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ABSTRACT

In this chapter, we study what semantic technofogan bring to the e-business domain and how
they can be applied to it. After an overview ofdbals to be achieved by e-business applications
we detail a large panel of existing e-businessddiaths, with a specific focus on B2B (Business to
Business) and their current modus operandi. Furtieie we also present some of the most
relevant e-business ontologies. We then arguettigatise of semantic technologies will simplify
the automatic management of many e-business pahips: However the construction of
ontologies brings a new level of complexity thaghhbe facilitated by automating the great part
of the generation process. For this we have deegldhe Janus system, which is a prototype to
help with the automatic derivation of ontologiesnfr XML Schemas, the de-facto format adopted
in e-business standard applications. Differentlpnir existing systems it permits to retrieve
automatically conceptual knowledge from large XMicpuis sources and is based on the use of
the Semantic Data Model for Ontology (SDMO) whabeaatages are presented in this chapter.

INTRODUCTION

Computer mediated networks play a central rolehm @volution of Information Systems. For
example the sales application must interface whi inventory application or the inventory
application must connect to the supplier's appiicgt or the simple mobile calendar must
synchronize with the professional calendar; all thee, applications require efficient and
effortless integration with others. Nevertheless ihtegration of enterprises applications still
remains harder than it really should be. Enterprage typically composed of several applications
that are custom built, acquired from third partiesa combination of both. Moreover it is not
uncommon to find an enterprise whose informatioseigmented between different instances of
enterprise software and countless departmentdicodu In consequence, the integration of these
application systems becomes a real challenge ¢gaines considerable human effort, especially
if the final goal is to connect applications belmgto different enterprises. This last use case
refers to what is also called Business to Busifassimply B2B).

Communication between applications is mainly gogdrnby standard protocols and
standardized content, as shown in the Europearsiedss report (E-Business W@tch, 2007)
among different solutions applicable to e-businedsleast three enterprises out of four that
implement business exchanges with partners, dedlapementing applications standards
solutions based on these two technologies (in E)rophe advent of XML along with Web



Services, and more generically with the Servicee@dd Architecture (SOA), has contributed

greatly to the development of such standards-bededration solutions. But the large adoption
of these technologies entails a new fragmentatiorapplications development. As a result
standardisation addresses only parts of the irtiegrehallenge. The frequent claim that XML is

the lingua franca for system integration is somewh&leading; indeed this statement does not
imply common semantics and its adoption has ledh#o creation of countless dialects and
languages which cannot be understood and integiditedtly by machines. This problem is

reflected in the many existing B2B standards thatpsesent in this Chapter. The analysis we
provide is based on the observation of more thaof 40em.

Following this approach, professional exchangegirstgon scenarios are based on a complete
transformation of business messages at design Attteough this model works and businesses
are able to exchange messages electronically,ftbe o produce these standards appears too
high. Moreover, it would be impossible to write targlard specification for every possible
business communication. Especially for (smallefm§ who are unable to contribute to
standardization. For this reason Semantic Webeglgtchnologies are well suited to integrate
the e-business architecture in order to fulfil sh@ndardization approach and achieve the needed
flexibility.

Another aspect that we tackle in the Chapter isatitematic construction of top-level domain
ontologies. As asserted by Euzenat and Shvaikoeftaiet al, 2007), the importance of the
generation of such kind of knowledge is fundamefuakhe improvement of the alignment and
thus integration problem. However most solutiongliaitly assume that a reference knowledge
exists in compatible format and semantics, butagtit is often inadequate for the application
domain or difficult to find, if it even exists all.a

To give a point of comparison, we also presentntiost adopted approach to e-business data
integration. Through this analysis we point out tugrent architecture limitations and explain
why ontologies are a better approach which leads gain in flexibility and dynamicity. In this
sense we provide an overview of schema matchingaamology alignment solutions and we
point out one of the current limitations to theirodd adoption and provide a system that
facilitates, by automation, the transformation fréine current model to the "next one": from
XML to OWL.

The overall outline of the Chapter is as followse first section introduces current e-business
approaches to data integration and we follow with presentation of more than 40 existing
standards for the B2B and B2C domains. Following ititroduction we focus on Semantic Web
related technologies applied to the e-business oorimathe survey we detail some of the most
relevant works related to product classificatiord ame continue with a section focusing on
schema matching and ontology alignment solutiohg. [ast section provides the description of a
system we have implemented to fulfil some of theranit shortcomings. We conclude with what
we think to be the most important issues to be Idgeel and provide some directions to follow.

E-BUSINESS SEMANTICS DESIGN

Three main patterns to achieve messages exchanges

To understand how the integration of messageshns@ess exchanges works let us consider a
common transaction among a buyer and its supgfigure 1 shows the two parties with an



internal interfaceused by their "domestic" applications. These fatars reflect exactly internal
data requirements at semantic and structural kvelapplications are designed or adapted using
these interfaces. As we argue below most businedsesdy use a different format, most often a
standard based solution, for their external cornoest that we callexternal interface This
interface organizes the internal data necessatliggaeexchange and produces a first conversion
handled by each party to reflect their own appilizadata input/output. If these first conversions
do not correspond exactly, another conversiongsired, this time defined accordingly by both
parties.

Buyer Supplier
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Figure 1 — Representation of message transformasi@mario

We define this approach to e-business exchangeleas
adoption of standards pattefmutualisation). Here business
requirements are provided by a collegial work dedirin a
specific consortium. The realization is a commagliprinary
effort that involves several parties, mainly expeof the
specific process and/or the whole domain. It has th
advantage of being a standard and thus of guaiagtee
certain level of compatibility, durability and reusf past
experiences and knowledge. The resulting definitimh
business data is a static knowledge representttaircan be
changed only with further common effort. Negativeints are that it requires a tremendous
standardization effort and quite often severalddiatls coexist for the same requirements. Figure
3 illustrates how this business exchange pattemtraléeses efforts and makes this approach more
profitable with respect to others, but only in @&dtetical perspective because it can become
complex when more standards come into the arena.

Figure 2 — Message content
definition adopting standards
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Figure 3 — Message content definition in ad hocitoh

Alternatively consider th@d-hocor point-to-point approachwhere external interfaces and
the corresponding mappings are defined multiladierduring the design time phase of the
collaboration in order to respect the informationexchange. This system shows some kind of
"flexibility”, in the sense that it does not presspecific constraints: a new design is made every
time. This flexibility on the other hand clearlyests a low degree of reusability and integration
with new partners. The left hand side of Figuren8ves the mapping between interfaces of two
companies, while the right hand side of the pichighlights what happens when a company has
more business relationships to set up. Interfaedimet by this approach are rarely compliant
among different connections. Therefore the numibeonversion needed to have a fully meshed
point-to-point connections betweencompanies isi(n-1) i.e. for 10 applications to be fully
integrated point-to-point, 90 conversions coulthbeessary.
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Figure 4 — Message content definition according a propmgisolution

Another pattern is th@roprietary data modelin this caseexternal interfaces are decided
unilaterally. Typically this approach covers busmeollaborations with a main contractor in
cooperation with small businesses, such as a bég group and its suppliers. In this case it is
simpler for the big company to take entire charfyéhe business requirements design, trying to
adopt the larger predictable requirement, becatisEtén has the more complex system to
manage and to make interoperable with internalgsses, while a little company uses a smaller



information system. Setting up such a solution dstdr and does not require the complex
harmonization phase, but on the other hand partwlrs do not adopt the same solution are
forced to develop a new application layer to jdia business collaboration. Figure 4 depicts this
business collaboration pattern and draws attemtidhe fact that there is a party that is forced to
produce mappings and application layers for eaghaodiaboration.

e-business Standards

Enterprises do not currently publish their inteeféormally in public repositories, which made it
difficult to produce an explicit base of reusabtedments. However as shown in the European e-
business report (E-Business W@tch, 2007) at Iémsetenterprises out of four that implement
business exchanges with partners, declare impléngerdpplications based on e-business
standards solutions (in Europe). Another conclusicwn by this report is that the difficulty
with e-business and e-government development tsthieg mainly work vertically by producing
connexions among enterprises belonging to the farsi@ess area. Indeed while interoperability
within industries, such as the financial indusisyjntended to enable efficient e-business (with
The Single Euro Payments AreaSEPA as an example), interoperability betwakrindustry
sectors for e-business, i.e. between financiaitirigins and their clients from other industries, i
not optimal. Corporations’ expectations and finahdnstitutions’ demand for value-added
services will, however, continue to rise. This nmeahat the interfaces between them are
becoming increasingly important. These interfacageot yet been implemented in their final
form, and most of them have not even been definedetail yet (in terms of standards). Here
developments in standardization can take placedoae interoperability problems and to benefit
from world wide experiences, but it is hopeless simndardize any possible business
collaboration. Moreover the problem of finding, selg, harmonizing and adapting the different
standard components is not trivial: until now itsHaeen common practice, including among
standardization organizations, to simply publiskibess data on a Web page using directories or
even flat files!

