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Resum

Les empreses necessiten establir col-laboracié amb altres per tal d’assolir el seu objectiu de negoci
i arribar al sector de mercat al qué corresponen les seues activitats. A I'hora d’establir aquestes
col-laboracions, el principal problema amb el qual es troben les empreses és la falta de
compatibilitat en diferents aspectes, ja siga la forma de fer negocis, les plataformes tecnologiques y
els sistemes informatics que donen suport als seus processos, i també, degut a les diferéncies

culturals i socials.

Pero les empreses a més a més d’establir col-laboracions mitjancant xarxes o acords temporals,
s’han de poder mantenir independents per a poder treballar amb qualsevol altre col-laborador o
soci, sense adoptar mesures que després podrien limitar les seues possibilitats. La resposta a
aquest requisit, necessitat de col-laborar sense integrar, es denomina ‘Interoperabilitat

Empresarial’.

Per a millorar la interoperabilitat empresarial s’ha de considerar tots aquells aspectes de I'empresa
gue intervenen en les col-laboracions com ara: organitzacionals, dels processos de negoci, les
plataformes tecnologiques que donen suport als sistemes de comunicacié i de tecnologies de la
informacio, el tractament dels conceptes que poden tenir diferents interpretacions depenent de
'ambit cultural o les persones implicades, el coneixement que es pot representar mitjancant

models o estar implicit en els processos i la manera de dur a terme les activitats de 'empresa.

Aquesta tesi té com a objectiu aportar propostes que puguen afavorir una col-laboracié entre
empreses de manera més eficient tenint en compte tots els ambits i capes de I'empresa. Es a dir,
proporcionar métodes i técniques aplicables de manera senzilla a I'ambit real empresarial per a
gue les organitzacions puguen millorar diferents aspectes concernents a la integracié i a la

interoperabilitat empresarial.
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Preambul

El concepte d’enginyeria ha existit des de temps remots quan els éssers humans van concebre
invencions fonamentals com la politja, la palanca, i la roda. El terme deriva de la paraula
enginyer, que es va comencar a utilitzar per a referir-se als constructor de maquinaria (o
enginys) militars com les catapultes o els ponts llevadissos (Britannica, 2009). La paraula
‘enginy’ es deriva del llati ‘ingenium’, que significa capacitat innata, sobretot en capacitat

mental, de la que en deriva una inventiva intel-ligent.

Els enginyers, a partir d’'unes necessitats identificades per ells o per altres persones, han de
pensar (aplicar I'enginy) per a dissenyar solucions tenint en compte els obstacles o restriccions
més importants. Algunes de les restriccions son els recursos disponibles, humans i tecnologics,
les limitacions fisiques o técniques, la flexibilitat per a futures modificacions i millores, i altres
factors com ara el cost, la possibilitat de dur-ho a terme, les prestacions i les consideracions
estetiques, comercials i legals. Mitjancant la comprensio de les necessitats o requisits, i de les
restriccions, els enginyers dedueixen quines son les millors solucions per a afrontar les

limitacions trobades, quan, com, qui i on s’ha de produir i utilitzar un objecte o sistema.

Els enginyers utilitzen el coneixement de la ciencia i les matematiques i I'experiéncia apropiada
per a trobar les millors solucions als problemes concrets. Si hi ha multiples solucions raonables,
els enginyers avaluen les diferents opcions de disseny sobre la base de les seues qualitats i
trien la solucié que millor s’adapta als requisits tenint en compte les restriccions identificades.



Preambul

Juntament al concepte d’enginyeria apareix el concepte de sistema que es pot definir com un
conjunt organitzat de parts o components que interactuen entre si per assolir un objectiu,
operant sobre dades, energia i/o matéria per proveir informacio, productes i serveis (Pressman,
2005).

Es pot considerar una empresa com un sistema complex, format per altres sistemes, on
interactuen persones, coneixement, maquinaria, energia, materials, processos, etc. A més a
més, és un sistema obert, és a dir que ha d’interactuar amb altres sistemes o ens externs per
poder sobreviure; i en un entorn que evoluciona constantment i per tant ha d’estar preparat per

poder introduir canvis amb minim esfor¢ per aconseguir una continua adaptacié al seu entorn.

Els sistemes pels quals esta formada una empresa, depenent de I'estructura i finalitat de
cadascuna, poden ser: sistemes d’informaci6, sistemes informatics, sistemes de comunicacio,
sistemes d’organitzacio, sistemes de produccio, sistemes financers, sistemes de distribucid, etc.
(Sommerville, 2005). Per dissenyar, desenvolupar, mantenir i millorar tots aquests diversos

sistemes és necessari utilitzar solucions de diferents branques de I'enginyeria.

Els enginyers han de tenir la capacitat de proposar solucions viables i eficients a problemes
reals, utilitzant eines i métodes al seu abast que es basen en principis robustos, fonamentats en
la ciéncia, i provats (Pressman, 2005). Es, des del punt de vista de la ciéncia i de la investigacio
des de on es proposen les técniques, eines i métodes que els enginyers han de conéixer per

poder aplicar aquells que millor s’adeqiien a cada solucié.

Es en aquest ambit multidisciplinari on s’emmarca el treball proposat en aquesta tesi.
L’empresa, com a sistema obert, complex i immers en un entorn en continua evolucid, requereix
propostes, méetodes i solucions robustos sustentats en la ciéncia i la investigacio. Els enginyers
han de fer Us d’aquests métodes i aplicar-los per a resoldre problemes reals i que les empreses

puguen evolucionar d’acord als nous requisits que I'entorn empresarial canviant els demana.



Introduccio

En aquest primer capitol es presenta una breu descripcid6 de l'origen i motivacié de la
investigacié presentada en aquesta tesi, es descriuen els objectius i quins sén els resultats
mitjangant els quals s'assoleixen aquests objectius. A més a més, es descriu el métode de

recerca aplicat i es detalla I'organitzacio i continguts del document.

1.1. Origen i motivacio de la tesi

Les empreses necessiten col-laborar les unes amb les altres de manera eficient per tal
d’aconseguir els seus objectius de negoci, minimitzar costos, oferir nous serveis, enfrontar-se a
nous reptes i en definitiva, mantenir la seua competitivitat i poder sobreviure economicament.
Tant les empreses grans, com les petites, necessiten establir acords de col-laboracié amb altres
per tal d'assolir el seu objectiu de negoci i arribar al sector de mercat al qué corresponen les

seues activitats.

A I'hora d’establir aquestes col-laboracions, el principal problema amb el qual es troben les
empreses és la falta de compatibilitat en diferents aspectes de I'empresa, ja siga la forma de fer
negocis, les plataformes tecnologiques y els sistemes informatics que donen suport als seus

processos, i també, degut a les diferéncies culturals i socials.
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Es podria considerar que la solucié és, donada una situacié de col-laboracié, que totes les
empreses involucrades adopten mesures per homogeneitzar el maxim possible els seus
processos, usar les mateixes tecnologies i sistemes de gestié de bases de dades compatibles,
unificar terminologies per evitar errors al interpretar conceptes i adoptar un mateix idioma
conductor dels negocis. En alguns casos es pot pensar aquest enfocament és la solucié més
senzilla i adequada. Els motius poden ser diversos, per exemple que les empreses aprofiten per
millorar i estandarditzar els seus processos i sistemes adaptant-los a hormatives del sector; o
potser alguna de les entitats involucrades imposa les condiciones per giiestions comercials o de
poder; o en situacions d’'unions temporals d’empreses, quan els beneficis que aporta aguesta
integracid compensa, com en el cas de les empreses virtuals que poden adoptar solucions o

plataformes comunes. Es el que s’anomena ‘Integracié Empresarial’.

Perdo en altres ocasions es troben diversos impediments per adoptar un enfocament
d’integracié. D’'una banda, el cost només considerant aspectes tecnologics com a exemple, les
empreses que ja tenen el seu propi sistema, plataformes y tecnologies de suport adients, entre
altres, haurien d’invertir temps i recursos per a adaptar-se a la solucié global adoptada. D’altra
banda, les empreses poden establir col-laboracions temporals, i amb diferents empreses cada
vegada, de manera que cadascuna pot usar diferents tecnologies i formes de fer negocis, amb
la qual cosa, adaptar-se a totes les situacions €s inviable. A més a més, les empreses en
ocasions volen mantenir la seua propia manera de fer negocis, els seus propis sistemes
informatics de suport i la seua cultura, mantenint-se independents per a poder treballar amb
qualsevol col-laborador o soci, sense adoptar mesures que després podrien limitar les seues

possibilitats de fer negocis amb uns altres.

La resposta a aquest requisit, necessitat de col-laborar sense integrar, la proporciona la

‘Interoperabilitat Empresarial’.

N’existeixen nombroses definicions, algunes de les quals es detallen més endavant, pero per a
entendre millor aquest concepte es pot dir que la interoperabilitat és la capacitat de les
empreses per a col-laborar de manera eficient, preservant la seua propia identitat i la seua
propia manera de fer negocis, i amb conseqiéncia, fent servir mecanismes que actuen com a
facilitadors. En aquest context s’entén per eficient, que I'empresa utilitzara aquells recursos
fisics i economics necessaris perqué la col-laboracié siga viable i proporcione beneficis d’acord

amb la inversio duta a terme; i se’'n entén per preservar la seua identitat, que I'empresa no
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modifica substancialment la seua estructura ni els processos per a aconseguir la compatibilitat

amb altres empreses.

Avui en dia, la competitivitat d’'una empresa esta determinada, en gran part, per la seua habilitat
d’interoperar amb altres. La interoperabilitat s’ha identificat com un coll de botella al qual han

d’enfrontar-se les empreses per assolir I'exit del seu negoci (CORDIS, 2006).

Per tal de definir I'abast de la problematica de la interoperabilitat es pot considerar la proposta
de (Chen, 2003) en la qual es representa graficament la interaccié entre dos empreses i es
descriu que per a arribar a la col-laboracio eficient i completa entre empreses, la interoperabilitat
s’ha d’aconseguir en totes les capes de I'empresa, que en aquesta proposta sén: negoci,
coneixement, tecnologies de les comunicacio i de la informacié (TIC), i semantica, tal com es
mostra en la figura 1.1. La capa de negoci considera el negocis i els processos de negoci; la
capa del coneixement inclou les regles de l'organitzacio, les habilitats i competéncies dels
treballadors i els actius del coneixement; la capa de les tecnologies de la informacio i les
comunicacions, considera les aplicacions, les dades i les plataformes de suport a les
comunicacions i finalment la capa semantica, que es representa transversal, proporciona la

comprensié mutua entre les empreses que volen col-laborar.

Empresa A Empresa B
Negoci Negoci
© (%)

O 0]

. IS 3 .
Coneixement fg (I Coneixement
& 2
Sistemes TIC > Sistemes TIC

1 1

Figura 1.1. Representacio de la interoperabilitat a les capes de I'empresa (Chen, 2003).

En aquest ambit, les TIC es converteixen en una necessitat estratégica en tots els sectors
industrials, tant si s6n grans empreses com petites o mitjanes. Les TIC sén les facilitadores de
la societat del coneixement, en particular Internet ha sigut el major propulsor de les xarxes
d’empreses i ha intensificat el sorgiment de col-laboracions entre les organitzacions, fins i tot
entre aquelles que estan allunyades geograficament unes de les altres. A mesura que les

tecnologies avancen donant suport a les comunicacions i es converteixen en una eina que
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proporciona avantatges competitius, la interoperabilitat és cada vegada més un factor critic que

marca la diferéncia entre I'éxit i el fracas dels negocis.

Perd la comunicacié entre els sistemes, la transferéncia de dades i d'informacid, aixi com la
sincronitzacié entre negocis de les empreses sense arribar a la integracié plena i mantenint la
seua independéncia és un repte complex (Doumeingts, 2003). Es per aixd que els Gltims anys
s’han desenvolupat molts projectes i iniciatives, tant a I'ambit privat com financades per entitats
publiques. Els seus objectius sén proporcionar fonaments teorics i practics per tal de donar
suport a la interoperabilitat en totes les seues accepcions, siga des del punt de vista tecnologic,

de processos, organitzacional o semantic.

Donar solucions en aquest ambit de la interoperabilitat empresarial suposa, per tant, proveir
meétodes, técniques, eines i marcs que permeten avancgar en els resultats, identificar i mesurar
la qualitat i el nivell de les col-laboracions existents entre les empreses, i proporcionar solucions
d’acord amb les necessitats i els recursos disponibles.

1.2. Objectius i resultats de la tesi

La interoperabilitat, a I'igual que s’ha dit per a la integracié empresarial en (Vernadat, 2002), és
un procés sempre en marxa, primer perqué és un objectiu i segon perqué, encara que s’arribe a
interoperar amb un nivell adequat de maduresa, sempre hi ha nous reptes i millores que es
poden considerar ates al fet que les empreses estan en un procés de continu canvi. Com a
consequeéncia, la millora de la interoperabilitat en totes les seues accepcions ha de considerar

incloure objectius, mesures, plans i procediments de millora continuada.

Avui en dia totes les empreses col-laboraren les unes amb les altres, ja que en el marc
econdmic i industrial actual no hi poden sobreviure de manera aillada. Pero també és cert, que
en molts casos, aquestes col-laboracions es realitzen amb el suport de I'experiéncia personal i
en altres, de manera poc documentada, sustentada amb metodes apressos a partir de la
repeticio, i poques vegades suportats per propostes cientifiques contrastades. Per tant, és
necessari desenvolupar treballs d’investigacié que aporten, a més a més de métodes reglats,
guies senzilles que permeten consolidar els resultats fent particips les empreses d’aguests

avancos.



1. Introduccié

Aquesta tesi té com a objectiu aportar propostes que puguen afavorir una col-laboracié entre
empreses més eficient. Es a dir, proporcionar métodes i técniques aplicables de manera
senzilla a I'ambit real empresarial per a que les organitzacions puguen millorar diferents

aspectes concernents a la integracio i a la interoperabilitat empresarial.

Aquests objectius s'aconsegueixen mitjancant els resultats, publicats en diferents revistes o

actes de congressos, que s'inclouen en les aportacions i que es poden detallar com:

e Proposta d'una arquitectura de referéncia en el marc de la integracié empresarial com
un primer pas per a aconseguir la col-laboracié correcta entre els processos interns de
I'empresa. Tenint en compte que una empresa per assolir col-laboracions eficients, i en
definitiva interoperar, primer ha d’establir una correcta integracié entre els diferents
processos que es duen a terme, es considera que la interaccié interna o intra-

interoperabilitat és el primer requisit.

e Definicié dels requisits que cal complir per a cobrir les necessitats inherents a I'lis de
llenguatges de modelitzacid6 com a suport de la interoperabilitat entre processos i en

particular requisits per a la sincronitzacié dels models.

e Definici6 d'un llenguatge de modelitzacié basat en un perfil d’UML, enfocat a la
representacié del coneixement empresarial a un nivell d’abstraccié independent de la
computacid, i considerant un enfocament dirigit per models per a la generacié de

sistemes de gestio del coneixement.

e Aplicacions practiques a I'ambit de I'Gs de les ontologies com una eina que déna suport
a les collaboracions entre empreses. En aquest cas es tracta de donar una visio
practica de l'aplicacid de les ontologies, per apropar el concepte al moén real de

'empresa.

e Definici6 i aplicacié practica d'un métode de mesurament de la maduresa en
interoperabilitat basada en parametres definits per a diferents dominis o vistes de

'empresa.

¢ Millora de les propostes mitjancant I'aplicacié practica i validacié d’aquestes a empreses
reals. Considerant el métode de recerca que es descriu a la seccié 1.3, I'aplicacio
permet tenir una base fonamentada en I'experiéncia i millorar els métodes incorporant

aspectes practics o fent-los evolucionar cap a versions més depurades i adequades.
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1.3. Metode de recerca

Per a demostrar la validesa dels resultats i de les propostes els cientifics disposen del que es
denomina el métode cientific, que inclou: observacié, inducci6, hipotesi, comprovacié de la

hipotesi per experimentacid, demostracio o refutacio de la hipotesi i conclusions.

Pero el pas de la comprovacié de la hipotesi per experimentacié en el camp on es desenvolupa
la investigacid que es presenta en aquesta tesi, no és tant senzill en comparacié amb altres
ambits de la ciéncia on es poden realitzar experiments en laboratoris que sén repetibles i

verificables quantitativament.

En aquest cas, I'empresa real és el laboratori on s’efectua la validacio dels métodes i técniques,
és el camp d’experimentacio que serveix per a millorar i fer evolucionar cap a diferents versions
i idees les propostes inicials. Perd aquest laboratori no permet fer experiments repetibles amb
els mateix parametres d’entrada, perqué com ja s’ha mencionat 'empresa és un entorn canviat
en continua evolucid i en diferents moments, es produeixen diferents situacions que afecten als

meétodes i als resultats.

Per tot aix0, la manera de desenvolupar propostes cientifiques mitjancant la validacié directa en
empreses reals, s'emmarca dins del métode de recerca denominat Investigacio-Accio (Action
Research). Aquest terme es pot simplificar amb la frase ‘aprendre fent’ (Dick, 2009). Es a dir,
aprendre mitjancant els fets o les accions. Una de les caracteristiques principals d’aguest
meétode d’investigacié és que converteix els participants en la recerca en investigadors al mateix
temps. Els usuaris i el personal de les empreses involucrats en el treball d’'investigacié d’'una
banda, participen d’'una manera més activa en el treball i els resultats, i d’'una altra aprenen
nous conceptes i milloren el seu coneixement en aquest ambit. Aquest aspecte és un dels
principals resultats o punts forts de les aportacions d’aquesta tesi quan s’ha realitzat I'aplicacio

directa en empreses reals.

El procés que comporta aquests métode de recerca és ciclic, i es mostra amb més detall en la
figura 1.2. (Baskerville, 2004). Encara que inicialment el seu (s es va plantejar per a la
investigacié en temes socioeconomics i educatius, des de fa més de dues decades (O’Brien,
1998) és un enfocament ampliament aplicat i considerat valid en el camp dels sistemes

d’'informacid, les tecnologies i altres ambits empresarials.
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La recerca duta a terme per tal de produir els resultats d’aquesta tesi segueix aquest procés
ciclic. Inicialment es desenvolupa un treball d’estudi de les necessitats de les empreses, en
aquest cas a I'ambit de la integracié6 empresarial o de la interoperabilitat, a partir del qual es
realitza un diagnostic de possibles mancances i millores necessaries. Es desenvolupa una
proposta metodologica o tecnologica de la possible millora i es planifica com s’ha d’aplicar.
L'aplicacié (Prenent Accid) és el pas on es verifica la validesa de les propostes, es troben
possibles millores que es poden introduir, s’aprenen lligons sobre metodes correctes i aquells
que resulten poc adients. Mitjancant I'avaluacid, s'analitzen els resultats de I'aplicacié en
'empresa de la proposta, i després de l'avaluacié es refina el metode o proposta amb la

identificacié de nous aspectes que cal considerar.

Diagnostic

Identificacio o definicié

del problema
Aprenentatge Planificaci6 de
especific I'accio
Identificacié de nous Considerant cursos
aspectes alternatius d'accio

Avaluant Prenent Acci6

Estudi de <ET|  sereccionant
consequéncies Ieecgoya 5
de l'accio el curs de 'accid

Figura 1.2. Model detallat d’'Investigacié-accié.

1.4. Estructura de la tesi

En aquests primer capitol es presenta una descripcié de l'origen i motivacié de la tesi, els

objectius generals que s’aconsegueixen amb els resultats proposats, aixi com una introduccio al
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meétode de recerca seguit en les aportacions incloses, i finalment I'organitzacié del document

complet.

El segon capitol fa una revisio de tots aquells ambits de la investigacié que aporten o que han
donat lloc a propostes especifiques per a la millora de la interoperabilitat tenint en compte totes
les capes i dominis de I'empresa que s’han descrit. La revisio de la literatura es fa des d'un punt
de vista practic introduint els principals conceptes que tenen relacié amb els resultats inclosos
en la tesi. En aquest capitol s’inclou un mapa conceptual de la interoperabilitat empresarial a
mode d'esquema per mostrar els diferents conceptes, organitzacié i relacions que es

consideren en la interoperabilitat.

En el tercer capitol es presenta d’una banda, el fil conductor dels resultats, mitjancant I'evolucié
de la investigaci6 de l'autora, i per una altra, s’inclou un resum de cadascuna de les
publicacions corresponents a les propostes, i que estan organitzades tenint en compte els
conceptes que s’han proposat a I'estudi de I'estat de I'art. Es descriuen breument els principals
objectius i resultats de cada publicacio, incloent-ne les dades de publicacié de cada resultat i els
indexs d'impacte quan pertoca.

Al capitol 4 es descriuen les conclusions i els treballs futurs.

Finalment, les aportacions considerades s’inclouen a I'annex de manera completa, tal com van
ser publicades. Atesa la naturalesa del treball, alguns del temes tractats a I'estat de l'art es
repeteixen a les aportacions, ja que aquestes s’han deixat tal com eren quan es van publicar

per a una millor comprensio.
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interoperabilitat
empresarial

La investigacié en interoperabilitat sorgeix com a consequéencia de la necessitat de les
empreses de tenir fonaments teorics robustos que permeta establir col-laboracions beneficioses
i eficients. A l'igual que en altres arees de I'enginyeria, com per exemple la de la construccié o
la industrial, en I'enginyeria aplicada a les solucions empresarials també és necessari fer Us de

metodes, técniques i eines provinents d’estudis i investigacié en camps diversos.

Com a consequéncia I'estat de 'art en interoperabilitat empresarial s’ha d’estudiar a partir de
tots aquells dominis de la investigacio, els resultats del quals tenen aplicacié directa com a

suport de la interoperabilitat 0 han evolucionat per tal de proveir-ne solucions aplicables.

Els grups dinvestigacié que han desenvolupat la seua recerca en arees com la integracio
empresarial, els llenguatges de modelitzaci6 empresarial, els sistemes i bases de dades
distribuits, estandards per a donar suport a la connexié entre sistemes heterogenis o
metodologies que milloren la produccid de programari, per exemple, han considerat la
interoperabilitat com una aposta actual i de futur cap on enfocar la seua recerca i fer
evolucionar les seus propostes i resultats. Es per aixd que moltes de les propostes de la

investigacio en interoperabilitat s’han produit com a evolucié d’aquests treballs.

En particular, a 'ambit de la integracié empresarial, les arquitectures de referéncia en integracié
empresarial han servit de fonament per a definir marcs metodologics i arquitectures
d’interoperabilitat empresarial. Tenint en compte que un marc dinteroperabilitat aglutina

propostes i metodologies per a donar suport al desenvolupament de solucions en
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interoperabilitat (Vernadat, 2007), aquests marcs i arquitectures d’interoperabilitat fan Us i
proposen com a técniques i métodes de suport els resultats obtinguts en les diferents arees

considerades dintre de I'ambit de la investigacié en interoperabilitat.

Els objectius d’aquest capitol so6n introduir alguns dels conceptes fonamentals de diferents
camps de la investigacio, els resultats dels quals, han aportat principis basics, méetodes, eines
de suport i propostes de millora a la interoperabilitat empresarial. Per tal de definir aquests
ambits s’ha tingut en compte, en primer lloc, les arquitectures de referéncia en integracié
empresarial com a propulsores dels marcs i arquitectures en interoperabilitat empresarial
(Chen, 2008a) i els models de maduresa que es proposen com a components d’aquests marcs;
en segon lloc, els objectius marcats per les iniciatives a nivell internacional respecte a I's de la
modelitzacié empresarial (IDEAS 2002), (INTEROP, 2003) i I'enginyeria dirigida per models
(OMG, 2001); i en tercer lloc, aquells camps de la investigacié relacionats amb les capes de
'empresa en les quals s’ha d’assolir la interoperabilitat perqué aquesta siga completa (negoci,

processos, TIC i semantica). En conseqiiéncia, els camps que s'inclouen en aquest capitol sén:

1. Les arquitectures de referéncia en integracié6 empresarial, com a base teorica

precursora de les propostes de marcs, arquitectures i metodologies d’interoperabilitat.

2. La modelitzacié empresarial, com a suport a la interoperabilitat dels processos de

negoci i a tots els nivells i capes de I'empresa.

3. L’enginyeria dirigida per models MDE (Model Driven Engineering), €s un
paradigma dirigit per models que com a proposta més reconeguda inclou MDA (Model
Driven Architecture), arquitectura dirigida per models per a la generaci6 de
programari, i que ha donat els fonaments per a la proposta d’interoperabilitat dirigida

per models MDI (Model Driven Interoperability).

4. La gesti6 del coneixement empresarial com un dels aspectes claus per a la millora

de la interoperabilitat.

5. Les ontologies, com a suport a la capa semantica i a la comprensié completa dels

conceptes entre empreses que han d’interoperar.

6. Les tecnologies de la informacio i les comunicacions (TIC), que presten suport a
les col-laboracions entre sistemes informatitzats, i també, com a eines d’intercanvi entre

sistemes informatics que volen interoperar.
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7. Els models de capacitat i maduresa, com a eina per avaluar la capacitat i el nivell que

tenen les empreses d’interoperar i proposar-hi millores.

Per cadascun dels ambits estudiats, es fa una introduccié general dels resultats més rellevants,
es descriu com son aplicables a la millora i la implantacié de la interoperabilitat, i quins resultats
s’han produit especificament a 'ambit de la interoperabilitat quan és adient, tal com es mostra

de manera resumida en la taula 2.1.

Ambit d’Investigacié Aplicat en interoperabilitat
Arquitectures en integracié empresarial Marcs i arquitectures en interoperabilitat empresarial
Modelitzacié empresarial Llenguatges d'intercanvi i sincronitzacié de models
Arquitectura dirigida per models i MDA Interoperabilitat dirigida per models (MDI)
Gestié del coneixement Modelat del coneixement empresarial per a I'enfocament MDI
Ontologies Ontologies de suport a la interoperabilitat i la semantica
Tecnologies de la informacid i les Estandards i mecanismes d’intercanvi
comunicacions (TIC)
Models de maduresa Models de maduresa en interoperabilitat

Taula 2.1. Relacié d’ambits i resultats aplicats a la interoperabilitat.

2.1. Arquitectures de referéncia

Les arquitectures de referéncia es consideren una eina robusta que permet desenvolupar
sistemes i projectes empresarials amb el suport d’'una guia fonamentada en la investigacio i
laplicaci6 practica amb éxit. Durant els anys 80 diferents grups dinvestigacio i
desenvolupament internacionals han proposat diferents arquitectures que s’han analitzat i
revisat en diversos estudis (AMICE, 1991), (Bernus, 1996), (Williams, 1993), (Chalmeta, 2001).
Aquestes arquitectures inclouen metodologies per al desenvolupament de sistemes
empresarials complets, llenguatges de modelitzacié empresarial per a representar tots els
models necessaris per a I'analisi, disseny i implementacié de I'empresa seguint la metodologia,
eines de suport al desenvolupament dels models i models de referéncia que guien en I'aplicacié

de l'arquitectura.

En aquesta secci6, en primer lloc, es descriuen amb més detall algunes de les arquitectures en
integracid empresarial més acceptades i, en segon lloc, es fa una revisié de les iniciatives de

propostes a I'ambit de les arquitectures i marcs metodologics en interoperabilitat.
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2.1.1. Arquitectures de referéncia en integracié empresarial

Una arquitectura de referéncia en integracié6 empresarial és un marc que guia durant el

projecte de disseny i implementaci6 d'un sistema empresarial integrat mitjangant una

metodologia estructurada, la formalitzacié d’operacions i el suport d’eines adequades (Burkel,

1991).

