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Abstract

Semantic web is dependent on extensive knowledge management by inter linking resources on the web using matching techniques.
This role is played by the progressing domain of ontology matching, by introducing ontology matching tools. Tt foeas

matching tools is limited to matching techniques and automation only, rather than expressive formal representation oftalignme

We propose Mediation Bridge OntologBQ, an expressive alignment representation ontology used to stameespondences

between matching ontologies matched by our ontology matching tool, System for Parallel Heterogeneity Resolution (SPHeRe). The
MBO utilizes object oriented design patterns and the proposed ontology alignment design patterns to provideitehtyerzchd
reusability factors to SPHeRe system. We compared our proposed system with existing systems using Coupling Factor (COF),
Number of Polymorphic methods (NOP), and Rate of Change (RoC) metrics to support extendibility and reusability. These facto
contributes in the overall objective of interoperability for knowledge management in the semantic web.
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1. Introduction

The continuous evolution of heterogeneous data repositories ngjor hindrance in the way of Semantic Web
infrastructure to facilitate mashtlke information sharing. Ontology matching has made measurable progress to resolve
semantic heterogeneities among these heterogeneous data repositaieslégy mergingguery answering, or data
translation [1]. Ontology Aligment Evaluation Initiative (OAEI), a benchmarking initiative, carries oatnual
campaigns for the evaluation of the ontology matching tools [2hdrpast few years, OAEI evaluated several ontolog
matching systems; sonaé these remained in spotlight for many years. Shvaiko et al. [1] presaumtesy of some of the
recent matching systems based on their operationsatehing approaches. A common behavior among these matching
tools is theirduration of use that lasts for few years and are replaced afterwards. Theeasgingor their replacement

is the difficulty in extendibility and reusabilityf these systems. The structure of matching systems shoulddvsidr
enougho accommodate nealgorithms based on novel matching techniques, replaséous algorithms if they are nen
effective, and utilize combination of existing techniques to build new technique. Therefore, incorporating object oriented
design patterns [3] with ontology desigatierns in ontology matching toalefine the longer adaption of such systems.

Ontology Design Patterns (ODP) support pattern based ontology designd4ire used to capture comnmadelling
situations, help facilitate ontologgevelopment and avoid conon mistakes [5]. ODP have evolved from Content
Ontology Design Patterns (reusable solutions to recurrent contetgilingproblems) [6] to Ontology Alignment Design
Patterns (used tofiee correspondences, by alignment designer or pattern detectioithahyd7]. Ontology matching
algorithms detect simple correspondences by following alignrf@mtat that lacks theexpressiveness needed to
formalize correspondence [8[herefore, an approach is necessary to design and develop an extendit#esaide
system that provide expressive capability to formalize correspondences. The pidpdiibn Bridge OntologyNIBO)
based approacimcorporates object oriented design patterns combined with ontology alignment design patterns in our
ontology matchingystem, System for Paralldeterogeneity Resolution (SPHeRe) [9].

The proposed1BO ontology is an ontology alignment representation schbateenables expressiveness to formalize
correspondence by utilizing object oriented and ontology alignment destignns Ontology matching existing schemes
only focus on matching the ontologies and storing their alignments in a format which only describes source and target
concepts. There is need to find the alignments using design patterns for providing satutt@sdammon problems.

Also, expressiveness in the storage of correspondence is necessary for multiple reasons. First, expert verifications become
easier as the correspondence speaks for ifdedf.correspondence includes not only the source and tamgegpats, but

the attributes involved in correspondenttes procedure of the alignments, and the confidence value of the alignment.
Second, feedback about the matching process and alignment can be easily obtained, that helps in the overall improvement
of the system and satisfaction of the us&ve developed SPHeRe ontology matching system that incorporates bridge
algorithms which are stored axpressive alignment representation format inNH&O. Strategy and Mediatot design

patterns are used from objectiented design patterns, combinadth ontology alignment patterns called Pattern
Relationship Models (PRM)The PRMs are the ontology alignmepatterns that defies the expressivéormal
representation of the correspondences to be stored B The proposed system supports collaborative ontology
concepts by adding metadata information in alignments stored iMB@@ This helps in achievingxtendibility and

reusability metrics of the overall SPHeRe system.

Benchmarking and systematic evaluatiosti8 progressing in the area sémantic technologies [2]. To evaluate the
proposed system extendibility arelisability capabilities, we used Quality Model for Object Oriented D€&IOOD)
approach [10]. The factors that contributed to lack of lormglaptation of the existing ontology matching systems are
coupling, polymorphismand the rate of change. Therefore, we used Coupling Factor (COF), Nafrbelymorphic
methods (NOP), and Rate of Change (RoC) to evaluatgyiitem with existing system tmcomplish extendibility and
reusability. Thisvork contributes to the overall objective of interoperability among heterogeneous ontologies.

The rest of the paper is structured as follows: Section 2 addressegtihedologies used by existing ontology
matching systems and its comparison with proposed system. The proposed Mediation Bridge OxB@gyesign and
development is described in Section 3. Section 4 explains the integrated approach of object oriented design patterns and
ontology alignmentlesigqn patterns based dviBO. Section 5 shows the working model of the system and desthibes
working mechanism of the défent bridge algorithmt populateMBO. Section 6 evaluates the proposed system by
calculatingand comparing values of evaluatim®trics with existing systems. Sectionahcludes the paper and provides
information about the future work.
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2. Related Work

Design patterns provide solution to the common occurring problem, and ontologies domain utilized ontology design
patterns to facilita the ontologylevelopment proces@ne of the semantic technologies potential areassHatusing

on incorporating design patterns as the solution to semantic heterogenblgnpis ontology matching thatnfils the
similarities betweertoncepts. Pe@ng Xu et al [11] proposed a difentor based similarity matrioreationtechnique

used to integrate di#fent similarities measures. Weighte assigned to various entities of the matching ontologies that
are used foaggregation tasks aftemfling thesimilarity measures. Another approach proposed Tree Structure Based
Ontology Integration (TSBOI) [12] methodologised to integratentologies with Document Type Deition (DTD)
based trestructure development for ontology mappings. This is furthdéeedilby ontology applications for data sharing
purpose. These approaches leads taltwelopment of ontology matching tools/ syste@AEI provides a platform to
introducestate of the art ontology matching tools, but their adaption for limited yewtdliffi culty in extendibility,
reusability, and expressive mapping represania defnes the future directions for ontology matching tools. Some of
thesetools and approaches for ontology alignment patterns are discussedsigctios.