Table 1 presents a list of 37 e-business standerdmly targeting the B2B area. The data
provided by this set of standards is a consideratnpus that gives us a broad view about current
practices. The table lists: the name of the stahddady or consortium; column two lists the
business areas that the standard covers; thecfiaolumn informs about declared compatibility
coalitions, already active or expected to come; ftha@th column summarizes what kind of
business content is produced by each standard btbay;following column details the
formalization of published standards; the standatdenloads column provides the information
of their availability and adoption (public, under payment, or only for member of the
consortium); the last column just provides a lifike table does not say if the consortium also
provides a specific implementation framework.

We have not inserted in this list the standard émdat have beem priori excluded because
they are designed for too specific use case. Exesmyfl the overly specific working groups are:
EDItEUR (the international group for electronic amerce in the book and serials sectors), BISG
(Book Industry Study Group) and EPISTLE (the Euampérocess Industries STEP Technical
Liaison Executive), PRODML (Production Mark-up Lamge and WITSML (Wellsite
Information Transfer Standard Mark-up Language).

As we can see, a lot of business data is definedtéydard bodies: a dictionary of core
components, whole messages, business processes,S@eice descriptions, code lists and
EDIFACT messages. In this chapter, only core corapts) often calledata Dictionary and



messages have had our attention and were analysiedail. Our study shows that XML Schema
is the most widely supported formalism adopted diysortiums and at present it is tthe-facto
standard document format. It has overtaken othendts like the "old" EDIFACT and, at least
for the moment, the "new" RDF/OWL format. cXMk the only standard to provides simply a
DTD, andnot a singleRDF/OWL format is officially produced by any comsom.

A growing number of standard bodies are currentdgpiing the ebXML (e-business XML)
design as basis for their own standards and ageiadj their business components to the Core
Components Library (CCL). Among them we can cité&SI5 Universal Business Language
(UBL), Open Applications Group (OAG), EAN-UCC, SWIFANSI ASC X12 and CIDX.

ebXML is a joint effort of OASIS and UN/CEFACT thaims to develop a complete
framework for e-business. The library is prevaleméveloped by the UN/CEFACT standard
body that counts 15 specific working groups, eank cepresenting a business area such as
Supply Chain, Transport Domain, Customs, Financens@uction, Insurance, Healthcare,
Agriculture and e-Gov. Another specialised groupovjites a synchronization of the
documentation and specifications proposed by eaclupg It finalizes the work with a
harmonized library of the so called CCL, which #re basic components to build B2B messages.
Others groups also define standard business pexass technical implementations. The CCL is
drawn on the UN/CEFACT Core Component TechnicalcBigation (UN/CEFACT TMG,
2003) that provides a simple and powerful UML badath model, to define reusable structure
and semantic content of business messages.

Concerning data presentation, almost all orgaminatiprovide a package containing several
documents. It includes specifications, graphicgngales, guidelines, implementation tutorials
and XSD files. Generally XSD files are numerous,lestst one for each specific business
message, one for grouping common core componetitersofor grouping common data type
definitions and code lists. Only few of them pravi specific repository with a detailed view and
discovery system of data components.

B2B Standards' Semantics

In order to understand if XML Schema standardshmaprocessed by semantic engines we have
developed an automaton that extracts all XSD tagk ratrieves the words from them. The
automaton uses WordNet (Miller, 1995) to verify tthags are compound words that can be
converted to real words. Once processed, our capuece is composed of a collection of 26
B2B standards, composed of over 3000 XSD files withre than 170.000 named tags. We feel
that this is largely enough in order to have sigaiit information about B2B business message
description practices and semantics. Our resulhctd®l in Figure 6 show that 71% of tags are
composed of words recognized by the dictionary, té¥iain abbreviations that can be related to
dictionary words, and only 15% of total tags camtahknown words. From the pie-chart we
observe that Mismo is the more prolific standardyh@ few others provide between 5 and 10 %
each and around 30 % is shared between the remastémdards. Finally we found that the
whole set of tags is built with only ~3300 diffetewords, that we call the-business vocabulary
Moreover we have observed that at semantic least, @ given point, adding more standards into
the process does not change much. This is provethégxperiment we conducted and results
shown in Figure 5. We can see that for both pistuifee line indicating the percentage of words
added by each standard is high only during thefiing iterations; afterwards we have only about
5% of the extracted words that are added to thatudery.



We conclude that this corpus can be consideredbasia for a deeper semantic approach in

order to generate the domain ontology. In sectimiew we provide reasons for using a semantic
approach for the e-business domain and we contisitiiea contribution to the automation of the

generation of an ontology from XML Schemas.
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Figure 5 — e-business vocabulary generation
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Figure 6 — Standard XML Schemas extraction figures



Standard Body Business Area Alliances What Published Standards Web Site
Formats Downloads
Association for Cooperative |Insurance, reinsurance |ASC-X12, XBRL, EDIFACT. XML
1 |ACORD Operations Research and and related financial HR-XML, eEG7, Dictionary, messages ! registration |www.acord.org
h Schema, WSDL
Development service CSIO
2 |AdsML Advertising Standards Advert|3|_ng, G raphics Dictionary, messages XML Schema free www.adsml.org
communication
3 |AgXML Agricolture XML Agriculture supply chain ;t:g\lﬂllj‘ CIDX, Dictionary, messages XML Schema ][gzgnbershlp www.agxml.org
Automotive Industry Action Lo membership .
4 |AIAG Group Automotive industry fees www.aiag.org
- . . . payment
5 |ARTS Association for Retail Retalil Dictionary, Relational Data XML Schema (exept for www.nrf-arts.org
Technology Standards Model
schemas)
6 lasc xi2 The chredlted Standards Cross industry Dictionary, messages, EDIfact |EDI X12, XML registration |www.x12.org/
Committee messages, BP Schema
Federal Assaociation for Dictionary, Classification XML Schema and
7 |BMECat Material Management, Electronic schemas, Product Configuration, DTD registration |www.bmecat.org
Purchasing and Logistics price formulas
American Chemistry
Council’s Chemical . www.americanchemistry.com
8 |ChemITC Information Technology Chemical /s_chemITC/
Center
Chemical Industry Data . ebXML, RAPID, Dictionary, Business Processes, .
9 |cIbX Exchange Chemical OAGi, ChemITC |WSDL, RFID codes, messages XML Schema free www.cidx.org
S Insurance, reinsurance
10 |CSIO Centre for Stud|e§ in and related financial www.csio.com/
Insurance Operations "
service
11 |eblinterface Invoice Invoice Document XML Schema free www.ebinterface.at/
European forum for energy
12 |EbIX Business Information Energy free www.ebix.org
eXchange
Multi area. 15 business
area represented. One Dictionary. Messages. code lists XML Schema and
13 |ebXML e-business XML WG with harmonisation [ISO Y, ges, | '|UML, EDIFACT, |free www.unece.org/cefact/
EDIFACT, methodologies
purposes and one for Spreadsheet
BP definition
. Insurance, reinsurance
14 |eEg7 E-business Standards for the and related financial www.eeg7.org/

European Insurance Industry

service




15 |Energistics Energy Dictionary registration |www.energistics.org
16 |[ETSO European Transmission Spemflc_electnc ebXML Dictionary XML Schema free www.etso-net.org
System Operators transaction
. . . Banks, broker-dealers, Framework with message
17 |FIX :er?;:rl]alénformatlon exchanges and Z\)’\élzlzz-l)— (II:S?/IL protocol, message definition, XML Schema registration |fixprotocol.org
9 institutional investors P codes and Dictionary
Financial Product Markup . . Dictionary, Business Processes, . ’
18 |FpML Language Financial FIX, FIXML architecture XML Based registration |www.fpml.org/
Supply chain for Dictionary, Business Processes
19 |GS1 Global Standards Healthcare, Defence, ebXML Y, ' IXML Based free www.gsl.org/
. Messages, SOAP Messages...
Transport & Logistics
20 |HL7 Health Level 7 Health free www.hl7.org
21 |HR-XML Human Resources XML Human Resource ACORD Dictionary XML Schema free www.hr-xml.org
Interactive Financial . . Dictionary, Messages, Web XML Schema, . ) .
22 |IFX eXchange (IFX) Forum Financial Services WSDL registration  |www.ifxforum.org/
1ISO 20022 Universal XML Schema
23 (ISO 20022 |financial industry message |Financial IFX, OAGi, TWIST |Dictionary UML ' payment Www.is020022.0rg/
scheme
24 |\MDDL Market Data Definition Financial Specific XML framework registration  (www.mddl.org/
Language
25 IMISMO Mo_rtgage Industry S_tandards Residential, commercial,|IFX, ACORD, ASC Dictionary XML Schema free www.mismo.org
Maintenance Organization eMortgage X12
North American Energy . membership
26 |[NAESB Standards Board Energy (Gas, electric) fees www.naesb.org/
. Open Application Group . Dictionary, Web Services, XML Schema, . ) .
27 |OAGI integration Standard Cross industry ebXML Messages WSDL registration |oagi.org
28 |Odette Automotive industry ?;:;nbershlp www.odette.org
29 |OTA Open Travel Alliance Turist Dictionary, codes, messages XML, Spreadsheet|registration |www.opentravel.org/
30 |PapiNet Paper Industry Network Paper Industry Dictionary, messages XML Schema free www.papinet.org/
Dictionary, Web Services, Bar
31 |PIDX Petroleum Industry Data !Energy (petroleum ebXML codes, EDI messages, Business XML, WSDL, free www.pidx.org
Exchange industry) EDIFACT
Process
) Dictionary, Messages, Code XML Schema, .
32 |RAPID Agricolture CIDX lists, Bar codes EDIFACT free www.rapidnet.org/
Supply Chain o ) DTD, EDIFACT, . .
33 |RosettaNet Management, IT, GS1 US, ebXML |Dictionary, Business Processes XML Schema registration |www.rosettanet.org

