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WebEDIrelies on the Internet infrastructufer exchangingdocumentsamong
companies. Typicallfhesedocumentsare orders andinvoices andcan be
exchanged bydirectly iniegrating thecompanies' ERPsystems owvia Web
application upload, download dyping of documents{ML is considered as a
state-of-the-artway toreduce thecomplexity ofmanaging thedifferent data
formats. Neverthelesshe XML standard alonedoes not offerthe required
semantics Whenintegrating afew companies, it is possible to hacdde the
semantics in theapplications hat processthe documents. Hoewer, when
integrating numerous different compasisuch asolution does notscale. The
semantics has to be captured in a mibegible andscalableway. Tocopewith
this necessity, simple ontologies are required to augment the data description.
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Introduction - The Mercador B2B solution

Mercador is 82B company focused ahe retail markeand haduilt an infrastructure
that allows companies of differergizes to bantegratedthroughthe Internet. Mercador
implementsthe concept of a hub. The hub main sacesare thedocumentdransference,
translation andvalidation. The transfenee of documents is done from one company to
another viathe Internetusing the Mercador integratioservers aghe connection hub.
When a company sends a document to another, the document is tbenbiercador hub
first, the hub processethe documento validateand translat it to the receiveformat.
The delivery of the document is also daver the Internet. Therefotike hubimplements

a set of services thahakeeasier the integration of manyith many companies. The
solution hastools that support the integration of companies at different levels of
automation.

The very basic infrastructurtor the companiemtegration is thdnternet.The idea is to
bring to the Internet thepossibility of exchanginghe documents thatorm the supply
process. Those documents, like a protocol, permitdhganies texchange information
about their business so as to guarantee the fast executimsofpply processMercador
has developed a set of Internet functionalit@sed on theraditional EDI(ElectronicData
Interchange)process. Called WebEDI, the system allowscompanies toexchange
business documents using the Internet as the connection infrastructure. So that WebEDI is
the transmission of standarelectronic documents among companies business
organizations using the Internet.

The transformation andalidation of thedocuments format ign important servicéhat
Mercador provides forits customers.One of themost compdx tasks of integrating
companies is thagreement on the daflarmats andmeaning.Mercadorimplements, at
the hub, sevices hat validateand transhe thecustomer’'s documents the Mercador
standard foeach type oflocument. Fronthe Mercadoistandardthe document is then
translatedto the recipienformat. By doing this, Mercador is able to manage tdata
differences amonthe differentcompaniesThereforeMercadorimplements, athe hub,
the necessary knowledge to facilitate the exchafigkocuments among many withany
companies. The hub perforntise necessarysemanticprocess ofthe documents. The
transformation and validation of documents israportant servicehatthe hub offers to
its customers and which minimizes the difficulties of integrating with many companies.

The Next section explainghe XML strengths andimitations when applied to the
WebEDI.
The XML use in WebEDI and its limitations

XML has being increasingly used astandard fodatainterchangdor applications over
the Web. Itswidespreadadoptionhas particular significancdor enterprise gpication



integration, which ishe case othe WebEDIapplication. It isimportant, in this context,
to understand the strengths and limitations of XML (Yee, A.- eai.ebizg.net).

XML's Strengths

1. Powerful metalanguage.Provides a mech&am by which other markup
languagescan be developedbr specializedneeds orbusiness domains.
Examples are: Chemical Markup Language (CML) Artdicial Intelligence
Markup Language (AIML).

2. Simplicity. The documenstructure andantaineddata areusually readable
and easy to understand.

3. Separation of coentand presentationformat. The documen separates its
content and presentation information clearly.

4. Commonopenstandard.lt has noadherence t@roprietary technologies
such as browser, é&dr or intepreter. Incontrast, it haseen adopted
across multiple industries.

XML has limitations with regard to application integration that are relevant to enumerate.
XML's Limitations

1. Inefficiencies of text-basetbcumentsThe document representationtaxt
files can be ery large due to repetitions afatastructures.This may be
inefficient when transferring the document over the network.