We selected somentology matching tools for discussion in this secti@sed on their participation and adaption in
OAEI, and also some of the existing state of the art systems. Falcon is one of the ontology matchinghatstems
shownbest results in therfit few yeas of OAEI campaign [131t provides fundamental technologies fondiing, aligring
and learning ontologies [1®y using divide and conquer approach to target large ontolggigsrating 1: n alignments
as output [1]. Altleugh this system is still eftive in generating alignments between ontologies due to its matching
techniquesand also user interface; extendibility and reusability are its two major disadvantagestrérisety difficult
to add new matching techniquasd algorithms in the system. Bsgment Maker is another ontology matchiogl that
resolves extendibility issue by displaying the ontologies, supposgwvgral mapping layers visually, and presenting
automatically generated mappinfgs producing the alignments [14] [IL5This systemis not scalable folarge scale
ontologies matching, but providéexible and extensible framewonkth a comprehensive user interface. The scalability
issue is resolved in its neframeworkAgreementMakerLight thaireserves original Agreement Makesmework wih
main focus on computational efiency and handling verarge ontologies [16 AgreementMakerLight competes with
the recent OAEperformers, GOMMA and LogMap in large bined track, but lacks approafdr expressive mpping
representation.

GOMMA [17] provides infrastructuréor managing matching and evolution of ontologies and its impact on mappings.
On the other hand, LogMap is an ontology matching tool that adsttakbility issue for large ontologies matching and
produces almost cleaset ofoutput mappings [J8 GOMMA and LogMap demonstrates better accurasycompare to
other systems and were equally matched by another mattdohgr AM++. YAM++ matching tool supports self
configuration, exengbility and extensibility in embining irdividual matchers [19 It discover mappingaising
information retrieval techniques and also deals with rhimigjual ontologies matching problems [RMost of the
ontology matching systems focaa automation and accuracy of results and not on expreagivenent representation
using ontology alignmnt patterns. Zamazal et al. [2dresentech generic framework for ontology pattern detection,
generation of instructiorsnd ontology transformation from source ontology to target ontology. féekaal. [7] took a
step forward by introducing ontology alignment design patterns representation methods and then create a pattern library
to be extendedith new patterns. The work also explains transformation of ontologies asiolpgy alignment patterns.

To summarize, existing ontology matching toalsd ontology alignment patterns based approaches are unatlfledo re

a comprehensive system that utilizes object oriented design pattern combinehteitiyy alignment design patterns
and storing the corresposigces betweematched ontologies into a mapping storage and representation repository. Our
proposedViBO based ontology matching methodology addresses the exsstatgms issues in our SPHeRe ontology
matching system as an extendibksable and expresesi mapping representation approach.

3. Mediation Bridge Ontology ( MBO)

Ontology mediation techniques provide the platform to necessitate interoperability between heterogeneous ontological
descriptions [7]. Mediation is baset the alignments generated between heterogeneous sources, and representation of
thesealignments play vital role in efttive interoperability. Little focus is provided to alignment representation area by

the semantic web camunity [22. An effort towardsrepresenting correspondences as a centraliggdsitory was
introduced as bridge ortmy [23] [24, but it lacked eféctiveness, agility, and realization. Although it provided the base

for alignmentrepresentation but was never the focus, mainly becatsgracy of alignments given higher priority.
Effective alignment representation results in; (1) efficient ontology translation, (2) format transformations, (3) systems
mediation, and (4) easy expert verification and modificatidrerefore, the propesl MBO targets effective alignment
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representations in its design and development process. The design aspect utilizes object oriented as well as ontology
alignment design patterns for effective mapping representation in the féom obupling, high polymiphism, and low
rate of changeThe MBO not only benefits the ontology alignment storage but also its use in the transformation process
between different heterogeneous formdtse scope of MBO is categorized into three aspects; Generalized Mappings,
Cusbmized Mappings, and Transformation Logic. Generalized Mappings are the alignments that are generated by
mat ching two ont @HeprgposetdBOprsvidesthe aRgRNEht sepresentation scheme using ontology
design patterns approakbeping inmind the goals expressed for achieving true interoperallitgtomized Mappings
are the alignments that are based on the conformance issues handling of organizations. Organizations conformance issues
are handled through these mappings by detecting &éhe stappings initially in the Generalized Mappings and then
replacing them with the new modified mappings. The generalized as well as the customized mappings are converted into
transformation logic that is used for conversion among different standardt$orifee formal description of these
concepts is provided in Section 3.2.

MBO is categorized into two main classktediationBridgeand PatternClass MediationBridgeis divided into
syntactic and structural bridge subclas&tsng Matching Bridge, LabéBridge, Synonym Bridge, Polysemous Bridge,
Overlap Bridge, Customized Bridge, Children Based Structural Bridge, and Property Based Structural Bhielgge
bridge classes are used to represent the alignments generated froolgpatyorithms in theispecified format. These
are dependent dratternClasgor structuring the output @fie alignment procesBatternClassncludeMappedSequence
Standard1Class, Standard2Class, Match, MappedClass, ListStandadilistStandardXubclasses. These are used to
provide the structure for representation of the alignment iMB@. The overall hierarchy dfiIBOis shown in Fig. 1.

These concepts are related to each other by using object propertigsegsare shown in Table MedationBridge
class is related throughsesPatterrobject property withPatternClass Every subclass dfiediationBridgeuse some
pattern classes from thHeatternClasssubclasses to de# itsalignment representatio@verlapBridgeclass is related
throughhasSourceClasand hasTargetClas®bject properties wittstandard1Classand Standard2Classespectively.
Standard1Classuses hasSameRelationshimnd consistsMandatoryAttributesbject properties to connect with
Standard2Clasand MandatoryAttributerespedtely. Based on the previous triple®yerlapBridgeis related with the
Match class usinghasRestrictiorobject propertyThis makes the complete alignment representatiof©f@rlapPRM
describedn the later section. In the same way, otkediationBridgeclasses denestheir pattern to represent alignment
in the MBO.
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Figure 1: Mediation Bridge Ontology.
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Table 1: Mediation Bridge Ontology Triples.