Telecommunication




Standards for Technology in L . Dictionary, messages, Web XML Schema,
34 |STAR Automotive Retail Automotive industry OAGi, ebXML Services UML, WSDL free www.starstandard.org
35 |TWIST Transac_:tlon Workflow Supply chain, payment |FpML, FIX, SWIFT |Dictionary, Business Process XML Schema free www.twiststandards.org/
Innovation Standards Team
. . - . www.oasis-open.org/
Universal Business - . Dictionary, messages, Business | XML Schema, . 5
36 |UBL Language Invoicing, ordering ebXML Processes UML, ebBP free commltteesltc_home.php.
wg_abbrev=ubl
eXtensible Business ) . UN/CEFACT, I
37 |XBRL Reporting Language Reporting, accounting CIDX Dictionary, messages, formulas | XML free www.xbrl.org/

Table 1 — B2B Standards




WHY CREATE E-BUSINESS ONTOLOGIES?

Current methods of business collaborations andtivelaarchitectures exhibit a common
characteristic of business data desigimey are always pre-formatted to strict and precise
structures and semantic3hese methods have the advantage of allowing-safe execution
management but to the cost of a strong initialrefi&/e define this approach as teterministic
method, although no module exists yet to resolve ambigusituations due to similar, though
different design. Since the Semantic Web Visionr{Bes-Leeet al, 2001) which is all about
machines being able to locate and process infoomain the World Wide Web without the need
for human intervention, the next step to transfargieterministic method to a more dynamic and
automated method, should be the adoption of semegitited technologies. However it is known
that adding new tools adds new complexities and le&amning curves, so there needs to be a
concrete business benefit to justify the cost gfl@mentation. Throughout this section we argue
why ontologies should be introduced to the e-bissm®mmain.

Firstly we observe that e-business provides amdsting use case for semantic applications
because by its nature it illustrates the problendifierent designs and ways of structuring the
same set of concepts producing data heterogeneitygms. The deterministic approach prevents
any possible automation of data interpretation bseanachines are only called to execute code
and no data description is available for handliegspning and inferences at run time, even for
simple mismatches. This is the consequence of @noaph completely designed for human
understanding. Reasoning on this kind of data {goisible because of the intrinsic limits of its
definition.

How can we combine dissimilarities of semanticgprimation details, structure and also
cultural approaches in a comprehensive model? Haw machines communicate between
themselves reducing human effort?

As we already mentioned the Semantic Web, andcpdatly ontologies, seem to achieve
good results within the last years. Several pebple addressed the specific adoption of such
technologies for the e-business domain. Dieter éleinshis book,Ontologies: Silver bullet for
knowledge management and electronic comméFeasel, 2001b), outlines the key differences
between ontologies and databases schemas whicmaee close to a “physical data model”.
Moreover he argues that the language for definimigplogies is syntactically and semantically
richer, by its own nature the ontology require®asensus among several parties and as such it is
more similar to a domain theory rather than a datdainer.

The documentBest Practices and Guidelingdeger, 2002) focuses on applications of
Semantic Web for electronic commerce on the Interawed defines a specific list of potential
benefits from its adoption. For instance, it dstalle development of efficient and profitable
Internet solutions, a meaningfully share of infotiora that provide a good basis to argue the
benefit of the integration of semantic technologisisthe same time, the authors identify critical
issues and research priorities to transform thetengials into real benefits.

In the papePotential Advantages of Semantic Web for Interrmh@erce (Zhao, 2003) the
author provides a comprehensive list of twelve fmion the potential benefits of adopting
Semantic Web in the domain. Among these twelve goaites let us stress the possible
improvement in the integration of applicationspimhation management, filtering of information,
the composition of complex systems, a more flexistandard vocabulary, amgerendipity
(unexpected benefits).

Antony B. Coates in his talk (Coates, 2007) is nqpessimistic and argues that the Semantic
Web vision still remains a long term goal, and tilsighe reason why businesses and standard



bodies still hesitate to introduce it. However h#ds some factual reasons linked to the
limitations of current data models and how ontadsgcan already improve them in the short
term. For instance UML (Unified Modelling Languagis) the most widely used modelling
technique in the domain. Indeed UML is intendedaageneral modelling approach because it
does not only propose data modelling, but alsocases, process flows, state diagrams and also
has an XML interchange format (XMI). However théeirthange format has numerous versions
and different tools either use different versiomsuse the same version in different ways (too
much flexibility in the format?). In consequenceteroperability is in fact rather difficult.
Another relevant limitation of UML is that for olgjeoriented reasons in some cases it requires
adding extra classes, which is fine for technicsgra but it is irrelevant and unnecessary in a
model designed to be used by business experts. Mhkes diagrams more complex and
confusing than they need to be. Take as an exaiilipfrated in Figure 7, an intended business
model like “vendor sells to company or governmenticre UML forces the creation of common
“purchaser” parent class. OWL adds simplicity, whepresenting the same model, and allows us
to say that a Vendor sells to a “Company or Govemti) without introducing a named parent
class

@ rdfs:Resource
rdfs:comment : rdfs:Literal
rdfs;isDefinedBy : rdfs:Resource
rdfs:label : rdfs:Literal
rdfs:seedlso : rdfs:Resource

7

owl. Thing
E———

n.= 0= 3
——————
A

| Vendor
‘[- Sells : Company or

Company

“endar Purchaser
Sells

Government

Figure 7 — Example of UML class diagram and coraggent OWL modelization

Also the UML tools' support for objects/instanceg( “a particular car, a particular person”)
is much weaker than RDF/OWL tools, and not realighle for constructing business context
models referencing particular countries, busineessa etc. Moreover when merging models,
RDF/OWL assertions are preserved and also enabbetie of inconsistencies, while the UML
merging operation is completely a human task.

In (Anicic, 2005) the author defines an architeetbased on Semantic Web technologies to
investigate enterprise application integration (EAs an example both enterprise applications
implement two correlated but independent standiamdsessages exchanges. One is Standards in
Automotive Retail (STAR) and the second is the Autive Industry Action Group (AIAG) and
both base their interface on a more "horizontahdard defined by the Open Application Group
(OAG). Their study shows that ontologies and reasprimprove the integration of message
exchanges between companies. Conversely, in tiplementation the integration still requires
human intervention, since identification and retotlu of semantic and syntactic similarities, is
done by hand.
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Figure 8 — Traditional and Semantic Web-based BAh&ards Architectures

This experience and similarly the architecture @nésd in the B2Boom work (Kajan, 2009),
show how the semantic mediator improves interopksalproblems between worldwide
enterprise applications. However the problem idl sttrongly related to the ontology
matching/alignment problem, and the need for aipetomain ontology which becomes the
new core question.

The Canonical Data Model

The bookEnterprise Integration Patternby Gregor Hohpe (Hohpe, 2003) clearly formalizes
problems with application integration. He provigesexhaustive list composed of 65 enterprise
integration patterns to be considered when buildisgstem able to manage the whole process of
electronic business exchange. His approach is basedmessaging system. Focusing on those
patterns for data integration, Hohpe suggestsrdiffeapproaches to resolve the problem. One is
to share the same basis of data like using a shdatabase or adopting the same base of
documents between applications, but these patteginsbe at most adopted within a single
company. A second approach is to build a messagjistgm that translates business documents,
calledmessage translatpwhich is similar to thg@oint-to-pointapproach presented above. Yet in
the same approach a complementary pattern suggsisi amessage mapperhich tries to
conceptualize messages as business objects andntiresindependent of application data. By
doing so, he adds a pattern includinGanonical Data Modein order to minimize dependencies
from different data formats. In this approach then@nical Data Model provides an additional
level of indirection between applications' indivadformat, similar to a pivotal format, like a
“lingua franca" for information systems. This apmb is somewhat a mix of thgoprietary
approach with theadoption of standard approach seen above. In fact this approach is lnged
many industry specific consortia (like PIDX for tpetroleum industry, or XBIT for the book
industry) that produce a formal model specific twit use that must be adopted by all
collaborating partners.