A continuacié es descriuen breument algunes de les més conegudes i admeses a I'entorn de la

investigacié i I'empresa per la seua aplicabilitat i fonaments teorics:

CIMOSA (CIM Open System Architecture) arquitectura presentada en el programa
ESPRIT de la Uni6é Europea (nimero 688, 2422 y 5288), pel consorci AMICE (AMICE,
1991); proporciona unes guies, una arquitectura i un llenguatge de modelitzacio
empresarial d'alt nivell que cobreix els aspectes funcionals, organitzacionals,
d’informaci6 i de recursos de I'empresa. El treball de CIMOSA ha originat dos pre-
normes europees produides pel CEN TC 310/WG1: ENV 40003 (marc per la
modelitzacié empresarial) i ENV 14204 (constructors per a la modelitzacié empresarial)
(Berio, 1999).

PERA (Purdue University Reference Architecture) arquitectura desenvolupada per la
Purdue University (USA) és una metodologia detallada per a I'enginyeria empresarial de
plantes industrials. No proporciona constructors de la modelitzacié perd si models de

referéncia (Williams, 1993).

GRAI-GIM (GRAI Integrated Methodology) arquitectura derivada del treball dut a terme
per diferents projectes subvencionats pel programa ESPRIT com ara IMPACS (nUmero
2338) i pel GRAI/LAP de la Université de Bordeaux 1 (France) (Doumeingts, 1988), és
una metodologia per al disseny i analisi de sistemes integrats basada en el métode
GRAI (Doumeingts, 1992). Inclou méetodes de modelitzacié (GRAI, IDEFO, MERISE) i
esta enfocada als sistemes d’analisi de decisions de I'empresa.

GERAM (Generalized Enterprise Reference Arquitecture and Methodology) és una
generalitzaci6 de CIMOSA, GIM i PERA. La IFIP-IFAC Task Force on Architecture for
Enterprise Integration (IFIP-IFAC, 1999) va estudiar arquitectures empresarials de
caracter general proposades a I'ambit internacional, entre les quals es troben les

descrites en aquest apartat, amb I'objectiu d’homogeneitzar les propostes i arribar a
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una estandarditzacidé (Bernus, 1996, 1998). Encara que, malgrat els esforcos, no es va
aconseguir tenir una arquitectura de referéncia de consens, es va definir una
arquitectura de referéncia que aglutina els aspectes més positius de cadascuna de les
analitzades i es van definir els requisits que havia de complir una arquitectura per a ser
consirada com a tal. El resultat va ser GERAM, que proveeix guies metodologiques per
a I'enginyeria de 'empresa (de PERA i GIM), un cicle de vida del sistema (de PERA), i
constructors per a la modelitzacié empresarial (e.g. els de CIMOSA), com es mostra en
la figura 2.1. GERAM és part de la ISO IS 15704 (ISO TC184/SC5), que defineix els
requisits per a les metodologies i arquitectures de referéncia empresarial.

Encara que la major part de les arquitectures de referéncia estan orientades al concepte del
cicle de vida de I'empresa, les diferéncies més clares s6n que, per una banda, cobreixen parts
diferents d’aquest cicle de vida i, per una altra, els llenguatges de modelitzacié que hi proposen
(constructors i nomenclatura) son diferents. L'orientacio i la finalitat amb la qual s’han definit les
arquitectures fan que els models proposats tinguen enfocaments diferents, considerant quina és
la meta que els grups responsables de la seua definici6 han perseguit. A la Taula 2.2 es
presenta el resum sobre les arquitectures descrites en aquest seccié (Kosanke, 1996), tenint en
compte les diferents fases del cicle de vida, partint de la base de les fases definides en
GERAM.

GERAM PERA GRAI CIMOSA ARIS
Identificacié Identificaci6 de No definit No definit No definit
I'Entitat de Negoci
Empresarial (ENE)
Concepte Capa de concepte No definit No definit No definit
ENE
Requisits Capa de definicio Analisi a nivell de Definicio de Concepte d'operacio
ENE concepte Requisits
Disseny Capa Disseny orientat a Disseny Concepte de

d’especificacié i de
disseny detallat
ENE

I'usuari a nivell
d’estructura

d’especificacio

sistema informatic

Implementacio

Capa de
manifestacio

Descripci6 de la
implementacio

Operacio Capa d’'operacio Operacio

ENE
Canvi de Actualitzaci6 del Manteniment del
sistema model model

Taula 2.2. Arquitectures i cicle de vida.
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GERA
(Generalised Enterprise Reference
Arquitecture)
Identificacié de conceptes
d’integracié empresarial

EEM
(Enterprise Engineering
Methodology)
Descriu els processos de
I'enginyeria de I'empresa

EMLs
(Enterprise Modelling Languages)
Proveeix constructors per a
modelitzar els recursos humans,
processos i les tecnologies

Fa servir

PEMs
(Partial Enterprise Models)
Proveeix models de referencia
reusables i dissenys de models de
recursos humans, processos i TIC

Utilitza

GEMCs
(Generic Enterprise Modelling
Concepts)
Defineix el significat dels
constructors de la modelitzacio
empresarial

— |
Implementat en

v

EMOs
(Enterprise Modules )
Proveeixen moduls implemen-
tables de recursos humans,
processos operacionals j TIC

—

ETTs
(Enterprise Engineering
Tools)
Eines de suport a I'enginyeria
empresarial

Per a construir

EMs
(Enterprise Models)
Models i disseny de I'empresa
per a donar suport a I'analisi i
I'operacio

| Usats per implementar

\ 4

EOS
(Enterprise Operational System)

Sistemes de suport a I'operacid
d’una empresa en particular

Figura 2.1. Arquitectura GERAM 2.1 (Bernus,1996).

Un altre exemple, amb un enfocament un poc diferent, d’aquestes incitatives és el Marc de
Zachman (Zachman, 1987, 2003). John Zachman va establir a I'any 1987 el primer marc per
definir 'arquitectura d’un sistema d’informacid, el qual es va denominar inicialment Framework

for Information Systems Architecture, encara que actualment és conegut com ‘Zachman

Framework’. Aquest marc proveeix d’'una estructura logica per classificar les representacions

descriptives d'una empresa que sOn necessaries per a la gesti6 de I'empresa i el
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Es a dir,
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estructura diversos models

empresarials i conceptes d’acord amb el punt de vista de diferents agents involucrats en

I'enginyeria de I'empresa. Tal com es pot veure a la figura 2.3, per a cada fase (identificacid,

definicio, representacid, especificacid, configuracié i instanciacio), es plantegen les preguntes

gué, com, quan qui, on i per qué, per a identificar les representacions de qualsevol concepte en

'empresa.

Fase Dades Funci6 Xarxa Persones Temps Motivacié
Responable (Qué) (Com) (On) (Qui) (Quan) (Per que)
Objectius/ Llistat de Llistat de Llistat de Llistat Llistat Llistat
Abast coses processos llocs on d’estructur  d’esdeveni- d’'objectius
(Context) importants que opera a ments de de negoci

per a I'empresa organitza-  negoci i
Planificador  I'empresa executa cional cicles
Model Diagrama Model de Xarxa Organigra  Esquema Regles de
conceptual entitat processos logistica -ma, amb  temporalde  negoci
del negoci relacio de negoci (nodes i funcions, negocis
(incloent (diagrama connexions)  conjunt (planificacio
relacions, de flux de d’habilitats  temporal)
multiplicitati  dades fisic) , i temes
Propietari atributs) de
seguretat
Model del Models de Diagrama de  Arquitectura  Arquitectu  Digrama de Models de
sistema dades flux de del sistema ra dependén- funcions
(Logic) (normalitzat) dades distribuit d’interficie  cies, historia  assignades
essencial, sdusuari delavidade de negoci
arquitectura les entitats
Dissenyador del sistema
Model Arquitectura  Disseny del Arquitectura  Interficie Diagrama de Disseny de
tecnologic de dades diagrama del sistema d’'usuari, flux de les regles de
(Fisic) d’'estructura  (maquinari, disseny control negoci
del sistema.  tipus de de
Constructor Pseudocodi programari) seguretat
Representa-  Disseny de Disseny Arquitectura  Pantalles,  Definicions Especifica-
cions dades detallat de de la xarxa arquitectur  temporals ci6 de les
detallades desnormalit-  programes ade regles en la
zacio, seguretat logica dels
disseny de programes
'emmagat-
zematge
fisic.
Empresa/ Dades Programes Dispositius Persones Esdeveni- Regles
Sistema convertides executables de formades ments de reforcades
Funcionant comunicacio negoci
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Tenint en compte el seu caracter generalista i la seua simplicitat, aquest marc pot ser
considerar en qualsevol desenvolupament de projectes d’enginyeria en I'empresa i per tant els
sues principis fonamentals sén aplicables a projectes dimplantaci6 i millora de la

interoperabilitat.

2.1.2. Arquitectures i marcs d’interoperabilitat empresarial

Partint d’algunes de les arquitectures descrites com a base en el camp d'investigaciéo en
interoperabilitat, les propostes més recents i completes defineixen el que es denomina un marc
d’interoperabilitat, com s’ha mencionat abans, i alguns casos es parla d'arquitectura en

interoperabilitat empresarial.

En termes general I'objectiu d’'un marc és proporcionar un mecanisme organitzat en el qual
conceptes, problemes, i el coneixement en un ambit, en aquest cas en interoperabilitat

empresarial, pot ser presentat d’'una manera estructurada (Vernadat, 2007).

La preocupacié per l'establiment de principis de I'enginyeria empresarial a I'ambit de la
interoperabilitat amb I'objectiu d’aconseguir millors practiques i métodes fonamentats en la
investigacié, ha produit en les Ultimes decades nombroses iniciatives financades per
organismes dels sectors publics en general i algunes dels privats. Agquestes iniciatives han
permes dur a terme projectes amb durades de diversos anys i organitzar grups de treball, els
resultats dels quals inclouen, entre altres, metodologies, marcs, models de maduresa, millors

practiques i recomanacions sobre el desenvolupament i millora de la interoperabilitat.

En aquest seccid es presenten alguns dels projectes que, tenint en compte els seus resultats,
tenen més repercussidé a I'ambit de la interoperabilitat i en els temes objecte d’estudi d’aquesta
tesi. Per cadascuna de les propostes es presenta la definicié d’interoperabilitat que proposen i
quin és I'enfocament que adopten per tal de proveir de metodes i solucions a la realitzacié de

millores i projectes d’interoperabilitat.

2.1.2.1. Marc de referéncia del DoD de C4ISR

C4ISR AWG correspon a l'acronim de Command, Control, Communications, Computers and
Intelligence Surveillance and Reconaissance Arquitecture Working Group. L'any 1998 un

informe al Congrés dels Estats Untis, del secretari de Defensa, citava que les operacions
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conjuntes s’havien vist obstaculitzades per la falta d’habilitat de les forces armades per
‘compartir informacié critica en el temps i en les localitzacions demanades per un exercit
modern. Séries deficiencies en interoperabilitat s’havien perpetuat a tots els serveis, i s’havien

identificat en totes les operacions i exercicis conjunts recents (Kasunic, 2004).

El Departament de Defensa (DoD) dels Estats Untis, conscient de la necessitat de traure
beneficis de les tecnologies de la informacié, que evolucionen de manera rapida i canviant,
desenvolupa estratégies i fomenta la investigacié per tal de promoure la interoperabilitat i altres
aspectes que donen suport al funcionament de les operacions militars on intervenen diferents

forces, unitats i exércits i en les quals es col-labora amb altres paisos.

El DoD defineix interoperabilitat com I'habilitat dels sistemes, unitats o forces de proveir
serveis i acceptar serveis d'altres sistemes, unitats o forces i utilitzar els serveis intercanviats
per capacitar-los a operar junts de maner efectiva (C4ISR, 1997).

Dintre d’aquest marc es proposa una arquitectura de suport a la interoperabilitat denominada
Joint Triad Arquitecture com una conjuncié de tres arquitectures que es mostren en la figura
2.2.

1. JOA (Joint Operation Arquitecture) descriu els elements operacionals, les tasques

assignades i els fluxos d’informaci6 per donar suport a les accions militars.

2. JSA (Joint Systems Arquitecture) és una descripcid incloent-hi models de les

interconnexions dels sistemes que donen suport a les operacions.

3. JTA (Joint Technical Arquitecture) identifica els serveis dels sistemes, les interficies, els
estandards i les seues relacions. Proveeix el marc on les especificacions dels sistemes
poden ser dissenyades i guia la implementacié del sistema. El seu objectiu és
proporcionar un conjunt d’'estandards técnics correctes i muatuament consistents,

interficies d'aplicacions (APIs) i protocols, aixi com les regles per usar-los.

So6n nombrosos els treballs i publicacions de caracter cientific que es poden trobar publicats pel
DoD, perd com a resultats més rellevants s’ha de destacar el model de referéncia LISI que
inclou el model de maduresa en interoperabilitat LISI i que es descriu en detall a I'apartat
2.7.2.1.
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Processos i nivells dels requisits

Vista Operativa per a l'intercanvi d’'informacié Vista Técnica

Prescriu estandards i
convencions

Identifica necessitats

d’informacid i relacions

Tecnologia basica, suportabilitat,
noves capacitats

Vista del Sistema

Relaciona les capacitats i les

caracteristiques amb els
requisits operacionals

Figura 2.2. Vistes de I'Arquitectura del DoD (C4ISR,1997).

2.1.2.2. Marc d’interoperabilitat d’IDEAS

La interoperabilitat dels sistemes empresarials i del programari estan considerats temes
estratégics per la Comissié Europea. La quantitat de petites i mitjanes empreses (PIMES), en un
percentatge prou superior del que ocorre en Estats Units o Jap0, el nombre de llengues i
cultures diferents, i la necessitat d’unir esforgcos per ser competitius al mercat internacional, fan
gue el desenvolupament de la interoperabilitat siga un factor clau per a les empreses europees

a I'hora d'obtenir beneficis i avantatges en termes de compartiment de coneixement.

Als anys 2000, la Comissié Europea va crear un grup d’experts per identificar la problematica i
els enfocaments relacionats amb la interoperabilitat i per fer propostes per a promoure projectes
en aquest ambit (Chen, 2003). Es van identificar tres grans arees d’investigacié o dominis

adrecats a la interoperabilitat que s6n, tal com es mostra en la figura 2.3:

1. La modelitzacié empresarial (EM), que tracta de la representaci6 de les
col-laboracions per definir els requisits de la interoperabilitat i déna suport a la

implementacié de solucions.
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2. Les arquitectures i plataformes que proporcionen el suport tecnologic a la

implementacié de la interoperabilitat.

3. Les ontologies per identificar la interoperabilitat semantica entre empreses.

Arquitectures &
Plataformes

Interoperabilitat

Modelitzacié Ontologies
empresarial

Figura 2.3. Dominis de la interoperabilitat.

Els objectius d'IDEAS eren (IST, 2001):

e Elaborar un mapa estrategic al context de la interoperabilitat del programari i les
aplicacions per als seguents 10 anys (CORDIS, 2006). Aquest mapa inclou l'orientacié
dels projectes definits en el Sisé Programa Marc (FP6), dels quals el projecte integrat
ATHENA (ATHENA, 2007a) i la xarxa d’excel-léncia INTEROP (INTEROP, 2003) van

ser-ne dues de les principals iniciatives.

e Proposar a la Uni6 Europea una estructura i organitzacié per a donar suport a la

implementacié d’aquest mapa estrategic.

En la xarxa IDEAS la definicié d’interoperabilitat esta enfocada a I'habilitat de les aplicacions
de programari empresarial per interactuar les unes amb les altres. Es considera que s’ha assolit
la interoperabilitat entre empreses si té lloc a tres nivells: dades, aplicacions i processos de

negoci.

21



2. Estat de l'art en interoperabilitat empresarial

El principal resultat del projecte IDEAS mostra els mapes de les linies d’investigacié per als
seglients anys, desenvolupats a partir de les deficiencies identificades en el projecte per a
cadascuna de les arees analitzades (arquitectures i plataformes tecnologiques, modelitzacié

empresarial i ontologies) (IDEAS, 2006).

El marc d’'interoperabilitat que proposa IDEAS es basa en: el marc proposat per ECMA (Ecma,
2008) i NIST (Nist, 1994 ) conegut com ECMA/NIST Toaster Model (Boehm, 1996), les normes
ISO 19101 i ISO 19119 i atributs de qualitat definits en IDEAS. Aquest marc intenta reflectir el
fet que la interoperabilitat s’assoleix en multiples capes, per la qual cosa considera la capa de

negoci, la capa de coneixement i la capa dels sistemes TIC.

e Pel que fa a la capa de negoci, s'inclouen tots aquells aspectes relacionats amb
I'organitzacié i gestié de I'empresa. La interoperabilitat en aquesta capa es mostra com
la habilitat organitzacional i operacional d’'una empresa per a cooperar amb altres.

Aquesta capa inclou els model decisional, el model de negoci i els processos de negoci.

e Lacapadel coneixement, pel que fa a la interoperabilitat considera la compatibilitat de
les habilitats, capacitats, competéncies i coneixement entre empreses que hi
col-laboren. S'hi i inclou el coneixement relacionat amb aspectes interns i aspectes
externs com els proveidors i els clients, lleis, obligacions legals i relacions amb
institucions publiques. Inclou el model organitzacional i el model de competéncies i

habilitats, entre altres.

e Pel que fa a la interoperabilitat al nivell dels sistemes TIC es pot considerar com
I'habilitat dels sistemes de comunicacions i d’informacié d’una empresa de cooperar
amb altres d’organitzacions externes. Per tant té a veure amb I'is de les TIC per

sustentar la interaccié entre els recursos de les empreses.

En el marc d'IDEAS també es tracta aspectes de les ontologies com a suport a la
interoperabilitat, tenint en compte que s’ha de cobrir la capa de la semantica, que com s’ha vist
en el capitol 1 es representa transversal (figura 1.1). Atés que I'aproximacio a la interoperabilitat
requereix considerar la semantica en cadascuna de les altres capes, les ontologies son I'eina

gue s’ha d'utilitzar per a poder intercanviar conceptes de manera inequivoca.

Aquest marc, encara que molt tedric, ha assentat les bases fonamentals dels projectes que

s’han desenvolupat posteriorment, i quins sén els aspectes essencials a considerar a I'hora de
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definir métodes i marcs d'interoperabilitat a 'ambit europeu. Entre altres aportacions enumera
quines son les mancances identificades pels experts com a necessitats de millora en la
investigacid en interoperabilitat, i per tant defineix les linies cap on s’ha d’enfocar la investigacio

els seguents anys.

2.1.2.3. ATHENA Interoperability Framework

ATHENA (Advanced Technologies for Interoperability of Heterogeneous Enterprise Networks
and their Applications) (ATHENA, 2007a) és un Projecte Integrat financat per la Unién Europea
dintre de l'accidé IST del 6é Programa Marc (FP6) que proporciona un extens marc per a la
interoperabilitat. ATHENA es situa en el context en el qual les empreses es troben immerses en
un entorn globalitzat, la qual cosa demana d’una major flexibilitat i col-laboraci6 entre elles. Per
tant, la interoperabilitat de les aplicacions i sistemes empresarials es converteix en una

necessitat per a la millora de la productivitat i la competitivitat de les empreses.

El marc proposat per ATHENA (ATHENA, 2007b), (Berre, 2007) proporciona un conjunt de
solucions técniques que faciliten la interoperabilitat, incloent-hi prototipus, especificacions
tecniques, metodologies i millors practiques. En el projecte es pretén treballar de manera
conjunta amb la comunitat de fabricants de solucions informatiques i aixi aconseguir que els
resultats siguen transferits a la indUstria i es cree una nova cultura de negoci basada en la
interoperabilitat. El projecte esta organitzat en tres linies d’accid: la primera d’investigaci6 i
desenvolupament enfocats a la tecnologia; la segona de fabricants enfocats al negoci; la tercera

enfocada a I'organitzaci6 del propi projecte.

Pel que fa a la linia d'investigaci6, es centra a les arees de negoci, de coneixement i de
sistemes i tecnologies de la informacié (TIC). Coincidint amb les tres capes definides en

I'empresa per arribar a la interoperabilitat plena.

En aquest marc es defineix interoperabilitat com la capacitat d’'un sistema o producte per
treballar amb altres sistemes o0 productes sense un esfor¢ especial per part del client. A nivell
d’'aplicacions i programari empresarial es tradueix com la capacitat d’interactuar, almenys en

tres arees: dades, aplicacions i negoci empresarial.

Entre els resultats del projecte cal destacar la definicié del llenguatge d’intercanvi POP*,
mitjangant el qual és possible intercanviar models empresarials realitzats amb llenguatges de

modelitzaci6 diferents i que es descriu en més detall a I'apartat 2.2.2.1.
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Com una mesura per afavorir a llarg termini una creixent interoperabilitat entre les empreses, el
projecte ATHENA inclou entre altres objectius I'establiment de I'Enterprise Interoperability
Center (EIC) (EIC, 2008). L'EIC, que actualment ja esta en marxa, promou la interoperabilitat
deixant que els usuaris definisquen les seues necessitats i requisits en una cadena de valor
especifica. Els requisits s'utilitzen per identificar i fomentar I'aplicacié d’adequats estandards
industrials i per identificar deficiéncies en els estandards i especificacions actuals. L'EIC
fomenta els estandards i les especificacions existents quan és possible, i treballa amb les
comunitats i organitzacions promotores d'estandards per tal de tancar qualsevol deficiencia
identificada, tot amb l'objectiu de capacitar la completa interoperabilitat en escenaris de
cadenes de valor. Els principis d’aquest centre son obertura, transparéncia, credibilitat i

independéncia en forma d’'una associacié equitativa i oberta.

El marc d'interoperabilitat d’ATHENA inclou una arquitectura de referéncia en

interoperabilitat i una metodologia denominada ATHENA Interoperability Methodology (AIM).

L'arquitectura de referéncia d’ATHENA (ATHENA, 2007b) té com a objectiu identificar
artefactes de la investigacié i solucions a temes d’'interoperabilitat, que s’adrecen al problema
relacionant informacié rellevant des de diferents perspectives de I'empresa. Per arribar a la
solucié té en compte les tres arees d'investigacié identificades en els marcs europeus:
modelitzaci6 empresarial, arquitectures i plataformes, i ontologies. En la figura 2.4 es mostra
aquesta arquitectura que es centra als artefactes sol-licitats i als proveits de dues empreses que
col-laboren. La interoperabilitat por tenir lloc a diversos nivells: empresa/negoci, processos,

serveis i informacié/dades.

Per cadascun d’aquest nivells es prescriu un enfocament dirigit per models on els models
s'utilitzen per formalitzar i externalitzar els artefactes que han de ser compatibles, tal com es

descriu a continuacio:

e La modelitzaci6 empresarial col-laborativa es preocupa de lintercanvi i I'alineacié de
models de coneixement per a descriure els processos, I'organitzacio, els productes i els

sistemes en el context de la col-laboracio.

e La modelitzaci6é de processos inter-organitzacionals s’enfoca a la definicié de les vistes

dels processos que defineixen les iteracions entre dos o més entitats de negoci.

24



2. Estat de l'art en interoperabilitat empresarial

e L'execucio flexible dels serveis esta relacionada amb la identificacié, composicio i

execucio de diverses aplicacions.

e La informacié de la interoperabilitat esta relacionada amb el maneig, intercanvi i

processat de diferents documents, missatges i altres estructures d’'informacio.

Proveidor Sol-licitant
o Modelitzacié empresarial Empresa/
Empre;a/ = coI-Iaborati?/a (7] Ne Iooci
Negoci S o g
=4 |
= 9 q . Q-
Processos = Processos (_je ne_gom Inter E« Processos
= O organitzacional o
— 8 5 Qo |
— = O 5 —
Serveis S E Execucio flexible de 3 Serveis
S . O
| g serveis s ||
] © e [
Dades/ £ Informacio de la ® Dades/
Informacio - interoperabilitat Informacio

Figura 2.4. Arquitectura d'Interoperabilitat d’ATHENA (ATHENA, 2007b).

Per poder superar les barreres semantiques que es produeixen degudes a diferents
interpretacions de descripcions sintactiques, s’ha d’associar als models dissenyats en cadascun
dels nivells, significats precisos i processats per ordinador. S’ha d'assegurar que la semantica
pot ser intercanviada i que es basa en una comprensi6 comuna, per augmentar la
interoperabilitat. Aquest objectiu pot ser-hi assolit mitjangant I'is d’ontologies i formalismes per

a definir el significat dels models intercanviats.

La metodologia AIM (ATHENA, 2007b) defineix i organitza les fases del cicle de vida d’'un
projecte d’interoperabilitat i les disciplines a dur a terme. Per cada fase i disciplina la
metodologia recomana el conjunt d’activitats a realitzar. En aquesta metodologia s’enfoquen els
projectes d’interoperabilitat des de l'inici, quan es decideix avaluar la col-laboracié fins al
manteniment de la solucié. L’AIM es veu des d'una perspectiva global, visualitzant I'estructura
essencial de fases i disciplines tal com es pot observar a la figura 2.5. Les fases del cicle de
vida del projecte es mostren en les columnes. Les files de la figura assenyalen el conjunt de
principis que caracteritzen I'enfocament per a la definicid, creacid, operaci6 i finalitzacié d’'un

projecte d’'interoperabilitat.
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Fases
Definicié Analisi Negociaci6 Realitzaci6 Operaci6 = Finalitzacié
Disciplines
Modelitzacié del negoci col-laboratiu e
Analisi de maduresa d'interoperabilitat //\ O 2 |2 A | =2/
Analisi i requisits Y |
Solucié de mapejat i disseny /1
Implementaci6 Q Q —
Proves oy N o
Entrega i assessorament L f\_’—jl
Disciplines de suport
Gesti6 del Projecte I/V\I/\ LCOONN | £/ ﬂﬂ AR IA'A'AY
Def.#1 | |Anatisi#1| |Finalit.#1| | R& | R& || oper. #1 | | Nego. #1
#1 | #2
Iteracions

Figura 2.5. Metodologia proposada en ATHENA inspirada en UML (OMG, 2007b, 2007c).

En aquest context una disciplina d’interoperabilitat €s un grup d’activitats d’'un determinat camp
de la interoperabilitat que s’agrupen de manera logica. En cada disciplina la metodologia
recomana conjunts d’'activitats que han de ser desenvolupades en cadascuna de les diferents

fases del projecte.

ATHENA proporciona un marc de referéncia per a guiar quan s’'assumeix la realitzacié de
projectes d’interoperabilitat. Encara que les versions publicades sén més prompte teoriques, es
considera un bon punt de partida i es suggereixen recomanacions per fer d’aquest marc una
solucid practica i aplicable.

2.1.2.4. Marc d'INTEROP

INTEROP (Interoperability Research for Networked Enterprises Applications Software)
(INTEROP, 2003) és una xarxa d’excel-léencia finangada per la Unié Europea dintre de l'accio
IST del 66 Programa Marc (FP6) iniciat en 2003 i amb una durada de tres anys i mig. El seu

principal objectiu és crear les condicions per a una investigacié innovadora i competitiva a
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I'ambit de la interoperabilitat de les aplicacions i el programari empresarial. El projecte vol
facilitar una investigacié emergent en interoperabilitat mitjancant la fusié de les tres arees de
coneixement: la modelitzaci6 empresarial (EM), les arquitectures i plataformes (A&P) i les
ontologies (ONTO).