Domain Property Range

Mediation Bridge usesPattern PatternClass

Standard1Class exactMatch Standard2Class

Customized Bridge hasParticipatingSequence MappedSequence

Label Bridge

Overlap Bridge

Polysemous Bridge hasSourceClass Standard1Class

String Matching Bridge

Synonym Bridge

Label Bridge

OverlapBridge

Polysemous Bridge hasTargetClass Standard2Class

String Matching Bridge

Synonym Bridge

Mapped Class hasChildren owl:Class

Mapped Sequence hasInputSequence ListStandardl
ListStandard2

Mapped Sequence hasOutputSequence ListStandardl
ListStandard2

Label Bridge

Overlap Bridge hasRestriction Match

PBSB

CBSB

Standard1Class hasSameRelationship Standard2Class

PBSB hasParticipatingClass MappedClass

CBSB

Standard1Class consistsMandatoryAttribute MandatoryAttribute

3.1.MBOBridges Definition, Examples and Scenarios

TheMBO provides the platform that represents alignments found by different bridge algoiitmess. bridge algorithms

are defned and explainedith real world examples, and scenarios using medical standardgietoWe use medical
standard ontologies as scenarios for the proposed systeraligimments generated and represented iMB® can be

used for ontologyranslation, standard formmansformation, and expert vedétion based ometadata availabiljtabout
every alignment. One of the bridge algorithm&isng Matching Bridge that is used for concepts matching to identify
similar concepts in the matched ontologies. These are based on string based ntatttriimgies by considering the
sequence of teers of matching concepts. Thessuence of letters consideration for matching are based on the intuition
thatthe more similar the strings, the more likely is the chance of the concdgsstmilar [25. Edit distance is one of

the technique used fetring basednatching techniques [26Table 2 show the examples and medical ontologgesario

of SPHeRe's bridge algorithms.

Journal of Information Science, 20Jpp.1-22 © The Author(s), DOI10.1177/016555150D00000
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Table 2: Mediation Bridge Ontology Concepts, Examples, Scenarios

Bridge

Synonym Bridge

Label Bridge

Overlap Bridge

Polysemous
Bridge

Child Based
Structural Bridge

Property Based
Structural Bridge

Example
(a) Thing (b) Building
College Aircraft School Bank
b
(a) Car ( ) Automobile
[ Machine ] [ MotorCar ] [ Machine ] [ MotorCar ]
b
@ repen ®) - pepon
Project Exam Project 4 P Exam
Renart .\ O Report Delwerab\e. Okepm\
/ ™, / N
O O O O
Project Project Project Project
Technical Deliverable Technical Deliverable
Report Report Document Document
@ . O
Fruit Computer
Apple Mango Apple Intel

(a) Faculty (b) Academic Staff

00 O

Lecturer  Assistant  Associate Professor lecturer  Senior  Assistant  Associate poc oo
Professor  Professor Lecturer Professor  Professor

(a) (h)

cankill haveArmour
Gun Tank
haveArmour
operatedBy operatedBy

Medical Ontologies&nario
[SNOMED CT and Mesh ontology]:
Concept DRUG of SNOMED CT
ontology which is synonym of concep
MEDICINE of Mesh ontology.

[FMA and NClontology]: Concept
CARTILAGE CELL of FMA ontology
which is similar to concept
CHONDROCYTE of NCI ontology
based on common label CARTILAGE
CELL.

[HL7 and openEHRNtology]:
OBSERVATION concept exists in bot
standard ontologies, and
EVALUATION is the sudzoncept of
OBSERVATION concept in openEHR
ontology. Therefore, EVALUATION
concept of openEHR ontology can als
be transformed to OBSERVATION
concept of HL7 ontolgy while
information exchange.

[SNOMED CT and HL7 ontology]:
EVENT concept in SNOMED CT
ontology includes concepts that
represent occurrences of different
events while in HL7 ontology it is any
act that has taken place. EVENT
concept of SNOMED CT ontology anc
HL7 ontology are Polysemotis
nature.

[HL7 and openEHR ontology]: ENTIT'
concept of HL7 ontology is equivalent
to PARTY concept in openEHR
ontology based on their children
matched. ENTITY concept has
ORGANIZATION, PERSON and
DEVICE sub concepts that are mappe
with ORGANIZATION, PERSON and
AGENT sub concepts of the PARTY
concept.

[HL7 and vMR ontology]:
OBSERVATION concept belongs to
HL7 ontology while OBSERVATION
RESULT concept is part of vYMR
ontology. Both the concepts are
similar based on property match.
CODE, CODE SYSTEM, and DISPLA
NAME are the common properties
between the concepts thdeads to the
conclusion of property based match.
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1 Synonym Bridge (Table 2, Row 2) represents identical or closely algpeztpts between défent ontologies.

College and School are two synonym concepts where Cal€ggO is ontology) and Scho& O;. Drug and
Medicine are synonym concepts from SNOMED CT and Mesh standard ontologies as shown in Table 2.

1 Label Bridge (Table 2, Row 3) represents similar concepts based on common information represented as their
labels. Car and Automobile are two simitncepts where C& O; and Automobile€ O;. Car and Automobile
both have Machine and Motorcar as their labels. Therefore, their similarity is based on the label match. Cartilage
Cell concept of FMA ontology is similar to Chondrocyte concept of hitblogy based on common label as
Cartilage Cell.

1 Overlap Bridge (Table 2, Row 4) represents concepts that contains overlapping information that is necessary for
data format transformation while information exchange between heterogeneous systems. Bpojecarki
Project Deliverable are two overlapping concepts, as contains most of the information common between them.
Taking the example of HL7 and openEHR ontologies, OBSERVATION and EVALUATION are overlapping
concepts.

1 Polysemous Bridge (Table 2, Row 5) used to cover same conceptsihgwifferent meaning cases during
ontology matching. Apple concept can represent a Fruit and it can also characterize Computer. Therefore, Apple
concept as a Fruit and as a Computer is and illustration of Polysemous BEwégé conept in SNOMED CT
and HL7 has difrent meaning with same concept name described in Table 2.

9 CBSB (Table 2, Row 6) represents concepts and relations/ properties that are similar by comparing similarities
between their children. Faculty aAdademic Staffare two equivalent concepts based on children match. In HL7
and openEHR medical standard ontologies, Entity (HL7) and Party (openEHR) are similar based on children
match.

1 PBSB (Table 2, Row 7) represents the concepts that are similar with éactbased on their properties. Gun
and Tank are two concepts of two separate ontologies similar to each atedrdmatheir common properties
“haveAr mour”’ a. isidnilarly oQbservationeaddBObServationResult concepts of HL7vM
ontologies a similar to each other based on their properties.