In our approach we suggest adopting an ontologynwhdlding the specific B2B messages
canonical data model. More than a pivotal forma, want to construateference background
knowledgeto improve application integration on the basisaghessage mappgrattern. This



approach is quite different from other experiengeshe e-business domain, such as those
provided by Corchet al. (Corcho, 2001) and by Hepp (Hepp, 2006), becausegets message
definition rather than a thesaurus like the eCl@g¥slogy, since a message is not a well defined
hierarchical set of products. This means that niagcimessages is a more complex operation
because each message meets a specific action, whiobt always the same for different
standards. In other words, in a heterogeneous @maignt we are not able to say beforehand if
the sending application has messages that corrdspsnactly to the receiver application
messages, in a one-to-one association, but we a&ia the hypothesis that the sender application
manages some “concepts” that are similar to théskeoreceiver application. In this context we
consider a new pattern based on a canonical datelngzveloped as ontology that aims to
correlate these messages with common concepts.oéegure that performs such pattern is
shown in Figure 9 and is as follows: 1) detect witatcepts the message conveys; 2) match them
with the canonical model; 3) find corresponding aapts in the target application data model; 4)
chose the messages that fit the requirement bddtreaily; 5) translate.

However one main problem here is the Canonical Matdel generation, which corresponds
to the development of a domain ontology, or attleaeference ontology common to the whole
B2B domain. The difficulty is that the classicavd®pment of this ontology is typically entirely
based on strong human participation, which is g kask, really similar to the realization of a big
standard and delves into a static knowledge reptaten. In the B2B context, where business
partners can join a collaboration on the fly, the@nical Data Model should be able to integrate
new knowledge on the fly as well. In the followisgction we trace the requirements that such
knowledge representation should have to fit ineB2B domain well and complete its assigned
tasks in the pattern defined above.

Canonical
Data Model

Data Model Z

. ‘
Applicatior = AN
Source Message )

Target Message 2

Figure 9 — Messages translation procedure

Data Model 1

Ontology Requirements

There are some general features that have to heeatesl when building an ontology,
independently of the application domain. For exaiarry Smith in his paper (Smith, 2006)
examines the ISO 15926 upper ontology (Batres, @88 furnishes a series of principles to
follow when developing a reference ontology, of ethiwe can mention: the principles of
intelligibility; openness, simplicity and reuse of available resources;coherence;

compositional, if two concepts are used to express a third qundee formers must be included



into the ontologysingular nouns, the terms of an ontology should be fornedlidn the singular.
In his analysis he concludes that ISO 15926 isanodntology because it does not follow any of
these principles and the result is just a coditngs®e rather than an ontology.

In a general way we can summarize that ontolodigs tpgether three important requirements
to consider when developing one:

» Ontologies aim at consensual knowledge, their dgweént requires a cooperative process
and normally, for pragmatics reasons (e.g. limitamgnplexity and dimension) they are
restrained to a specific domain or application.

» Ontologies formalize semantics for information, segquently allowing information
processing by a computer.

» Ontologies implicitly use real-world semantics, @himake it possible to link machine
tractable content with meaning for humans.

We next detail some requirements that we have adgedifically for the B2B use case, but

they can fit other use cases as well.

Firstly the concept oflynamicity of an ontology for the e-business domain has ladready
introduced (Fensel, 2001b) which states that "@gies must have a network architecture and
Ontologies must be dynamic". Also (Hepp, 2008b}ains that otology must be able to grow
dynamically without "bustling" existing applicatisnFrom the NeOn project we also find the
concept ofnetworked ontologies (Tran, 2007 and D'Aquin, 2008) where ontologies b&
distributed in a dynamic environment, like a peepéer network, and applied to an e-business
integration use case. At the same time computdtimee for discovering the best matches
between several ontologies is expensive, theretfoeetechniques applied to match elements
should maintain previous discovered alignments@rdmon uses in order to quickly recognize
similarities between concepts and to compute ordgy ninformation. We capture these
characteristics in thdynamismattribute for a domain ontology. In reality an @ogy is a static
knowledge representation. In current literature dimology dynamic is strictly associated to
ontology evolution/versioning and has been investid in several papers, like Ney al. (Noy,
2004) which traces all possible changes that demfiéace in ontologies. However when dealing
with dynamic ontologies we closely refer to the gyaion process of the ontology and with its
capacity to introduce new knowledge interactivalg. this end, the process should follow an
iterative approach, i.e., conceptual knowledge tmayntegrated in turn. One condition that the
ontology must respect in this case is thepleteness criterion, which means that all matched
concepts must be represented in the ontology, aftena merging operation, and in the simpler
case where a concept has no conflict with otheccepts it is simply added to the ontology.
Consequently an ontology is a dynamic characterigtthe domain, thus evolution should not be
equivalent to a classical versioning system, butemto a learning system, including a merge
operation without loss of information and backwar@mpatibility. We call this feature the
dynamisnof an ontology.

On top of these requirements, we want to be abgget®rate and enrich the domain ontology
as automatically as possible. Indeed, even in aifspdield, the concepts handled by the
applications can be numerous and the quantityfofrimation which we wish to maintain for each
concept is vast. Solely relying on human manageroeuld quickly become impossible: recall
that our example corpus size is thousands of X&B find all the more concepts.

E-BUSINESS ONTOLOGIES



In this section we present some of the most reptatee works on e-business ontologies. We
focus on development efforts to produce either ujgpelomain ontology. Where we recall that
an upper ontology has the purpose to be a refedlammeledge base for the whole domain and
thus be useful to induce mappings among conceptsvafor more application ontologies, as
described by Guarino (Guarino, 1998). Moreoveralasady mentioned above, we distinguish
two kinds of ontologies for the e-business doméie: first one is more related to e-commerce
applications and product description and categtioiza while the second is closer to B2B
applications, where messages and semantics are diffreult to categorize in a sole
representation, as the multiple standards presémtEable 1.

Semantic Web for e-commerce

In the past years several research works haveestulle integration of Semantic Web and e-
commerce applications. The interest of this kind@fantic improvement for businesses is still
under-estimated. Indeed the generation of seméigtaranotated documents can greatly increase
the visibility of commercial products when searchion the Web. Traditional Search Engine
Optimization (SEO) tries to put on top of all sdaresults a Web page that matches a keyword
best, but quite clearly, that can work only for ooempany.Well semantically annotated
document put businesses on top of Web visibility geople who are looking for more precise
products or services independently from the Wele pisglf. If data integration, thus applications
capable of exchanging information automaticalliyll etquires a lot of effort and new elements
before achieving concrete adoption, the generaifdmkable data on the Web requires a lower
investment with a probable earlier return of besefi

To this end, the Web Ontology for e-commerce preduey Hepp (Hepp, 2008) provides a
complete framework to produce annotated Web pagessimple manner. It is a good starting
point for businesses that are seeking an early rseredoption. The framework is based on the
ontology derived from eClass and UNSPSC, namelasOWL (Hepp, 2008c) and the similar
ontology unspscOWL, which is awaiting copyright atience. The so calle@GoodRelations
framework includes a language that can be useégoritbe business offers very precisely. It can
be used to create a small data package that des@ibducts and their features and prices, stores
and opening hours, payment options and the like. ffimework is also supported by: tools for
creating directly GoodRelations annotated datag-phs/Extensions for e-commerce software; a
tool that spots semantic inconsistencies in GooatiRels data beyond the axioms of the
ontology. The result is easy to use: all it takesoi paste the data package into the Web page
using W3C's RDFa format, as shown in Listing 1.



<!-- BEG N RDFa Meta-data for nachines -->
<div xm ns="http://ww. w3.org/ 1999/ xht Ml " xnml ns: rdf ="http://wwmw. w3. or g/ 1999/ 02/ 22-
rdf - synt ax- ns#" xnml ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#"
xm ns: eco="http://ww. ebusi ness- uni bw. or g/ ont ol ogi es/ ecl ass/ 5. 1. 4/ #"
xm ns: gr="http://purl.org/goodrel ati ons/ v1#"
xm ns: owl ="http://wwm. w3. or g/ 2002/ 07/ o #" cl ass="rdf 2rdf a" >
<di v cl ass="description" about="http://ww:.oettl.it/" typeof="ow : Ontol ogy">
<div rel="ow :inports" resource="http://ww. ebusi ness-
uni bw. or g/ ont ol ogi es/ ecl ass/ 5. 1. 4/ " ></ di v>
<div rel="ow :inports" resource="http://purl.org/goodrel ations/vl"></div>
<div property="rdfs:|abel" content="RDF/ XML data for Techn. Business, based on
http://purl.org/goodrelations/" xni:lang="en"></div>
</ di v>
<di v class="description" about="http://wwm. oettl.it/#Busi nessEntity"
t ypeof ="gr: Busi nessEntity">
<di v rel ="gr:hasOpeni ngHour sSpeci fi cati on">
<di v class="descripti on"
about ="http://ww. oettl.it/#Openi ngHour sSpeci fi cati on_Sat _ant
t ypeof =" gr: Openi ngHour sSpeci fi cati on">
<di v property="gr:closes" content="12:00: 00" datatype="xsd:tinme"></div>
<di v rel ="gr: hasQpeni ngHour sDay Of Week"
resource="http://purl.org/goodrel ati ons/ v1#Sat urday" ></di v>
<di v property="gr:opens" content="08:00: 00" datatype="xsd:tinme"></div>
</ di v>
</ div>
<di v rel ="gr:hasOpeni ngHour sSpeci fi cati on">
<di v class="descripti on"
about ="http://ww. oettl.it/#Openi ngHour sSpeci fi cati on_Mon-Fr_pnt
t ypeof =" gr: Openi ngHour sSpeci fi cati on">
<di v property="gr:closes" content="18:00: 00" datatype="xsd:tinme"></div>
<di v rel ="gr: hasQpeni ngHour sDay Of Week"
resource="http://purl.org/goodrel ati ons/v1#Thur sday" ></di v>
<di v rel ="gr: hasOpeni ngHour sDayOf Wek"
resource="http://purl.org/goodrel ati ons/ vi#Wednesday" ></ di v>
<di v rel ="gr: hasOpeni ngHour sDayOf Wek"
resource="http://purl.org/goodrel ati ons/ v1#Mnday" ></di v>
<di v property="gr:opens" content="13:00: 00" datatype="xsd:tinme"></div>
</ di v>
</ div>