2. No datatransformationfacilities. XML standard$ave been developed for
business-specifiexchangeformats applied inthe B2B space, such as
RosettaNet (www.rosettanet.org). Howeverthe adoption of such
standards is still not a reality and the transformatiodatdamong disparate
systems is necessay¥ML is simply one of manylataformats thatexist;
the transformation ofdatafrom oneformat to another is still a primary
challenge.

3. Absence of content-based routifitne automation of the integratbdsiness
process reqtes content-based routing amdles. TheXML file does not
containthe required content andusinessules toautomaticallydeliver the
document to th@roper destination. Thiwork has to bedone by arextra
system.

4. Limited senantic interpretation. XML provides the ability to create
specializedags thatdescribe gparticularentity or behavior;however, the
semantic interpretation of what the data represents is outside the scope of the
XML document.The meaning ofags andlata within the documerhias to
be agreed among the integrated parties.

The use of the XML can be triclgven when applying itstrengthsFor instancethe use
of an important characteristic,such as flgibility, can lead toproblems when
uncoordinatecefforts to design schemasing XML produce incompatibleesults. It is
easy tocreate XML schemas that apaly usable in a single application. Thistypical
when competingindustry groups elvelop different schema®r all members of that
industry.

Integration brokers are specialized in implemeng&rapordinated integratioaffort and to
complement and compensate tigen XML limitations listedabove.The citedlimitation

1 (Inefficiencies of text-based documerisn be overcome by the use of binary files. The
integrationbroker implements gparser based othe XML DocumentType Definition
(DTD) that is able to read the XMilocument, parsesnd compiles itnto binaryformat
thatis transferred. The processifgarse andransformation)of thoselarge documents
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Limitation 2 (No data transformation faciliti¢ss not an exclusivity of the XMistandard.
The realworld is full of different standards provided bgifferent industry sectors,
integration brokers orsimple systemdevelopers. UsingKML helps minimize these
differences but does not elimindkeem. Theintegrationbroker implements, ahe hub, a
transformatiorprocesshat alwaysincludes itsXML standard forthe giventransferred
documents. The hub has servitlegt implement théransformation okeachgiven format
to the broker and fromthe broker tothe givenformat. This allows the hub to apply
necessary data transformations tharantee thahe documentonce in thebroker XML
format, has reached a certain level of standardization of its data structures.

In the case oflimitation 3 above Absence ofcontent-basedouting), the integration
brokers are required to implement the document delivergéging the dagment content
and applyinghe appropriateouting businessrules. Thesimple association among the
involved exchange paes can berepresented byhe description of knowledge like:
supplier X supplieghe retail Aand B. Thisinformation is not contained ithe XML
document; it is imlicit to the documentexistence. Buin the case of a many to many
exchange, nall participants arevilling to exchangedatawith all the paticipants. The
deliver of a document has be confirmed by the existenoé a valid relationship among
the companies ctained in thedocument. Thereforethe broker shall represent this
information somehow and somewhere.

The limitation 4 Limited semantic interpretatigmas direct impaan WebEDIdocuments
exchange that requires knowledge about the partner’s business rules such as:

1. The correct interpretation of data attributes.
2. The application of partners business rules when processing documents.

Case 1 suggests that timbormation contained in a documdms to banterpreted in the
same way by both side#)e sender andhe receiver. This requirethe repreentation of
the abstractionghat complement thenformation about the documeobntaineddata in
order to assure its proper process. This is called the semantics of attributes. Examples are:

 Tax — For both companies it is a numericalue but thesender
considers Tax &alue from 0 to 100 and represents percentage.
Howeve, the receiverconsidersTax a value thatepresents a
monetary quantity (the already calculated tax value).

» Package type Both companiesiavethe same meaninfpr it, but
the domaineach one accepts iglifferent. There should be an
agreemenamong the companies to reduce the domain to a unique
set.

* Discount —Again both companiehavethe same meaninfpr the
attribute butthe rangdor eachone is differentThereshould be an
agreement on theange or a formula to appropriately convert the
values.