3.2.Formal Modelling and Representation of MBO
MBO formal modelling usindBackusNaur Fornt (BNF) is describedn this sectionMBO constructs are defined by the
generalized and customized mappings which hea trepresented in logic format for transformation among different
standardsThe generalized mappings are the focus of this paper and it includes the alignment information with the
ontology alignment design pattern used for the creation of generalizgadmgajogic to be used for transformation. The
formal definitions of all these concepts as well as the transformation logic based on generalized mappings is presented as
follows:
060 D cOQE Qi Gl dPRTEE "Qi"0D
"0 01 0 ¢ aUAHNQIQRE OC M>
€Yl W& i "Qé I W&o & ¢ QOO
00 D eda QO DONWS 6 a QQE 0t "Qf
"Pattern ReldasPRMshi p Model
e £ "QQEDe 0 ¢ "QQ® 0D
0 a'QQE T O¥E 610BD T WYO
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The constructsCM> and<LogicCM> arerelated with the customized mappings andrexecovered in the scope of

this paper therefore its BNF are not preseniée. rules irkLogicCM> arethe same as that in tkéogicGM> construct.
The detailed description of the ontology alignment des

4. MBO Design Patterns

MBO utilizes Strategy Design Pattern and Mediator Pattern to incatgpobject oriented design approach for agility and
reusability of the system. It also used PRM tdi mkz mapping representation format that can be used for easy expert
verifications, format transformation, and ontology translation purposes. Fig. 2 represents class diagram tMBGhows
Strategy Design Patterl|BO Mediator Pattern and Pattern Relationship Models (PRM) as realizationBt®én the
SPHeRe systenMBO Strategy and Mediator design patterns explains the implementation view of the system design,
while PRMs describe®BO ontology patterns as representation of the alignments. We have adopted the concept of
Strategy and Mediator design patterns from the objecttededesign community and proposed PRM in this research by
interrelating them for extendibl&gexible and agile system.
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4.1.MBOImplementation View

4.1.1.MBO Strategy Design Pattern

Motivation : MBOis based on classes that difbnly in their behavior, therefoedgorithms needs to be isolated
providethe ability to select diffrent algorithms at runtime.

Intent: Define a family of algorithms, encapsulate each one, and make them intercharig8ahftrategyets the
algorithm vary independently fromlients tha use it.

Applicability :

MBOStrategy an interface that defes the behavior of lediationBridgeOntology

Concrete Strategies:ChildPattern, PropertyPattern, StringPattern, yrfdnymPattern, PolysemyPatter
OverlapPattern, LabelPatterneach of thesgatern classes callspscific PRM for execution and the
populate that information in thdediationBridgeOntology

MediationBridgeOntology This class is the context class that gets alignments information frdwpea#tern and
store it in specified format.

MBO Strategy Design Pattem
________ i___—-‘_-—____—'-__—________'I_l
I l |
i A v v H
! A H «interface»
| PolysemyPattern ChildPattern CustomizedPattern H ) MEOPatterninterface
I [t Bt
| + createPRMQ :void T |+ createPRMO -void + createPRM() -void [
: + populateMBO() :void I + populateMBO() :void + populateMBO() :void : :
i
' | 1 ] [ JAN
| OverlapPattern L L L | [ j
MBO = V4 : 1| mBO Mediamlr Design Pattem
. + createPRMQ wvoid | 00— M 3 !
Implementation + populateMBO(Q -void «interface» I MBOMediator
View MBOSrategy; 1 MediationBridgeOntology | —
" | 1
e e — == + createPRM() void i H
' + populateMBO() :void + populate() :void | 1
! . createPRMO :void ' AN ! AN 1
+ populateMBO() :void
! 4 ————— e . : i !
1 I L
! ol [ ConcreteMediator] !
! PropertyPattarn ol StringPattern SynonymPattern A i
" A el T oaeaaal- I
: + createPRM() :void | + createPRM() -void + createPRM() :void < :
| + populateMBO() :void 1 + populateMBO() :void + populateMBO() :void 8 1
! , ! ) 1 !
| ) | A ] 1
I 1
L _r--Tf--——= = : 3 !
| 1
1
i Pattern Relationship Model (PRM) |
, 1
i StringPRM ChildPRM LabelPRM PropertyPRM |
H 1
| 1
H 1
1 T T T T :
: o e J H
1
MBO ! Vi i
Representation | «abstract» 1
- | PatternRelationshipModsl |
View - T e - -
r——————-—- T~V ——————= A
1 i 1 1
OverlapPRM CustomizedPRM SynonymPRM PolysemyRM

Figure 2: MBO Design Patterns Oriented Implementation and Representation Views

4.1.2. MBO MediationDesign Pattern

Motivation : MBO also provides classes that can use the services of other classes, therefore mediation is |
between classes for reusability purpose.
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Intent: Define an interface for communicating with related objects for understanding interdependencies
them.MBOMediator provides that interfac® other objects for communicating with related objects.

Applicability:

MBOMediator- An interface class used for communicating with othgeats in welldefined and complex ways.

ConcreteMediator This class keeps ference of all the colleague obje@sd is used to transfer the messa
between colleague classes such @kildPattern, PropertyPattern, StringPattern, SynonymPatt
PolysemyPattern, OverlapPattern, LabelPattern

4.2.MBORepresentation View (Pattern Relationship Model (PRM))

Each pattern class in the Strategy Design Pattern uses particular PRE.gl&s8ngPatternclass invokestringPRM

class for execution. All the PRlasses are derived froRatternRelationshipModebstract class. Medical ontologies
are used for matching purposes and performing experiments, therefore, medical standards are used as scenarios fc
understanding these PRMBhese PRMs realization is shown with Virtual Medical RecatdR) andHL7 Clinical
Document Architecture (CDA) standards ontologies. Botthefstandards are based on the HL7 Reifee Information
Model (RIM) [27] that is the root of all the information models and consists of backbone cksdekeir specialization

and strutural attributes for further defing the rolesof the chsses. HL7 CDA follows a CDA Reftd Message
Information Model(RMIM) [28] that contains information about document creation and manipulation. VMR is a data
model for representing clinical data redew to CDSby recording patient's demograpdiand clinical history data [R9

The generigattern structure followed by its realizationvidR and CDA standard ontologies is described in this section.
Some of these PRM®verlapPRM contents are also ind&d in our paper [30], we only changed the structure of the text
based on the design pattern template) explained in objectriented design template as follows:

4.2.1.0verlap PRM

Motivation: OverlapPRM deals with the type of alignment patterns where soutcéogy concept with its
mandatory attributes and values is mapped taithet ontology concept.