Els principals objectius i resultats obtinguts d’aquesta xarxa d’excel-léncia es poden resumir en:

e Crear un laboratori virtual tematic en el domini d’investigaci6 europeu sobre la
interoperabilitat de les aplicacions empresarials, enfocat tant a la investigacié com a la

inddstria.

e Crear les condicions de transferéncia de tecnologia competitiva proporcionant una
ascendent conceptualitzacié de la interoperabilitat guiada pel negoci, tenint com a
finalitat darrera l'estudi de la interoperabilitat en les tres arees de coneixement
mencionades. La principal meta d'INTEROP pel que fa a aquest objectiu és impactar en

el coneixement, I'educacio i la formacid.

¢ Integrar el coneixement, duent a terme un enfocament multidisciplinari per aconseguir la

interoperabilitat basada en el negoci.

Aguests tres objectius s’han materialitzat amb la fundacié de I'organitzacié internacional sense
anim lucratiu INTEROP-VLab (INTEROP, 2008), International Virtual Laboratory for Enterprise
Interoperability. La missié d’aquesta organitzacido és consolidar, desenvolupar i mantenir de
manera duradora la comunitat investigadora creada en INTEROP. Entre altres serveis
s'inclouen una plataforma d’aprenentatge virtual (I-V e-Learning Platform) i un repositori oficial
dels documents publics generats en diferents projectes europeus a I'ambit de la interoperabilitat
(IDEAS, ATHENA, INTEROP, Fusion, Genesis, etc.) i esta obert a incorporar documents publics
d’altres projectes que es puguen engegar.

En INTEROP es defineix la interoperabilitat com I'habilitat d’un sistema d’intercanviar informacio
i serveis, en un entorn heterogeni des del punt de vista organitzacional i tecnologic. A més es
remarca que la interoperabilitat ha de ser considerada un problema que no només tracta els
aspectes tecnologics, sind que ha de considerar també altres aspectes de I'empresa. Per tant,
desenvolupar interoperabilitat significa produir coneixement que permet superar les

incompatibilitats que poden existir entre dos sistemes heterogenis (Chen, 2002).
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El marc d'interoperabilitat que es proposa en INTEROP es mostra com un cub de tres

dimensions que representen:

1. Les barreres que identifiquen els obstacles que inhibeixen la interoperabilitat, que s6n

conceptuals, organitzacionals i tecnologiques.

2. Els concernents, aspectes de la interoperabilitat que han de donar-se a diversos

nivells de 'empresa, que sén: negoci, processos, serveis i dades.

3. Els enfocaments que representen les diferents maneres mitjangant les quals es pot

eliminar les barreres, que son: federat, unificat i integrat.

En la figura 2.6. es mostren les dues primeres dimensions. Com es veu en la interseccié de
cada aspecte que concerneix a la interoperabilitat i cadascuna de les barreres es defineixen
aquells temes que tenen a veure amb les solucions a aplicar. La intersecci6 de cada
enfocament amb cada concernent i cada barrera, donaria lloc a definir les solucions i

coneixement que es poden aplicar.

Per tal de definir solucions als problemes d’interoperabilitat en INTEROP es van definir diferents
enfocaments i arees a partir de les quals plantejar les solucions en interoperabilitat. Organitzats
segons els dominis proposats en IDEAS (EM, A&P i Ontologies), a continuacié es resumeixen

quins son els resultats més rellevants pel que fa a propostes metodologiques:

e Us del metallenguatge d’intercanvi UEML?, el qual es va enriquir amb nous requisits i

detalls durant el treball de la xarxa.
e Definicié de métodes i patrons de suport a la sincronitzacié de models empresarials.
e Ontologies com a suport a la capa semantica.

e Arquitectures i plataformes tecnologiques de suport a la implementacié de la

interoperabilitat.

e Definici6 d’'una metodologia MDI" per a I'establiment de la interoprabilitat dirigida per
models.

' UEML (Unified Enterprise Modelling Language) resultat de la xarxa del mateix nom (UEML, 2007), es

detalla en I'apartat 2.2.2.1.
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Barreres
Conceptual Organitzacional Tecnologica
Aspectes
Negoci Visié, estratégia, Métodes de treball, Infraestructures
cultures, comprensié | lleis, estructures tecnologiques
organitzatives
Processos | Sintaxi i semantica Procediments treball, | Procés per fer
dels processos modes d'operacio, funcionar el
processos organitzacio| sistema
Serveis Semantica per a Responsabilitat, Arquitectura,
anomenar i descriure | autoritat per gestionar | interficies
els serveis els serveis
Dades Representacié de Responsabilitat, Formats
dades i semantica, autoritat per afegir, d’intercanvi de
regles de restriccio eliminar, modificar dades

Figura 2.6. Aspectes i barreres del marc d'INTEROP (Chen, 2002).

2.1.2.5. Propostes metodologiques d’interoperabilitat de 'OMG

OMG (Object Management Group) (OMG, 2007a) és un consorci de venedors d’'aplicacions de
programari, desenvolupadors i usuaris finals constituit al 1989. Considerant I'ambit de la
interoperabilitat, una de les principals aportacions d'aquest grup és I'Object Management
Architecture utilitzada com un model de referéncia per a desenvolupar aplicacions orientades a

objectes (OMG, 2009a). Aquest model, també conegut com CORBA, inclou quatre components:
¢ Object Request Broker: que permet les aplicacions comunicar-se.

e Serveis d'objectes (Object Services): que suporten el cicle de vida de gesti6 dels

objectes.

e Utilitats comunes (Common Facilities): que soén les funcions genériques com la

impressid, el correu electronic, etc.

e Interficies del domini (Domain Interfaces) proporciona les funcionalitats per als

interessos dels usuaris finals.

' MDI (Model Driven Interoperability) es descriu a I'apartat 2.3.2.

29



2. Estat de l'art en interoperabilitat empresarial

Aquesta arquitectura esta enfocada exclusivament a glestions relatives als sistemes orientats a
objectes distribuits. Actualment s’ha integrat amb la denominada MDA (Model Driven

Arquitecture) que es tracta en detall a I'apartat 2.3.1.

Les iniciatives que promulga 'OMG sén considerades estandards de facto i la seua orientacio a

objectes proveeix un enfocament que facilita la interoperabilitat entre els sistemes.

De manera explicita, a I'ambit de la interoperabilitat hi ha grups de treball que estan incloent
entre els seus objectius propostes conduents a generar models i arquitectures, sobretot dintre
del marc de MDA. Pel que fa la interoperabilitat entre els diferents estandards existents hi ha
publicat el ‘Compromis d’Interoperabilitat’ (Interoperability Pledge) que es cita a continuacio
(OMG, 2009b):

Grups d'estandards d'arreu del mén ens hem unit amb linterés de promoure la

interoperabilitat entre els estandards. Hem acordat les seglient accions:

1. Respectarem i farem Us efectiu de les inversions dels nostres membres tractant
de trobar maneres d’evitar la duplicitat d'esforcos i desenvolupaments

superposats, notificant-nos els uns als altres quan qualsevol nou treball s’inicie.

2. Encoratjarem els nostres grups de treballs técnics per a interactuar amb altres

consorcis en esforcos relacionats.

3. Comunicarem en un forum obert amb condicions regulades, conferéncies

programades per revisar superposicions potencials.
4. Participarem en reunions regulars presencials en la Cimera d’Interoperabilitat.

Aquest compromis reflecteix la preocupacié d’establir unes normes que asseguren per una
banda, la interoperabilitat dels sistemes i dels productes que es desenvolupen per oferir
productes adients sense duplicar resultats des de diferents organitzacions i, per una altra, la
necessitat de usar de manera eficient els recursos i definir una ética o codi deontoldgic dintre de

I'ambit d’aquestes organitzacions.

2.1.2.6. Australian Government Interoperability Framework

El marc d'interoperabilitat del Govern australia esta adrecat a les dimensions de la informacio,
dels processos de negoci i de les tecnologies en la interoperabilitat. Estableix els principis,

estandards i metodologies que donen suport al lliurament de serveis d’interoperabilitat (Agiif,
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2006) i esta adrecat a donar suport a agéncies governamentals que han de col-laborar per

donar serveis als ciutadans.

En aquest marc es defineix la interoperabilitat com I'habilitat de treballar conjuntament per
donar serveis de manera eficient, uniforme i sense lligam entre mdltiples organitzacions i
sistemes de tecnologies de la informacié. A més a més, s'identifica com un objectiu clau

promoure la interoperabilitat entre agencies per arribar a la col-laboracié plena governamental.

Es considera que per a ser interoperables les agencies s’han d’involucrar de manera activa en
el procés d’assegurar que els seus sistemes i activitats de planificacié de negocis es gestionen
per maximitzar les oportunitats d’intercanvi i reutilitzaci6 amb i per altres. Per assolir aquest

objectiu les agéncies han de tractar de resoldre diversos aspectes que inclouen, entre altres:
e Acords legals i comercials.
e Requisits de politica i negocis.
e Alineaci6 de processos.
e Seguretat.
e Missatgeria.
e Gesti6 de canals.

Aquests temes s’agrupen en tres capes principals que sén: negoci, informacio i tecnologia. La
capa de negoci inclou el concernent a aspectes legals, comercials de negocis | politics. La capa
d’Informacié considera la informacio i els processos que transmeten el significat dels negocis.
La cap tecnologica considera els estandards tecnologics com ara els protocols de missatgeria,
estandards de seguretat, XML (‘Extensibe Markup Language’), llibreries i serveis sintactics, i
llenguatges de descripcié de processos. En particular cadascuna d'aquestes capes esta
suportada per les iniciatives especifiques i totes elles a la seua vegada pel National
Collaboration Framework que proveu d’una composicié de documents reutilitzables i eines amb
'objectiu de proporcionar serveis col-laboratius de qualitat i generar acords entre els

departaments del govern australia i les agencies.
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2.2. Modelitzacié empresarial

Un model és una representacié simplificada d’una realitat molt més complexa, és a dir, una
abstraccié, d’'una part del mén real expressada en un determinat formalisme (Jacobson, 2000).
El formalisme utilitzat, denominat llenguatge de modelitzacié, ha de proporcionar un conjunt
de constructors o elements amb una sintaxi i semantica definides (que representa cada
constructor i com s’anomenen), i un conjunt de regles que s’han de tenir en compte per tal de
desenvolupar els models. Els models creats amb aquests llenguatges son habitualment grafics,
encara que s’acompanyen de descripcions textuals que els complementen i aporten detalls.

Quan la realitat representada pel model és una empresa 0 una organitzacié o una entitat de

negoci o sistemes empresarials, es diu que es tracta d’'un model empresarial.

La modelitzaci6 empresarial és el procés de realitzar models empresarials, seguint unes
activitats definides i des de diferents punts de vista de I'empresa, (funcional, organitzativa,
tecnologica, de processos de decisid, economics, etc.), tenint en compte I'objectiu que es
persegueix amb el model. Vernadat (1996) defineix la modelitzacié empresarial com I'art
d’externalitzar el coneixement empresarial que afegeix valor a I'empresa o0 necessita ser

compartit.

Tenint en compte aquesta definicié es dedueix que la modelitzacié6 empresarial és una eina de
suport a I'establiment i millora de la interoperabilitat, perqué permet comprendre i descriure a
'empresa en totes les seues dimensions per a poder analitzar, comparar i avaluar les
col-laboracions amb altres empreses i les possibilitats de nous negocis. La interoperabilitat
suportada pels models empresarials té a veure amb la interoperacié a nivell dels processos de
negoci i amb la necessitat d’'intercanviar els models. El problema es troba, per una part, amb la
gran diversitat de llenguatges de modelitzaci6 i per una altra, a les caracteristiques propies del
desenvolupament de models. La modelitzacié és un procés creatiu on els resultats poden variar
atenent a factors humans, perqué els dissenyadors s6n persones que poden tenir diferents

cultures, formacid, experiéncia i punts de vista.
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2.2.1. Llenguatges de modelitzacié empresarial

Actualment existeixen gran quantitat de llenguatges de modelitzacié empresarial descrits en
diferents treballs on es fa una revisié de l'estat de l'art en aquest camp (ATHENA, 2007a),
(UEML, 2007), en llenguatges per la modelitzacié6 de processos de negoci (Aguilar, 2004); i
també eines informatiques que permeten desenvolupar els models amb un suport informatitzat.
En a taula 2.4 es mostra a mode de sumari alguns dels llenguatges de modelitzacié empresarial
(EML) més reconeguts, alguna de les eines desenvolupades que els suporten i el proposit al

qual s’adrecen.

En les Ultimes decades, motivat per la manca d’homogeneitat pel que fa a I'ls d'aquests
llenguatges, s’han desenvolupat projectes i propostes a I'ambit de la investigacié per crear
llenguatges que faciliten I'intercanvi entre models desenvolupats amb diferents llenguatges de
modelitzacié /o eines de suport al seu disseny. Sén aquests llenguatges els que s’han de
considerar a I'hora de proposar solucions per als problemes d'interoperabilitat, perqué
permetran transformar models desenvolupats en un llenguatge de modelitzacié, al seu

corresponent en un altre llenguatge.

EML Eina Propdsit  Organitzacio
GRAI (LAP/GRAI, 2007). GraiTools Decisional LAP/GRAI www.graisoft.com
IDEF (IDEF, 2007) IDEF Tools Processos KBS www.idefine.com
Integrated Definition Methodology Sistemes
IEM (IEM, 2003) MO’GO Processos IPK www.ipk.fhg.de
Integrated Enterprise Modelling
BPM (BPMI, 2010) Metis Processos Computa AS Www.computas.com
UML (OMG, 2007b, 2007c) IBM Rational Sistemes OMG WWW.0mg.org
Unified Modelling Language Magic Draw

Taula 2.4. Exemples de llenguatges de modelitzacié, eines de suport i proposit.

2.2.2. Modelitzacié empresarial en interoperabilitat

La modelitzacié empresarial en interoperabilitat déna suport a I'externalitzacié del coneixement
de les vistes representades. Quan dues empreses han d’interoperar els models de cadascuna
d’elles ha de ser entés pels interlocutors de l'altra empresa. Aixi, intercanviar parts dels models
o fer correspondre els models d’'una empresa amb els de l'altra és un aspecte important per
col-laborar de manera eficient. Quan aquests models s’han desenvolupat amb llenguatges de

modelitzacié diferents, i/o diferents eines de suport aquest intercanvi resulta un problema a
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resoldre per al qual s’han desenvolupat diferents plantejaments des del punt de vista de la

investigacio.

A continuacié es descriuen alguns dels aspectes desenvolupats pel que fa a la recerca
orientada a I'is de models empresarials i l'intercanvi de models com a suport de la

interoperabilitat.

2.2.2.1. Llenguatges d’intercanvi de models

Els llenguatges d’intercanvi de models sén habitualment metallenguatges o simplement
metamodels definits per a poder transformar models empresarials desenvolupats en un
llenguatge de modelat en models de la mateixa realitat representats en un altre llenguatge, o bé

per a poder establir paral-lelismes entre models expressats en llenguatges diferents.

Per assolir aquest objectiu, els llenguatges d’intercanvi defineixen correspondéncies entre els
constructors de diferents llenguatges, mitjancant un metamodel on es representen les relacions
entre els diferents constructors dels llenguatges de modelitzacié considerats. Una de les
principals deficiéncies que es troben per poder donar suport a I'intercanvi de models és la falta
d’eines de modelitzacié per a aquests llenguatges d'intercanvi (Ducqg, 2003). Aquest és un
aspecte que preocupa molt a les empreses desenvolupadores d’eines de suport als llenguatges
de modelitzacid i en el qual se esta treballant per poder oferir als usuaris una utilitat aplicable.

A continuacié s’anomenen i descriuen alguns dels que es consideren més acceptats a I'ambit

de la investigacio en interoperabilitat empresarial:

e BPML (Business Process Modelling Language). BPML (BPMI, 2007) és un
metallenguatge per a la modelitzaci6 de processos de negoci, com XML és un
metallenguatge per a la modelitzacié de les dades del negoci. BPML proporciona un
model d’execucié abstracte per als processos de negoci transaccionals col-laboratius

basat en el concepte d’una maquina d’estats fintis transaccionals.

e POP*. Agquest metallenguatge va ser desenvolupat en el marc del projecte ATHENA
(Grangel, 2005). El seu nom es correspon amb les dimensions de I'empresa tingudes
en compte en el context de la modelitzacié empresarial: procés, organitzacio, producte i
altres (representat per *) com ara la decisional o dinfraestructures. S’organitza en

paquets, cadascun dels quals es correspon amb una de les dimensions. Per a cada
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dimensi6 es dissenya un metamodel amb els constructors necessaris. Com a millora
respecte a la resta de metallenguatges d’intercanvi, aquest inclou el suport per a la

modelitzacio de productes.

e UEML (Unified Enterprise Modelling Language) (UEML, 2007). El principal objectiu
d’'UEML és proporcionar a la indastria un llenguatge de modelitzaci6 empresarial
unificat i extensible. Com a resultat UEML podia servir com un llenguatge estandard
comu, per intercanviar models generats amb distints llenguatges i amb diferents eines
de modelitzacié empresarial. El resultat final es mostra en un metamodel descrit amb un
diagrama de classes d'UML!, on es defineixen la sintaxi abstracta, i les
correspondéncies semantiques cap a, i des de, tres llenguatges de modelitzacio: IEM,
GRAI i EEML?.

2.2.2.2. Sincronitzacié de models

L'ds de llenguatges d'intercanvi soluciona el problema de la correspondéncia entre les
representacions dels objectes dels models, perd existeixen aspectes conceptuals, d'idioma,
culturals o de negoci, respecte al desenvolupament dels models, que no estan completament

solucionats simplement traslladant els models d’'un llenguatge a una altre.

Per exemple, el mateix procés modelitzat utilitzant el mateix llenguatge amb els mateixos
objectius i punts de vista, pot ser diferent si ha estat dissenyat per persones distintes. La ra és
I'existéncia de diferents estructures organitzacionals i culturals i, pel fet que, desenvolupar un
model esta influenciat, pels factor humans del desenvolupador, com ara el propi idioma, els

coneixements especifics i les habilitats personals.

Com a complement a I'is de llenguatges d‘intercanvi entre models apareix el concepte de
sincronitzaci6 de models. La sincronitzaci6 de models empresarial va més enlla de la
transformacié d’un model desenvolupat en un llenguatge al mateix model en un altre llenguatge.
Inclou l'estudi d’aspectes relacionats amb les correspondéncies entre conceptes utilitzats,
manteniment de models per a aconseguir una adaptacié flexible a possibles canvis, aspectes

culturals i socials, aixi com seguretat en la manipulacié dels models com es mostra en la figura

! UML Unified Modeling Language (OMG, 2007Bb, 2007c).

2
Inclosos en la taula 2.4.
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2.7. Com a suport a aquest problema es considera I''s de les ontologies per arribar a la
comprensio inequivoca dels conceptes utilitzats, eines de gestié de canvis per a mantenir la

consisténcia entre diferents versions, i propostes de guies per al disseny i I'avaluacié dels

models.
Models empresarials amb Models empresarials Models empresarials
diferents llenguatges de transformats per interoperables
modelitzacio llenguatges d’intercanvi

i
Transformacio Sincronitzacié
amb llenguatge b de models

d’intercanvi empresarials

(2]

Consisteéncia, manteniment, seguretat,
gesti6 d’aspectes decisionalsi socials,
gesti6 del coneixement,
ontologies i semantica

Figura 2.7. La sincronitzacié de models per aconseguir la interoperabilitat.

2.3. Enginyeria dirigida per models (MDE)

Els enfocaments de I'Enginyeria Dirigida per Models (MDE) (Model Driven Engineering), i el
Desenvolupament Dirigit per Models, (MDD) (Model Driven Development) sén paradigmes que
han sorgit en els ultims anys al context de I'Enginyeria del Programari. Aquestes iniciatives
intenten millorar el procés de desenvolupament de programari amb I'enfocament de tenir els
models com a objectes primordials i aplicar transformacions entre models per arribar al codi.
Aguest nou enfocament té importants conseqiiéncies en la manera de construir i mantenir

sistemes informatics i per tant en la interoperabilitat d’aquests (Elveseeter, 2005), (Berre, 2004).
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2.3.1. Arquitectura dirigida per models (MDA)

L’Arquitectura Dirigida per Models (MDA) (Model Driven Arquitecture) és una proposta de
I'Object Management Group (OMG) (OMG, 2005), i es pot considerar un dels exemples
d'aquests enfocaments més conegut i acceptat a I'enginyeria del programari. La iniciativa
promou I'is de models com a mitja per al disseny i implementacié de sistemes. Les activitats
més importants sén la modelitzacié i les transformacions. Uns dels principals objectius recollits
en la guia MDA versi6é 1.0.1 proposat per 'OMG (OMG, 2001), és aconseguir la separaci6
entre el coneixement del domini i el coneixement tecnolodgic, és a dir, la logica de les aplicacions
0 negoci i la plataforma tecnologica, de manera que els sistemes informatics puguen suportar

els rapids avancos tecnoldgics que es produeixen.

Per a aconseguir aquest objectiu MDA es basa en tres tipus de models: Computational
Independent Model (CIM), Platform Independent Model (PIM) i Platform Specific Model (PSM).

e El model CIM mostra la vista del sistema independent de la computacio, és a dir,
representa el domini i els requisits del sistema des d’'un punt de vista organitzacional,
de negoci o funcional. Aquest model no canvia, siga quina siga la tecnologia que

s'utilitzara a la implementacié posterior del sistema.

¢ El model PIM modela la funcionalitat del sistema, es centra als aspectes a informatitzar
perod sense introduir caracteristiques particulars de les tecnologies que es van a utilitzar.

Es centra a la informacid i en la visi6 computacional del sistema.

e El model PSM, representa la implementacié del sistema tenint en compte la plataforma
tecnologica i les seues caracteristiques particulars. S’obté mitjancant transformaci6 del
model PIM.

La proposta contempla la possibilitat de transformar els models de nivells més alts a nivell més
baixos mitjancant eines automatiques fins a la generacié de codi. Aixi, un model independent de
la plataforma (PIM) podria transformar-se en diversos models PSM, tenint en compte diferents
plataformes d'implementacié. El que aporta aquest enfocament és que s’aconsegueix una major

reusabilitat, portabilitat i interoperabilitat dels components de programari del sistema.

L’avantatge principal d'aquesta proposta és que el mateix model del comportament de
I'organitzaci6 i de requisits del sistema empresarial (CIM) serveix per a diferents tecnologies i

per tant, no és necessari fer canvis si no es produeixen a un nivell més alt nous requisits.
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En la practica existeixen diferents resultats pel que fa a les transformacions automatiques dels
models PIM (models que inclouen detalls de la implementacié informatica encara que no
especifiques de la plataforma), als models PSM, és a dir, a la implementacié (Pastor, 2001).
S’han desenvolupat eines de generacié de programari que es comercialitzen i son utilitzades
per les empreses desenvolupadores de serveis informatics amb prou d’éxit. Perd quan es tracta

de la transformacié dels models CIM als PIM, es troben només resultats i propostes parcials.

Partint dels principis basics de I'enfocament MDA proposat per 'OMG, hi apareix I'enfocament

de la Interoperabilitat Dirigida per Models (MDI) (Model Driven Interoperability).

2.3.2. Interoperabilitat dirigida per models (MDI)

La Interoperabilitat Dirigida per Models (MDI) (INTEROP, 2008), (Grangel, 2007a, 2008) es
basa essencialment en I'Arquitectura Dirigida per Models descrita en l'apartat 2.3.1. MDA
permet, entre altres objectius, separar I'especificacid funcional d'un sistema dels detalls
d'implementacié que estan completament condicionats per la plataforma especifica. Aplicar
aquests principis a la implementacié de la interoperabilitat entre les empreses permet que el
problema a resoldre ja no siga a nivell de codi. Es a dir, ja no es planteja la interoperabilitat
entre les plataformes i el programari directament, si no des d'un punt de vista conceptual, a
nivells d'abstracci6 més alts, (i per tant, més estables) i arribar al nivell del programari

mitjangant transformacions.

Per tant, aquest enfocament es centra a establir la interoperabilitat a partir dels models
independents de la plataforma de cadascuna de les empreses que desitgen interoperar, és a dir
al nivell AN-CIM (Alt-nivell CIM) com es mostra en la figura 2.8. Per a anar creant a cada nivell
models d’interoperabilitat s’utilitzen les ontologies i les anotacions semantiques com a suport
per a proveir de major comprensié i coneixement als models utilitzats i dur a terme les

transformacions.

Les especificacions 0 models a cada nivell es poden connectar amb els models del mateix
nivell, mitjancant els models d’interoperabilitat. Es crea una estructura de models entrellagats a
partir dels quals es desenvolupen transformacions seguint un enfocament dirigit per models per
a resoldre la interoperabilitat a tots els nivells, i finalment a nivell de codi manera automatic. Les

transformacions es realitzen dels nivells més independents de la plataforma, cap al nivell
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inferior o de codi, tant en els models de cadascuna de les empreses com en els models que
suporten la interoperabilitat, tal com es mostra en la figura 2.8, on APE correspon a l'acronim

d’Aplicacio de Programari de 'Empresa.

Empresa A Empresa B
CIM APEL ey Model(Al-CIM) | IS APE 2
Alt-nivell /:L d’interoperabilitat
Vi AN

/ \
/ \ transformacio

CIM ;
. . Model (Baix-CIM)
Baix-nivell <> d’interoperabilitat <> / APE 2
yA \ L AN
/ \ / \
/ $Iransformacick $ / $ transformacd
PIM APE 1 e>|  Model(PIM)  fely APE 2

d’interoperabilitat

$transformacié ¢ transformacio $ transformacio

Model (PSM)
d’interoperabilitat

$ transformacio $ transformacio $ transformacio

Codi
d’interoperabilitat

PSM APE1 € €> APE 2

Codi APE 1 <> €> APE 2

Figura 2.8. Transformacions de MDI (Bourey, 2007).

2.4. Gestio del coneixement

No hi ha una definicié universalment acceptada de qué és el coneixement. Alguns autors el
defineixen com la informacié que els individus posseeixen en les seues ments (Dretske, 1981).

La definicid es justifica perqué les dades (matéria primera formada per nombres i a partir dels
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fets) existeixen en l'organitzacié. Després de processar aquests dades es converteixen en

informacio, i una vegada aquesta hi esta activa en un individu, se’n converteix en coneixement.

2.4.1. Gestio del coneixement i sistemes empresarials

Pel que fa als sistemes d'informacié empresarials la definici6 de coneixement va unida
habitualment als conceptes de dada i informaci6. Les dades s6n la materia primera que es
genera a partir de les activitats diaries de I'empresa; les dades es converteixen en informacié
guan es processen per ser utilitzes per algl (Pressman, 2005), i tenen per tant un valor afegit, i
la informacié es converteix en coneixement quan s’hi afegeix nocions, abstraccié i una millor

comprensio. Formalment la distincié seria (Splieger, 2003).
e Dada: simbol inscrit mitjan¢ant mitjans humans o instruments.

e Informaci6é: és una opinié d'un individu o grup que, donades unes dades, resol
preguntes, descobreix diferéncies o permet noves accions. La informacié per tant
existeix per a qui la posseeix.

e Coneixement: és la capacitat per I'accié efectiva en un domini d’accions humanes.

Per tant, es pot dir que el coneixement és la consciéncia que permet l'individuo tenir I'habilitat o
la capacitat requerida per una situacié en particular per (1) tractar de resoldre questions
complexes de manera eficient i creativa, (2) traure profit de les oportunitats prenent les
decisions més apropiades.