Listing 1 — Example of GoodRelations RDFa Web gag®tation

B2B Ontologies

Conversely from e-commerce applications, in the BRBnain the higher complexity leaves
Semantic Web adoption one step behind. In thisifipesontext semantic systems still have
difficulties to completely satisfy the requirememtsd the construction of an adequate domain
ontology. In this section we present the most mhworks that have been developed to breach
this gap. Among them, we can find some common polike: i) similarly to e-commerce
ontologies, all of them are developed starting freristing standards; ii) except the Ontolog
Community with the UBL Ontology Project, all othetsvelop a direct transformation from the
XSD format to an ontology language, mainly OWL) 2B ontologies are used to improve
matching and discovery of heterogeneous definitdbnsimilar concepts, but none of them
continue to use ontologies as a message exchamgalifem directly; iv) all these B2B ontologies
are in a proof of concept phase or ongoing works, ds far as we know, no real business
transactions are formalised with the help of orggladoption yet; v) the generated ontologies are
applicable to only a specific set of input sourstsctly related to the selected standard. Ongy th
SET ontology tries to develop a more generic refeeemodel, but still too close to the standards
related to the CCTS model (UN/CEFACT, 2003). Thist lwork confirms our idea expressed
above that the ebXML standard is gathering theelsirgonsensus and this is naturally reflected in



the produced ontologies. Below we present the ogies derived from the UBL, XBRL,
RosettaNet, ebXML, GS1 and OAG:i standards

UBL Ontologies

The Ontolog Community UBL Ontology Projéctarted the design of the UBL ontology in
March 2003. The aim of the project was to develofpranal ontology of the UBL Business
Information Entities as defined by the UBL OASI$Heical committee. The ontology is mainly
hand made following the Ontology 101 method (Nd¥Q2) and conceived as extensions of the
Suggested Upper Merged Ontology (SUMO) (Niles, 200hey started formalizing UBL terms
in SUO-KIF (SUO Working Group, 2003) extracting mguand verbs from a UBL specification
source text, then looked for classes in SUMO fa ttouns and verbs extracted and finally
mapped related terms as being either equal, subgumniinstance of. Figure 10 shows a view of
the UBL ontology using Protégé editor.

r Classes r B Sjats |/ = Forms |/ # Instonces r A Queties r @ Jambalaya |
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Figure 10 — Ontolog Community UBL Ontology view
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Figure 11 — Proposed UBL Component Ontology



Another experience targeting UBL Ontology has bdeweloped by Yarimagan and Dogac
(Yarimagan, 2008) from the Middle East Technicaivdrsity. The so called UBL Component
Ontology' is generated automatically by a conversion toat teads UBL schemas and creates
corresponding class, object properties and exislemsstriction definitions in OWL.

The Component Ontology template, shown in Figure répresents relationships between
entities, types and business concepts. BachComplexTypand xsd:elemendeclaration is a
corresponding subclass undeataType TypeDefinition ElementDeclaratiorand Concept root
classes of the Component Ontology. Every UBL eldmepresents a unique business concept or
an entity. This allows the definition of multipldements representing the same business
concept/entity and their correspondence is expdeseugh their relation to the same Concept
class.

Classes are related to each other through objepepies where: Basic UBL types are defined
through extending simple data types such as tetdgér, date; theeferElementobject property
represents the relationship between classes repirggdJBL aggregate types that refer to a
similar set of elements; tHeOfTypeobject property represents the relationship betwgasses
representing type definitions and element declamati finally, therepresentConcepbbject
property allows the definition of multiple elemetitst represent identical business concepts and
relate element declaration classes to corresporalisgness concept classes. Listing 2 shows an
example of theContactParty concept expressed in OWL following the UBL Compane
Ontology representation.

XBRL Ontology Initiative

XBRL is a standard that formalizes financial repoXBRL is used to define the so called XBRL
taxonomies, which provide the elements that ard tseescribe information, instances, and give
the real content of the elements defined. Rubea é&al. in (Lara, 2006) advocated the use of
OWL as an alternative to XBRL and produced a s&WfL files able to describe DGI ES-BE-
FS and IPF taxonomies. For this they have developed a gemexitslation process of XBRL
taxonomies into OWL ontologi&sso that existing and future taxonomies can bdyeesiverted
into OWL ontologies following the transformationes defined in Table 2.

The conclusion was that extensions to OWL are redun order to fulfil all the requirements
of financial information reporting, to incorporateathematical relations and that while its
semantics can be appropriate (e.g. for investmerdd classification), they could sometimes be
problematic (e.g. for validation purposes). Finalgy validate the adoption of such an ontology
to automate and improve the classification andodiscy of funds but do not use them as a formal
format for data exchange.

Par sed taxonony el ement Root OAL cl ass Direct OM subcl asses
XML conpl ex types DA Conpl exType A subcl ass for each conpl ex
type
XBRL Tuples XBRL itens DA El enent DA Tuple DA Item
XLi nk |inks DA Link D@ Label Li nk DA

Present ati onLi nk DA
Cal cul ati onLi nk

XBRL Cont exts Context (range of properties |Subcl asses of
i s subclass of Cont ext El enment :
Cont ext El enent) ContextEntity

Cont ext Enti t yEI enent
(ldentifier) ContextPeriod
Cont ext Scenari o

XBRL units Unit (range of properties is |Subclass of UnitElenent:
subcl ass of UnitEl ement) Uni t Measure




Table 2 — Summary of parsed taxonomy element ttoiss

<ow : d ass rdf:about =" urn:ubl: CAC 2#Cont act Party" >
<ow : equi val ent Gl ass>
<ow : Cl ass>
<ow :intersectionO rdf:parseType="Coll ection">
<ow : Restriction>
<ow : sormeVal uesFrom rdf : r esour ce="#Cont act Part yConcept "/ >
<owl : onProperty>
<ow : Obj ect Property rdf: about ="#represent Concept"/>
</ ow : onProperty>
</ oW : Restriction>
<ow : Restriction>
<ow : soneVal uesFrom rdf:resource=" urn:ubl: CAC 2#PartyType"/ >
<ow : onProperty>
<owl : Obj ect Property rdf:1D="isCf Type"/>
</ ow : onProperty>
</ow : Restriction>
<ow : C ass rdf: about ="#El enent Decl ar ati on"/>
</ow :intersectionCf >
</ ow : C ass>
</ ow : equi val ent d ass>
</ow : O ass>
<ow : d ass rdf: about ="urn: ubl : CAG 2#Part yType" >
<ow : equi val ent G ass>
<ow : Cl ass>
<ow :intersectionO rdf:parseType="Col |l ection">
<ow : Restriction>
<ow : soneVal uesFr on
<ow : Cl ass>
<ow :intersectionO rdf:parseType="Coll ection">
<ow : O ass rdf: about ="urn: ubl : CBC 2#Websi t eURI "/ >
<owl : d ass rdf: about ="urn: ubl : CBC- 2#Endpoi nt 1 D'/ >
<owl : d ass rdf: about ="urn: ubl : CAC- 2#Partyl dentification"/>
<ow : C ass rdf: about ="urn: ubl : CAC- 2#Par t yNane"/ >
<ow : O ass rdf: about ="urn: ubl : CAC- 2#Language"/ >
<ow : Cl ass rdf: about ="urn: ubl : CAC- 2#Post al Addr ess"/ >
<owl : d ass rdf: about ="urn: ubl : CAC- 2#Physi cal Locati on"/ >
<ow : C ass rdf: about ="urn: ubl : CAC- 2#Cont act "/ >
<ow : O ass rdf: about ="urn: ubl : CAC- 2#Per son"/ >
<owl : O ass rdf:about ="urn: ubl : CAC- 2#Agent Party"/ >
</ow :intersectionCf>
</ ow : O ass>
</ oW : soneVal uesFr onr
<owl : onProperty>
<owl : Obj ect Property rdf: about ="#referEl enent"/>
</ ow : onProperty>
</ow : Restriction>
<ow : C ass rdf: about ="#TypeDefinition"/>
</ow :intersectionCf >
</ ow : C ass>
</ ow : equi val ent d ass>
</ow : d ass>

Listing 2 — Excerpt of the UBL Component Ontology

RosettaNet Ontology

Armin Haller et al. (Haller, 2008) developed a Web Service Modeling talagy
(WSMO) (Lausen, 2005) core ontology expressed i YWSML (De Bruijn, 2005) formal
language for the Supply Chain Management baseh®rRosettaNet standard. The process of
developing a complete Supply Chain ontology froms@®taNet schemas is carried out in two
steps: i) the core ontology is obtained by a diteantslation from XSD to WSML including a
reconciliation phase to hierarchically structure timtology and to add a proper subsumption
hierarchy; ii) RosettaNet specifications are aredysto identify remaining sources of



heterogeneity in order to model and reference yieliomatised ontologies, forming the outer
layer in our ontological framework. As the previagerience they defined a set of rules from
the XML representation to the selected ontologylege, Listing 3 shows an example of such
mapping from the XML extension element to its cepending WSML formalism.