Intent: Define a mechanism to transform source and target concepts by takiagdotont mandatory attributes .
well. The mapping representation targ@igerlap Bridgeof MBO.

Implementation: The pattern for Overlap Bridge is shown in Fig.GBierlapBridgeclasshas relationship witk
Standard1Classand Standard2Classthrough hasSourceClassand hasTargetClassobject properties
respectively.OverlapBridgeclass § related withMatch class usinghasRelationshipbject property with
individualsExactor SubsumeThere are caseswhich mandatory properties of both the standards are ex
matched while in some cased source concept has subsumpttationship with target concep
Standard1Classaind Standard2Classare also related witleach other usingpasSameRelationshipbject
property.Standard1Clasgonsists ofMandatoryAttributeconnected byconsistMandatoryAttributesbject
property and theddlandatoryAttributecontains somegalues represented basValuedata type property. Thi
realization of thigattern is given in Fig. 4.
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Figure 3: Overlap PRM30].

Applicability :

HL7 CDA consists oftlasses in the form ofitrp | e t -attfibatévaasl suTleefefore,while transformation of
concepts betweevMR and CDA themandatoryattributes transformation is necessary for correct parsir
the documentOverlap PRMdeals withsuch type of patterns where source standamdcept with its
mandatoryattributes and values is converted into target concept. In this type of pattern an obtaogsist
of classC; with mandatory attributellIA; having valued/; is mapped with class; of another ontolog{;.

We explainOverlapPRMwith EntryRelationshigconcept of CDAstandardandRelatedClinicalStatemerbncept
of VMR standardasshown in Fig. 4EntryRelationshiglass of HL7 CDA has mandatoagtributes such a:
typeCodeand contextConductionIinavith valuesCAUSandtrue respectively. This information is mappe
with RelatedClinicalStatementlass of vMR therefore translation oRelatedClinicalStatementlass is

performed withEntryRelationshiglass and itsnandatory attributes and values.

<rdf:RDF

xmins:vmr="http:ivww.owl-ontologies.com/VMR.owl#"
xmins:cda="http://www.owbntologies.com/CDA.owl#">
<owl:Ontology rdf:about="BridgeOntology"/>
<!-- Defining Classes foDverlapPRM-->
<owl:Class rdf:ID="OverlapBridge"/>
<owl:Class rdf:ID="MandatoryAttribute"/>
<owl:Class rdf:ID="Match"/>
<owl:Class rdf:ID="Standard1Class"/>
<owl:Class rdf:ID="Standard2Class"/>
<!-- Object Properties->
<owl:ObjectProperty rdf:ID="consistMandatoryAttributes">
<rdfs:domain rdf:resource="#Standard1Class"/>
<rdfs:range rdf:resource="#MandatoryAttribute"/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="hasRelationship">
<rdfs:domain rdf:resource="#OverlapBridge"/>
<rdfs:range rdf:resource="#Match"/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="hasSameRelationship">
<rdfs:domain rdf:resource="#Standard1Class"/>
<rdfs:range rdf:resource="#Standard2Class"/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="hasSourceClass">
<rdfs:domain rdf:resourcé#OverlapBridge"/>
<rdfs:range rdf:resource="#Standard1Class"/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="hasTargetClass">
<rdfs:domainrdf:resource="#OverlapBridge"/>

<rdfs:range rdf:resource="#Standard2Class"/>

</owl:ObjectProperty>

<!-- CDA Class with its mandatory attributes and vahies
<Standard1Class rdf:ID="CDA_EntryRelationship">
<hasSameRelationship rdf:resource=
"#RelatedClinicalStatement"/>
<consistMandatoryAttributes rdf:resourcéFypeCode"/>
<consistMandatoryAttributes rdf:resource=
"#ContextConductionind"/>
</Standard1Class>
<owl:DatatypeProperty rdf:ID="hasValue">
<rdfs:domain rdf:resource="#MandatoryAttribute"/>
<rdfs:range rdf:resource="&xsd;stritlg
</owl:DatatypeProperty>
<MandatoryAttributes rdf:ID="ContextConductionind">
<hasValue rdf:datatype="&xsd;string">true</hasValue>
</MandatoryAttributes>
<MandatoryAttributes rdf:ID="TypeCode">
<hasValue rdf:datatype="&xsd;stgt>CAUS</hasValue>
</MandatoryAttributes>
<Match rdf:ID="Exact"/>

<!-- VMR Class-->
<Standard2Class rdf:ID="VMR_RelatedClinicalStatement"/>

<!-- Overlap Bridge Relationship>
<OverlapBridge rdf:ID="OverlapBridgelnd">
<hasSourceCts rdf:resource="#EntryRelationship"/>
<hasRelationship rdf:resource="#Exact"/>
<hasTargetClass rdf:resource="#RelatedClinicalStatement"/>
</OverlapBridge>

</rdf:RDF>

Figure 4: Overlap PRM Example (CDA and vMRBD].
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4.2.2 Property PRM

Motivation : PropertyPRM deals with the type of alignment patterns where properties of the source ontology
matches with the properties of the target ontology concept.
Intent: Define a mechanism to compare properties of soancketarget conceptnd represent them as alignme

if particular threshold is reached. Ttpattern réects the mappings fdProperty Based Structural Bridg
(PBSB).

Implementation: Fig. 5 shows property match pattern for PBSB class in M. Three main classe

PropertyBasedrcuturalBridge, MappedClassand Match are related to each other by object proper
hasParticipatingClasshasPropertyand hasPropertyRestrictionEach individual of PBSB class is relat
with MappedClassindividuals flom different standards bkiasParticipatingClassobject property. Eact
individual of MappedClassonsists of properties in the form GMWL:Classrelated byhasPropertyobject
property. These properties should be having exact or subsumes relationshiggivitkhea. Therefore, PBSI
class individual is related with any of thdatch class individuals usindnasPropertyRestrictiorobject
property. This information identifies the nature of relationship between the matched classes.