2.4.2. Gestio del coneixement com a suport a la interoperabilitat

Gestionar el coneixement significa gestionar els processos de creacid, desenvolupament,
distribucio i utilitzacié del coneixement per millorar els resultats d’organitzacio i incrementar la
capacitat competitiva de les organitzacions (Alonso, 2004), (Chalmeta, 2008). Per tant, la gesti6
del coneixement és un aspecte clau com a suport de la interoperabilitat empresarial.

Una de les maneres més innovadores de millorar la competitivitat i la productivitat de les
organitzacions és la implementacié de la gestié del coneixement, entesa com la capacitat de
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crear, recopilar, organitzar, accedir i usar el coneixement. Aquesta necessitat sorgeix per

diversos motius, que entre altres son:

e Les decisions i accions de les companyies requereixen una gran quantitat d’informacio i
de coneixement perqué les empreses han d’operar en entorns cada dia més globals i

complexos.

e Les tecnologies de les comunicacions i de la informacié obrin un gran nombre de
possibilitats per millorar la gesti6 del coneixement tant internament com entre

empreses.

Un factor clau per assolir una correcta gestio del coneixement en les empreses és desenvolupar
i implementar un Sistema de Gestié del Coneixement (SGC), és a dir, un sistema de
tecnologies de la informacié que done suport a la gestio del coneixement i permet crear,
codificar, emmagatzemar i distribuir informacié en l'organitzaci6 de manera automatitzada
(Grangel, 2007b, 2007c).

Tenir una manera d'accedir i gestionar el coneixement que és necessari compartir entre les
empreses, pot marcar al diferencia de I'éxit complet o la ineficiéncia a I'hora d’establir
col-laboracions i per tant és un aspecte critic en els projectes d'establiment i millora de la
interoperabilitat. La gestié del coneixement aplicada a la interoperabilitat t¢ a veure amb la
compatibilitat de les habilitats i les competéncies en temes de coneixement entre empreses que

col-laboren.

2.5. Ontologies

La paraula ontologia prové del grec ‘ontos’ (ser) i ‘logos’ (paraula), i es refereix en filosofia a
I'estudi de I'ésser com a tal (Sowa, 2007). Una ontologia en un domini explica els tipus de coses
d'aquest domini, i per tant és una part important del coneixement en aquest domini.
Informalment, una ontologia en un domini especific mostra la seua terminologia (vocabulari) i
tots els conceptes essencials del domini, la seua classificacid, taxonomia, relacions (incloent-hi

jerarquies i restriccions) i axiomes del domini.

En intelligéncia artificial i en el context d'enginyeria informatica una ontologia és una

especificacié d’'una conceptualitzacio. Es a dir, una abstraccio o vista simplificada del mon i una
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representacié formal que pot ser informatitzada (Gruber, 1993a). Perd, a més a més, el
coneixement del domini que representa I'ontologia ha de ser consensuat, és a dir, que no siga
subjectiu a un individu o grup siné compartit i acceptat per una comunitat. Per tant, una
ontologia defineix les paraules i els conceptes comuns utilitzats per a descriure i representar
una area de coneixement. Una ontologia inclou les seglients classes de conceptes: classes en
el domini d’intereés (coses generals), instancies (coses particulars), les relacions entre aquestes
coses, les propietats d’aquestes coses (i els valors d’aguestes propietats), les funcions i

processos relacionats amb aquestes coses, aixi com possibles restriccions i regles.

Generalment, les ontologies es representen en llenguatges d'abstraccié de nivell baix de
modelitzacié de dades; en la practica, els llenguatges de representacio d’ontologies mostren un
poder d’expressio proper a les logiques de primer ordre (Gruber, 1993b).

La capacitat d'abstracci6 i I'acceptacié consensuada del coneixement inclos en una ontologia
s6n dos dels aspectes que permeten donar suport a la interoperabilitat.

2.5.1. Ontologies empresarials

Les ontologies tenen un paper fonamental com a suport en les recerques en els web i en el
comer¢ electronic i, com a facilitador de la gesti6 del coneixement en la interoperabilitat
empresarials. Les ontologies es poden usar com vocabularis centralitzats que s’integren en
catalegs, bases de dades, publicacions web, aplicacions de gestié del coneixement, proveint

especificacions concretes de noms i significat dels termes.

En la figura 2.9. es presenta el que es denomina ‘Ontology Spectrum’ (Obrst, 2003),
(Mcguinness, 2003) que mostra els formalismes existents per a I'especificacio del coneixement
d’acord amb la seua expressivitat semantica. Més a I'esquerra estan els formalismes que son
més febles semanticament, mentre que més a la dreta estan les ontologies més formals. Un
lexico és una recopilacid de termes del domini; un tesaurus és un lexicé, al qual s’afeixen

relacions basiques entre conceptes i normalment es classifiquen amb una jerarquia.
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Figura 2.9. Spectrum de les ontologies (Obrst, 2003).

A continuacié es descriuen diverses ontologies empresarials, I'objectiu de les quals és

caracteritzar els conceptes inherents a I'empresa i, per tant, el seu coneixement.

e Toronto Virtual Enterprise (TOVE). L'ontologia Toronto Virtual Enterprise (TOVE) és
un dels resultats del projecte TOVE (TOVE, 2007) els objectius principals del qual sén:
crear una representacié compartida, és a dir, una ontologia de I'empresa que puga ser
entesa i usada conjuntament per cada agent en I'empresa distribuida; definir el
significat de cada representacid, és a dir la semantica; implementar la semantica en un
conjunt d’axiomes que li permeten deduir automaticament les respostes a la major part
de les gliestions de sentit comU sobre I'empresa i definir un simbolisme per representar
un concepte en un context grafic. El domini al qual pot ser aplicada és la modelitzacié
empresarial, tant per a organitzacions de I'ambit comercial com public. El proposit de
I'ontologia és el disseny de models per a empreses amb la finalitat de comprendre el

seu comportament i donar suport als desenvolupament de programari.

e Process Specification Language (PSL) (Llenguatge d'especificacié de processos)
esta basat en un principi en TOVE i va ser iniciat pel National Institute of Standards and
Technology (NIST, 2007). PSL inclou un lexicé (un conjunt de simbols Iogics i no 10gics)
i una gramatica (especificacions de com aquests simbols poden ser combinats), els

quals serveixen per representar els conceptes de l'ontologia. L'ontologia PSL

43



2. Estat de l'art en interoperabilitat empresarial

proporciona les definicions rigoroses i no ambigiies dels conceptes necessaris per tal
d’especificar els processos de fabricaci6 com a suport a l'intercanvi d'informacié sobre
aquests processos. Els models empresarials i les aplicacions de programari
desenvolupades a partir d'aquests models, fan Us d’'una gran quantitats de conceptes i
termes generats amb vocabularis especifics. El seu proposit és solucionar aquests
problemes d’ambigUitat semantica que impedeixen una completa interoperabilitat entre
aplicacions de programari.

e Edinburgh Enterprise Ontology (EO). Aquesta ontologia (Uschold, 1998) és el
resultat de les investigacions de [I'Artificial Intelligence Applications Institute at the
University of Edinburgh com a part de Enterprise Project, I'objectiu del qual és
proporcionar un marc de modelitzacié empresarial per integrar métodes i eines. EO és
una col-leccié6 esmerada de termes i definicions relacionades amb les empreses i els
negocis. Aquests conceptes son ampliament utilitzats com una base estable per a
I'especificacié de requisits de programari. Com a resultat de d’aquest ‘Enterprise
Project’ s’'inclou també un ‘Enterprise Tool Set’ que és una eina de suport als usuaris
per capturar aspectes d'un negoci i identificar requisits de negoci, problemes i
solucions. Aquesta ontologia no és una proposta final ni exhaustiva, necessita ser
ampliada per a incloure més detalls relacionats amb les aplicacions de negoci o domini
especific. Es a dir, conté els termes més geneérics perqué les empreses i les aplicacions

que en facen Us la puguen estendre per tal d’'incloure el seus propis termes.

2.5.2. Ontologies i interoperabilitat

Les ontologies com a suport a la interoperabilitat s’han estudiat de manera profusa i existeixen
nombroses propostes teoriques i algunes practigues. De fet, es poden trobar diferents
incitatives en diferents sectors industrials que proposen ontologies que inclouen els conceptes
geneérics dintre del sector. A més a més, existeixen projectes i grups de treball com el del W3C
Ontology Task Group que ha desenvolupat un nou llenguatge per crear ontologies denominat
Ontology Web Language (OWL, 2004), orientat als negocis i que aplica aspectes

d’estandarditzacié en el domini dels negocis.

Les ontologies es consideren I'eina fonamental per a donar suport als webs semantics. En

aquest aspecte existeixen iniciatives (W3C, 2009) que tenen com a objectiu redefinir i
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estructurar els recursos del web de manera que puguen ser accessibles, no només per les
persones, sinG@ també per les aplicacions de programari. Aquest avang permet que el
programari puga entendre el significat dels recursos utilitzats per manipular, integrar i fer
accessible la informacié a o des d'altres aplicacions. En aquest context s’han creat llenguatges
de representacio del coneixement com RDF (RDF, 2007), OWL (OWL, 2004), orientats a la
semantica que permeten expressar de manera eficient axiomes i enunciats, conceptes i
relacions entre conceptes, identificats en un determinat domini d’'interés (Gong, 2006). Aquests
llenguatges, considerats com a estandards web proveeixen un marc per a compartir i reutilitzar
dades en el web. RDF déna suport a estructures de consulta i recerca (query) flexibles i
potents, i s’han creat diverses eines per a treballar amb aquest llenguatge. OWL proporciona un
llenguatge per a definir ontologies estructurades basades en el web. Els resultats sén un
enriquiment de la integracid i interoperabilitat de dades dintre de les comunitats d’usuaris i s’han
creat sistemes d’informaci6 basats en els webs semantics que s’han aplicat amb éxit al sector
industrial (DIP, 2006).

2.6. Tecnologies de la informacid i les comunicacions

Els primers treballs que fan referéncia al concepte d’interoperabilitat estaven enfocats a la
interoperabilitat entre sistemes informatics, intercanvi de dades i la comunicacié entre
plataformes tecnoldgiques. Els seus inicis tenien com objectiu la transferéncia de dades i
informacio entre sistemes de manera segura, per tal d'agilitzar les transaccions comercials, per

exemple entre empreses i els seus clients o a I'ambit de les entitats financeres.

Des del punt de vista de les tecnologies informatiques, interoperar és I'habilitat de dos actius
tecnologics heterogenis, ja siguen dispositius de maquinari o de comunicacions, 0 components
de programari, de funcionar de manera conjunta i donar accés als seus recursos, de manera
reciproca (EIF, 2004), (Guijarro, 2007).

També a I'ambit de les tecnologies I'lEEE (IEEE, 1990) defineix la interoperabilitat com I'habilitat
de dos sistemes o components d’intercanviar informacié i fer Us de la informacié que s’ha

intercanviat.

El mercat globalitzat fa que l'increment de les col-laboracions entre empreses siga una

necessitat evident. En aquest context moltes empreses troben dificultats en I'establiment de
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col-laboracions entre els seus sistemes d’informaci6 fets a mida, amb diferents programaris, o
tecnologies. Aquestes aplicacions informatiques no estan dissenyades i desenvolupades per
interoperar amb altres aplicacions. A més a més, dels obstacles purament tecnoldgics,
s’afegeixen altres dificultats que tenen a veure amb la semantica o lidioma utilitzat. Per
exemple la definicié de conceptes comuns com ara ‘comanda’ o ‘ordre de compra’ poden variar

molt d’'una aplicacié a una altra (Chen, 2008a).

Les tecnologies, amb l'avan¢ d’Internet a tots els sectors empresarials com a suport dels
negocis, imposen a les empreses la necessitat d’'emprar els Ultims avancos per poder mantenir
la seua competitivitat. Es en aquest ambit, on I'aplicacio de principis d’interoperabilitat ha sigut
més clara i ha tingut una repercussié en la manera de fer negocis de les empreses més
destacable. Com per exemple, els sistemes de gestié de reserves que s'utilitzen al sector
turistic on els proveidors de serveis al client final interoperen amb sistemes independents, de
diferents sectors i paisos per poder oferir productes complets. Pel que fa a la investigacio i
resultats en aquest ambit, s’han desenvolupat moltes plataformes i eines que permeten

comunicar sistemes heterogenis amb inversions adients.

Alguns dels més importants productors de tecnologies de les comunicacions duen a terme
projectes per tal d’'alinear les seues tecnologies de manera que puguen interoperar entre si.
Com a exemple, IBM i Microsoft que van dur a terme una presentacié publica per a demostrar
com els seus dispars sistemes interoperen, utilitzant nous estandards WEB que ells i altres

productors liders en el sector de les TIC han desenvolupat en els ultims anys (EIF, 2004).

2.6.1. Intercanvi electronic de dades

Com a precursor de la interoperabilitat entres sistemes informatics es pot considerar I'intercanvi
electronic de dades. Als anys 80, linterés de les empreses per millorar la comunicacio i
transferencia de documents amb els seus clients i proveidors va donar lloc al servei EDI
(Electronic Data Interchange), que proporcionava un format normalitzat per a l'intercanvi de

documents entre sistemes informatics (Marifio, 1994).

EDI es pot definir com la transferéncia electronica de dades entre sistemes informatitzats,

d’'informacié comercial préviament organitzada d’empreses que col-laboren en els negocis.
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Al voltant d’EDI van sorgir propostes per estandarditzar aquests formats d’intercanvi, i com a
consequéncia es van produir diverses normes internacional, entre les quals les més acceptades
so6n la promoguda per 'ANSI' (American National Standard Institute) ANSI X12 EDI i
UN/EDIFACT? (United Nations EDI for Administration, Commerce and Transport), denominada
ISO 9725. Aquestes normes consisteixen en un conjunt de formats, regles per a I'elaboraci6 de
documents (sintaxi) i un conjunt de paraules amb seu significat (vocabulari), i proporciona una
estructura per a l'organitzacié dels documents. El fet que les normes s’acceptaren a I'ambit
internacional posteriorment a I's d’EDI, va afavorir que també hi aparegueren altres normes
sectorials que han aconseguit estandarditzar l'intercanvi de dades al menys dintre del mateix
sector. Aquestes normes sén un referent i, en alguns sectors d'Us obligat, per a establir
relacions comercials, com ara amb entitats financeres o en altres sectors industrials amb socis
de pes que imposen el seu Us. Al voltant d’aquestes normes s’han creat associacions que

treballen en el manteniment, millora i promocié del seu Us, com per exemple:

e SWIFT? proveidor de serveis per a la transferéncia d’informacié segura entre, i amb

entitats financeres.

e EDIFICE", per a empreses del sector dels sistemes informatics, de I'electronica i de les
telecomunicacions en Europa, adoptant UN/EDIFACT com l'estandard global per a
aplicacions EDI i, RosettaNet® per a implementacions B2B basades en XML.

e ODETTE®, és una organitzacié internacional, formada per la indGstria de I'automocio i
per a la industria de l'automacid. Estableix conjunts d’estandards per al comerg
electronic, les comunicacions i l'intercanvi de dades del sector del motor europeu i dels

seus cois de tot el mon.

! http://www.ansi.org/

2 http://www.unece.org/trade/untdid/welcome.htm,

http://www.unece.org/cefact/

® http://www.swift.com/

* http://www.edifice.org/

> http://www.rosettanet.org/

® http://www.odette.org/html/home.htm
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Aquestes normes s’han de tenir en compte quan es vol interoperar sistemes que han de seguir

aquets estandards.

2.6.2. Estandards de suport als serveis Web

La industria de les TIC, juntament amb les associacions industrials i les organitzacions que es
dediquen a promoure estandards, ha segut molt activa per tal de aconseguir la connexié entre
sistemes a nivell de plataformes tecnoldgiques. L'area on I'evolucid i profusié de propostes ha

sigut més ben acollida és la de Serveis Web.

Els serveis web han emergit com la nova generacioé de tecnologies basades en el web, per a
l'intercanvi d’informacio en Internet i, com una part del paradigma informatic ‘service-oriented’,
promet revolucionar el procés de desenvolupament i posada en marxa de sistemes informatics
(Papazoglou, 2008). Es pot dir que els serveis web sén el conjunt d’aplicacions i tecnologies
gue permeten disposar i fer disponible la funcionalitat de, i entre sistemes d'informacio

mitjangant tecnologies estandards web.

Utilitzant el web com a plataforma els usuaris poden sol-licitar un servei a algun proveidor que
I'ofereix en el web. Perd perqué la interaccié funcione han d’existir mecanismes de comunicacio
estandards entre diferents aplicacions. Per tal de proveir d’estandards de serveis web i
mecanismes que faciliten el seu Us, s’han creat diferents organitzacions internacionals.
Aquestes organitzacions es poden classificar en tres tipus: aquelles que es dediquen a la
creaci6 de serveis i estandards, entre les quals la més acceptada i reconeguda és W3C World
Wide Web Cosortium; un altre grup, la missié de les quals és publicar i proveir el serveis, com
per exemple OASIS (Organisation for the Advancement of Structured Information Standards ); i
finalment, hi ha organitzacions formades per empreses que aporten metodes, millors practiques
i guies per usar els serveis publicats, com per exemple WS-I Interoperability Organisation. A
continuaci6 es proporciona una breu descripci6 de cadascuna de les organitzacions

esmentades.

e W3C: World Wide Web Cosortium. (W3C, 1994). Va ser fundada per Tim Berners-Lee
el creador del ‘World Wide Web’ al Massachusetts Institute of Technology, Laboratory
for Computer Science (MIT/LCS), amb la col-laboraci6 del CERN (European

Organization for Nuclear Research), el suport de DARPA (Defense Advanced Research
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Projects Agency USA) i de la Comissido Europea. Posteriorment, es van unir altres
centres d'investigacié, universitats i organismes de tot el mén, i actualment, esta
gestionada pel MIT, 'ERCIM (The European Research Consortium for Informatics and
Mathematics), i la Keio University (Japd). La missi6é d’aquesta organitzacio és dirigir el
Web al seu ple potencial, la qual cosa es du a terme desenvolupant tecnologies
(especificacions, guies, programari i eines) que creen un forum per a la informacié,
comerg, inspiracid, pensament independent i comprensio col-lectiva. Pel que fa a la

interoperabilitat, els objectius es descriuen de la segient manera:

Fa 20 anys es comprava programari que només funcionava amb altres programaris del
mateix venedor. Hui en dia, hi ha més llibertat per a elegir, i s’espera que els
components siguen intercanviables. També s’espera poder visualitzar els continguts
web amb el programari preferit de cadascu (interficie grafica, sintetitzadors de la parla,
teléfons, dispositius d’eixida brailey...). W3C és una organitzacié de venedors neutrals
que fomenta la interoperabilitat dissenyant i promovent llenguatges de computadors i
protocols oberts (no propietaris) que eviten la fragmentacié del mercat del passat.
Aquest objectiu s’abasta mitjancant consens industrial i encoratjant un forum obert de

discussio.

OASIS: Organisation for the Advancement of Structured Information Standards
(OASIS, 2009) és un consorci (amb més de 5.000 participants) sense anim lucratiu que
dirigeix el desenvolupament, convergéncia i I'adopcié d’estandards oberts per a la
societat de la informacié global. El consorci produeix un gran nombre d’estandards de
serveis web, juntament amb estandards per a la seguretat, el comerc electronic, i
esforcos d’estandarditzacio en el sector public i per a I'aplicacié en sectors industrials
especifics. A I'ambit de la interoperabilitat hi ha diferents resultats, fruit del treball de
diferents comités técnics, entre els qual es troba OASIS Web Services Quality Model
TC. La missié d’aquest comite és definir criteris comuns per avaluar els nivells de

qualitat en interoperabilitat, seguretat i maneig de serveis.

WS-l Web Services Interoperability Organisation (WS-, 2009). Aquesta és una
organitzacié industrial oberta, llancada per establir les millors practiques per a la
interoperabilitat de serveis Web, per a grups seleccionats d’estandards de serveis Web,
a través de plataformes, sistemes operatius i llenguatges de programacié. Els resultats
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de l'organitzacio es troben en diferents documents que proveeixen recursos per als
desenvolupadors de serveis web perqué creen serveis interoperables i també per a

poder verificar que els serveis desenvolupats compleixen les guies del WS-I.

L'0s d’estandards com a capacitadors de la interoperabilitat és una de les opcions que sembla
més clara, i on s’han produit més aportacions i avangos. L'objectiu fonamentals dels serveis
web és permetre que les aplicacions informatiques puguen treballar de manera conjunta sobre
protocols estandards d’Internet sense la intervencié directa de les persones. Els serveis web
poden usar-se de manera efectiva quan un servei web i el seu client, fan Us d’estandards que

poden comunicar-se entre si.

Aquest serveis no es desenvolupen de manera monolitica, sin6 més prompte es presenten com
una colleccié diverses de tecnologies afins. El desenvolupament d’estandards oberts i
ampliament acceptats és una forca clau per al desenvolupament de la infraestructura dels
serveis web. Perd al mateix temps, aquests esforcos han redundat en la proliferacio de
nombrosos i confosos estandards i acronims (Papazoglou, 2007), tal com es pot veure en la
figura 2.10, on es representa l'estructura dels serveis web denominada Web Services

Technology Stack (Pila de les tecnologies de serveis Web).

Coreografia — CDL4AWS Processos
Orquestracié — BPEL4ws de negoci
Transaccions
0 .
‘© Ao . .|| Qualitat del
g Fiabilitat-WS || Seguretat-WS| Coordinacio servei
o’ Context
o
b= uDDI Descobriment
§ WSDL Descripcié
SOAP
Missatge
XML
HTTP, JMS, SMTP Transport

Figura 2.10. Pila de les tecnologies dels serveis Web (Papazoglou, 2007).
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2.7. Models de maduresa

El desenvolupament i millora de métodes de qualsevol ambit de I'enginyeria aplicada a les
empreses o0 els sistemes requereixen definir métriques per avaluar la situacié en la qual es
troba el sistema o empresa i poder proposar millores. Aquestes mesures s’organitzen en el que
es denomina model de maduresa. Un model de capacitat i maduresa és un model d’avaluacié
dels processos d’'una organitzacio, per a la qual cosa defineix els estats o nivells en els quals
pot estar una empresa 0 sistema; un conjunt de bones practiques i fites o parametres
guantificables que permeten establir en quin nivell es troba una empresa o uns processos; i

propostes per poder evolucionar d’un nivell de maduresa a un altre superior.

2.7.1. Capability Maturity Model

El terme model de maduresa va ser popularitzat pel SEI (Software Engineering Institute) quan
va proposar Capability Maturity Model™ (CMM™) en 1986 (Dymon, 1995); aquest model de
maduresa inicialment enfocat a la millora dels processos de desenvolupament de programari,
ha anat evolucionant en diferents versions, i esta ampliament acceptat com a guia per
l'avaluacié dels processos d’'una organitzacié. Segons el model CCM els nivells de maduresa

dels processos d’'una organitzacié poden ser: Inicial, Repetible, Definit, Gestionat i Optimitzat.

Com a evolucié del CMM s’ha desenvolupat el CMMI, Capability Maturity Model Integration
(CMMI), del qual s’han publicat diferents versions (SEI, 2009), (Kasunic, 2004), (Ahern, 2004).
L'objectiu de CMMI és millorar la usabilitat de models de maduresa integrant-ne diferents en un
Unic marc. Les millors practigues CMMI es publiquen en el que s’anomenen models. En
l'actualitat hi ha tres arees d'interés cobertes pels models CMMI: desenvolupament, adquisicio i
serveis. Per cadascuna d’aquestes arees hi ha una versi6 de CMMI. EI CMMI s’ha convertir
rapidament en un instrument per a la millora de processos, adoptat per molts desenvolupadors
de programari i de sistemes arreu del mén. Pel que fa a la capacitat dels processos CMMI

defineix 6 nivells que son:
e Incomplet: el procés no es realitza, 0 no s’aconsegueixen els seus objectius.

e Executat: el procés s’executa i s'assoleixen els seus objectius.
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e Gestionat: a més a més d’executar-se, el procés es planifica, es revisa i s’avalua per

comprovar que compleix els requisits.

e Definit: a més a més de ser un procés gestionat, s'ajusta a la politica de processos que

existeix en I'organitzacio, alineada amb les directrius de I'empresa.

e Quantitativament gestionat: a més a més de ser un procés definit, es controla

utilitzant técniques quantitatives.

e Optimitzat: a més a més de ser un procés quantitativament gestionat, de forma
sistematica es revisa i modifica o canvia per adaptar-lo als objectius del negocio (millora

continuada).

2.7.2. Models de maduresa en interoperabilitat

Un dels denominadors comuns dels marcs o propostes de suport a la interoperabilitat és la
definici6 de models de maduresa en interoperabilitat. Aquests models tenen com a punt de
partida el CMM. Aixi, en general, tots proposen uns nivells de maduresa dels sistemes i de les
empreses, i en alguns casos es proposen certs atributs a mesurar per a establir el nivell de
maduresa en els aspectes o dominis de I'empresa. S’han desenvolupat diferents propostes de
models de maduresa en interoperabilitat, algunes adrecades a les petites i mitjanes empreses
(Ford, 2007), (Benguria, 2008), (Gottschalk, 2009), (Pardo, 2008) i altres dins de marcs o
arquitectures d’interoperabilitat. A continuacié es descriuen les propostes incloses als marcs
d’interoperabilitat del DoD i ATHENA, i el model de maduresa en potencialitat de la
interoperabilitat. Aquest Ultim, presenta un enfocament diferent identificant diferents tipus de la
interoperabilitat que es vol mesurar, i és un aspecte fonamental en les propostes que es
desenvolupen en aquesta tesi.

2.7.2.1. Model de maduresa del DoD

El Model de Maduresa del DoD anomenat LISI (Levels of Information Systems Interoperabilitty)
proporciona un enfocament sistematic i estructurat per tal d'assessorar i mesurar la
interoperabilitat a través del cicle de vida dels sistemes (C4ISR, 1997). El proposit de LISI és
proporcionar al DoD un model de maduresa i un procés per determinar les necessitats

d’interoperabilitat, proporcionant assessorament perqué els sistemes d’'informacié puguen cobrir
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aguestes necessitats, i seleccionant solucions i metodes de transicié per tal de millorar I'estat
de capacitat en interoperabilitat. Per aconseguir aquest proposit LISI proporciona un conjunt de
capacitats associades com a base, per dur a terme les comparacions entre sistemes

heterogenis.

El model de maduresa LISI defineix cinc nivells de maduresa per anomenar la capacitat
d’interoperar entre sistemes (no entre els usuaris) i defineix quatre atributs avaluables per tal
d’identificar el nivell de la col-laboracié entre dos sistemes. Els quatre atributs que proposen en
LISI es coneixen per I'acronim de PAID: Procediments, Aplicacions, Infraestructures i Dades, i

cada nivell té relacionades unes capacitats segons els atributs tal com es mostra en la taula 2.5.

Atribut Descripci6

P Procediments Les politiques i procediments marquen el desenvolupament d’un sistema a través
d’estandards establerts i de procediments i processos que influeixen en la
integracid del sistema. i en els requisits funcionals i operacionals.

A Aplicacions Les funcions que el sistema ha de dur a terme. Aquestes funcions resideixen
moltes vegades en els programes basats en els usuaris que desevolupen o donen
suport a un conjunt especific de procediments o processos.

I Infraestructura  La infraestructura requerida per a donar suport a les operacions del sistema.
Conté quatre subcomponents que els quals també es defineixen en termes de
nivells de sofisticacié incremental.