<xs: conpl exCont ent >
<xs: ext ensi on base="uat:|dentifierType">
<xs: sequence>
<xs: el ement name="Product Nane" type="xs:string" m nCccurs="0">
<xs: el enent nane="Revi si on" type="xs:string" mnCccurs="0">
</ Xxs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >

hasl dentifierType of Type extldentifierType
conceptextldentifierType subConcept O uat#l dentifierType

Product Narme of Type (0 1) _string
Revi sion of Type (0 1) _string

Listing 3 — Example of Complex extension type nmaptm WSML

Authors argued that their ontology is able to resoiost of the heterogeneity problems
between different RosettaNet implementations thatnat structurally and semantically covered
by the RosettaNet specification.

The SET Harmonized Ontology

The SET Harmonized Ontology is an initiative of BASIS Semantic Support for Electronic
Business Document Interoperability (SET) Technizammitte&”. The purpose of this SET TC
deliverable (Dogac, 2009) is to provide standardas#ic representations of electronic document
artefacts based on UN/CEFACT Core Component TeahniSpecification (CCTS)
(UN/CEFACT, 2003) and hence to facilitate the depetent of tools to support semantic
interoperability. The basic idea is to explicit g@mantic information that is already given both in
the CCTS and the CCTS based document standardstandard way to make this information
available for automated document interoperabibtyl support.

The resulting ontolodyprovided by Asuman and Kabak is currently the nvadtiable effort
in describing an upper ontology for the real B2Bméin. The SET Harmonized Ontology
contains about 4758 Named OWL Classes and 1612%idRies Definitions. Their approach is a
semi-automatic derivation of an ontology from thesiness data components defined by OAGIS,
GS1, UBL and UN/CEFACT CCL, which are all B2B stards based on the CCTS
specification. Another point of interest is thatsitone of the rare experiences applying a strong
adoption of Semantic technologies, like DL reassh&PARQL, OWL and OWL queries to
derive a harmonized ontology. This can be viewesiradar to a merging operation.

Without delving into details Figure 12 shows anrgi@wv of the SET upper ontology. The
overall process to get the harmonized ontologysisollows: i) first specify an upper ontology,
which is an OWL description of the CCTS specifioatiii) transform input source documents
into schema ontologies, which are afterwards mappadually to the defined upper ontology
format and thus automatically transformed to OWImpbant files; iii) define four normative
upper ontologies, one for each of the UBL, GS1 @AGIS® 9.1 standards separately, while the
UN/CEFACT CCL is considered as upper ontology éénmence. While creating these ontologies,



the relations with the CCTS upper ontology classesalso established. Finally, with the help of
additional heuristics, using a Description Logid3L) reasoner, a Harmonized Ontology is
computed.

The resulting ontology and heuristics enable tisealiery of equivalences and subsumptions
of structurally similar document artefacts betwég&a document schemas. When translating such
document artefacts, automatically generated XSlé&srare used, that produce query templates
(SPARQL and Reasoner based queries) to facilitage discovery and reuse of document
components.

The advantage of this approach is twofold. Firgtlshows the powerful benefits of semantic
technologies. Even with a more complex syntax dgtson, a reasoner is able to autonomously
discover several useful subsumptions and equivateritalso shows that it is possible to provide
a first real normative upper ontology formalizatitwat could lead to a new era of B2B standard
ontologies development.

However a strong and somewhat limitative hypothissibat input sources must be compliant
with the CCTS specification. This is not applicabdethe whole domain and thus prevents a
larger adoption of this solution. It is also unclbaw the different semantics of input elements
are matched. For example, as presented in Figuré k3not clear how thélameAndAddress
class has been associated to theAddressclass. For instance an automatic matcher showe ha
to choose between the clasdiEsneandAddress which is not the case in the resulting ontology.
Another example is the detection of the semantitvadence betweeRostal _zonendPostcode
which is not explained.

To conclude, this approach also lacks the defimitba semantic matcher and we argue that
the integration of such a module could improve ltegycorrespondences and help with possible
ambiguities.

CCTS Upper Omtology
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Figure 12 — An Overview of SET Upper Ontologies Bodument Schema Ontologies
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Figure 13 — The Semantic Equivalences among the88f UBL-Address, CCL-Structured
Address and GS1-NameAndAddress Discovered throiegHdarmonized Ontology

JANUS: AUTOMATIC ONTOLOGY BUILDING SYSTEM FROM XML
SCHEMAS

Over the past ten years, the Semantic Web waveshasn a new vision of ontology use for

application integration systems. Researchers hawguped several software tools for building
ontologies (like Protégé or OntoEdit) and mergimen two by two (like FCA Merge or Prompt)

or producing alignments (like S-Match, OLA, Maftd;MATCH, COMA). Nevertheless these

solutions, as well as adopted ontology building hodblogies, are mainly human driven or
sometimes assisted by semi-automatic software.tbalshermore, all of them make reference to
either an upper or domain ontology to improve the-time automatic matching that often is
inadequate, if it exists at all.

Limitations to their adoption for integration ofterprise applications, among others reasons,
are: (i) the lack of tools capable of extracting aequiring information from a large collection of
XML files (the “de-facto” format for applicationsifiormation exchange definition); (ii) the
complexity of aligning and merging more than twourmes, a complex task excessively
consuming of computational time; (iii) the diffitul of validation based on background
knowledge hard to produce and maintain.

The aim of this section is to introduce Janus, sh#tware that we have developed. This
system is an implementation of our approach to logto generation integrating SDMO, a
Semantic Data Model for Ontology, extracting infation from XML Schemas and capable of
providing a solution to the limitations describdzbae. Indeed as we show with our experimental
results, it is able to automatically generate aramintain a collective memory resource that
facilitates the discovery of alignments when matghiconcepts in a given domain with
satisfactory results.



The section is outlined as follows. Firstly we asal the matching problem as it is seen by
systems aiming the integration of data. As consecgieof the shortcomings of the studied
architectures we propose a semantic data modelolgion to solve the multiple inputs
integration problem. We finish with the overall peatation of our prototype.

The Matching Problem

Even when input sources are either well formed logtes or XML Schemas, definitions can be
similar but also heterogeneous, semantics diffeaamd thus the discovery of correspondences is
probably the most basic, and at the same time tist almallenging task that must be conducted.

The matching problem is often related to ontologgrhing and matching and it has been
largely investigated in literature. Among them, wan cite the paper by Mehrnoush and
Abdollahzadeh (Mehrnoush, 2003) which proposes rapbete framework for classifying and
comparing ontology learning systems. The authorgpgse six main categories (called
dimensionpas follows:elements learned (concepts, relations, axioms, rules, instance#astic
categories and thematic roleg)arting point (prior knowledge and the type and language of
input), pre-processing (linguistic processing such as deep understandingshallow text
processing);learning methods including also an evaluation about the degree utbraation
(manual, semi-automatic, cooperative, full automatithe result (ontology vs. intermediate
structures and in the first case the featuresebtlilt ontology such as coverage degree, usage or
purpose, content type, structure and topology aegresentation language); and finally
evaluation methods (evaluating the learning methods or evaluating éselted ontology).

We share the most part of the conclusion of thedd\yssis, especially regarding the importance
of input sources, which of course are essentihécautomation process and highly influence the
result of the final learned ontology. In fact oatgy learning systems extract their knowledge of
interest from inputs, which can differ by type dadguage (e.g., English, German or French).
Types can bestructured data like already existing ontologies, some schemataleaical
semantic nets such as WordNet. Other sources fology learning systems asemi-structured
data such as dictionaries, HTML and XML schemas and BTBocument type definitions),
which probably constitutes in the Web environmérat tost hot topic today. Finally, the most
difficult type of input from which to extract ontagical knowledge are thenstructured ones
(e.g., free text). Tools that learn ontologies framatural language exploit the interacting
constraints on the various language levels (frontpimalogy to pragmatics and background
knowledge) in order to discover new concepts ampllstte relationships between concepts
(Aussenac, 2002). Finally the authors of (Mehrno@€l03) assert that the first two kinds of input
data are more appropriate to build ontologies lier $emantic Web, thus with DL implications,
while the latter is more adapted to build more galnexicons such as taxonomies or dictionaries.

They also identify some open problems to be cons@léo improve the field, in particular:
(i) the way toevaluate ontology learning systems, currently evaluated/ am the basis of their
final results; no measure is defined for specific® of the learning process proving the accuracy,
efficiency, and completeness of the built ontolo@iy. Full automation of ontology learning
process is not described yet and integrating sefidesodules to build complete autonomous
systems may eliminate their weaknesses and inyetiigir strengths. (iii) At last, moving toward
flexible neutral ontology learning method may eliminate ttee=d for reconstruction of the
learning system for new environments.