¢owl I nd
Standardl

cowl I nd
PBSB

cowl Cl asse
PropertyBasedStructuralBridge

cowl Cl [=71

MappedClass

Gobject Pr
hasParticipatingClass

¢crdf sDompi ne ¢grdf sRan|gee

/I\ ¢cowl I nd

¢grdfsDomaineé Standard2

GobjectPr
hasPropertyRestriction

¢rdf sDomai Ae&

cobjectPr
hasProperty

cowl ClI
:OWLClass

T
¢crdf sRangee

cowl Val yeé

¢cowl I nd
exact

cowl ClI

Match ¢owl I nd

- => subsume

Figure 5: Property PRM

Applicability : An instantiation example fd?ropertyPRMs described in Fig. @bservatiorclass of CDA standar

is equivalent toObservationResultlass of YMR standard based on their matching properties u
PropertyPRM Observatiorclass ha€ode EffectiveTimeandValueas its properties andbservationResul
class hasObservationFocus ObservationEventTimeObservationValueproperties. Observatioh slass
propertyCodeis related withObservationFocuproperty ofObserationResulclassusinglLabePRM and
categorized unddrabel Bridge In the same wayEffectiveTimeand Value properties ofObservationclass
are related toObservationEventTimeand ObservationValueproperties of vYMR class respectively
SynonyrRRM that cdegorizes mapping information und8ynonym Bridgés used forEffectiveTimeand
ObservationEventTimproperties, whileStringPRM is usedfor Value and ObservationValuanatching by
categorizing it undestring Matching Bridge
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<rdf:RDF <hasProperty rdf:resource="&vmr;ObservationValue"/>
xmins:vme"http://www.owkontologies.com/VMR.owl#" </MappedClass>
xmins:cda="http://www.owbntologies.com/CDA.owl#"> <!-- Indiviual of Match class->
<owl:Ontology rdf:about="BridgeOntology"/> <Match rdf:ID="exact"/>
<!-- Defining Classes for Property Match Pattesn <!-- Indiviual of PBSB class->
<owl:Class rdf:ID="PBSB"/> <PBSB rdf:ID="PBSB_INS_CDA_VMR">
<owl:Class rdf:ID="MappedClass"/> <hasPropertyRestricvtion rdf:resource="#exact"/>
<owl:Class rdf:ID="Match"/> <hasParticipatingClass rdf:resource="#CDA_Observation"/>
<!-- Properties of Observation Class in Cb4 <hasParticipatingClass rdf:resource="#VMR_ObservationResult"/>
<owl:Class rdf:about="&cda;Code"/> </PBSB>
<owl:Class rdf:about="&cda;Effective Time"/> <!-- Relationship between PBSB and MappedClass
<owl:Class rdf:about="&cda;Value"/> <owl:ObjectProperty rdf:ID="hasParticipatingClass">
<!I-- Observation Class associated with its properties <rdfs:domain rdf:resource="#PBSB"/>
<MappedClass rdf:ID="CDA_Observation"> <rdfs:range rdf:resource="#MappedClass"/>
<hasProperty rdf:resource="&cda;Code"/> </owl:ObjectProperty>
<hasProperty rdf:resource="&cda;EffectiveTime"/> <!-- Relationship between MappedClass and OWL:€las
<hasProperty rdf:resource="&cda;Value"/> <owl:ObjectProperty rdf:ID="hasProperty">
</MappedClass> <rdfs:domain rdf:resource="#MappedClass"/>
<!I-- Properties of ObservationResult class in VMR <rdfs:range rdf:resource="&owl;Class"/>
<owl:Class rdf:about="&vmr;ObservationEventTime"/> </owl:ObjectProperty>
<owl:Class rdf:about="&vmr;ObservationFocus"/> <!-- Relationship between PBSB and Match class
<owl:Class rdf:about="&vmr;ObservationValue"/> <owl:ObjectProperty rdf:ID="hasPropertyResvtion">
<!-- ObservationResult class associated with its properties <rdfs:domain rdf:resource="#PBSB"/>
<MappedClass rdf:ID="VMR_ObservationResult"> <rdfs:range rdf:resource="#Match"/>
<hasProperty rdf:resource="&vmr;ObservationFocus"/> </owl:ObjectProperty>
<hasProperty rdf:resource="&vmr;ObservationEventTime"/> </rdf:RDF>

Figure 6: Example: Observation (CDA) and ObservationResult (vMR) Property Match Pattern

4.3.Parameterf®r analysing Design Patterns Quality

The proposed system utilized the pattern design approach by integrating object oriented design patterns with our proposed
ontology alignment desigpatterns. This delivers solution for satisfying functional, -funrctional, andalignment
representation requirements of an ontology matching system. ldsaéH 31 provides the motivation of adopting part

of their object oriented design patterns quality measure and use their taplge &g Q>:

1 I FunctionalRequirement Intent defes the functionality of the design pattern. For example, CBSB and PBSB
bridge algorithms have intent to match source and target ontologies concepts based on their children and
properties match respectively.

1 In: Nonfunctional Requirement Intent describes the level of attainment of quality attributes. For example,
extendibility and reusability iMBO case.

1 Q: Quality Focus explains the quality focus betwkeandl .

We are using Strategy aindiediator design patterns that effreusability and extendibility metrics to our system and
provide assistance to ontology alignment PRM with the tuptsas,A,EC,MV >

1 S Source Concept that belongs to the matching source ontology.

I T: Target Concept that belongs to the matching tangetiagy.

1 A: Attribute is supported by the evaluation criteria for matching and is divided into simple or composite attributes.
A simple attribute performs matching with single evaluation criteria while composite includes multiple
evaluation criteria combes on a single platform.

1 EC: EvaluatiorCriteria defnes the purpose of the alignment generation between concepts. Each bridge algorithm
has particular evaluation criteria to achieve objective.

1 MV: Matching Value decides about the fuiffient of the evaluén criteria.

The quality focus of the proposed system is on decrease coupling and increase polymorphism to achieve extendibility
and reusabilitydescribed in detail iBection 6.4.

5. Methodology

Our proposedBO is part of the ontology matching system waveloped called SPHeRe][$PHeRe system is based
on different bridge algorithms that are represented in a mapping representation format provided B@.thecuracy
and performance are the two factors that helps in achieving the goals, and these are accomplistobe blibraryand
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Parallel Matching Frameworkf SPHeRe working model as shown in FigTiAe definitions of the concepts used in the
proposedarchitecture are described in Table 3.