D Dades Les estructures de dades i de la informaci6 utilitzades com a suport tant de les
aplicacions funcionals com de les infraestructures del sistema.

Taula 2.5. Descripcié dels atributs PAID.

Els nivells de maduresa identifiquen els estats a través dels quals un sistema pot anar
progressivament evolucionant per tal de millorar la seua capacitat d’'interoperar. Aquests nivells
sén: 0-Aillat, 1-Connectat, 2-Funcional, 3-Domini i 4-Empresa. Per cada atribut i cada nivell
LISI designa els elements que cal avaluar. A més a més LISI proporciona un procés de
valoracio per a determinar el nivell de maduresa obtingut per a un sistema en particular o per a

una parella atribut-nivell com es mostra en la taula 2.6.

LISI que esta enfocat al desenvolupament de la interoperabilitat en el sector militar dels Estats
Units, proporciona conceptes i models genérics i és usat com a punt de partida per tal
d’elaborar altres marcs i models de maduresa en interoperabilitat, com per exemple
I'Organizational Maturity Model (OMM) (Clark, 1999) o I'Enterprise Interoperability Maturity
Model (EIMM) (ATHENA, 2007b).
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Atributs d’Interoperabilitat

Entorn

Descripci6 ; Procediments Aplicacions Infraestructura Dades
Computacional
Empresa Universal 4 Nivellempresa Interactiu Topologies Model
multiples global
dimensions d’'empresa
Domini Integrat 3 Nivell del Programari Xarxa World Model a
domini de grup Wide nivell de
domini
Funcional Distribuit 2 Nivell de Automatitzac ~ Xarxes locals Model de
programa i0 desktop programa
Connectat Peer-to-Peer 1 Nivell local/lloc  Drivers del Connexions Local
(igual a igual) sistema simples
estandards
Alillat Manual 0 Control Independents Privades
d'accés

Taula 2.6. Model LISI.

2.7.2.2. Model de maduresa d’ATHENA

El model de maduresa proposat en ATHENA denominat Enterprise Interoperability Maturity
Model (EIMM) té dos objectius: primer identificar les capacitats d’'una empresa per interoperar i
segon derivar un grau adequat de modelitzacié basat en els objectius individuals i les actuals
capacitats. ATHENA elabora un model de maduresa i un procés d’aplicacié per a dur a terme
'assessorament per a la maduresa en interoperabilitat. En aquest model es defineix una
metodologia per assistir en la identificacié dels processos col-laboratius amb el suport d’'un o

més enfocaments de modelitzacié adequats.

L’EIMM defineix cinc nivells de maduresa i un conjunt d’arees concernents a la interoperabilitat.
Aguest model proporciona per una part, els mitjans per tal de determinar les habilitats que
posseeix una empresa (situacié actual) per a col-laborar amb entitats externes i per una altra,
especifica el mode per millorar aquesta habilitat (ATHENA, 2007b) (Guédria, 2008).

Els nivells definits sén:

1. Desenvolupat: la modelitzaci6 empresarial i les col-laboracions existeixen, pero de
manera cadtica i ad-hoc. L'organitzacié col-labora amb entitats externes (proveidors,
administracié publica, entitats financeres, clients) perd les relacions no estan
planificades amb conseqgiiéncia. Les tasques col-laboratives i els processos

habitualment no compleixen el pressupost ni el calendari. El seu funcionament adequat
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en el passat (normalment basat en la capacitat de les persones) no es pot repetir i el

potencial i la tecnologia no s’usen de manera adequada.

2. Modelitzat: la modelitzacié empresarial i les col-laboracions es fan de manera similar
cada vegada. Es troben técniques aplicables. Es defineixen i apliquen metamodels. Les
responsabilitats estan definides, les persones entenen el model de I'empresa i saben

com executar-lo i les tecnologies de xarxes s'utilitzen per a les col-laboracions.

3. Integrat: el procés de modelitzaci6 de I'empresa esta formalment documentat,
comunicat i s'usa de manera consistent. L’organitzacid utilitza una metodologia definida
i una infraestructura de suport a la modelitzacié empresarial. Existeix un métode basat
en el coneixement per a la millora dels models. La col-laboracié entre negocis es facilita
mitjangant I'ds de tecnologies d’interoperabilitat, estandards i I'externalitzacié de part

dels models empresarials.

4. Interoperable: els models empresarials donen suport a la interoperabilitat dinamica i a
'adaptacié als canvis i evolucié de les entitats externes. Els llocs de treball del personal
de I'empresa s'adapten sense esfor¢ al model empresarial. Els resultats (per a les
organitzacions i les persones implicades) i les métriques dels processos es defineixen

com una base per a la millora continuada.

5. Optimitzat: els models empresarials permeten I'organitzacié reaccionar i adaptar-se als
canvis de l'entorn de negoci de manera agil, flexible i receptiva. Els sistemes de
lempresa es sincronitzen amb els models empresarials i es busquen i apliquen
continuament tecnologies innovatives per a millorar la interoperabilitat. L'is de models
empresarials contribueixen a assolir els objectius globals de l'organitzacié, de les

unitats o departaments i de les persones implicades.

En aquest model de maduresa la modelitzacio empresarial, el seu Us, coneixement i millora, es
considera I'eina fonamental per assolir un determinat nivell de maduresa. Es defineixen sis
arees d'interés: estratégia de negoci i processos, organitzacié i competéncies, productes i
serveis, sistemes i tecnologies, entorn legal, seguretat i responsabilitat, i modelitzacié
empresarial. La darrera, la modelitzacié empresarial, es considera com l'area que envolta totes

les altres donant suport al funcionament de cadascuna d’elles
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2.7.2.3. Model de maduresa en potencialitat de la interoperabilitat

Com a evolucié dels treballs en models de maduresa en interoperabilitat han anant sorgint
propostes que refinen alguns dels models previs. En particular és interessant destacar les
propostes de la definicié dels tipus de mesures d'interoperabilitat de Chen et al. (Chen 2007,
2008b, Guédria, 2009). En aquests treballs es considera que a I'hora de mesurar la

interoperabilitat empresarial existeixen tres tipus, que son:

1. La mesura de la potencialitat de la interoperabilitat (potentiality interoperability), que
fa referéncia a la capacitat de 'empresa d’interactuar amb una altra no especificada. Es
a dir, avalua el grau de preparacio existent (i per tant, les dificultats amb les quals es
pot trobar) quan s’estableix una hipotética nova relacié d'interoperabilitat). Per aquesta

mesura es defineixen els nivells: aillat, inicial, executable, connectable i interoperable.

2. La mesura de la compatibilitat de la interoperabilitat, (compatibility interoperability),
avalua una relacié d'interoperabilitat establerta entre dos col-laboradors en particular.
Es a dir, es mesura quan es desenvolupa o esta en marxa el projecte d’interoperabilitat,
per a analitzar el nivell d’adequacié entre dos socis per a interoperar, o millorar-la si ja

esta en funcionament.

3. La mesura del rendiment de la interoperabilitat (performance interoperability), que
avalua aspectes relacionats amb els costos temporals i economics de I'execucio, i la

qualitat de la interoperabilitat de dues empreses o sistemes.

Alguns dels treballs desenvolupats i aplicats a les empreses en aquests ambit, defineixen
tecniques i meétodes per a mesurar la maduresa en interoperabilitat en la mesura de
compatibilitat i rendiment. Pel que fa la potencialitat de la interoperabilitat es fan certes

recomanacions pero no s’aprofundeix suficient en com avaluar detalladament aquesta mesura.

2.8. Conclusions de I'estat de I’art

A I'ambit de la investigacié en interoperabilitat s6n nombroses les iniciatives que han definit
resultats, en gran part teorics, i és quantiosa la inversié que es fa des de diferents organismes
publics de I'ambit internacional per a definir estandards, metodologies i marcs de referéncia

adequats. També es fan esforcos per a consolidar la investigacié, afavorint la col-laboracioé
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entre grups de recerca per homogeneitzar resultats i, el que és més important, avancar en la
investigacié de la interoperabilitat que és considerada un aspecte critic per mantenir la

productivitat i competitivitat de les empreses.

Analitzant les propostes dels marcs teodrics descrits, es poden trobar bastants coincidéncies
entre ells. En particular a I'ambit europeu, per una banda, els marcs descrits en aquest treball
han sorgit d'un mateix principi, i per altra, alguns dels grups més prolifics i amb aportacions més
rellevants en aquest ambit de la interoperabilitat hi han participat directament en molts dels
projectes europeus per a la millora de la interoperabilitat i en particular ens els tres projectes
descrits en aquest capitol (IDEAS, INTEROP, ATHENA).

Com s’ha mencionat es poden trobar en la bibliografia moltes definicions que aporten alguna
connotaci6 especifica considerant el seu ambit i tenint en compte I'entorn on es vol aplicar una
solucié d'interoperabilitat. Tenint en compte les definicions a les quals es fa referéncia en
aquest capitol que es mostren en la taula 2.7, totes coincideixen que la interoperabilitat és una
capacitat o una habilitat.

Interoperabilitat

Tecnologies Habilitat de dos actius tecnoldgics heterogenis, ja siguen dispositius de maquinari o de
informatiques comunicacions, o components de programari, de funcionar de manera conjunta i donar
accés als seus recursos de manera reciproca (EIF, 2004), (Guijarro, 2007)

IEEE Habilitat de dos sistemes o components d’intercanviar informaci6 i fer Us de la
informacié que s’ha intercanviat
DoD Habilitat dels sistemes, unitats o forces de proveir-hi serveis i acceptar serveis d’altres

sistemes, unitats o forces i utilitzar els serveis intercanviats per capacitar-los a operar
junts de maner efectiva

IDEAS Habilitat de les aplicacions de programari empresarial per interactuar les unes amb les
altres. Es considera que s’ha assolit la interoperabilitat entre empreses si en té lloc a
tres nivells: dades, aplicacions i processos de negoci

ATHENA Capacitat d'un sistema o producte per treballar amb altres sistemes o productes sense
esforg especial per part del client. A nivell d’aplicacions i programari empresarial es
tradueix com la capacitat d’'interactuar, almenys en tres arees: dades, aplicacions i
negoci empresarial

Interop Habilitat d’'un sistema d'intercanviar informaci6 i serveis, en un entorn heterogeni des
del punt de vista organitzacional i tecnologic
Australian Habilitat de treballar conjuntament per donar serveis de manera eficient, uniforme i

Governement __sense lligam entre multiples organitzacions i sistemes de tecnologies de la informacio

Taula 2.7. Definicions d’'interoperabilitat.

La capacitat que fa referéncia a I'aptitud, disposicid6 o suficiencia per a fer alguna cosa, i
I'habilitat significa destresa a fer certes coses adquirida amb I'estudi, I'experiéncia, I'abnegacié

(GEC, 2000). Les definicions coincideixen a caracteritzar la interoperabilitat amb aquesta
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capacitat o habilitat per a poder establir col-laboracions entre sistemes. La diferéncia es pot
trobar amb el sistema al qual les definicions fan referéncia, quan es tracta el terme
d’interoperabilitat des d'un punt de vista geneéric, de les tecnologies o dels sistemes
d’informacio.

Els diferents ambits o camps de la investigacio estudiats en aquest capitol evolucionen aportant
solucions a la interoperabilitat de manera complementaria usant, per tal d’avancar, resultats uns
dels altres. Per exemple, els resultats en el camp de les tecnologies de la informacié utilitzen
com a suport ontologies i arquitectures dirigides per models (MDE), entre altres. Les ontologies,
els sistemes de gestid del coneixement o els llenguatges de modelitzacié d’intercanvi, tenen el
seu suport en els avancos a l'area de la definici6 d’estandards i de plataformes tecnoldgiques

d’intercanvi.

D'una altra banda, els marcs i arquitectures inclouen els resultats de tots els altres camps,
tenint en compte que el seu objectiu és proveir de guies metodologiques, eines i millors
practiques per a aconseguir la interoperabilitat empresarial. Aquestes guies metodologiques
han de considerar tots els dominis, han de tenir en compte les barreres i han d’arribar a cobrir
totes les arees d’interés, com es mostra en el mapa conceptual de la figura 2.11. Per tant, els
marcs fan 0Os dels avancos en els diferents camps descrits, (modelitzaci6 empresarial,
ontologies, gesti6 del coneixement, plataformes, tecnologies i models de maduresa),

organitzant-los dintre d’'una metodologia reglada.

Amb detall es pot identificar per cadascun dels apartats analitzats els seglents aspectes a

millorar:

e La integracié empresarial es considera, des del punt de vista de la investigacid, un
camp on els resultats i avancos ja han assolit la plena maduresa. Els grups que
treballaven en aquesta area d’investigacié han enfocat els seus objectius i la seua
recerca cap a altres temes com ara la interoperabilitat. Perd quan es tracta de millorar
una empresa, revisar la seua integracié o la seua capacitat de col-laboracié interna
(entre departaments o entitats propies de I'organitzacid) és un punt de partida necessari
i per tant les arquitectures i metodologies en integraci6 empresarial sén
mecanismes valids, la aplicaci6 dels quals s’ha de considerar sempre que siga

necessari.
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Comparant els treballs ja consolidats a I'ambit de les arquitectures en integracio
empresarial, i les propostes d'arquitectures d’'interoperabilitat, es dedueix que,
encara que hi ha bones propostes en aquestes darreres, €s necessari seguir treballant
en interoperabilitat per a assolir una maduresa i consens semblants als aconseguits en

integracié empresarial.

Les arquitectures d’'interoperabilitat descrites s6n una part de les que es poden
trobar en la bibliografia. Totes inclouen métodes i principis comuns com a suport de la
implantaci6 i millora de la interoperabilitat, perd en general s’han proposat des d’'un punt
de vista teoric i la seua aplicacié practica resulta en molts casos complicada. Es
necessari proposar méetodes, que encara que basats en aquests marcs i arquitectures,

puguen ser aplicats de manera més practica i simple a les empreses.

La modelitzaci6 empresarial esta considerada un dels aspectes claus com a suport a
la interoperabilitat. Pero el seu Us no és tant ampli com seria de desitjar ates a diferents
factors com sén per una banda, la diversitat de llenguatges de modelitzaci6 i eines
comercials existents per a desenvolupar aquests models i la falta d’homogeneitat sobre
el nivell i les vistes que es modelen. Per una altra, la dificultat que es planteja per a
transformar models d’'un llenguatge a altre o establir la correspondéncia de manera
inequivoca. | finalment, que les empreses tenen poc habit i en ocasions formacié
insuficient sobre I'is de models a tots els nivells per a fomentar col-laboracions amb

altres empreses.

L'enfocament de I'enginyeria dirigida per models proposa generar el codi dels
sistemes informatitzats de manera automatica, mitjancant I'ls de models. Encara que
existeixen molts avangos i eines per a generar programari partint de la modelitzacié a
nivell PIM (Aagedal, 2005), (Berre, 2004) (Pastor, 2004), pel que fa a les
transformacions del nivell CIM al PIM les propostes no estan tan clares. Quan es tracta
de millorar la interoperabilitat aplicant els principis d’aquest enfocament és necessari

considerar la interoperabilitat entre models de tots tres nivells.

La modelitzaci6 empresarial com enuncia Vernadat (Vernadat, 2000), és lart
d’externalitat el coneixement. Perd a pesar d’aquesta definicio, una de les vistes per a
les quals existeixen poques propostes clares de llenguatges de modelitzacio és la vista

del coneixement. Poder modelitzar el coneixement empresarial que cal intercanviar
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entre empreses que interoperen és un punt important que pot marcar I'éxit de la

col-laboracié.

e A l'ambit de les plataformes i les tecnologies hi ha propostes consensuades en quant
a I'ts d'estandards i plataformes compatibles per a l'intercanvi de dades o el suport
prestat pels serveis web. Perd la seua proliferacié i varietat, aixi com la necessitat de
combinar diferents serveis per cadascun dels nivells d’'intercanvi, tal i com es mostra en
la figura 2.10, fa que a vegades saber quin és I'estandard més apropiat per a poder
establir connexions amb altres plataformes no és del tot evident. Les empreses
necessiten fer publics quins son els estandards que poden facilitar la interoperabilitat

amb altres i compartir avantatges i resultat sobre el seu Us.

e Les ontologies s6n un aspecte considerat clau en la interoperabilitat, per exemple com
a suport de les transformacions entre models a I'enfocament de la interoperabilitat
dirigida per models. Les ontologies ofereixen un mecanisme de suport per a la millora
de la comunicacié entre empreses a tots els ambits: intercanvi de models empresarials,
la semantica, requisits de negoci etc. Per0, poques empreses entenen clarament el
concepte, coneixen la seua aplicacié o consideren, a curt termini, incloure entre les
millores als seus plans de sistemes implementar una ontologia empresarial. EI camp
d’'aplicacié més clarament estés és I'Us de les ontologies com a suport al web semantic i
les recerques de termes en Internet. Encara que existeixen moltes propostes des del
punt de vista académic, eines de suport a la creacid i Us d‘ontologies, i tesaurus definits
en diferents sectors empresarials, I'is d’ontologies com a suport a la comunicacié de
sistemes, encara és un aspecte a millorar. Orientar, formar i difondre els avantatges de
I'ds i de la implantacié d’ontologies és un repte per a transferir els resultats de la

investigacié en aquesta matéria, al camp aplicat de la industria.

e Pel que fa als models de maduresa en interoperabilitat, existeixen nombroses
propostes de models i nivells que es poden considerar, aixi com d’atributs que s’han de
tenir en compte. Pero, no es troben meétodes clars per a mesurar, identificant com i
quins aspectes, la situacié o nivell de maduresa que abasta una empresa o els
processos d'una empresa. Per tant, pel que fa a la investigacié, els reptes sén:

dissenyar métodes senzills i practics perqué les empreses tinguen el suport que
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requereixen per a mesurar i millorar la interoperabilitat de I'empresa de manera eficient i

amb costos adequats i aplicar i provar la viabilitat d’aquests métodes.

Un altre aspecte important a millorar és la formacié en els conceptes de la interoperabilitat.
Moltes empreses, encara que poc eficientment, interoperen, perd no coneixen els avancos

metodoldgics i tecnoldgics que es produeixen en la investigacioé en aquest camp.

Com a sumari de l'estat de l'art es mostra en la figura 2.11 un mapa conceptual de la
interoperabilitat empresarial i en color malva aquells camps de la investigacié considerats en
aquest capitol. EI mapa conceptual es llegeix de dalt cap a baix seguint les unions entre els
conceptes. Aixi es mostra: com es defineix la interoperabilitat; quins sén els origens dels
treballs en aquest camp; les barreres que cal superar per aconseguir la interoperabilitat plena,
ombrejades en color taronja; les arees d’interés a considerar ombrejats en color blau; els
dominis ombrejats en color verd; i les arquitectures o marcs definits com a suport a la millora de

la interoperabilitat; i finalment s’assenyala com es mesura.

Es en aquest ambit on s’'emmarquen els resultats presentats com aportacions d’aquesta tesi.
Les propostes cobreixen diferents aspectes i aporten avancos i millores per a dur a terme
projectes d'interoperabilitat suportats per I's de la modelitzaci6 empresarial, per métodes
dirigits per models i I's d’'ontologies. Finalment, també es considera el mesurament de la
maduresa en la potencialitat de la interoperabilitat com un dels temes menys detallats en els
treballs existents i que aporta I'avaluacié de la capacitat de les empreses per a establir noves
col-laboracions, i la possibilitat d’identificar aquells aspectes i situacions que requereixen ser

millorats.

La interoperabilitat és un repte complex i fins a cert punt, un aspecte abstracte perque és una
capacitat o habilitat. Per a poder desenvolupar solucions completes i adequades per a les
empreses s’han de tenir en compte tots els ambits d’aquestes, i per tant s’ha de considerar I'Gs
de tecniques, métodes i eines de diferents camps del coneixement i de la investigacié aplicada
a les empreses i els sistemes. Pero el nivell de capacitat adequat no es pot abastar nomes amb
I'ts de millors metodes i tecnologies, és necessaria la formaci6 i difusié d’aquells aspectes que
permeten arribar a tenir I'experiéncia i el coneixement suficient perque les empreses i les

persones que duen a terme els seus processos assolisquen la capacitat o habilitat adient.
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Figura 2.11. Mapa conceptual de la interoperabilitat empresarial.
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3 Propostes per a la millora
i mesurament de la
interoperabilitat

En aquest capitol es presenta, en primer lloc, I'evolucié de la investigacié duta a terme per
l'autora de la tesi, amb l'objectiu d’introduir el context i el fil conductor del desenvolupament
d’aquestes propostes En segon lloc, es descriu el context global on s’emmarquen les propostes
presentades, i finalment, es descriuen els resultats organitzats atenent 'ambit on es consideren,
atenent el mapa conceptual de la interoperabilitat desenvolupat al capitol 2. Aquestes
aportacions corresponen a publicacions en congressos o revistes cientifiques, i per cadascuna
d’elles s’identifica la revista, els autors, les dades de la publicaci6 i I'index d'impacte quan hi

correspon.

3.1. Evolucid de la investigacid

El fil conductor dels resultats que es presenten en aquesta tesi es podria dir que va comencar
amb el primer treball d'investigacio, conduent a I'obtencié de la suficiéncia investigadora de la
doctoranda. Agquest treball, de I'any 1996, versava en el tema de la metodologia orientada a
objecte, la qual era considerada com un dels ultims avancgos i el més innovador enfocament de
I'época per al desenvolupament de programari. Aquests métodes van evolucionar i donar com a
resultat el Llenguatge Unificat de Modelitzacié (UML) (Unified Modeling Language) ampliament
acceptat i aplicat per al desenvolupament de programari eficient, de qualitat i reutilitzable.

Posteriorment, la progressio de la investigacié de la doctoranda ha anat evolucionant, a l'igual
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gue la recerca on s’emmarca el treball: métodes, técniques i llenguatges de modelitzacio
aplicats, primer a la integracio, per a continuar amb la interoperabilitat de I'empresa i els

sistemes d’informacio.

3.1.1. Recerca en integracid i empreses virtuals

Els inicis dels treballs d'investigacié que han conduit a la redaccié d’aquesta dissertacio es van
enfocar a I'estudi i millora de les arquitectures de referéncia en integraci6 empresarial i en
integracio de xarxes d’empreses que hi col-laboren (empresa virtual). En aquest aspecte va ser
crucial la incorporacié de I'actual director de la tesi, la creacié del Grup d’'Investigacié IRIS
(Integracio i Re-Enginyeria de Sistemes) i la participacié en diferents projectes aplicats a les
empreses com a transferencia dels resultats d’investigacié. Es van analitzar les arquitectures de
referéncia existents des del punt de vista teoric i es va proposar una arquitectura propia i molt
practica resultat de projectes amb empreses (Chalmeta, 2001). Aquests resultats es van
aconseguir en el marc de diferents projectes de caracter cientific i també aplicats a I'empresa

virtual en diferents sectors com ara el transport i el ceramic (Chalmeta, 2003a, 2003b, 2005).

L’aplicacié de treballs a les empreses virtuals va suposar assolir I'experiencia i el coneixement
en els aspectes relacionats tant amb integracié de I'empresa des d'un punt de vista intern, com
també, des del punt de vista de col-laboracié entre empreses o entitats individuals. Aquesta
col-laboracié temporal entre empreses, que han de treballar igualment de manera independent,
no és més que una manera d’interoperar, com es coneixeria després quan aquest terme
comenca a sorgir a I'ambit de la investigacié en el desenvolupament de sistemes empresarials

col-laboratius.

3.1.2. Recerca en interoperabilitat

La consolidacié6 del coneixement als camps de recerca en la integracid empresarial i
d’empreses virtuals i I'Us de models empresarials per a donar suport a les metodologies, va
afavorir la participacié del grup d’investigacié en la xarxa d’excel-léncia INTEROP (INTEROP,
2003), a partir de la qual es van iniciar la investigacio i els projectes a I'ambit propi de la

interoperabilitat.
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La participacio en la xarxa INTEROP va ser un punt d’inflexié important en la trajectoria de la
recerca que es presenta en aquesta tesi. En particular, participar en la xarxa va permetre
aprofundir en temes com la modelitzaci6 empresarial, la sincronitzacié6 de models, les
ontologies i la interoperabilitat en si, i també establir contactes i col-laborar amb grups de
recerca en aquest ambit d'arreu d’Europa. En la xarxa es va participar de manera directa en els
grups relacionats amb I's de la modelitzacié empresarial com a suport de la interoperabilitat,
les ontologies i MDI i es va col-laborar en la publicacié de diferents resultats de la xarxa
(Campos, 2005, 2006a), (Jaekel, 2007).

L’evolucié d'aquest treball en interoperabilitat va donar lloc al desenvolupament de projectes
d’investigacié a I'ambit de la modelitzacié del coneixement empresarial i d'arquitectures de
suport a la interoperabilitat empresarial (Campos, 2006b, 2008), (Grangel, 2007c).

Finalment, en els dltims dos anys la progressio de la investigacié ha anat aprofundint en els
aspectes relacionats en la millora de la interoperabilitat. En particular durant I'Gltim any s’ha
treballat en el desenvolupament i aplicacié practica d’'una ontologia del sector téxtil (Duque,
2009) i amb el desenvolupament de la metodologia per al mesurament de la maduresa en
potencialitat de la interoperabilitat (Campos, 2010). Aquests treballs han comptat amb la
col-laboracié inestimable de I'empresa Marie Claire, que ha sigut el laboratori on els métodes i
tecniques proposats han pogut ser provats i millorats a partir dels resultats de la seua aplicacié,
dintre de I'ambit de diferents projectes d’investigacid financats per la Generalitat Valenciana i

pel ‘Ministerio de Industria y Comercio’.

3.2. Marc global de les propostes de la tesi

Les propostes presentades constitueixen en si part d’'un marc d’interoperabilitat, tenint en
compte que un marc d'interoperabilitat aglutina diferents métodes, eines, técniques, millors
practiques i casos aplicats. Les aportacions es poden integrar en un procés global per a la
millora de la interoperabilitat empresarial, atenent que quan una empresa es planteja la
possibilitat de millorar els aspectes que influeixen en les col-laboracions que realitza o que
poden tenir lloc en un futur amb altres empreses, inicia un procés conduent a la millora de la

interoperabilitat.
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Aquest procés es mostra a les figures 3.1 i 3.2 utilitzant el llenguatge de modelitzacioé
empresarial IDEFO. En aquest llenguatge les activitats es representen amb rectangles. El primer
diagrama del model representa el procés global com una Unica activitat. Aquest procés
transforma les entrades, representades mitjancant fletxes per l'esquerra, en les eixides,
representades mitjancant fletxes que ixen per la dreta. Les fletxes que es representen en la part
superior de les activitats corresponen a les normes i controls que s’han d’aplicar per a dur-les a
terme, i les fletxes de la part inferior, els recursos utilitzats pels processos o activitats.

Normes i estandards TIC
Llenguatges de modelitzacié empresarial
Métodes de mesurament d'interoperabilitat
Arquitectures de referéncia per a la integracio
Metodologia per a crear marc d'interoperabilitat

Empresa semi-integrada " Empresa amb interoperabilitat millorada.

v

Dades de col-laboradors actuals i potencials Millorar la I Propostes pla estratégic,
interoperabilitat 4

Plans estrategics

AO

Ontologies, SGC, Serveis web
Equip projecte

Figura 3.1. Diagrama del primer nivell del model IDEFO de I'aplicacio de les propostes.

