg are about the new proposed G'r']%\g ! ‘:
similarities and differences of two ontologies. task task i

In contrast, the result ab needs rather to be seen in rough
analogy to the Cartesian product of two entities. For instance, v
car from ontology 101.car, with its frameO1.licensedinState Va”@

is assembled by with ontology 2 and it9D2.timelntervalin
a way such that every car in the result ontology has a lifetime
as well as multipleD1.licensedinStatérames with different,
mutually exclusive life spans.

The assembly process comprises two main building blocks.
First, the specification of temporal aspects for a time-less do-
main ontology remains dependent on the conceptualization of

-, -

Execute Task k—-~

USER:
lterate

Process Flow
—_—

the ontology engineer. In fact, the example used for illustrating _ DataFlow

the assembly of general axioms below shows that there are on-

tological decisions to be made that can not be derived from the

structure analysis of the two ontologies and therefore require Process

human interaction. Second, in order to facilitate and accelerate

the assembly of time-less domain concepts with temporal no- Fig. 4. Assembly main process

tions, the interactive process is supported by heuristics asking

and pointing the engineer. contrast, the acceptance of a proposed task instance does not

The assembly process runs as depicted in figure 4: It staresjuire further checks as the checks are tested for validity be-
by an Initial Setup. Some basic operations are performefhre the user sees them.
namely loading the ontologies to be assembled, loading a set 0By the Execute Task step the corresponding changes are
rules to drive the process and initializing some process parammade to the target ontology. Thereafter, the user decides ei-
ters. The rules and parameters are defined separately from ther to pursue another iteration or to go to Conclude Process
tool in order to allow for adaptations to the particular needand accept the current Target Ontology as the final version.
of different temporal ontologies. However the rules and pa- The result of assembling the time-less domain ontology with
rameters do not change when a new domain ontology is to kige temporal theory is the product of automatic proposed tasks
assembled. The Target Ontology initially corresponds to thend the human interaction regarding the assembling of the
union of the time-less domain ontolog9,1, and the temporal three main ontology components, namely, concepts, frame-like

theory,O2. relations and general axioms.
Initially, the user may re-structure some part of the do-
main ontology to include temporal aspects by defining and 1. PROPOSAL

executing (what we call) task instances. When performing

such re-structuring task instances, a structure analysis findsMany projects [12] [6] are developing automatic matching

possibly implicated task instances and proposes them ordfyorithms through distinct ontology dimensions: linguistic

the Task List. In subsequent iterations the engineer decidg®] [2], clustering [2] [6], graph-based analysis [13], query-

whether to accept an automatically proposed task instanbased mapping [12].

from the Task List. Alternatively, the user may take new initia- While the combination of different ontology’s dimensions

tives and define and execute a new task instance from scrat¢fito the matching phase is common, no research work cur-
For manually defined task instances, a set of logical testently exists in encompassing the formal orthogonal elements

(Validate) are performed in order to detect the existence of apyovided by the assemble process into the matching phase.

knowledge anomalies (e.g., circularity or redundancy [16]). In The proposal process would operate in the following order:



1. Assemble phase. During this phase the orthogonal onta-omplementarily, the 'Locations’ general ontology defines the
ogy is integrated with the domain ontology, which reveal ocationconcept, and its two mutually exclusive sub-concepts
extra semantic elements; Internal Locatiorand External Location

5 Matchina phase. During this phase extra semantic el The semantic relation betwedtaceand Housewould be
' gp ’ g this pt ; . r%asily perceived through linguistic-based matchers, but the re-
ments are elements upon which is possible to reason, in I

or better brecise semantic relations between wo ontol %_\Eion betweerPlaceandPlantis difficult to automatically find
gies’ entitFi)es ! ! ' %ince only a minimal relation exists between "plant” and "man-

ufacturing plant” and from this to "place”.

3. Bridging phase. According to the new similarity mea- However, the assemble process would provide extra knowl-
sures, the services are able to better decide about the eslge, which can be exploited in the mapping process. The as-
lidity and characteristics of a semantic relation. semble process determines that the transportation/warehouse

ontology’s concepPlaceis aLocationand that the real estate

Two types of scenarios are addressed in the envisaged @pitology's Plantis an External Locationand that theHouse
proach. Consider the following concepts for later detailed exoncept is dnternal Location

planations on both scenarios.

Considering that:
DO — D in Ontol 1 isa(Place Location)
omain =ntology () isa(House Internal Location
00 = Orthogonal Ontology @) isa( Plant External Location
MDO1 = Medical Domain Ontology 1 3) match Place Housé@
MDO2 = Medical Domain Ontology 2 (4) _
TOO1 = Time Orthogonal Ontology 5) the eTV|inIg]ed g;&ltcher would suggest the match:
TOO2 = Time Orthogonal Ontology (6) matct(Place Pland

Further, if both matches finally give raise to the following

For instances SNOMED (The Systematized Nomenclatug&mantic bridges:
of Medicinef or ICPM (International Classification of Proce- o
dures in Mediciné) would be some examples fMDO1 and sbl = semanticBridgePlace Housg
MDO2, while Time-DAML [8] or SUMO [14] would be ex- sb2 = semanticBridgePlace Plant
amples for forTOO1 and TOO2

then the matcher would further suggest the application of the
A. Common orthogonal ontology constraint axiom:

In this type of scenario, the time orthogonal ontology
(TOO01) is used in the assemble process (7) (8). The result- xor(sbl, sb2)

i tologi 1 and A2 lat d (10).
ing ontologies 1 an ) are later mapped (10) derived from the fact thaflaceis one ofHouseor Plant and

therefore, no instance d?lacecan be transformed into both
Al = assemble\/ DO1,TOO1) (7) HouseandPlantinstances.
A2 = assemblegM DO2,TOO01) (8)

Location

M1 = mappindMDO1, MDO2) (9) General Ontolog po———
. Location r;;?:nlc
M1 = mappindAl, A2) (10) [ Location

Is-a relation

A
From the relations established between domain ontologies XOR axiom
and general ontology, it would be possible to infer or precise
the mapping relations between domain ontologies, so one can
conjecture that\/1’ (10) would be semantically more com-
plete and accurate thav'1 (9).

In the example of figure 5 two ontologies from substan-
tially different domains are to be mapped. The transporta-
tion/warehousing ontology describ&aceand Vehicle con-
cepts and the real estate ontology speciRémt and House

Real
estate
Ontology

Transport/
Warehouse
Ontology

Fig. 5. Common General Ontology used

Shttp://www.snomed.org/
“http://icpm.sourceforge.net/



B. Different orthogonal ontology a large ontology by engineering, re-using and then connecting
smaller parts of the overall ontology.

Let’'s consider another type of scenario. In addition to the ThoughFONTE [19] shares its goal with these methodolo-
ontologies previously referred (see (3) to (6)) two different oryjes is its rather different in its operationalizaticfoNTE does
thogonal ontologies about time are mapped togetherMifo ot aim at a partitioning and re-union (by merge or align with
(11). Furthermore both orthogonal ontologies are used indgscognition of similarities) of the problem space, but rather by
pendently in two processes of assembling time into two diffety factorization into primordial concepts and a subsequent com-
ent domain ontologies (see (12) and (13)). bination® that is more akin to a Cartesian product than a union
of ontologies.

Despite the difference, one may note tl&NTE imple-

M2 = mappindT0O01,TO02) (11) . . : . . .
ments an iterative and interactive approach which was previ-
A3 = assembleM DO1,TOO1) (12)  ously successfully adopted in sophisticated tools for merging
A4 = assembleM DO2, TOO?2) (13) ontologies [15, 13, 11]. Alsd;ONTE does not substitute these
M3 = mappingA3, A4) (14) other methodologies, rather we envision that one wants to sep-
M3 = mappingA3, A4, M2) (15) arate the target ontology to be built into different (possibly

overlapping) domaings well asinto time-less and temporal

Finally, M3 is the output from the mapping between the nevpubontologies. The two ways of carving up the engineering
domain ontologies assembled with time (14). task need different, complementary methodologies.

Lets consider a short example using the previous ontologies, There is a rich set of languages and systems that deal with
where both temporal ontologies uses a temporal class for rdptricate reasoning over time and objects (cf., e.g., temporal de-
resenting a time sparf;,001:Periodand TOOZ2:Intervalwith  SCription logics [1], temporal databases [3], or event calculus
roughly same properties and the mapping outp(2 states [4]). To our knowledge, however, there has not been a method-
that such classes are semantically equivalent. Such knov@lo9y that helped the ontology engineer to build ontologies that
edge can be used during the mapping betwdénand A4  included temporal theories.
when considering any classes related wittO1:Periodand

TOO2:Interval So one can conjecture thaf3’ (15) would V. CONCLUSIONS ANDFUTURE WORK

be semantically more complete and accurate théhsince it

would benefices from extra knowledge contained/a. In what concern§oNTE we have only studied the assembly
of time into a given ontology so far, but we have reason to con-

C. Goals jecture,(i), thatFONTE may also be applied to integrate other

important concepts like space, trust, or user access rights —
From previous descriptions and scenarios, four actuati@ncepts that pervade a given ontology in intricate ways and
vectors are envisaged: necessitate management of engineering complexity; @hd,
L building on Wiederhold's idea of an ontology algebra, the pro-
1. Human-based systematization of the orthogonal knowl,geq operatop might perhaps be further utilized for having
edge used in the matching and bridging phases, and derWﬁtologieS interoperate in manifold ways.

useful matching and bridging patterns; Regarding the proposal of combining ontologies mapping

2. Combine the derived patterns with both the orthogon&@nd assembling processes we can, so far, refer the following
ontologies and the assemble process in order to impro@évantages:

the ontologies and the process; e Increase matching accuracy and mapping results, once a

3. Conceive comparison algorithms and implement the cor- nNeéw comparison dimension is added,;

responding matchers; . .
P g e Increase matching performance by the reduction of the

4. Conceive new or expand existent services to exploit the matching and bridging problem space;

new matchers and bridging patterns. .
e Increase quality of both the orthogonal and assemble

ontologies by revisions suggested by the matching and
bridging phases.

In the past a variety of approaches were proposed for reduc-
ing the complexity of engineering a rule-based system, e.g. by ACKNOWLEDGMENTS
task analysis [20], or an ontology-based system, e.g. by de-
veloping with patterns [5, 23, 9] or developing subontologies This work was partially supported by FCT (Portuguese Sci-
and merging them [15, 17]. As different as these methods amnce and Technology Foundation) through programs SANSKI
they may be characterized by subdividing the task of buildinPOCTI-41830) and ONTOMAPPER (POSI-41818).
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