Moving forward the automation process to enter arertechnical surveys, in (Buitelar, 2005)
authors provide a comprehensive tutorial and amviese on learning ontology from text. Rahm



et al. (Rahm, 2001) present an overview on techniques issehe schema matching automation.
Euzenatet al. in (Euzenat, 2004) provide a detailed overview alagsifications of techniques
used for ontology alignment and state of the arton existing systems for ontology
matching/alignment, probably the best known sofewat present. From the bodbntology
Matchingby Euzenat and Shvaiko (Euzenat, 2007), whichabbbrepresents the most complete
work in the current literature around the matchimgme, not only techniques by also theoretical
aspects and definitions involved into the matchingcess as well as their evaluation measures
are presented. As last, let us cite the surveyepted by Castanet al. (Castano, 2007), which
provides a comprehensive and easily understandddmsification of techniques and different
views of existing tools for ontology matching arabdination.

Moreover into the area of data and knowledge managewe can find interesting surveys in
(Do, 2002; Doan, 2002; Ehrig, 2004) and still méveused on semantic integration in (Noy,
2004b; Shvaiko, 2005).

All these works provide a real detailed overview tbe matching problem, ontology
generation tools and aspects of possible automattdeast for some specific tasks. As such, it is
not the scope of this chapter to provide an ovenaéthem. Indeed, even if the frontier between
matching and generation tools is not always cledefjnable, we can say that except the first one,
all referenced papers mainly focus on the matckiegp but do not cover the whole ontology
automation process, that is finally what we tasgigh the system we have implemented. We can
also add that the matching problem is probablyntiost challenging part and this is the reason
why we analyse it more deeply below.

Known Matching Features

Classical matching approaches lack efficiency. Tais be explained by three main reasons: (i)
the algorithm computational complexity order; (iije fact that algorithms compute measures
between every couple of items of ontologies to neygn when they do not have anything in
common; (iii) the lack of memorization: a comparis@ done every time two items are met,
regardless of what has already been calculated.

As we can see from existing works, many researdhetise Semantic Web and Knowledge
Engineering communities agree that discoveringespondences between terms in different sets
of elements is a crucial problem. Sometimes twmlogtes refer to similar or related topics but
do not have a common vocabulary, although many detimey contain are related. So this
complex task requires the application of severgbrhms (each algorithm realizes at least a
matching operation) and once again we lose effigieConsider looking for correspondences
between sets of elements more complex than thaepted in the example above: Figure 14
illustrates a non exhaustive list of possible migmes that can be established between the
definitions of a same high level concept expressedML Schema format. For instance the
example shows two different vision of the concegdirass as defined by two B2B standards,
OAGIS and Papinet. It is clear that although bdthhese standards are based on the "upper"”
standard UN/CEFACT CCTS, there are considerabléerdifices in the resulting document
fragments. This illustrates why we need more tham agorithm to discover possible similarities
between two sets of elements. To this end we peosidirst classification of the nature of these
algorithms categories: syntactic, semantic, anectral. A good process for matching discovery
should cover at least these three categories andraplement a combination of them in order to
improve results.
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Figure 14 — Example of possible mismatchings betwse XML Schemas definitions

The Matching Process

As already mentioned above matching problems caappeoached from various standpoints and
this fact is reflected by the variety of the defims that have been proposed in the literature. We
observe that there are some recurring terms oftedinng to confusion and thus producing
overlaps on the process definitidrearning matching anchoring alignment transformation
mappingand mergingare almost used to this purpose. Figure 15 prepasdew about the role
and sequence that each of these common termsrpllag bntology "life-cycle" process.

The Learning phase aims to extract knowledge information froourees handling their
different representations. As output it providdsranal representation, sometimes an ontological
view of inputs. From here we assume that we haweammore input ontologies. This term often
refers to a larger operation that comprises thal fimtology generation, but we prefer to use this
term just to highlight the fact that ontologicalokredge is mainly retrieved, thus learnt, at this
stage of the process. Tivatching phase realises similarity detections between irgmiities
executing one or more algorithms. As described iptesly, the "matcher” (the application
realising this phase) computes the algorithms &mhecouple of input entities and provides as
output a list of the best matches found, selectedhe basis of parameters. The following
Alignmentphase tries to select the best set of correspoeddretween all those provided by the
matcher. It permits to combine the different simifjaalgorithms executed previously and to
provide a uniform view of correspondences, normalithout inconsistencies. At this stage the
match can be also contextualized, choosing a mtiter than another because of heuristic
practices or if an existing upper ontology for demcerned domain suggests so.



Finally, depending on the purpose, alignments canubed to merge input ontologies
(Mergingphase) or to transform instances of an ontology amother Mappingphase).
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Figure 15— Ontology learning, matching, allgnment, mappnmgi merging phases

This disambiguation enables us to situate the prolthat we want to address well.

The Matchingprocessconsiders only the matching phase described alowmir analysis we
argue that this is a core part that: i) mainly cbutes to the computation time and,; ii) is the mos
generic and thus reusable part. These are thengmsons that conducted us to look for a scalable
solution to improve the whole ontology generationgess in this phase.
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Figure 16— Matching process details

As shown in Figure 16 the matching phase can kit igpllifferent steps. Th®etrievestep
takes as input information extracted from sourees] transforms this knowledge in an internal
ontology matching format, sometimes called refeeemmdel. In its simpler form it is a list of
terms representing semantics of input entities,iammdher cases it can be a more complex Galois
lattice representation like in (Stumme, 2001). ®goently theMatch step is able to execute
similarity algorithms and-ormalizesresults with a correspondent confidence value fixhe
match found. Some algorithms, like synonymy detegtican also require external resources
(e.g.: WordNet or electronic dictionaries). Thrddsoand some heuristic are used in rane
step to filter sets of matches. Technigues for hiatcsources are really numerous and the survey
published in (Euzenat, 2007) is a good referenceifzover and compare them.

The Semantic Data Model for Ontology

In this section, we describe the Semantic Data MfteéOntologies (SDMO) defined to provide

an organized model to record as much knowledgeossilde for matching systems. The goal is
improving the concept correspondences similaritect®on. The improvement that we target with
this model is the machine capability to recogniseilar concepts faster, on the basis of their



relationships and consequently the ability to aduopte efficient algorithms to refine mappings,
thus overcoming the matching problem seen above.

The basic representation of SDMO is data about eqaiscand relationships. Sudahject-
based modelling allows a high level of data definitiomdependent from the different
representations. A second basic precept of our hisdbat many relationships afanctional
like they are in nature. These functional relatiops are often callebasattributein models like
the Relational Model and Entity-Relationships,fanctional propertyin OWL. In our model
these relations are part of the set of what we gtallctural relationships which also provide
hierarchical mechanisms for building object typasaf other object types. For exampdeldress
andpostal addresghat might be the aggregationsifeet city, andcountry.

A third basic precept is tteemantic relationship, which specifies the fact that soroecepts
share a common meaning, like synonyms.

A fourth basic element of the model is the sedymitax or linguistic relationships. The aim of
this kind of concept relations is to maintain thk lamong concepts sharing a similar name, like
postcodeandpostal codeattributes, or names sharing the same stem. Tinikdf relation brings
us more inside the characteristics that we wagiwe to the model. These are not natural human
precepts that we find in other models for the meaitld representation, but rather a natural feature
for matchers, needed to compute an operation.

The fifth and final basic element is a link to thginal input. A matcher usually normalizes
initial labels and during this operation some dittletails can be lost; yet it is important to
maintain the link with the source in order to béeab regain the original context or to produce a
mapping. In our model these relations are partefset calledour ce relationships.

Figure 17 — SDMO Concept relationships overview

Figure 17 shows the overall view of SDMO concepatienships. A SDMO concept is the
constituent entity of the model and is defined gsiadruple:
c=<,LR,Sf>
Where:
» | is a set of words, simple or compounds, that bestesents the name of the concept.
Among them we also definepeferred labelas the best representative label as concept



name (e.g.: having equivalent concepts nagemhraphical_coordinatandcoordinate,
they can be merged to form the same concept arfthtiename can be one of them)

« Risthe set of relations between concepts (all sbene)

« S for Source, is the set of originating instancesaafoncept (not to be confused with
instances as individuals in OWL representations)

» fisafrequency and/or rank measure

Moreover, similarly to UML and many other models,SDMO we defined three basic kinds
of concepts, also called nature of the conceptsalroncept can be of more kinds at the same
time or change all over its "life in the model". Noandatory relationships are required
beforehand for a concept, but depending on thentameletermine dynamically its nature. These
three types areslass property(or attribute) andprintable-type

The main concept type is callekhss and corresponds intuitively to non atomic conceipbiss
to concepts characterised by a finite set of atteis. The second basic nature of a concept is the
property (or attribute). It represents either a specific atainic characteristic of a class or also a
role that semantically redefines another concegsts;llike an UML association (eagdressthat
becomes aesidence for gersonor adelivery addressn another context). The former typically
corresponds to concepts in the world (of data exgdpathat have no underlying structure. Simple
examples ardirst nameandlast nameof a person,or city name, etcThe latter and most basic
concept type in the SDMO structure is thentable type. This kind of concept can be also
considered as the type that serves as the basipfiication inputs and outputs. It can be a
conventional basic type, suchstsng or integeror a more complex representation of a printable
data type likemeasure, amounty textthat in turn are directly linked to basic types.