La figura 3.1 mostra el diagrama A-O corresponent al primer nivell. En aquest model les
propostes de metodes d’aquesta tesi, i altres existents, es consideren controls (representats
com fletxes a la part superior de les activitats); com a recursos que es poden usar, es
consideren les plataformes tecnologiques, les ontologies i els recursos humans. L'entrada
representa 'empresa abans de la millora i les dades necessaries que s’han de recopilar per a
dur a terme la millora. Els resultats que s’obtenen, després de I'aplicacié dels métodes i Us de
recursos adequats, son I'empresa amb la interoperabilitat millorada i propostes de millora que

es poden incorporar als plans estratégics.
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Figura 3.2. Diagrama del segon nivell del model IDEFO de I'aplicacié de les propostes.

En la figura 3.2 es mostra el diagrama corresponent al segon nivell del model IDEFO, que

correspon a la descomposicié del procés principal en activitats, les quals, de manera detallada,

son:

Revisié dels processos de I'empresa per tal de millorar la seua d’integracié.
Inicialment s’hauria de dur a terme la revisi6 dels processos interns, de les
interrelacions entre els departaments, i de les entitats que formen part de la seua
cadena de subministrament, si és el cas. En aquest primer pas s'aplicarien la
metodologia, les técniques i la modelitzacié6 empresarial proposada en I'arquitectura de
referéncia per a la integracié empresarial que es proposa a I'apartat 3.2.1. La integraci6
empresarial, com s’ha mencionat a l'estat de I'art, és un camp on la investigacio i la
seua aplicacidé practica ha arribat a un nivell de maduresa alt i, per tant, moltes
empreses apliquen ja aquests principis de manera adequada. Perd, quan es comenga
una millora a I'ambit de la interoperabilitat, la integracié correcta dels processos interns

de I'empresa és un requisit previ. Per tant, cal avaluar la seua situacié en aquest ambit i
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millorar aquells aspectes on es troben deficiencies abans d’iniciar la millora de la

interoperabilitat.

2. Mesurament de la situacié actual de la interoperabilitat. Per a establir unes bones
practiques a I'hora d'iniciar un projecte d’interoperabilitat, cal primerament identificar
quina és la situaci6é actual pel que respecta a la interoperabilitat i quins sén aquells
punts que requereixen una millora per tenir mancances o una feblesa en quant al seu
funcionament. La proposta que es presenta per a mesurar la potencialitat de la
interoperabilitat, inclou una metodologia i el conjunt de parametres que s’han de
considerar per a mesurar-la. El conjunt de parametres es basa en les condicions que ha
de complir 'empresa tenint en compte els dominis de la interoperabilitat (modelitzaci6
empresarial, ontologies i arquitectures i plataformes) i les capes de I'empresa (negoci,
coneixement, tecnologies i la capa semantica transversal). En particular els parametres
es proposen a partir dels altres resultats inclosos com aportacions en aquesta tesi, i

tenint-ho en compte s’haurien d’avaluar els seglients ambits:

2.1. La modelitzaci6 empresarial utilitzada en una empresa com a suport de la
interoperabilitat s’ha de mesurar tenint en compte el nivell d’as dels llenguatges
de modelitzacié, la capacitat per a intercanviar models i la sincronitzacié de
models. En aquesta tesi es proposen resultat concernents a I'lis de models com a
suport a la interoperabilitat i també els requisits que han de complir els models

per a poder assolir la seua sincronitzacié.

2.2. Plataformes i arquitectures, I'ls d’estandards i serveis web que permeten
intercanviar informacio, documents i fer que els processos de diferents empreses
puguen interoperar de manera satisfactoria és un aspecte fonamental i
ampliament tractat en la investigacié i en la practica. Mesurar la disponibilitat i Us
d’aquestes eines proporciona un punt de partida per a definir les necessitats de

millora tecnologica en I'empresa.

2.3. Lagesti6 del coneixement és un altre aspecte clau a I’hora de mesurar el nivell
de maduresa en interoperabilitat assolit. La existéncia, o no, de sistemes de
gestié del coneixement i el seu Us permeten valorar la preparacié de I'empresa
per establir relacions amb éxit. En aquest aspecte la proposta que es presenta en

aquesta tesi proporciona un perfil dUML per tal de modelitzar coneixement
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empresarial i poder integrar els models obtinguts en una metodologia de
generacio de programari (MDA), amb I'objectiu de generar un sistema de gesti6
del coneixement. Aquest seria un primer pas per a poder establir una arquitectura
dirigida per models de suport a la interoperabilitat, que incloga els sistemes de

gestié del coneixement.

2.4. Les ontologies s6n un aspecte clau que cal mesurar a I'hora d'identificar la
situacié actual i la preparacié de I'empresa per a interoperar amb unes altres.
Com desenvolupar ontologies €s un aspecte important que resulta complex a les
empreses. Com a aportacid en aquest domini es presenta un exemple de
desenvolupament d’'una ontologia de suport a la interoperabilitat, que pot servir
de guia a altres empreses interessades en la millora d’aquest aspecte.

3. Una vegada s’ha mesurat la situaci6 de I'empresa pel que concerneix a la
interoperabilitat, cal definir propostes i projectes de millora en aquells processos i
dominis on es trobe que el nivell assolit no és suficient. Com a proposta s'inclou a
'apartat 3.2.3.1 una metodologia per al desenvolupament d’'un marc de serveis de
suport a la interoperabilitat i que es considera dins de la secci6 del domini
d’arquitectures i plataformes. Aquest marc permetra I'empresa, per una banda, tenir
de manera explicita les eines, serveis i métodes de que disposa per a prestar suport a
la interoperabilitat amb altres, i per una altra, permet que possibles col-laboradors
tinguen accés a les eines, serveis i metodes que ha d'usar per desenvolupar un

projecte d’interoperabilitat amb I'empresa en questio.

En la figura 3.3 que parteix del mapa conceptual d’interoperabilitat dissenyat com a sintesi de
'estat de l'art al capitol 2, es mostra en color blau clar en quins ambits s’han produit les

aportacions d’aquesta tesi.

Aixi els resultats corresponen als ambits de la integracié empresarial, I'Us de la modelitzacié
empresarial i les ontologies, les plataformes que presten suport a la interoperabilitat, i MDI (en
particular aplicat a la modelitzacié del coneixement), i la darrera contribucié en el marc del

mesurament de la maduresa en interoperabilitat.
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Figura 3.3. Mapa conceptual de la interoperabilitat amb els ambits de les propostes.

Les aportacions integrades en aquest procés, es consideren dintre dels ambits estudiats i
aporten solucions a les necessitats identificades a I'estat de I'art. A la taula 3.1 es mostra la

correspondéncia entre els ambits, necessitats identificades quin resultats es presenten que

aporten solucions i métodes per a aquestes necessitats
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Ambit Necessitat
Arquitectures de Aplicabilitat a cassos reals References Architectures for Enterprise
referencia Integration
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empresarial d’intercanvi, sincronitzacio de Modelling

models

Requirements to Improve the
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interoperabilitat

Guies per a definir i fer publics
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A Methodological Proposal for the
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senzills, cassos reals
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Methodology for Measuring Interoperability
Potentiality

3.3. Propostes i contribucions

Taula 3.1. Necessitats de la interoperabilitat i propostes.

Les propostes s’han organitzat atenent els ambits en interoperabilitat empresarial descrits al

capitol de I'estat de l'art. Algunes d’aquestes contribucions descrites podrien ser considerades

en dos dels apartats, ja que tal com s’ha mencionat a I'estat de I'art, els conceptes estudiats

estan interrelacionats.

En cada apartat de les contribucions s’inclou una figura amb part del mapa conceptual de la

interoperabilitat empresarial presentat en la figura 3.1, ressaltant en color el concepte on

corresponen les contribucions descrites. Per a cada proposta es detalla la revista, llibre o

conferéncia on s’han publicat i I'index d’impacte quan hi correspon.
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3.3.1. Arquitectures de referéncia en integracié empresarial
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Figura 3.4. Mapa conceptual. Aportacions en arquitectures en integracié empresarial.

En aquest apartat s’inclouen dos dels resultats desenvolupats i aplicats a la integracié
empresarial. Encara que la investigacio en aquest camp, com ja s’ha mencionat a I'estat de I'art,
s’ha orientat cap a altres aspectes, els resultats en metodologies practiques aplicables en les

empreses com els que es descriuen a continuacié, sén igualment valids i adequats actualment.

Els resultats que es presenten van suposar en el moment de la seua publicacié una millora
respecte a les arquitectures existents. A més a més de cobrir tots aquells aspectes que es
declaraven com a requisits d’'una arquitectura de referéencia en GERAM, proveeixen d’una
metodologia clara i senzilla d’aplicar a les empreses tal i com es demostra en el projectes duts a

terme en empreses reals.
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3.3.1.1. References Architectures for Enterprise Integration

Autors: R. Chalmeta, C. Campos, R. Grangel

Revista: The Journal of Systems and Software

Editorial: Elsevier Science Inc (USA)

Volum: 57 Pagines: 175-191 Any: 2001

ISSN: 0164-1212
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SCOPUS: citat per 25

Alinear i coordinar els diferents aspectes tecnologics, culturals, humans i organitzatius d’'una
empresa amb I'objectiu de dissenyar i implantar un sistema d’informacio integrat que assegure
el maxim rendiment dels recursos i processos de I'empresa, pot resultar complicat si no es
compta amb una metodologia organitzada, un Us adequat de la modelitzacié empresarial, eines
de suport a la modelitzacié i al desenvolupament de les activitats proposades en la

metodologia, i exemples.

Existeixen diferents propostes per a resoldre aquest problema que s'inclouen en el que es
denomina ‘Arquitectura de referéncia per al integracié empresarial’. Després d’analitzar algunes
de les més completes, i veure quins son els requisits definits que ha de complir una arquitectura
de referéncia, es presenta una nova proposta en aquest ambit denominada ARDIN, que millora
els plantejaments existents incorporant noves metodologies, técniques, meéetodes i models.
L’arquitectura ARDIN és un marc que inclou cinc dimensions com es mostra en la Figura 3.5,
gue son: una metodologia guiada pas a pas, models de referéncia, un model integrat de
'empresa, un conjunt d’eines de suport als processos de creacié d’'una empresa integrada i la

gestié del canvi.

Els principals avantatges identificats, després d’avaluar alguns dels casos d’aplicacié d’aquesta

arquitectura a diferents empreses, son:

e Aconseguir un marc homogeni de referéncia per a 'empresa que permet verificar que

les activitats dutes a terme i els serveis oferts, tenen un nivell de qualitat adient.

e Integrar la cadena de valor, la qual cosa té efecte en la millora de la gestié, minvant els

costos globals i incrementant la qualitat dels serveis.
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Establir un procediment que garanteix la validacié i renovacié dels processos, per a

aconseguir diferents objectius estratégics a mida que es van identificant.

Involucrar els futurs usuaris, per tal que quan s'implante el nou mapa de processos

tinga un desenvolupament positiu afavorit per d’'implicacié dels usuaris.

e Crear un factor cultural de canvi entre el personal de la companyia buscant un estil més
participatiu de gestid i introduint processos de millora continuada en les seues activitats.

Metodologia de
desenvolupament de
'empresa integrada

Model Inte
de I'empresa

Arquitectures
empresarials

b3

Eines de
suport

ISI0NAy,

DECigy,
STRUGROAL
A
A RN
) %
%)
%

Figura 3.5. Les cinc dimensions de 'arquitectura de referéncia ARDIN.

Un exemple de la rellevancia d’aquesta linia d’'investigacié és el desenvolupament d’un projecte
conjunt de I'FAC/IFIP amb l'objectiu d’agrupar els diferents plantejaments existents, en el
moment en el qual es desenvolupa aquesta investigacions, en el camp de les arquitectures de

referéncia en integracié empresarial, que es va emmarcar dintre del programa de treball de la
ISO TC184/SC5/WG1.

En la figura 3.6 es mostra la metodologia desenvolupada dintre de I'arquitectura i que va s’ha
aplicat a diferents projectes practics en empreses reals amb éxit. Aquestes aplicacions han

permés validar i millorar la metodologia i I'arquitectura.
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Figura 3.6. Metodologia IRIS per a la integracié de I'empresa.

3.3.1.2. An Approach to Enterprise Integration

Autors: R. Chalmeta, R. Grangel, C. Campos

Llibre: Knowledge and Model Driven Information Systems Engineering for Networked
Organizations. CAISE’04 Workshops Proceedings, Grundspenkis, J.; Kirikova, M. (Eds.)
Editorial: Faculty of Computer Science and Information Technology, Riga Technical University
Volum: 3 Pagines: 253-256 Any: 2004

ISBN: 9984-9767-3-4

Index: CiteSEER posici6 436 de 1221 (0.74%). En CORE (Australian Ranking of ICT

Conferences) Nivell A
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ASPECTES CONCEPTUALS

DE L'EMPRESA VIRTUAL
« Transaccions del socis

« Estratégia empresa virtual
¢ Objectius empresa virtug

h A 4

ASPECTES CONCEPTUAL
EMPRESES INDIVIDUALS

 Estratégia
« Objectius

RE-DISSENY DE PROCESSOS
DE NEGOCI ENTRE & INTRA
ORGANTIZACIONAL | Diagnostic i propostes de millora |

| Modelitzaci6 i analisi |

4

IMPLEMENTACIO DE SISTEMA D’INFORMACIO

Nou mapa de
L’'EMPRESA VIRTUAL

processos Entre
entre i intra organitzacions Estrategic
i6 organitzacional —
Impleme_ntacm de les g Processos Sistbma
millores de negoci dlnfo‘ma}cm
estratégica -
Tactic
@ Sjétema de suport a la presga

&i

de deg¢ision
Assegurament de la qualitat @ ;
(1SO-9000) Recursos humans ;

Sistema d'informacio per a activitats Operatiu
« Estructura de > didries
qui, com , quan 1

« Gesti6 del
coneixement
« Canvi cultural

Millora continuada

Internal Business Process

Figura 3.7. Metodologia IRIS per a la integracié de I'empresa virtual.

Com a millora de l'arquitectura ARDIN (Chalmeta, 2001) es considera la necessitat d'ampliar la

proposta per tal d’'incloure aspectes i métodes que presten suport, no només a la integracio

d'una empresa, sindé també, a la integracié dels sistemes d'informacio, els processos i els

recursos empresarials de diferents empreses que volen establir una col-laboracié o empreses

virtuals.

En aquest context s’han desenvolupat diferents projectes relacionats amb aspectes del comerg

electronic en el sector ceramic (Grangel, 2004) i amb CRM (Customer Relationship

Management) de petites i mitjanes empreses que van proporcionar la base de la investigacio i

els resultats per a la proposta realitzada. La metodologia proposada, veure figura 3.7, té en

compte: la integracié interna de I'empresa (intra-organitzacional), considerant activitats

decisions recursos i informacio; la integracio de I'empresa amb altres participants en la cadena
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de valor (inter-organitzacional), molt especialment amb clients; i finalment la identificacié dels

papers jugats pels recursos humans i el coneixement que posseeixen.

3.3.2. Modelitzacié i sincronitzacié de models en interoperabilitat

En aquest apartat s’inclouen aquelles aportacions relacionades amb I'ls de models com a
suport a la interoperabilitat empresarial. La primera aportacié va ser un treball conjunt amb
diferents investigadors del grup de treball de la xarxa INTEROP on patrticipava l'autora de la
tesi. L'article descriu diferents casos practics aportats pels autors, entre els quals es pot trobar
la descripcié dels treballs desenvolupats per la doctoranda en I'ambit de I's de models com a
suport de les empreses virtuals i per tant, de la interoperabilitat entre empreses. El treball
emfatitza els avantatges de I'aplicacié de la modelitzacié6 empresarial com una eina eficient de
suport als projectes d'interoperabilitat. Aquesta teoria esta suportada amb la descripcié de
diferents casos practics on I's de models empresarials ha sigut un punt clau per a aconseguir

de manera eficient col-laboracions entre diferents tipus d’empreses.

Interoperabilitat empresarial
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\4
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empresarial models (MDI) l

Interoperabilitat
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Gesti6 del
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Usada en

Figura 3.8. Mapa conceptual. Aportacions en modelitzacié empresarial.

7



3. Propostes per a la millora i mesurament de la interoperabilitat

La segona aportacio esta enfocada a la sincronitzacié de models, en particular aprofundeix en
aquest concepte i proposa quines son les necessitats per a aconseguir models sincronitzats

entre empreses que volen establir col-laboracions.

3.3.2.1. Interoperability Supported by Enterprise Modelling

Autors: F-W. Jaekel, N. Perry, C. Campos, K. Mertins, R. Chalmeta

Revista: On the Move to Meaningful Internet Systems 2005: OTM 2005 Workshops
Editorial: Springer Verlag Berlin (USA)

Volum: LNCS3762 Pagines: 552-561 Any: 2005

ISSN: 0302-9743

JCR: (2005) Computer Science, Theory & Methods (0,402; 62; 38975)

La modelitzacié empresarial és una disciplina necessaria per a establir la interoperabilitat entre
empreses. La interoperabilitat empresarial, que es defineix como la capacitat que tenen les
empreses i els sistemes d’'informacié d'interactuar amb el minim esfor¢ per la seua part, es pot
assolir amb millor garanties d’éxit si es desenvolupa una metodologia suportada per models
empresarials. L'aplicacié de la modelitzacié empresarial facilita la comprensié comuna dels
processos de negoci de les empreses, quan es tracta d’establir col-laboracions inter-
empresarials. Aquest requisit és encara més palés quan comporta la interconnexié entre els
sistemes tecnologics i de les comunicacions i configuracions que han d'interactuar. Pero
I'aplicacié de la modelitzaci6 empresarial per a ajudar la interoperabilitat entre empreses es

troba tant amb punts forts i valors com limitacions i deficieéncies.

Quan es fa Us de models per tal de compartir el coneixement, com ara a I’hora de desenvolupar
sistemes informatics que donen suport a col-laboracions entre empreses, es poden trobar
problemes que van més enlla del llenguatge de modelitzacié amprat, Per exemple, el mateix
concepte pot ser definit amb termes diferents o termes igual poden tenir significats diferents
(fins i tot amb el mateix idioma). Uns altres problemes tenen a veure en el control de canvis, pel
gque fa que un model empresarial associat a altres models d'altres empreses requereix

procediments clars de com dur a terme modificacions.

Després d'analitzar diferents exemples de I's de models per tal de donar suport a
col-laboracions entre empreses de diferents tipus, s’extrauen els seglents avantatges i punt

forts que hi aporta la modelitzacié empresarial:
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Permet identificar els potencials de les companyies per a actuar enfront diferents

cooperacions.

Capacita les empreses a participar en col-laboracions perquée facilita compartir les

dades i la informacié requerida entre les empreses.

Clarifica les connexions entre el processos de les companyies i les necessitats
tecnologiques il-lustrant les operacions addicionals per a establir les col-laboracions.

Presta suport per a coordinar i sincronitzar les estructures i els processos de les
empreses, identificant aquells aspectes que afavoreixen 0 que inhibeixen la

interoperabilitat.

Exemples de I's de la modelitzaci6 empresarial com a suport de la interoperabilitat entre

empreses a I'ambit europeu son:

SPIDER-WIN: Supply Information Dynamic Exchange and Control by Web-based
Interaction network (SPIDER-WIN, 2005).

Information Consolidation tool in order to build knowledge based information

environments (Candlot, 2005).
Economical Model Integration (Perry, 2005).

Integraci6 de I'empresa virtual ceramica (Chalmeta, 2003b).

Com a conclusié d'aquesta analisi, per arribar a la comprensié i intercanvi dels models

empresarials de manera satisfactoria és necessari utilitzar llenguatges de modelitzacié

d’intercanvi i a més a més, aplicar metodes de sincronitzacié de models.

Tenint en compte I'experiéncia adquirida els diferents projectes es proposa una metodologia

basada en el coneixement, amb tres fases per assegurar la gestié correcta i coherent del

projecte. Aquestes fases son:

Definicié de la infraestructura del projecte, definint els elements fonamentals. Es basa
en un enfocament sintactic/semantic dels conceptes del model del projecte, per a

diferenciar-los.

Arquitectura del projecte que explica les relacions entre els elements i com es

distribueixen.
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e Generacido de documents descrivint les especificacions de l'aplicaci6 basada en el

coneixement per al seu posterior desenvolupament.

3.3.2.2. Requirements to Improve the Synchronization of Inter-Enterprise

Models

Autors: C. Campos, R. Grangel, R. Chalmeta

Revista: Business Process Management- BPM 2005 Workshops, Bussler, C.; et al. (Eds.)
Editorial: Springer Verlag Berlin (USA)

Volum. LNCS3812 Pagines: 353-362 Any: 2006

ISSN: 0302-9743 ISBN: 3-540-32595-6

index: 1Sl Proceedings

Les empreses virtuals constitueixen un dels exemples de xarxes de empreses que hi
col-laboren mantenint la seua independéncia, per tant interoperen. L'Us de la modelitzacié
empresarial com a suport per a establir aquesta interoperabilitat és un aspecte clau per a I'éxit
de la col-laboracié. Per aconseguir la plena comprensio dels models de les empreses envoltes
en la xarxa virtual sera necessari aplicar principis i métodes per poder transformar-los i
intercanviar-los. Inicialment es pot considerar UEML (UEML, 2007), tenint en compte que
I'aplicacio de llenguatges o metallenguatges de modelitzacié per a I'intercanvi de models permet
realitzar transformacions de conceptes i objectes representats. Perd hi apareixen necessitats
afegides per a tenir una completa comprensid dels models intercanviats: conceptes equivalents
poden expressar-se en termes diferents o ser representats de diferents formes, a més a més,
els models poden ser diferents considerant la persona que els dissenya. Per poder donar

resposta a aguesta problematica es planteja la sincronitzacié de models.

En aquest ambit es defineix la sincronitzacié de models com I'adequada coordinacié temporal i
de continguts per a poder optimitzar la integraci6é dels items representats. La sincronitzacio té
com a objectiu donar suport a la comprensié dels models una vegada s’han aplicat llenguatges
de modelitzacié d’intercanvi. Models expressats en el mateix llenguatge o formalisme poden
tenir diferents interpretacions degut a les diferéncies culturals, experiéncia i formacié dels
desenvolupadors, idiomes, etc. A més a més, la sincronitzacié té en compte aspectes
relacionats amb el control de canvis i manteniment dels models tal com es mostra en la figura
3.9.
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Problema:
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Figura 3.9. Sincronitzacié de models per a donar suport a la interoperabilitat.

Tenint en compte que la interoperabilitat empresarial i dels sistemes d’informacié es pot assolir
amb més éxit si es sustenta en els models empresarials, és necessari establir mecanismes que

permeten sincronitzar aquests models.

Com a primer pas s’especifica un conjunt de requisits que han de tenir en compte les empreses
per a sincronitzar els seus models. Aquests requisits es classifiquen atenent els dominis de la

interoperabilitat en: organitzacionals, ontologics, tecnologics i de llenguatges de modelitzacio.

Els requisits definits s’obtenen com a resultat del treball desenvolupat en diferents projectes a
I'ambit de les empreses virtuals (Chalmeta, 2003b, 2005), del treball d'investigacié dut a terme
en la xarxa INTEROP (Jaekel, 2005), (Campos, 2005, 2006a) i de l'estudi dels resultats
proposats sobre requisits de llenguatges de modelitzacié6 empresarial en el projecte europeu
UEML (UEML, 2007). En la taula 3.2 es mostra el resum d’aquests requisits.
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Aquesta proposta és un primer pas per a definir els aspectes que és necessari perquée I'is de
models empresarials com a suport a la interoperabilitat siga eficient i fiable. En aquest aspecte

s’ha de seguir investigant per tal d’identificar més necessitats i eines que donen suport a la

sincronitzacio de models.

Categoria Requisit

Organitzacionals  Definir procediments i mecanismes per a facilitar I'intercanvi de models entre

i decisionals empreses
Capacitat de detectar canvis en els models que estiguen relacionats amb els d’altres
empreses
Generar i descriure els canvis que afecten a altres models i com. Notificacié de
canvis
Definir procediments i mecanismes perqué les empeses amb les quals interactua
puguen acceptar o rebutjar els canvis
Definir nivells de seguretat d’accés als models segons els perfils dels usuaris

Ontologics Mantenir la consisténcia de la informacié entre models
Definir conceptes comuns per tal d’adaptar i connectar els models entre les
empreses
Definir correspondéncies (mapejat) entre conceptes

Tecnologics Definir diferents nivells d’automatitzacio per a les modificacions dels models

(manuals, semiautomatic o automatic)

Sistema de control de versions i canvis

Proveir un format estandard d'intercanvi per intercanviar models

Us d’eines basades en computadors per a dunar suport a la sincronitzacié de
models

Possibilitar accés concurrent als models, pero controlant els canvis

Taula 3.2. Requisits per sincronitzar models empresarials.

3.3.3. Plataformes de suport a la interoperabilitat empresarial

En aquesta secci6 s'inclou I'aportacié que proposa una metodologia per al desenvolupament
d’'un entorn de suport a la interoperabilitat empresarial. Aquest entorn es pot considerar com

una plataforma de serveis on es dbna accés a totes les utilitats i métodes dels quals pot

disposar una empresa per facilitar la seua interoperabilitat amb altres.
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Figura 3.10. Mapa conceptual. Aportacions en plataformes i arquitectures.

3.3.3.1. A Methodological Proposal for the Development of an Interoperability

Framework

Autors: C. Campos, |. Marti, R. Grangel, A. Mascherpa, R. Chalmeta

Revista: CAISE 08 MDISIS'08 - First International Workshop on Model Driven Interoperability for
Sustainable Information Systems. CEUR Workshop Proceedings Series

Editorial: CEUR

Volum: 340 Pagines: 47-57 Any: 2008

ISSN: 1613-0073

A I'ambit de les metodologies de suport a la interoperabilitat no es troba de manera clara com

poden les empreses implementar solucions practiques adregades a possibles col-laboradors.

Considerant les propostes metodoldgiques existents en aquest camp, i els diferents dominis,

eines i recursos que donen suport a la interoperabilitat, es proposa una metodologia que permet
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les empreses desenvolupar un entorn o plataforma oberta a possibles col-laboradors, on es
publica documents que fan referéncia a normes i estandards aconsellats o usats per 'empresa i

eines de suport a I'establiment i millora de la interoperabilitat.

Es a dir, aquest marc o plataforma ajuda les empreses perqué estiguen preparades per a
interoperar mitjangant la definicié de les necessitats i requisits particulars de I'empresa i els
facilita la manera de fer pUbliques aquests necessitats per tal d’afavorir possibles relacions amb

altres empreses o organitzacions.

La proposta és una metodologia guiada pas a pas que assoleix dos objectius: definir les
necessitats i les possibles situacions d’interoperabilitat amb les quals es pot enfrontar
'empresa, i dissenyar una plataforma on s’inclouen les guies metodologiques, normatives i
requisits particulars de I'empresa tant per a I's propi, com per al dels seus col-laboradors

actuals i potencials.

La metodologia s’articula en cinc fases, que es subdivideixen en activitats i per a les quals es

proposen les técniques a utilitzar i es defineixen els resultats esperats, tal com es mostra i

descriuen en la taula 3.3.