There may be many examples like theesabove regardinghe attributesmeaning.

Mercador implements a database where the schenthe attributesof each document
from each comany isrepresentedBefore startingthe companie®peration,there is a
system that confronthe schemas dfoth companiefinding the unconformities like the
ones above.After an agreement,the rules are stored to be eluated during

transformation.

Case 2 requires knowledge representatidousinessules abouthe partner’srelation to
the specific document typ@ne example is hat different buyersrequire differentnvoice
information from the supplier. Anotherexample isthe negotiationconditions among
partners thaare given by groups ofliscounts todifferent buyers. Below are some



« If attribute Ahas avalid value, hen attribute Bdoes nothave to be
informed.

« If attribute Ahas avalueless han X, tren attribute Bmust have avalue
above Y.

» If the buying quantity is above X, apply discount Z to all order items.

» If buyer J belongs to the group L, then apply discount Z.

The integratiorbrokertypically solvesthe limitations of semantics by implementing the
business knowledgeln this case,the brokerbecomeshe container of thé&nowledge.
Next session explores the alternatives to include semantics in the XML documents.

Including semantic in the WebEDI

The limitations statedbove can beolved inmany ways. Depending on théools and
sdtware architecture the B2B integration companybroker) may solve the necessary
semantics by simple customade solutias. Howeverthe goalis having asolutionthat
scales to an environment of matsymany companiesxchanging documents and where
each canpanyprovidesthe necessary acumentsemantics. The B2B partners should be
able to understand the documents doing the integration automatically.

Following there will be arexplanation othe pragmatisolution adopted bivercador to
solvethe cited linitations. In addition, the new technologies, whiclhre popping up to
build a Web cataining thesemantics,will be presented.These technologiesan be
extremely useful to the B2B integration.

Mercador actual solution
Document routing

The document routing is epssolved byMercador once it is Aub. Thecompanieghat

make part of the Mercaddrub always sendlocuments taheir partnersthrough the
Mercador hub. So the connectiviynong thecompanies isolved bythe knowledge the
hub holdsabout thecompaniesconnectivity characteristics.Mercador implements in
database theecessarynformation to routethe messages fronand to the companies.
There are no direct connections among the companies to be controlled.

The companies thabute documentsising the Mercadomub are required tosend the
documents using one of the three different connectivity tools:

* WebEDI application —Accessing thaVebEDI application theusercan do:
Document typing The sender typethe document in a specifarm on the
Mercador WebEDI application at theeb site; Web sitedownload/upload —
The sender usethe Mercadomweb site to download/upload files over the
Internet to the hub;

* Mercador Client — The Client is aapplication that is installed at the
company computing environment artehitt is used tosend/receive files
to/form the Mercador Hub using the Internet;

 FTP service — Thecustomersmay also sendor receive files from/to the
Mercador hub using an FTP service.

In thefirst alternative the sender igdentified bythe WebEDIuser authentication at the
Mercadorsite. Inthe secondcase,the user isidentified by anauthentication service
provided specially fothe Clientand in the lastase,the Mercadosystem doethe FTP
connection to the company FTP server.



The documenteceiver, inthe case of documertyping, is selectedfrom a list of
companies, and in the last cases it itected from thesent content of theent document.
In any case,the document camwnly be routed tahe addressee ithere is a valid
commercialrelation among thecompanies.Thus, this is the first businesslogic that
Mercador implements at thieub, the so-calledcommercial relation is maintained in
database and idenés which companiesare prepared to exchangdgcuments. Figure 1
showsthe ER modefor the commercialelation. Note hat for each type of document
there must ba validrelationship. A company is onlgble tosenddocuments t@another
one that has an explicit commercial relationship for the given type of document.
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Figure 1 - Commercial relation

The connectiorusing the Mercador Clientequires noextra information athe hub.
However, the Client has to be configured to connettiediub. The Client isresponsible
for requiring the connection to thaub and sendinghew documentsor requiring the
available documents at the hub. First, the Client has to be configureth&idppropriate
IP address (or DNS) of the Mercador serveb andhas to beconfigured toauthenticate
at the hub. Secondthe Clientruns atthe company aoputer environment behind
firewalls and it must beppropriatelyconfigured to cope witlthe necessary ecurity
restrictions ofthe companynetwork. Usually the Client connects to the Mercador hub
usingthe HTTP protocol on port 80 othe HTTPS protocol on port443 notbeing a
security problem for the companies.