We stress out the fact that a concept can be fdrdift types at the same time, they are not
strictly closed to be of only one nature at onag, depending on their behaviours they can be
seen for example as a class or a property. Foariost aclass property SDMO concept is
allowed and is a non atomic concept, thus a clabih is also property for another concept
class.

We have also defined a SDMO graphical represematiat provides a global view of
concepts organization with their relationships.uFégl8 illustrates the graphical syntax we use to
describe a SDMO schema.
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Figure 18 — SDM Graphical Representation

Implementation

Janus is a system that enables the automatic dgemeid dynamic ontologies from XML
Schemas. It is an implementation of the systemribest throughout previous Sections. Figure
19 shows the overall architecture of Janus.
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- Person.....

Similarity

Figure 19 — Janus overall architecture

The extraction task represented by Ehgract arrow andNormalize rectangle supplies the
knowledge needed to generate the ontology. Thisvledge is merely composed by candidate
concepts, properties, printable types, relatiorstup different nature and at the same time it
contains counters and ranks for each element. ngaiéed techniques for knowledge acquisition
are a combination of different types, such as: NiMBtural Language Process) for morphological
and lexical analysis, association mining for cating term frequencies and association rules,
semantics for finding synonymy, and clustering wouping semantic and structural similar
concepts. We cakML Mining the adaptation of these techniques applied to Xkhemas.



XML Mining is used to parse sources to extract Xinstructs and to process XML tags
declarations. In addition it also includes a praahimg treatment that aims to mutualise
element's processing that are clustered in a Ghhtiice and Formal Concept Analysis based
form. This treatment provides as output a predileodel ready for automatic analysis.

The following step iuild semantic network represented by the corresponding block. This
step finalizes the model integrating informatioming from external sources, like other existing
ontologies or thesaurus. Moreover at this stagelevaot look at similar concepts to be merged,
but only execute matching algorithms to collectnasch correspondences as possible among
them. All these connections are stored and maiedaim the model in order to be quickly
detected and not recalculated in future integration

The Analysis step aligns correspondences and looks for equivvatencepts to be integrated.
This step establishes the best similarities antiys@s the model to unveil new possible relations
and correspondences not directly detected by mmagchligorithms and computes frequency and
rank measures.

The Generation step finalizes the meta-model used by the toal &nfinal semantic network.
The final model can be serialized in OWL built e Transform module. Finally theBuild
Views module derives useful views from the network pdewd to users.

The implementation phase of the prototype has lmere complex than expected in the
beginning and this for a lot of more or less lifloblems we met. Problems generally were not
directly linked to the system approach but mora eéchnical nature. Like the lack of matching
APl adequate to our scope, the lack of softwaralgigpof extracting information from XML
schemas rather than text corpus or OWL and lashdauteast the lack of reference ontologies for
tests and developments. Despite these numeroukepr®lve have been capable of validating the
initial hypothesis that the model we designed tointain a sort of memory of concepts
correspondences is realisable and its implementdtoscalable. It can manage large input
sources and new sources can be added incremertallyent problems are more linked to
implementation issues and a good compromise betswgage and real time requirements can
resolve the most part of them. In the first casevéf target a system with low physical space
requirement we can store only information extract€bnversely if we target run time
applications we can store the whole generated mbdelprovides very fast similarity detection
with acceptable precision. Thus, the system coupidtdadvanced matching systems can provide
a very useful support to run time data integration.

More detail on the implementation and results carfidoind in (Bedini, 2008; Bedini, 2008b;
Bedini, 2008c; Bedini, 2010).

Perspectives

The system we have developed is only a part ofMih@e architecture to achieve run-time data
integration with the adoption of semantics techgms. Semantic data must be produced at the
source and conceived as such, their direct tramsftion is still to hard to be completely and
safely automated. Nevertheless our system prowdesssential part of the architecture that right
now has been misled, the lack of domain ontologithough it has been designed for a more
general use-case, its behaviours have been prafiledthe e-business domain. Its early adoption
can be seen as a facilitator to the fast transfoomaf existing e-business XML documents into
a skeleton of an ontology to quickly build and ®@stemantic matcher for the domain. Indeed it is
quite fast and is only costly in computing resoerauring the generation of the model
calculations. The graphical representation is penyerful and with a lot of visualizations options



and visual measures (like importance of an edgeaamcept with respect to others) are available
and of simple understanding for both human andwseét implementations. These are the reasons
why we believe that our system achieved the iniggluirement to be able to extract very useful
knowledge from a large set of XML Schemas belonging common domain that can be simply
translated into an ontology.

Beyond what we have implemented another genernad toé earlier semantic adoptions in the
domain are related to the SOA (Service Orientechi#ecture) paradigm. Indeed the growing
number of services available on the Web and thelelgcy to split legacy software in a
choreography of services require a more advancedrigéon of both data and services. Again
the adoption of Semantic technologies (i.e. OWLhv8A-WSDL (Farrel, 2007) formalisms) is
the best alternative to follow for the next few gea

CONCLUSION

In this chapter we presented the e-business domadih,a more specific focus on the B2B
domain, the requirements that it currently impcasesompanies and their information systems in
order to support business messages exchanges.ghhtluis analysis we pointed out the current
architecture limitations and explained why ontoésgare the best approach to follow to gain in
flexibility and dynamicity.

Nevertheless facts show that it is still not theecand e-business standards, which are the
most adopted solutions for e-business, do not deftandards as ontologies but only as XML
Schemas. Although it is already a respectable ivgnent with respect to older systems like
EDIFACT, they still require relevant human effasthie operational.

In this sense we have provided an analysis of @bss ontology requirements and
summarized them into the need of a dynamic knovdetltat can be built incrementally.
Afterwards we have presented some well-known ogtekofor e-business. Despite the interest of
these works, real businesses still seem hesitanse¢othem in their implementations. We have
identified two main topics to develop, one is tledimition of an enterprise semantic repository,
and the other one is a way to facilitate the aut@naf business document mapping. Finally we
have presented a system that facilitates, by adtomahe transformation from the current model
to the "next one", from XML to OWL, believing th#ihe existing gap can be breached by
improving this direction.

After a large overview of e-business standardsthei derivate ontologies, we have seen that
existing systems aiming at data integration atietstrrelated to ontology and matching systems.
Research in this area is active and some framewdekiicated to the e-business domain are
already appearing. The current lacking we havetifiedi is the need for domain ontologies in
order to provide the necessary reference knowladgemprove existing matching systems.
Moreover, the adoption of Semantic Web technologiebusiness messages exchanges has an
essential requirement, which is that messages Ineus¢mantically well defined using ontologies.
To this end we have detailed a first prototype flratides a general viable solution.
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KEY TERMS & DEFINITIONS

Design-time: Design time covers all the necessaskd for modeling and for

setting up the execution of B2B collaborations.sTpihase involves the business
process specification, the partner profile defamiti the trading partner contract
establishment, the business document conceptiontlEndnessage exchanges
integration (or mapping) to the existing informatieystem. Design time also
includes the discovery and retrieval of existingibhess data.

Run-time: Run time covers the real execution ofilmss exchanges from
beginning to their termination. (i.e., businessogesses execution, messages
exchange and dynamic services discovery).

B2B: Even though in this document we tend to usB B2 term to describe the
environment of our research, electronic messag@agges are not limited to
businesses. Administrations are increasingly coné&o with similar problems in

their relationships with companies or other adntiation departments: they need
to provide high quality services to a wide audierteegeting both private and
public sectors, while improving their efficiencydameducing their costs. Even
internally, companies need dynamic message exclsnigtons.

Ontology: An ontology is an explicit specificatioof a conceptualization
(Gruber, 2008)

Ontology evolution: with evolution of an ontologyrfthe e-business data
integration we specifically mean an ontology asynaginic characteristic of the
domain. Thus evolution should not be equivalerst thassical versioning system,
but more to a learning system, including a mergeratipn without loss of

information and backward compatibility

" http://www.cxml.org
" http://ontolog.cim3.net/cgi-bin/wiki.pl?UblOntolgg
" http://www.srdc.metu.edu.tr/ubl/UBL_Component_Qagry.owl



v DGI stands for General Data Identification of emmic agents Spanish taxonomy de agentes econémicos
(DGl as Spanish acronym)

¥ DGl is the Financial information report taxononay the Estados Publicos Individuales y Consolidados

"' ES-BE-FS is the Taxonomy of the Stock Quote Exghaxational Commission

"' The resultant OWL ontologies can be found here:

http://www tiforewery.com/tifBrewery/resources/XBRaxonomies.zip

" http://www.oasis-open.org/committees/set/

" The SET Harmonized Ontology is publicly availafstem http://www.srdc.metu.edu.tr/iSURF/OASIS-
SET-TC/ontology/HarmonizedOntology.owl