Processos Activitats Técniques Resultats
Definicié Definici6é d'abast i restriccions  Técniques de Visi6 especifica i
d’aspectes recopilacio necessitats
conceptuals d’informacio

Definicio d’objectius
estrategics relacionats amb la
interoperabilitat

Estratégia de 'empresa
cap la interoperabilitat

Identificacié de col-laboradors
actuals i potencials

Objectius
d’interoperabilitat

Analisi de viabilitat

Analisi de costs i
beneficis

Avaluacio de costs i
beneficis

Identificacié de
situacions
d’interoperabilitat

Identificacioé de problemes Turmenta d'idees i Situacions

d’interoperabilitat reunions de treball d’interoperabilitat i
amb usuaris diagnostics

Identificacio de processos de  EML Escenaris

negoci i arees involucrades d’interoperabilitat

en situacions

d’interoperabilitat

Classificacio de les situacions  Ontologies Especificacié de

d’interoperabilitat

I'ontologia

Avaluacié de necessitats

Técniques d’analisi

Classificacié dels socis i
requisits

Disseny dels processo de
negoci identificats (revisié si
existeixen)

EML
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Processos Activitats Técniques Resultats
Disseny dels Disseny dels procediments i Enginyeria del Disseny dels
procediments i de les bases de dades per a programari procediment d’usuari i
de la plataforma  mantenir la documentacié i la del sistema

informacié dels col-laboradors

Disseny del portal web

Disseny de les
especificacions técniques
del sistema

Disseny de I'ontologia i de
I'arquitectura de maquinari

Ontologia i components
de I'arquitectura del marc

Disseny dels processos
d’intercanvi i interficies

Disseny de les interficies
d’intercanvi de dades

Avaluacio i selecci6 de
plataformes i arquitectures

Disseny de la plataforma
especifica

per la implementacié del
marc

Desenvolupament dels
components t i proves

Portal Web del marc:
ontologia, procediments
d’intercanvi, repositori de
models de referéncia
Marc provat i en
funcionament, nous
requisits i versions

Enginyeria del
programatri i
d’'Ontologies

Implementacio
del Marc
d’Interoperabilitat

Usi Execuci6 i control Tecniques de qualitat

manteniment

Taula 3.3. Metodologia per a la implementacié d’un marc de suport a la interoperabilitat.

3.3.4. Interoperabilitat dirigida per models aplicada al coneixement

En aquest apartat es presenta una de les contribucions considerada a I'ambit de la
interoperabilitat dirigida per models enfocada als sistemes de gestié del coneixement
empresarial. En particular es considera I'enfocament MDI per a modelitzar el coneixement
empresarial a nivell CIM. En aquest context I'Gs de models empresarials que capturen i
representen el coneixement i presten suport a la implementacié de sistemes de gestié del
coneixement és un pas important, atenent que no existeixen enfocaments a nivell CIM centrats

en el modelat del coneixement.
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Figura 3.11. Mapa conceptual. Aportacions en MDI aplicat a la modelitzacié del coneixement.

3.3.4.1. Using UML Profiles for Enterprise Knowledge Modelling

Autors: R. Grangel, R. Chalmeta, C. Campos

LLibre: Eleventh International IEEE EDOC Conference Workshop (EDOCW'07)
Editorial: IEEE

Volum: Pagines: 125-132 Any: 2007

ISSN: 1541-7719 ISBN : 978-1-4244-4226-3.

UML és un estandard de facto per a la modelitzacio de sistemes, i és un dels més ampliament
acceptats pels enginyers de programari. Pero, per tal de representar altres dimensions de

I'empresa es requereix definir perfils que estenen el metamodel estandard.

Per una altra banda, el coneixement és un dels ambits empresarials per als quals no es troben
propostes de modelitzacid, encara que paradoxalment la modelitzacié empresarial es defineix

com l'art d’externalitzar el coneixement (Vernadat, 1996).
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Com a millora a aquesta falta de métodes per a modelitzar el coneixement es desenvolupa una
proposta que inclou una extensio d’'UML, és a dir un perfil d’'UML, el qual permet modelitzar les
diferents dimensions empresarials (organitzacid, processos, producte, serveis, recursos, etc.)
des de I'enfocament del coneixement empresarial, amb I'objectiu de proporcionar un marc per a
compartir coneixement. Aquest objectiu s’assoleix mitjancant I'extensié d’UML i tenint en
compte els resultats proporcionats en aquest ambit per altres treballs com UEML (UEML, 2007)
i POP* (Grangel, 2005).

La modelitzacié del coneixement es du a terme en diferents passos: primerament, es
representa el coneixement propiament dit, en un nivell anomenat CIM-Knowledge i després,
I'organitzaci6 i el sistema empresarial en un segon nivell anomenat CIM-Business. A més a
més, la proposta proporciona un marc conceptual que permet les empreses compartir el
coneixement, utilitzant el aquest perfil d’'UML2 que possibilita la creacié dels seus models de

coneixement empresarial.
La proposta esta formada pels seglents components:

e Un metamodel del coneixement empresarial a nivell CIM, aixi com altres metamodels
per representar les altres dimensions de I'empresa com ara la dimensié de processos i

de producte.

e Un perfil d’'UML2 per a la modelitzacié del coneixement empresarial, incloent una guia

de suport per a modelitzar el mapa del coneixement empresarial.

Aquesta proposta s’aplica en un cas real per tal d’avaluar la seua factibilitat i millorar-la. Com a
conclusions es pot dir que és necessari aconseguir métodes de transformacié del nivell CIM al
PIM i PSM, per a poder obtenir tots els avantatges que I'enginyeria dirigida per models pot
proveir al desenvolupament de sistemes de gesti6 del coneixement. Tanmateix, aquesta
proposta comporta un enfocament diferent a I'is tradicional de la modelitzaci6 empresarial a
I'ambit dels processos i dels sistemes d’informacid, considerant el coneixement com un element

on I'ts de I'enfocament dirigit per models aporta hoves perspectives i solucions.
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«model»

£ Knowledge Model

Block Ontological Knowledge
EEDiagrams - Diagrams # Diagrams
emodel» «model»
£ Organisation Model £ System Model
wmadels rmodels
g Goal Organisational # Structure Model f#Behaviour Model
Diagrams # Structure d
Diagrams [PLAEE el = Process
Diagrams Diagrams
# Resource Service
Analysis & Business Rule Diagrams Diagrams
Diagrams Diagrams

Figura 3.12. Models proposats per a la modelitzacié del coneixement empresarial.

La figura 3.12 mostra I'estructura general dels models que es poden representar seguint
aquesta proposta, i que es poden dur a terme per tal de completar el model del coneixement

d’'una empresa:

e El ‘Knowledge Model’ (model del coneixement), per a modelitzar el coneixement es pot
fer Us de tres tipus de diagrames que sén els diagrames de blocs de coneixement, el

diagrames ontoldgics i els diagrames de coneixement.

e El ‘Organisational Model' (model organitzacional), que permet representar elements
relacionats en la part organitzativa de I'empresa com poden ser els objectius, les

decisions, etc.

e EIl ‘System Model' (model del sistema), que correspon als models que es desenvolupen

tradicionalment representar els sistemes informatics de I'empresa.
3.3.5. Interoperabilitat i ontologies empresarials

Els darrers treballs s’ha centrat a I'estudi d’aspectes que milloren la interoperabilitat com sén

entre altres les ontologies empresarials. Aquest treball és un primer pas per analitzar que és
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una ontologia, com es desenvolupa en un cas real i quins beneficis aporta a I'empresa pel que
correspon a la interoperabilitat. L'objectiu és arribar a comprendre i transmetre a les empreses
com i per a qué es pot desenvolupat una ontologia. Per a la qual cosa en aquest treball es
presenta una proposta practica de desenvolupament d’una ontologia i I'estudi de com aquesta

eina pot ser un factor decisiu per assolir la interoperabilitat empresarial.

Interoperabilitat empresarial

) —_
Técoma — Es mesura

TR

Ha de considerar Suportada per

' !

Integracio e (Marcs Lan uitectures) [ ]
[ Dominis I cll Models de maduresa

exemples sén

€% IModelitzacié Dirigida per SRR hi
empresarial models (MDI) l

Interoperabilitat

Arquitectures !
Potencial

i plataformes aplicat a

Ontologia Gestid del

coneixement

~

Usada en

Figura 3.13. Mapa conceptual. Aportacions en ontologies com a suport a la interoperabilitat.

3.3.5.1. An Ontological Solution to Support Interoperability in the Textile

Industry

Autors: A. Duque, C. Campos, E. Jimenez, R. Chalmeta

Revista: Lecture Notes in Business Information Processing (LNBIP) 2nd IFIP WG5.8 Workshop
on Enterprise Interoperability (IWEI'2009)

Editorial: Springer Verlag

Volum: 38 Pagines: 38-51 Any: 2009

ISSN: 1865-1348 ISBN : 978-3-642-04749-7
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Les ontologies so6n, tant a l'ambit d’organitzacions d'empreses com al dels sistemes
d’'informacié i les tecnologies de les comunicacions, un camp d'investigaci6 on sha
desenvolupat un extens treball. A més a més, es consideren, de manera consensuada en
diferents treballs i projectes, un dels dominis basics i fonamentals de suport a la
interoperabilitat. Perd aquesta percepcié de les ontologies com una eina basica per a la
correcta interoperabilitat de les empreses, no és tan certa quan es tracta del mén de les
empreses reals. Saber que és, i per a qué serveix una ontologia, és un aspecte que s’esta
introduint poc a poc a I'entorn empresarial i a 'ambit dels sistemes d’informacio. Fins i tot, és
més clar quan es tracta d’aspectes relacionat amb el web semantic. Pero poques empreses es
plantegen incloure en els seus plans estratégics o de sistemes, el desenvolupament o la
integracio d’una ontologia per a millorar la interoperabilitat empresarial, entre altres aspectes. El
principal problema és que, encara que s’han dut a terme nombrosos treballs per crear tesaurus,
i s’han proposat com estandards en diferents sectors, poques empreses coneixen els beneficis
de I's i com incloure aquests resultats de manera eficient en el seu treball diari. Per aixo es
considera que és molt important dur a terme iniciatives que apropen I'ambit de la recerca
cientifica en ontologies, on els avang¢os sén considerables, a I'is practic aplicat a les empreses

on la visié i el seu Us encara sén molt reduits.

El principal objectiu d’aquest article és mostrar la manera practica de desenvolupar una
ontologia i fer conscients les empreses de la necessitat d’'emprar-ne com a suport a les seues
col-laboracions del dia a dia.

Per assolir aquest objectiu, després de revisar diferents propostes de metodologies de
desenvolupament d’ontologies, es consideren les fases 0 passos proposats per la metodologia
UPON (Nicola, 2005) per tal de crear una primera versidé practica d'una ontologia per a una

empresa del sector téxtil.

Els passos seguits en ["aplicacié al cas practic per al desenvolupament d’aquesta ontologia

son:
1. Determinar el domini i I'abast de I'ontologia.
2. ldentificar els termes rellevants.

3. Introduir relacions basiques entre els termes.
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4. Dissenyar i definir els axiomes que caracteritzen termes particulars de I'ontologia propia

de I'empresa.

Un dels problemes detectats que afecten al poc Us que es fa de les ontologies, i al sector téxtil
en particular, és la falta d'un tesaurus estandard o taxonomia que recullguen els conceptes
rellevants del domini i les relacions basiques. Es molt important dur a terme iniciatives que
formen les empreses i les persones responsables dels ambits dels sistemes d’'informacié de
com desenvolupar ontologies, del seus beneficis i de com usar-les per a millorar la

interoperabilitat empresarial.

3.3.6. Mesurament de la maduresa en interoperabilitat

En aquesta seccid es resumeix el darrer treball els resultats del qual s’emmarquen dins de la
linia dels models de maduresa. Aquest treball s’ha enviat a avaluacié per la revista que es

detalla i esta pendent de publicacid.

La proposta metodologica i I'aplicacié practica s’han desenvolupat i dut a terme amb la
col-laboracié de I'empresa on s’ha realitzat I'aplicaci6 practica per a validar i millorar el
plantejament final. Com s’ha mencionat aquesta proposta considera tots aquells resultats de
I'ambit de la interoperabilitat descrits abans, que son en si part del que s’ha de mesurar quan es
tracta de avaluar el grau d'eficiencia de les col-laboracions d'una empresa i el grau de
preparacio per a col-laboracions potencials, és a dir, el que es denomina potencialitat de la

interoperabilitat.

Aquesta metodologia correspon a l'activitat ‘Mesurar la interoperabilitat’ del model IDEFO
representat a la figura 3.2, per a comprendre la proposta desenvolupada s’inclou en al figura
3.15 el diagrama IDEFO corresponent a al descomposicié d’aquesta activitat.
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Figura 3.14. Mapa conceptual. Aportacions en mesurament de la maduresa en interoperabilitat.

3.3.6.1. Methodology for Measuring Interoperability Potentiality

Autors: C. Campos, R. Grangel, R. Chalmeta, R. Poler
Revista: En avaluacié Computers in Industry

Editorial: Elsevier

Volum: Pagines: Any:
ISSN ISBN

En el context industrial i economic actual les empreses necessiten reaccionar de manera rapida
a les noves necessitat i tendéncies per adaptar-se als requisits del mercats. La col-laboracié
entre empreses eficient, rapida i que assoleix la comunicacié del processos, la informacio i els
sistemes de manera facil i beneficiosa, és un factor critic que permetra moltes empreses
mantenir la seua competitivitat en periodes de crisi 0o de recessié economica. Es a dir, la
interoperabilitat és un requisit per a obtenir resultats adequats i superar nous reptes, possibles
crisis comercials i decrement dels marges economics. El desenvolupament i millora de la

interoperabilitat empresarial requereix definir metriques per a avaluar aspectes que
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I'afavoreixen o la limiten. Aquestes mesures s’organitzen en el que es denomina models de

maduresa.

c1 Cc3 c2

L de modeli i6 i F\Normes i estandards TIC
~Métodes de mesurament d'interoperabilitat
E i i Plans estratégics
n Identificar abast
objectius Mapa de processos
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Matriu de col-laboracions
Definir i
classificar
Dades de col‘laboradors actuals i potencials col-laboracions
12 A22
Avaluar Quiestionari i respostes

interoperabilitat;
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Analitzar i

i Nivell d'interoperabilitat,
quantificar P $ 02
resultats
A24
Proposar | propostes de millor
millores 4&}}} o1
A25
Equip projecte Ontologies, SGC, Serveis web
M1 M2

Figura 3.15. Diagrama IDEFO de I'activitat ‘Mesurar interoperabilitat’.

Es necessari establir mesures per tal d'identificar quins processos o arees de I'empresa
requereixen millorar o definir projectes de millora per poder dur a terme la interoperabilitat de

manera eficient.

Existeixen diferents propostes desenvolupades com a models de maduresa en interoperabilitat,
com ara: LISI (Levels of Interoperability Information Systemes) del DoD C4ISR Working Group
(Kasunic, 2004); o EIMM (Enterprise Interoperability Maturity Model) d’ATHENA (ATHENA,
2007b). Els models de maduresa proporcionen els nivells i els parametres o atributs que cal

considerar per a establir el nivell assolit en maduresa en interoperabilitat d’'una empresa.

Per una altra part en (Chen, 200) (Guedria, 2009) es defineixen tres tipus d’interoperabilitat,
entre els quals es considera la potencialitat de la interoperabilitat. Aquesta correspon a
l'avaluacié de la preparacié o capacitat que té una empesa per a poder establir interoperabilitat

amb una tercera no especificada. En aquesta maduresa en potencialitat de la interoperabilitat
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es proposen certes caracteristiques, perd no es defineix una manera guiada i estructurada de

com mesurar-la.

En aquesta contribucié es proposa mesurar la potencialitat de la interoperabilitat, per a la qual

cosa es consideren:

1. Laidentificacié de les vistes que es consideren per tal de dur a terme la definici6 dels
parametres de mesurament especifics. Aquestes vistes que son: la vista de negoci, per
a tenir en compte els plans i objectius estratégics de I'empresa; la vista de la gesti6 del
processos; la vista dels recursos humans, que permet considerar aquells aspectes
relacionats amb I'estructura organitzativa de I'empresa, la preparacid, flexibilitat i
formacio; la vista de les tecnologies de la informaci6 i les comunicacions; la vista del

coneixement i la vista semantica.

2. Per cadascuna d’aquestes vistes es defineixen un conjunt de parametres que s’hauran
de mesurar convenientment per poder assignar el nivell de maduresa en potencialitat

de la interoperabilitat. Aquests parametres es mostren a la taula 3.4.

3. Una proposta metodologica per fases, en la qual es descriuen les activitats a dur a
terme, es proposen técniques a utilitzar i es defineixen els resultats de cada fase, i que
de manera grafica es detalla a la figura 3.16. La metodologia proposa com a técnica
central per tal d'avaluar la potencialitat de la interoperabilitat el desenvolupament d’'un
glestionari, que es defineix de manera especifica per a cada procés i col-laboracié
detectada en una de les fases de la metodologia. Aquest gliestionari es desenvolupa
tenint en compte els parametres identificats i adaptant-lo especificament a les

caracteristiques de I'empresa objecte d’estudi.

Aquesta proposta es completa amb la descripcidé de I'aplicacié practica de la metodologia, i el
desenvolupament del qliestionari, en una empresa real del sector téxtil. Aquesta aplicacié ha
permés avaluar al factibilitat de la metodologia, millorar i depurar el qlestionari i la proposta de

parametres.

Com a conclusions de I'aplicacié de la proposta en I'empresa es dedueix que la metodologia
proporciona uns passos clars a seguir i un conjunt de resultats que permeten avaluar amb detall
la potencialitat de la interoperabilitat i analitzar diferents aspectes organitzacionals de

'empresa.
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Vista

Parametre

Negoci

Politiques de sostenibilitat i qualitat, certificats per organismes oficials

Capacitat i predisposicié d’adaptacié als canvis organitzacionals, tecnologics i socials.

Estrategia referent a I'tis de tecnologies com a suport de les col-laboracions amb altres
empreses

Politiques referents a I'Gs d'estandards tecnologics i d’intercanvi d’'informacié

Politiques (socials, tecnologiques, etc.) d'avaluacié de socis potencials préviament a
I'establiment de col-laboracions.

Politiques contractuals respecte a col-laboracions amb altres

Gestio de
processos

Formalitzacié dels processos: de manera tacita, documentats, modelitzats, etc.

Planificacié de processos

Identificacio, documentacio, Us de llenguatges de modelitzacié per als processos en els
quals s’ha identificat col-laboracions amb entitats externes

Control i mesurament de la qualitat del processos

Recursos
humans

Estructura organitzacional (documentacié i organitzacio)

Assignacid de tasques i carrecs (flexibilitat, planificacié, documentacié)

Plans de formaci6

Assignacio de recursos per a la planificacié, seguiment de la formacio i aprenentatge
dels empleats

Coneixement

Coneixement que s'intercanvia i punts d'interaccio

Canals de coneixement

Existéncia de sistemes de gestid del coneixement

Tipus de blocs conceptuals on s’ha identificat el coneixement

Identificacié de les fonts tacites i explicites del coneixement

Modelitzacié del coneixement

Explotacié del coneixement mitjancant Sistemes de Gestié del Coneixement (SGC)

TIC

Recursos tecnologics per a les comunicacions

Sistemes de gestid integrada de la informacié

Planificacié de necessitats tecnologiques de suport a les col-laboracions

Politiques per al desenvolupament de tecnologies de plataformes independents

Infraestructures de suport a la gesti6é de processos interns i de col-laboracions amb
altres empreses

Serveis Web d’Us public

Semantica

Bases de dades existents, contextos on operen | existéncia de correspondéncies entre
aquestes

Llistes de termes

Tecnologies (i planificacio) de suport a les llistes de termes

Infraestructures per a donar suport a la gestio de les llistes de termes

Establiment de correspondéncies entre les llistes de termes i tesaurus existents en el
sector

Eines de suport a la gesti6 de termes i de desenvolupament d’ontologies

Planificacié per I'adopcié de eines de suport a les ontologies i de formacio en el
coneixement i Us

Ontologies desenvolupades per a donar suport als webs i processos de col-laboracié

Taula 3.4. Parametres definits per a la potencialitat de la interoperabilitat.

El desenvolupament del qlestionari com a tasca central i fonamental de l'avaluacié de la

maduresa és un treball que ha de ser dut a terme amb col-laboracions estreta del personal
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qualificat de I'empresa (Palomares, 2010). Els resultats no poden ser només quantitatius, han
de tenir en compte altres aspectes que es recopilen a partir de reunions, de qlestions obertes
on els gerents poden suggerir necessitats de millora i altres aspectes no detectats amb el

guestionari.

Vistes de 'empresa

Negoci Gesti6 de Recursos Coneixement TIC Semantica
processos humans

Aspectes conceptualsi estratégics

Mapa de Estructura Mapa Arquitectura Conceptesi

Identificacié etz processos prganitzaciona coneixement de sistemes ontologia

= Identificaciéi classificacié de col-laboradors actualsi potencials
Definicié i
classificacié de
col-laboracions

Matriu de col-laboraciéiinteraccié

Mesurament i Qtestionarid'intra-interoperabilitati giestionari per col-laboracions

recopilacié de actuals ipotencials (per processos)

resultats

Nivells de potencialitat d’interoperabilitat per processos |
col-laboracions

Analisii
guantificacions

Propostes de millora Projectes a mig i llarg termini i futures necessitats

Figura 3.16. Metodologia de mesurament de la potencialitat de la interoperabilitat.

A més a més, d’obtenir una valoracié de quin és el seu nivell de maduresa a la potencialitat de
la interoperabilitat, i de quins sén els aspectes a millorar, 'empresa obté altres beneficis com a

resultat de I'aplicacié d’aquesta metodologia que soén:

e Els responsables dels departaments involucrats milloren el seu coneixement i formacié
sobre aspectes de la interoperabilitat.

e Una revisid dels processos de negoci, sobretot d’aquells on es col-labora amb entintats

externes.
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L'empresa ja realitza algunes de les seues col-laboracions de manera eficient, pero
'avaluacié mitjancant aquest treball els ha permés identificar aspectes a millorar i

quines activitats que no es desenvolupaven de manera correcta.
Definici6 i classificacio de col-laboradors actuals i potencials.

Definir criteris per a valorar i seleccionar possibles col-laboradors.
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Conclusions

La interoperabilitat empresarial és un paradigma d’organitzacio de xarxes d’empreses adoptat,
cada vegada amb més assiduitat, per a establir col-laboracions. Perd aquesta interoperabilitat
no és plenament efectiva si no es tenen en compte eines, métodes adients i les idiosincrasies
propies de les empreses i del sector industrials al quals pertanyen. A més a més, és necessari
tenir en compte que la interoperabilitat és alguna cosa més que la comunicacid entre els

sistemes informatics o I'enviament de dades i informacié mitjangant Internet.

L’empresa com a sistema inclou diferents aspectes i vistes (de negoci, de processos, de
recursos humans, de coneixement, de tecnologies i de semantica) que s’han de tenir en compte
de manera adequada per tal de definir projectes de millora d’interoperabilitat per a assolir els

objectius de I'empresa en aquest ambit.

Quan dues 0 més empreses inicien el tramits per posar en marxa un projecte d’interoperabilitat
els seus directius estableixen contacte per comunicacié verbal, es realitzen intercanvis de
documents, es duen a terme reunions, es defineixen politiques i es signen contractes
comercials, legals i fins i tot de confidencialitat. Les empreses han de poder avaluar per una
banda, la capacitat dels col-laboradors per a cobrir les expectatives de la interoperabilitat que es
va a iniciar i per una altra, la propia capacitat d’aconseguir I'éxit amb el nou repte que es
plantegen. Una vegada superat aquest primer contacte entren en funcionament els projectes
d’enginyeria, d'implantaci6 de nous processos o de millora d'aquells que ja estan en

funcionament i requereixen canvis o noves aportacions. Es en aquests projectes on la



4. Conclusions

disponibilitat de métodes i eines adequades i el coneixement sobre el seu Us i la seua aplicacié

és clau per a aconseguir resultats d'éxit.

Com s’ha mencionat al capitol 2 la interoperabilitat no és un estat al qual s’arriba amb uns certs
parametres, és un procés de millora continuada i les técniques existents poden no ser
suficients. Per la qual cosa, els resultats que es van proporcionant gracies a la investigacio en
aquest camp poden ser adequats en un determinat moment, perd han de seguir avancant per
anar proveint solucions a mesura que nous reptes i condicions de xarxes de col-laboracié hi

apareixen o fins i tot, es preveuen que hi puguen aparéixer.

Una altra caracteristica important que comporta la interoperabilitat, tenint en compte la seua
definicié i ambit, és que és multidisciplinaria, i per tant técniques provinents de diferents camps

de la investigacio i la ciencia hi tenen cabuda per donar suport a aspectes de qualsevol indole.

4.1. Conclusions sobre les propostes

Les aportacions que es descriuen en aquesta tesi, son multidisciplinaries, enfronten diferents
problemes que cal solucionar per a aconseguir la interoperabilitat plena des de diferents punts
de vista, pero tenint sempre en compte I'entorn on s’emmarca la interoperabilitat, els dominis,
les barreres i les arees dinteres. A més a meés, son complementaries a altres resultats
d’investigacio que ja s’apliquen amb éxit en projectes d'interoperabilitat, i a partir dels quals, en
alguns dels casos s’han proposat.

Un dels aspectes fonamentals respecte a les aportacions que es presenten en aquesta tesi és
la seua aplicaci6 i analisi de resultats en casos reals, la qual cosa té diferents efectes positius.
Per una banda, I'aplicacié practica dels resultats teodrics que es plantegen permet avaluar la
seua utilitat, i per una altra, permet millorar aspectes de les propostes que no es poden detectar
si no es realitza aquest estudi de casos en empreses reals.

Perd aquestes técniques i metodes han de seguir avangant per a poder enfrontar-se a nous
reptes i situacions que I'entorn empresarial puga requerir. | és en aquest sentit, on s’enfoca

I'evolucié dels resultats presentats i els nous reptes que es plantegen.

Com s’ha descrit a linici del capitol 3, com a pas previ per a establir una adequada
interoperabilitat, s’ha d’aconseguir la integraci6 adequada dels processos interns, ja siga
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mitjangant métodes propis d’interoperabilitat o mitjangant la integracié plena de I'empresa. En

segon lloc, per poder fer interoperables els processos de diferents empreses cal tenir una

comprensio i coneixement complets d'aquelles parts dels processos que s’han de connectar.

Per a la qual cosa és necessari:

1.

Utilitzar models que representen de manera no ambigua el funcionament dels
processos i eines d’intercanvi de models desenvolupats en diferents llenguatges

adaptant-los quan siga necessari mitjangcant métodes de sincronitzacié.

Aplicar paradigmes de generacié de programari que permeten desenvolupar les
especificacions del sistema des del punt de vista de la gesti6 dels processos, a un nivell
alt d’abstraccié (nivell CIM) i eviten haver de redefinir les especificacions dels sistemes

guan s'adopten noves tecnologies o es produeixen canvis tecnologics.

Gestionar el coneixement de manera adequada utilitzant eines de suport adequades i

meétodes que faciliten el seu intercanvi entre empreses que hi col-laboren

Usar eines de suport al desenvolupament d’ontologies per a aconseguir la
comprensio plena i establir la correspondéncia dels conceptes que s'usen en els

processos que hi interoperen.

Coneixer, desenvolupar i fer Us adient de les plataformes tecnologiques que faciliten i
donen suport a la interoperabilitat i aplicar els estandards de creacio de serveis web a

|‘abast.

Avaluar la idoneitat i la capacitat per a interoperar, tant de I'empresa propia com de
tercers amb els quals es vol establir la collaboracié, mitjancant técniques de

mesurament de maduresa.

Tots aquests métodes i técniques han d’estar integrats en metodologies completes i adients,

gue guien durant el desenvolupament i manteniment de la interoperabilitat empresarial, és a dir

en marcs metodologics d'interoperabilitat.