Table 3: Concepts and Definitions

Concept
SPHeRe Execution Control

Parallel Matching Framework

Matcher Library
Distributor
Parallel Hardware Interface

Aggregator

Definition

It manages the communication with external and internal entities. It is responsible for ont
loading(source and target ontologiesind providing information about execution of brid¢
algorithms in the Matcher Library to Parallel Matching Framework for parallel execution ¢
algorithms.

It support parallel execution of matching bridge algorithms ovetlinsore and multinode

computational resources. The performance of the system is handled by this customr
performance computing framework.

It consists of the bridge algorithms that are invoked for performing the matching tasks.
bridge algorithm generates mappings that are stored and represented MB@

It is responsible for the division of matching jobs over parallel hardware depending upon t
computational ability.

It is used byDistributoto exploit the multiple cores available over commodity hardware
parallelism.

It accumulates the respective results of all matching jobs from all computing nodes aft
completion of parallel matching.

SPHeReExecution Controlmanages the communication with external and internal entities. It is responsible for
ontology loading and providing information about execution of bridge algorithms iM&beher Libraryto Parallel
Matching FrameworKor parallel exection of the algorithmsMatcher Library consists of bridge algorithms such as
String Matching Bridge, Synonym Bridge, Label Bridge, Overlap Bridyestomized BridgeCBSB,PBSB, and
Polysemous Bridge.

System for Parallel Heterogeneity Resolution (SPHeRe)

SPHeRe Execution Control

{

i

!

T

Parallel Matching Framework

Matcher Library

String

Aggregator 3 Distributor IMatching Synonym Label Bridge Ov_erlap
. Bridge Bridge
Bridge
| ¥ &
Customized Polysemous
Parallel Hardware Interface Bridge CBSB PBSE Bridge
o —/

_ S —
’l Mediation Bridge Ontology (MBO)

Figure 7: SPHeRe Worlng Model

Ontology matching being a computationally intensive problem require adequate computational resoufezsiver e
resolution in acceptable time. To generate mappings with performance in perspective, we have implecustoad a
high performance frameworRarallel Matching Frameworkto support parallel execution of matching algorithms over
mutli-core and multhode computational resources. To accomplish parallel matching we have implemented two core
components i.e Distributor and Aggregator Distributor is responsible for the division of matching jobs over parallel
hardware dependingpon their computational abilityrarallel Hardware Interfaces used byDistributor to exploit the
multiple cores available over commoditgrdware foparallelism. After the completion of parallel matchiAggregator
componentaccumulates the respective results of all matching jobs from all compwtitess. This accumulated result is
formalized byMediation Bridge Ontologyto be furthemtilized as an alignment. The generated bridge ontology is also
persisted in the repository for future utilization.
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The process of SPHeRe working model is described in Figure 8. Initially, source and target ontologies are loaded for
matching process. Bothe ontologies are parsed based on the ontology constructs such as classes, properties, annotations,
and relationships. Distributor access the primary algorithms initially that includes the String Matching, Label, and CBSB

bridge algorithmss some of theiattributes are commoBased a these, ontology constructs aecessed and assigned
to the cores for processingach core is assigned a specific task to perform in parallel for a particular bridge algorithm
and the output is provided to tAggregatotto generate thBIBO. In the same waygtheralgorithms are executed for the
generation of mappings and their storagd/ilBO. Further details of this process working in parallel environment are
available in [9].

Source [ Class |~ 4 =

Ontolog;@ — [ Propert > ¢ >
Loader \M [ Distributor ]_) CZZ _>[ Aggregator]—)

Target —) Annotatlon ->

Ontol
ntology }V T [ coe |

Bridge
Algorithms

Figure 8: Process Workflow

6. Evaluation

Existing ontology matching systems mainly focus oretteuracy of mappingmnd lack assessment of the external quality
factors from the measurementtbé internal design properties. We evaluate our proposed system with Cdtgutiog
(COF), Number of Polymorphic methods (NOP), and Rate of Ch@Rg€) metrics by comparing it with existing

systems, FALCON and LogMajVe selected FALCON and LogMap for comparison with the proposed system because

of factors such as; participation in OAEI several years, corresponding publications availability to undibestand

approach thoroughly, its source code availability (to understand the design and implementation of the system), and also

complete system availability (to run ontology matching tests for observing its otthage systems class diagrams are
generatd fromtheir source code using Intellij Idea t&idhat support a wide array m#factoringfor Java, cross language
refactoringand other advanced features][32/'e use Quality Model (QMOOD) approach [10] to quantitatively assess the
external factors sicas extendibility and reusability as measures of softwaiatainability.

6.1.Coupling Factor (COF)

Coupling Factor (COF) is a metric to determine dependencies betweelasbes. Therefore, the formula to calculate
COF is given in Equation 1.

600— (1)

wheredf = Total Dependency Factor
andtc = Total No. of Classes

SPHeRe system is based on MBO using object oriented and ontologgsign patterns. Therefore, COF value of
SPHeRe is less as compare & EON and LogMap systems. Fig.shows thelf andtc of the proposed systeand the
COFspherdS calculated as shown in Equation 2.

6 0 "0 — Wiy )

We compared our system with FALCON ontology matching systenused its Matcher p&age to calculate COF of
its different subpackages ashown in Fig. 8(a). We observed that FALCON has high coupling as cotogheeproposed
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system. Class diagram of FALCON system's Package PBNbisn in Fig. 8(b) and Equation 3 calculates its COF value
as 0.127, which igery high asompare to proposed system.
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Figure 9: FALCON Packages and Coupling Factor

LogMap system overall class diagram consists of approximately 26 packages and classes having too much
dependencies with each other, resultingighly coupled system. We selected two packages (Stemming and Reasoning)
for comparison with the proposed system. Shpackages class diagramssirewn in Fig. 9Fig. 9 (a) and (b) illustrates
class diagrams of LogMap system's Stemnaging Reasoning packages respectively. Stemming package has more COF
ascompare to proposed system while Reasoning package has lesal@®Bshown in Equation 4 and 5 respectively.