The opposite occurs for the FTP service. Wleecador hulis responsibldor having the
login information onthe companyFTP serverThis information istypically FTP server
IP address, useand password.Besidesthis, the hub shall implement aschedule to
connect to thé=TP serveraccording to thédusinessnecessities othe company. For
instance, itmustconnecteach 30minutesfrom 6:00 t015:00. Suctkind of information
belongs tothe semantics of the customemsinessand has to be maaihedfrom the
Mercador hub. Once again it is maintained at the Mercador WebEDI database.

Semantic interpretation

The Mercadohub implements the integratiommong thecompanies byransforming the
documentfrom the senderformat to the addresseeformat and by providing the
connectivity among them. To acconiish the documenttransformation, Mercador
spedfi esa standard XML format for eat tvoe of document. Wheneve a document is



sent usinghe hub, it isfirst transformedor the Mercador XMLstandardformat. By
doing this, Mercadorreducesthe complexity ofmapping thedivergences amonmany
companies. The rpmise isthat if a document can beansformedfor the Mercador
standard, it ipossible to transform it tthe format of theaddressees thatre already
connected to théub. Tocomplete thgob, the document alreadlyansformedfor the
Mercador standard is then transformed to the addressee format.

The WebEDI application server is responsible forcoordinating the document
transformation process. Theintegration server is responsibldor performing the
transformations andor the connectionesvices forthe Mercador Clienand the FTP
services.

Below are the steps during the B2B transformation of the document:

» Senderschemavalidation —Used tovalidate the documersdtructure. For
each company and document type, itriplemented athe integration server
a document schema that is used to validate the incoming document.

» Sender transformation servieelransformshe documentor the Mercador
XML standard.Any rules regardingcorrecttransformation ofthe sender
document and the Mercador Standardvaluated athis moment.The rules
regarding the businesslation between thesender andhe receiveare also
applied at this moment(for instancethe commerciatelation isevaluated).
Therefore,the document igransformedfor the Mercador XML standard
only if it applies all the necessary validation.

* Receivertransformationvalidation — Transformsthe documenfrom the
Mercador XML standard forthe receiverformat. Once inthe Mercador
XML format, the document is ready to lieansformedfor the receiver
format. There should exist no restrictions or rules to be applied any longer.

A previous work orthe details about the document attributes and semdragxgto be

done in orderto assurethat this two-steptransformationwill work. It is necessary to

guarantee thathe informationtransformed from one side tbe otherkeepsthe same

meaning. An integration expert does thiwk in a careful mappingrocess supported by
a visual tool for documents layout description.

When anew company joinghe hub, it is supposed to beonnected tchundreds of
companiedor exchangingdocuments. Acompletemapping ofits documentdas to be
done and their information haslie in ageementwith all the companies iwill integrate.
It is not practical to do the complete mapping of each type of docunsemipbrts teeach
of the related companies Iyand. The gal should be taeduce as muchspossible the
dependence of humanterference on thenapping of divergenceamong theintegrated
companies.

This description of the document structurdasie in a toobleveloped byMercadorcalled

DSD — Document Structure Descriptor - where the layout of each company is described in
a visual manner.This mappingstarts by describingach document attribute order to

model the documerstructure the attributegypes and possiblealues associated to the
document. Figure 3 shows the ER diagram for the DSD.