000 — T®p (4)

600 — 8ty (5)
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Figure 10: LogMap Class Diagrams: (a) Stemming Package, (b) Reasoning. Package

6.2.Number of Polymorphic Methods (NOP)

The number of polymorphic methods (NOP) in a class diagram detertinéeslue for polymorphism. Therefore, in Fig
2, it can be observed thappulateMBQ() is the polymorphic method that retuliBOStrategyinstance So, the NOP in

a class diagram is the level of polymorphism which is thinproposed system as shown gu&tion 6. This suggests
that the systerhas more extendibility by implementing only thepulatéBO() polymorphicmethod.
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000 X (6)

The increase in composition and association of a class diagram reshitginoupling and lespolymorphism.
FALCON class diagram shows motemposition and association relationships whereas the proposed system contains
more polymorphic methods in the class diagram. Fig. 8(a) shows erdlatidnship toAbstractMatcherclass, which
suggests that @me may be @olymorphic method in class diagram of FALCON system's Package Bign in Fig.

8(b). Therefore, maximum polymorphism value for FALC®Mtem is 1 as shown in Equation 7, which is less as compare
to the proposedystem. A new bridge algorithm must have to implenpaypulateMBO() polymorphic method, thus
increasing the polymorphism value. LogMap system paokages polymorphism value is 5 as shown in Equation 8,
which is also lesthan the proposed system.

000 p (7)

000 v (8)

6.3.Rate of Change (RoC)

The key factor for successful ontology matching systefteigbility and extendibility based on new requirements. As

new technigues and methodolog@mtinuously evolve in ontology matchidgmain, measurement of Rate@ange

(RoC) based on COF becomes necessary for evaluating the extendibility of the system. Therefore, RoC can be measure
by Equation 9, based amange in the COF due to addition of new classes and dependencies.

Yé 6 Y60 'O 9
For testing rate of change, we introddcunidirectional dependency ofl in df andtc, so equations 2 and 3 are

transformed to equations 10 and rEkpectively. In the same way LogMap's Equations 4 and 5 are transfetomed
Equations 12 and li&spectively.

660 —— Mot (10)
660 —— moprt (11)
660 — ™ (12
660 —— Mt (13)

The proposed system RoC is considerably less than FALCON and Logydegm, which shows the extendibility and
reusability features of our systeamd easy adaptation of new changes. Equation 14 and Equation 15 shothe that
proposed system has the betteramay to accommodate any chandgeshe system design as compare to FALCON
system. LogMap's Stemmingackage has higher RoC while Reasoning package has less RoC value as compare to
proposed system RoC value. These packages RoC values are stimuationslé and 17.

Y6 6 "0 600 600 T8I YTBL @ T T8I 1T T (14)

Y6 6 "0 600 600 MCXTMpTErpo (15

Y6 6 "0 600 600 ™p ™ TErp (16
Y6 6 O 600 6 00 T8I T X T8 T L T8 TI(}7)
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6.4.Discussion

Extendibility and reusability are the two main metrics for evaluation optbposed system. These are discussed in
relation to polymorphism and coupling of the proposetesyaneasured in the previous stdtions.

6.4.1.Extendibility

Extendibility is one of the evaluation metric of the proposed system. Aridge algorithm can easily be accommodated
in the system design with loeoupling, high polymorphism and less ratebéinge as explained in previcection. This

is achieved by using strategy design pattern with the PRMsn@Webridge algorithm only requires to implement the
interface. We consideas a scenario that a new bridge is introduced that is based on insteecinatching, called
Instance Matching BridgénstancePRMs connected to theRMin the MBO representation view that deals with actual
representationf the alignment. A cladaistancePatterrwill implement theMBOStrategyinterface class and provide its
reference information t€oncreteMediatoclass.Therefore, its tuple metrics information is as follows:

1 I An algorithm to match source and target concepts based on instances comparison.

1 In: InstancePRMand InstancePatterrclasses to be added in the class diagram to support extendibility. This
algorithm resolves specific problem and only requires to implement an interface.

1 Q: <polymorphism, increased>

1 S Source Concept that belongs to the matching source ontology.

1 T TargetConcept that belongs to the matching target ontology.

1 A Instances of source and target concepts.

1 EC: Specific number of instances matches than source and target concepts are similar. A thresimdtioalde

be achieved by the number of instance matche
T MV: Avalue between 0 and 1 that is based on instances matched.

6.4.2.Reusability

New bridge algorithm can be added to the system that can utilize eXistigg algorithms. Mediation between new and
existing bridges is performetsing mediator design patteand PRMs. For example, a new bridge called Hyponym Bridge
is introduced thatises CBSB and PBSB together tadfimatching conceptslyponymPRMs connected t€RMin MBO
representatiomiew, andHyponympPattermlass is also introduced to implem&tBOStrategyinterface class and provide
reference t@ConcreteMediatoclass. Tuplénformation is as follows:

Ie: An algorithm to match source and target concepts based on exi&Bi§ and PBSB algorithms.
In: HyponymPRMandHyponymPatterlasses to be added in the cldiggram for reusability.

Q: <coupling, decrease>

S Source Concept that belongs to the matching source ontology.

T: Target Concept that belongs to the matching target ontology.

A: Children and properties match of the matghconcepts.

EC: A specifc number of children and properties match for sourcetanget concepts match.

MV: A value between 0 and 1 that is based on CBSB and PBSB masits.

= =8 =8 -8 -84 _-8_-9

These metrics enable easy integration of new bridge algorithms into tamgiat prolongs the system lifetime. State
of the art matching techniques and new methodologies can be plug and play to the proposed system, without disturbing
the design of the system.

7. Conclusion and Future Work

Expressiveness in formal representatibal@gnments and use of object oriented and ontology alignment design patterns
prolongs the duration of use oftology matching systems. The propo8¢BO approach uses Strategy akiediator
object oriented design patterns with ontology alignment desiggarps, PRM to support the extendibility and reusability
aspects of the SPHeRwystem. Evolution in matching techniques or introduction of new bridge algorithms is made
convenient by the proposed approach, and therefore posggsBcance of adoption byhe ontology matching
community.

Effectiveness of the alignments stored in BBO can be measured lgvaluating a case study for transformation
process between two ontologiesthe same domain. Our objective is to match two medical standard dretedaes
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with SPHeRe, storthe alignments in th&#BO, and fnally usethose alignments for transformation from one medical
standard ontology tanother related to the same domain.

Notes

. http://oaei.ontologymatching.org/.

. http://www.oodesign.com/strategpattern.html.

. http://www.oodesign.com/mediatpattern.html

. http://en.wikipedia.org/wiki/Backus%E2%80%93Naur_Form
http://www.jetbrains.com/idea/
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