The Mercador integration expecbnstructs this descriptiorOnce the description is
finished, the DSDtool generates divergence reporfrom the new description and the
Mercador standard description. It algenerates a divergenoeport fromthe new layout

and the layout of the companitmat thenew onewill integrate. Thesereportsguarantee
that the attributes iloth companiesave the sametype, valid values andthe same
meaning. Thdact that the attribute is related to an attribute in the Mercsi@odard,
guarantees the meaning.
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Figure 3 - Document Structure Descriptor ER diagram

Any necessary mofications inthe layout of thenew company have tde done in
agreementwith the company to bentegrated.Usually, the number of divergences
decreases athe company integratesith more companies.Once the divergences are
solved, the DSD toat used forautomaticallygenerating a XMLschema, whichs used
to validate the attributes of the new file layout on the integration server at runtime.

The DSDtool solvesthe correct interpretation of the dattiributes among companies
(limitation 4, case 1)out is notable tosolve more complexbusinesgules (limitation 4,
case?). Actually Mercadorsolves businessules by hardcoding themin the WebEDI
business @mponentsand transformatiorservices.But this solution is notacceptable
because ihas poorscalability and hard maintenance. The neeissionexplains some
alternatives to implementing the remaining semantics.

Conclusion and Possible future solution

It is possible to improve the SDS tool to includethe description of more sophisticated
semanticrules. Those rulescould be expoed to theWebEDI application inform of
integration services, business components,even bestored inthe database to be
evaluated whenever necessary.

A promising way of implementing such semantics is the use of the concepts developed for
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concept of having documents containing samtics on theweb and whichcan be
interpreted by Web enabled mechanisush asagents oweb services.The ideais that
the informationon the web is given e&plicit meaning.Thus, it is possible tobuild
automatic information processing and integration.

As already explained, XML is useful for defining customized taggingschemes.
Complementarily,the RDF's (Resource Description Framework — RDF, 1999 -
www.w3c.org) is aflexible approach to representirdatagiving it semanticmeaning.
The RDF Schema is a lightweight language to provide basic structures such as classes and
propertiesRDF is vey simple,being verysimilar to a basidirectedgraph. Itdefines
how to describethe relationships amongesources interms of named properties and
values. TheRDF properties represerttaditional attribute-valuepairs andmay also
represent relationships among resources. Besides this, Ridees available on the web
by using aserializationsyntax basedn XML. RDF representshe abstract model and
XML provides the concrete textual representatibthe model There areseveralways to
represent the same RDF data model in XML.

NeverthelessRDF should inclide someextra capacitiesuch asdatatypes, consistent
expression for enumerationstc. Forthe ke of havinga more expressivdanguage, a
Web ontology language has been defined gikenXML and RDF capabilitiesThe Web
Ontology Working Group (WebOnt — www.w3c.org; Clark, K. G. 2002) teen given
the task of developingan ontologyvocabularyfor use inthe SemanticWeb. This
vocabulary should allow the explicit representabbterms andhe relationshipsbetween
entities inthis vocabularyWebOntintends tocreate thestandardized markulanguage
within which userscan formallydefine specificontologiesfor use onthe Web. Forthis
purpose, WebOnt is standardizing the DAML+OIL (DAML+OIL, 200Wvww.w3c.org)
ontology language.

DAML is the DARPA Agent Makup Language, which is asimple language for
expressingmore sophisticated RDElass definitionsthan permitted by RDFS. The
DAML group hasalso added characteristidsom the OIL (Ontology Inference.ayer),

which is alanguage thatisesconstructions fronthe frame-based Al tgrovide amore

sophisticated classification mechanism. (Ouellet R., Ogbuiji O., 2002)

Given suchknowledge represerntan languagéased orXML, the necessary semantics
for the WebEDI solution calpe completedn a straight-forwardway. The SDSool may
still be used to faltate thebuilding of the knowledge. Tk whole information about the
documents could bstored in aXML file containng the document XML schema to
representthe documentdata structure andthe DAML+OIL language definitions to
representthe necessary semantics the samefile. In case ofstoring the complete
knowledge into files, the SDS tool would havé#able to doeverseengineering on the
persisted files. Storing the knowledge on database would then be optional.
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