Les propostes incloses en aquesta tesi es poden englobar en una metodologia de mesurament i

millora de la interoperabilitat que s’estructura en les seguents fases:

1.

Mesurament i propostes de millora per a la integracié empresarial mitjancant I'aplicacié

de l'arquitectura de referéncia descrita a I'apartat 3.3.1.
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2. Mesurament de la interoperabilitat empresarial, mitjancant I'aplicacié de la metodologia
descrita a I'apartat 3.3.6, i que té en compte I'Us de la modelitzaci6 empresarial, i els
requisits per a la sincronitzacié de models descrits a I'apartat 3.3.2, I'is d’ontologies

descrit a I'apartat 3.3.5 (Duque, 2009) i I'ls de sistemes de gestié del coneixement.

3. Definicié de propostes de millora, entre les quals es pot incloure el desenvolupament

d’una plataforma de suport a la interoperabilitat descrita a I'apartat 3.3.3.

4.2. Evolucio del concepte d’interoperabilitat empresarial

L’evolucio de la investigacio en el camp de la interoperabilitat s’ha d’enfocar cap a nous reptes,
tal com recomana el nou Future Internet Enterprise Systems Cluster (FINES) (CORDIS, 2009a),
que s’ha creat com a evolucié dels anteriors grups Enterprise Interoperability (El) i Digital
Ecosystems (CORDIS, 2008). En el seu document de definici6 d'objectius Position Paper
(CORDIS, 2009b) es fa emfasi en la idea de que estan emergint nous paradigmes d’empreses i
de xarxes d'empreses. Es suggereixen diverses linies d'investigacié que tenen en compte

aspectes culturals, de sostenibilitat, de la gestié adequada de I'energia o del medi ambient.

La crisis financera en la qual esta envoltada la industria d’arreu del mén fa pensar en noves
necessitatS d’aliances i estructures empresarials per tal de poder superar la situacié economica
que comporta la baixada dels mercats i dels beneficis. Els moments critics sén també bons
moments per tal de dur a terme canvis i noves politiques que permeten evolucionar o emprar
nous models de negocis o estratégies. La industria en general ha de considerar no només
millorar les seues col-laboracions amb el suport de noves tecnologies i metodes, siné també
aprofitar per tal d’incorporar altres aspectes com ara la sostenibilitat o la bona gesti6 de

I'energia i del medi ambient.

Les xarxes de col-laboracié entre empreses eficients (i per tant, la interoperabilitat entre
empreses) s’han de considerar com la for¢ca que pot conduir els canvis necessaris per tal de
millorar la situaci6 econdmica actual, ja que entre altres aquests col-laboracions tenen com

avantatges:
e L’aparicié de noves oportunitats de mercat.

e Obertura a nous mercats gracies el coneixement especific de cada soci individual.
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e Aliances entre socis complementaries.

¢ Reduccié de costos mitjancant activitats que es desenvolupen de manera conjunta i per

l'increment de la produccié.
e Disminuci6 dels cicles de produccio.

Pel que fa a la evolucio del concepte d'interoperabilitat empresarial, es defineixen dos ambits
cap on s'orienten els esfor¢os en investigacid. Per una banda els grups que proposen continuar
la investigacié en interoperabilitat empresarial mitjangant I'ampliacié i millora dels marcs i
propostes existents. Per una altra banda, hi ha grups que argueixen la necessitat de nous

reptes i perspectives en interoperabilitat i I'impacte associat en els sistemes empresarials.

4.3. Nous reptes i evolucio del treball

Pel que fa a la continuitat dels treballs d'investigacié recollits en aquesta tesi, existeixen

diferents fronts oberts cap on es poden adrecar els objectius de la investigacié en un futur:

e El coneixement es considera com un valor fonamental de les empreses i és un atribut a
explotar per tal d’aconseguir avantatges davant de possibles nous reptes. Poder
compartir, amprar i explotar el coneixement de diferents socis que interoperen és un
factor que afavoreix I'éxit de la interoperabilitat. Per tant resulta interessant seguir
evolucionant en treballs que proporcionen mecanismes i eines (tils per a una correcta
gestié del coneixement entre empreses aplicant principis de modelitzacié i eines que

ajuden a portar a terme l'intercanvi de manera adequada, eficient i amb seguretat.

e Mesurar la situaci6 i la capacitat d'una empresa per a interoperar, és a dir el nivell de
maduresa en interoperabilitat, és el punt de partida que permet definir propostes de
millora o simplement avaluar la idoneitat d’una col-laboraci6, o la viabilitat d’'un nou
projecte. En aquest ambit un dels objectius que es planteja és integrar aquesta la
proposta metodologica en un marc d’interoperabilitat més ampli, incloent-hi aspectes
relacionats amb la responsabilitat social, el consum energeétic eficient i la repercussié en
el medi ambient, tal com es recomana des de les directrius de la Comunitat Europea
(CORDIS, 2009).
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Glossari

Axioma, proposicié admesa sense demostracié com a punt de partenca d’una teoria o ciéncia.

Browser, és el terme que s'utilitza per a denominar un navegador o navegador web (de
l'anglés, web browser). Es un programa que permet visualitzar la informacié que conté una

pagina web.

B2B, es llegeix com Business to (2) Business i fa referéncia als sistemes informatitzats que

connecten amb altres sistemes informatitzats per a dur a terme negocis entre empreses.

Cadena de valor, o cadena de valor empresarial, és un model tedric que permet descriure el
desenvolupament de les activitats d’'una organitzacié empresarial que generen valor al client
final. Va ser descrita i popularitzada per Michael E. Porter en Competitive Advantage: Creating

and Sustaining Superior Performance (Porter, 1985).

Cluster, organitzaci6 temporal que agrupa la gesti6 de diversos projectes o altres
organitzacions amb una tematica comuna. A I'ambit dels marcs dinvestigacié de la Unid
Europea, sén el vehicle que permet concertar el funcionament de diferents projectes per tal
d’aconseguir assolir I'objectiu global a partir dels resultats del projectes individuals, contribuint al

consens

Empresa Virtual, xarxa d'empreses independents, a vegades competidores entre si, que
constitueixen una alianca temporal amb I'objectiu de desenvolupar un producte o oferir un
servei, de manera que poden prendre avantatges de noves oportunitats de mercat i ho

aconsegueixen compartint recursos i costos (Browne, 1999).



Glossari

Logica de primer ordre, també denominada logica de predicats o proposicional, representa
fets del moén. Descriu un mén que consta d’objectes, propietats (o predicats) i relacions

d’aquests objectes (Sowa, 2000).

Metallenguatge, a l'ambit dels llenguatges de modelitzaci6 és un model, habitualment
expressat al mateix temps en un llenguatge de modelitzacié conegut, que defineix els

constructors, la semantica i la sintaxi d'un altre llenguatge.

Mapa conceptual, és un artefacte o model grafic per a l'organitzacié i representacié del
coneixement. L'objectiu és representar relacions entre conceptes en forma de proposicions de

manera grafica.

Mapa de processos, representacid grafica del flux de treball d'una empresa, que pot ser

desenvolupat tenint en compte diferents punts de vista i de manera jerarquica.

Perfil UML, extensid que es pot realitzar sobre el llenguatge de modelitzaci6 UML amb la

finalitat de modelitzar un context determinat o especific (Fuentes, 2004).

Repositori, és un diposit o arxiu, un lloc centralitzat on s’emmagatzema i manté informacio
digital, habitualment bases de dades o arxius informatics. L'origen de la paraula deriva del llati

‘repositorium’, que significava armari, rebost.

Roadmap, pla on es defineixen les accions que s’han de dur a terme en un horitz6 temporal per

tancar deficieéncies identificades en algun context.

Taxonomia, tractament genéric de les classificacions, a I'ambit de les ontologies, classificacions

dels termes.

Tesaurus en ciéncies de la informacio, és una llista que conté els termes empleats per a
representar els conceptes, temes o continguts de documents, amb I'objectiu d’efectuar una

normalitzacié terminologica. Llista alfabética de mots utilitzats per a classificar la documentacio.

Tutorial, curs breu sobre qualsevol materia.
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Abstract

The dynamic and competitive enterprise environment requires enterprises to ensure the highest profit from their resources, in-
tegrating them to work together in obtaining the enterprises objectives. The project of design and implementation of an Integrating
Enterprise System, is an extremely complex project that involves different technological, human and organisational elements. For
this purpose several different reference architectures (RA) have been proposed. However, this area of research is not yet totally
satisfactory because these methods may still be improved. It is necessary to adapt the different techniques to the concrete needs of
each type of enterprise activity. In addition, new methods enabling the integration of several enterprises (called virtual enterprises)
must be developed and their use must be popularized through examples and application experiences. This paper shows the results of
the research project in RA for enterprise integration of the IRIS group from the University Jaume I of Castellén. Mainly, it is a
framework consisting of a step by step methodology, reference models and a set of supporting tools, which will allow the creation of
an Integrated Enterprise. Some of the results obtained from the applications in different enterprises are also shown. © 2001 Elsevier

Science Inc. All rights reserved.

Keywords.: Enterprise integration; Reference architectures; Enterprise models; Integrated information systems

1. The new enterprise action framework

Changes in the world economic environment, along
with to the development of new technologies, especially
in the information field, configure a ‘new action frame-
work’ for the enterprise. This is one in which we go from
old endeavour associated with positions in local markets
to a ‘maximally competitive’ global market. This forces
us to constantly modify the culture, the mode of oper-
ating and the internal organization structures of the
company, in order to compete and survive in this envi-
ronment.

The new highly dynamic action framework is char-
acterized mainly by four ‘external strengths (see Fig. 1)
that directly affect the competitiveness of the enterprise
(Vernadat, 1994):

1. the ‘world-wide extension of the market’, which
forces the enterprise to extend and enlarge its action
radius, and at the same time introduces new competi-
tors in its traditional influence area (Brown and Sack-
ett, 1994);

*Tel.: +34-964-728329; fax: + 34-964-728435.
E-mail addresses: rchalmet@inf.uji.es (R. Chalmeta), camposc@
uji.es (C. Campos), grangel@uji.es (R. Grangel).

2. the increasing ‘client requirements’ which forces the
enterprises to manufacture with a higher emphasis
on quality; on customizing demand; on offering a bet-
ter service and on diminishing costs;

3. the ‘technological development’, which provides tre-
mendous opportunities to improve the enterprises’
performance;

4. the ‘environmental impact’ which will result in the
short and medium term in restrictions imposed by
law, which will force the enterprises to modify their
operating systems.

2. The need for enterprise integration

To maintain and improve their ‘competitiveness’
while reacting to the fast ‘changes’ that take place in the
opportunities and needs of the market, enterprises must
adopt a form of organization and operations that will
allow them to obtain the ‘maximum benefit’ from their
resources.

Recently several approaches oriented toward the
improvement of the enterprise’s competitiveness have
appeared. (McCarty, 1993) lists the main ‘tendencies’
which emphasize total quality management, process

0164-1212/01/$ - see front matter © 2001 Elsevier Science Inc. All rights reserved.
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Fig. 1. The four external strengths that affect the enterprise competi-
tiveness.

re-engineering, collaboration between enterprises, vir-
tual enterprise, improvement of the availability of in-
formation, flexibility, and the integration of clients and
suppliers.

These new tendencies and innovations in the fields of
management and technology have almost always been
handled in the enterprises in an isolated and uncoordi-
nated way. Thus the large promised ‘improvement ex-
pectations have not been accomplished’.

Therefore, in order to achieve all the possibilities that
these new and better methods and tools offer, an en-
terprise must ‘efficiently manage’ all of its elements,
‘aligning’ and ‘integrating’ them in order to improve the
ability to work together in a ‘continuous improvement
process’ toward the accomplishment of the objectives
and the strategy of the enterprise.

The necessity for ‘integration in the enterprise’ has
been developed by many different authors like (Amice,
1993) and (Neuscheler, 1994) amongst others. One of
the better definitions is that of (Lawrence and Lorsch,
1968), who defines integration as “the quality of the
‘collaboration’ that exists between departments (mar-
keting, finances, manufacturing, store, etc.) in order to
‘satisfy’ the environmental requests ... and the pro-
cesses, methods and resources thanks to which it is
satisfied”’. The work developed by (Petrie, 1992), is also
interesting, as it analyzes and justifies integration as the
key variable to support the new requirements of the
market.

In this way, the conclusions of the work carried out
by the National Research Council of USA, when asked
by NASA, on the ‘impact that the efforts toward inte-
gration’ were producing in concrete American enter-
prises like Westinghouse or General Motors (National
Research Council, 1986), allows us to determine that the
benefits of integration are of two types: ‘strategic bene-
fits’ (which give a competitive advantage to the enter-
prise, establishing the best business objectives and
adequate means to reach them) and ‘tangible and
quantitative benefits’.

These latter result in: (1) decreasing the delivery times
of the products (30-60%), (2) product design time (20—
50%), (3) product design cost (15-30%), (4) manufac-
turing mean time (50-70%), (5) space (25-40%), (6) in-
ventory cost of the raw materials (30-60%), (7) of the
product being produced (60-80%) and of (8) final
products (40-50%), (9) direct manpower cost (20-35%)
and (10) indirect manpower cost (30-35%), (11) quality
cost (25-40%), and (12) throughput increasing
(40-70%).

3. Evolution in the integration concept

The ‘enterprise integration’ concept, as it is posed in
this paper, is a new concept that comes out of the evo-
Iution of the influences of different focuses, such as
business re-engineering, total quality management, inte-
gration of customers and suppliers, ERP’s etc.

The first approach toward industry integration was
focused mainly on the technological aspects, solving the
connection problems between different devices and the
exchange of information between computer applica-
tions.

However, in the new action framework of the enter-
prise, it is necessary to adopt a more global focus, in
agreement with the definition of ‘enterprise integration’,
which should cover the whole enterprise and adopt an
organizational focus, more than a technological one.

Nowadays, enterprise integration is applied to any
type of enterprise (industrial, service, transport, busi-
nesses, etc.), and one of the main current lines of re-
search in this field is the integration of enterprises from
different sectors that play a role in the lifecycle of a
product or service (virtual enterprises).

4. Enterprise integration and information systems

It is important to clarify in this point the difference
between an integrated enterprise and an integrated in-
formation system. Enterprise integration, as has been
defined earlier, is a focus on the enterprise’s organiza-
tion and functioning which includes activities, decisions,
resources and information flow in a joint system in such
a way that everything behaves in a ‘co-ordinated’
manner in order to satisfy global objectives an improve
performance.

To achieve this goal it is necessary to adopt an in-
novating viewpoint regarding information. This should
be considered a fundamental mechanism for the total
integration of the enterprise’s engineering and manage-
ment functions.

From this approach, a fundamental objective for any
enterprise integration project is the need to create a
‘global information infrastructure’ supported by the new
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information technologies. This should be an infrastruc-
ture focused on flexibility and efficiency in its function-
ing. It should (1) carry out efficient information
processing offering the correct information at the ap-
propriate time; (2) allow for the co-operation between
the enterprise’s subsystems and its external elements; (3)
cover up the heterogeneity of physical resources and
information applications and (4) be able to respond to
changes in the enterprise’s way of functioning and the
evolution of support technologies (Mayer and Painter,
1991).

Nevertheless, and integrated information system does
not assume that enterprise activity has been integrated.
Even though the incompatibilities that impede physical
communication and exchange of data and information
have been overcome, enterprise decisions may still be
made in order to optimize particular and contradictory
objectives. Only when the information is used within the
‘co-operative integrated management framework in or-
der to ‘co-ordinate’ activities and decisions towards
strategic objectives ensuring communication and col-
laboration among groups and individuals in the firm,
will the information behave as a valid mechanism for
‘total enterprise integration’.

To build a computerized integrated information sys-
tem capable of providing correct information wherever
it may be needed, incompatibilities appearing on both,
the physical level between different communication
networks and protocols and the logic level between da-
tabases and software, must be overcome.

Of these two elements, software proves to be the most
restricting. There are two alternatives for obtaining a
software adapted to a particular enterprise’s needs: to
develop a customized software or to use a standard so-
lution. Each alternative has its advantages and draw-
backs.

Theoretically, a customized development will always
be closer to the enterprise’s particular needs. Even so,
cost and time are considerable. Moreover, inevitable
changes in the system (both physical and logical) may
require an almost complete overhaul of applications
thereby wasting a large part of previous investments.

The other option is to use a manufacturer developed
standard solution. This solution is parameterized to the
enterprise’s needs trying to limit changes to the original.
In this way, it is ensured that future versions and im-
provements that the manufacturer may include in the
software can be adapted to the enterprise. Two types of
standard solution applications can be distinguished,
namely sectorial software and ERP systems.

Sectorial software is a set of computer applications
developed in order to fulfill the particular needs of a
sector. The software enterprise tends to be a small or
middle-sized computer firm geographically situated near
a cluster of enterprises belonging to the same sector and
which posses a profound knowledge of its needs. As a

result, the software is well adapted to this kind of en-
terprise thus implantation time is short and, due to
scaled economies, the cost is not excessively high. Its
main disadvantage is the size of the software enterprise
which makes it unable to possess enough resources to
extend the product to all areas of the enterprise and to
ensure technological updating. These closed systems are
very specific, of limited flexibility and do not deal with
information as an enterprise resource. This makes total
enterprise integration and reaping its subsequent bene-
fits impossible to obtain.

The other option are the enterprise resource planning
(ERP) systems. These are systems which were first de-
veloped to cover the needs of one sector. However,
thanks to widespread ERP use, the developers have
turned into large multinational enterprises and their
functions have been extended to include a large number
of enterprise activities. Examples of these are SAP,
BAAN, ROSS, Peoplesoft, etc. (See the Gartner group
comparative matrix). Its strengths include (1) size and
stability of the software enterprise, which guarantees
constant technological updating; (2) the database and
computer applications are integrated which enables in-
formation to be shared; (3) it involves a large part of the
enterprise and (4) some ERPs have process modeling
and documentation tools, which in some way, allow to
join the organization, the software and quality assur-
ance.

Nevertheless, the time and the cost of every implan-
tation are too high, especially when modifications to the
standard application are necessary. To avoid this,
manufacturers tend to develop sectorial maps. Basically,
this consists of adding a layer over the standard software
(without modifying the kernel of the ERP) closer to the
needs of a sector. In this way, there will be far fewer
modifications when time comes to implant it into a
particular enterprise. Nevertheless, the function of even
the most widespread and advanced ERP systems is not
the same and this should be taken into account. This is
due to the fact that having been initially developed for a
particular sector, they are always better-prepared for
this sector and less-prepared for other sectors than their
competitors. The current trend is to widen their per-
formance realm to cover not only operative and man-
agement type processes but also to offer information for
strategic decision-making and connection among enter-
prises, thus giving solutions for e-business (Fig. 2).

From the standpoint of enterprise integration, ERP
systems seem to be the best solution currently. Appro-
priate software enables the enterprise to improve effi-
ciency, but at the same time, it forces people to work in a
certain way. This is one of the main reasons of delays in
software implementations. The managers of the enter-
prise think that software is like a machine, which you
buy and begin to work quickly. They do not see software
as a complex element which affects the entire organiza-
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Fig. 2. Mapping the ERP’s position in the enterprise.

tion and functioning and which interacts with a large
part of the firm’s human resources.

5. Architectures and reference models

To carry out the project of master planning and im-
plementation of an ‘integrated enterprise system’ is an
extremely complex process which involves different
technological, human and organizational elements. In
order to make the study of existing systems and the
design of new more advanced systems easier by reducing
the complexity level, it is necessary to establish a step by
step development ‘methodology’ and to ‘formalize’ the
creative process in each phase of the whole project
(Pantakar, 1995).

However, the management of an enterprise integra-
tion project is usually only informal and unstructured
using heuristic methods derived from past experience.
These techniques are insufficient which increases the
necessary time to develop the system and produce sub-
optimal solutions.

As a result, more and more frequently, people are
looking for more formal tools and more robust pro-
ceedings derived from the ‘analysis based on models’
which would cover all the enterprise and would allow
one to show the relationships between the several
functional areas. This type of technique enables us to
formulate the enterprise strategy, analyzing and evalu-
ating the global impact it produces in the enterprises
beyond the limits imposed by the functional areas
(CAM-I, 1981). Another characteristic of this kind of
models is that they are ‘open’. That is, they describe the
relationships between the enterprise and the external
world, including its requirements and constraints, and
shows the ‘dynamic dependencies’ between the activities.

Crossing from this theoretical frontier to the practical
one implies the generation of a procedure by which these
Jformal methods can be used in the enterprise (Williams,
1989). In this way, several efforts in the development of
(1) enterprise models and (2) enterprises analysis and

design methodologies are being carried out (Chalmeta,
1997b). This results are usually called reference archi-
tectures.

A reference architectures (AR) is a framework which
guides during the project of design and implementation of
an integrated enterprise system by means of a structured
methodology, the formalization of operations and the
support tools (Burkel, 1991).

The architecture must guide the development and
application of all of the disciplines involved in the en-
terprise integration project, systematically modeling all
parts of the life cycle of the enterprise. This means the
states of definition, specification, detailed design, phys-
ical implementation or construction and maintenance,
till its obsolescence. All the activities in the enterprise
integration project must have their place in the RA and
the enterprise development program must be detailed
step by step.

Several such architectures have already been pro-
posed by ‘International Research and Development
groups’ (see Fig. 3). Based on a review made of the
different existing proposals, whose results are presented
in (Chalmeta, 1997b), ‘two types of architectures’ have
been identified with different objectives. These are the
ones directed toward the development of ‘integrated
information systems’ and the ones which cover the
‘whole enterprise integration project’. The latter are
more oriented toward the problem this paper is focused.

The ‘RA for the integration of information’ have the
objective of developing an integrated information in-
frastructure that communicates and coordinates the
different technological devices that generate, process,
distribute, and supply information. One of the most
wellknown is the ARIS Architecture generated by the
Institut fuer Wirtschaftsinformatik of the Universitaet
des Saarlandes (Germany) (Strunz, 1990).

The ‘RA for enterprise integration’ are oriented to-
ward the integration of the whole organization, con-
sidering not only the technological aspects of the system,
but also the economic, social and human ones. Among
the most wellknown ones are:
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o CIM-OSA (open systems architecture). Architecture
presented in the ESPRIT programs of the European
Union (number 688, 2422 and 5288), by the AMICE
Consortium (Amice, 1991).

o GIM (Grai integrated methodology). Architecture de-
rived from the work carried out by several projects
subsidized by the ESPRIT program of the European
Union like IMPACS (number 2338) by the GRAI
Laboratory of Bordeaux University, France (Dou-
meingts et al., 1992).

e PERA Architecture developed by Purdue University,
USA (Williams, 1993).

An important part of this research theme resulted in
the work of the ‘IFAC/IFIP Task Force on Architec-
tures for Enterprise Integration’ project (International
Federation Automatic Control International Federation
Information Processing) (Bernus et al., 1996). This
project had a first objective (1991-1993) which consisted
of the selection of an architecture that would describe
and present all the necessary activities to establish, carry
out and complete an enterprise integration program for
any kind of enterprise.

Due to political factors, it has been impossible for the
members of this group to select only one architecture

GERA
Generic Enterprise
Reference Architecture
(identifies concepts of
enterprise integration )

EEM
Enterprise
Engineering Methdologies
( describes process of
enterprise engineering )
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Enterprise Engineering
Tools

v

p

EML
Enterprise Modelling
Languages (constructs for
modelling human roles,
rocesses and technologies )

I | |
I_(M)_* ( EEM utilises EMTs to produce ) ( support )
+ ]

EM
Enterprise Models
(representing the

particular enterprise )

(define semantics of )

GECD

Generic Enterprise
Concept Definitions

EMO
Enterprise Modules
(implementable modules
or products, as human
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processes, technologies;
eg IT infrastructure)

are used to build

PEM
Partial Enterprise Models
(libraries of reusable
models, reference models )

Fig. 4. GERAM components.
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that could be considered by everybody as the best one
(Williams and Li, 1995). However, thanks to the wide
study carried out in this work in the second period of
three years of the project (1994-1996) the requirements
and components, which such a RA has to fulfill in order
to be considered complete, have been defined. These
requirements and components are synthesized in gen-
eralized enterprise RA and methodology (GERAM), see
Fig. 4) and are being studied by the International
Standard Organization (ISO) Working group TC184/
SC5/WG1. Based on this, any kind of proposal for an
enterprise integration RA can be evaluated under these
criteria to get ‘ISO and IFAC certification’.

6. Diagnosis of the current situation

Among the different existing architectures, only CIM-
OSA, PERA and GRAI/GIM could presently have the
possibility to fulfill the GERAM requirements necessary
to be considered an ‘enterprise integration RA’ by the
IFAC and ISO entities, as ARIS and other proposal as
CIM-BIOSYS (developed by the Systems Integration
Group of the Loughborough University (UK), (Weston,
1993)) are oriented toward the development of an inte-
grated information system, not toward the integration
of the whole enterprise.

The comparative study realized in (Chalmeta, 1997b)
of these enterprise integration architectures enables one
to conclude that PERA develops to a high detail level
the methodology to follow for the enterprise integration
in each phase of the enterprise development program
(Hong and William, 1994). However, it adopts a bot-
tom-up construction focus of the enterprise functional
system, defining at the beginning elementary tasks, and
then gathering them into enterprise activities to satisfy
the strategic objectives. This proposal could be possibly
be improved by introducing the specific identification
of the business processes in a top-down approach used
to develop the data and material and energy flow
diagrams.

On the other hand, the CIMOSA and GRAI/GIM
architectures are focused on the construction of an in-
tegrated model to assist in enterprise design, but do not
cover the whole life cycle of the enterprise. Moreover,
they use different methodologies to model different views
of the enterprise (informational, resources, decisional
and functional), not offering any method to solve the
resulting inconsistencies nor being able to construct a
dynamic integrated model.

Another factor to take into account is that although
there are different applications of the three architectures
in real enterprises, it appears that they have been fo-
cused mainly on big manufacturing enterprises. So, it
would be interesting to prove this architectures in the
integration of different size companies involved in the

life cycle of a product or service (supplier, manufacturer,
deliveries, etc.).

Therefore, all these architectures can be improved, as
they have not completely generated the necessary
methodologies, modelling techniques and adequate ex-
ecution tools for the different kinds of enterprises
(Pantakar, 1995).

7. The ARDIN project

In this context, the IRIS Group, of the University
Jaume I of Castellén, Spain has been working in the
ARDIN research project since 1994. The objective is to
develop and validate a step forward in the state of the
art of the RA for Enterprise Integration. The work plan
has been:

o Synthesizes the existing (and in our opinion) comple-
mentary approaches, in only one architecture. The
earlier architectures have many good points, and we
wish to take advantage of this.

e To improve the result architecture incorporating new
techniques, methods, models and templates.

e To validate its usability and application, carry out
real enterprise integration projects, mostly in the
small and medium-sized enterprises of different sec-
tors.

e To organize knowledge and experience obtained in
our own architecture called ARDIN. This architec-
ture is being built giving priority to its practical utility
as project execution support in enterprise integration.
A long range objective will be the achievement of the
needed requirements and components to satisfy the
GERAM requirements for a ‘complete enterprise in-
tegration RA’.

8. Characteristics of a RA

The first activity of the project was to identify the
‘characteristics’ that the methodology and the reference
models (the two main components of the architecture)
must comply in order to carry out the enterprise inte-
gration project adequately (Tables 1 and 2). This work
has been carried out independently of the GERAM
work, so it can be compared with it.

9. The ARDIN architecture

After this work, we are now developing the ARDIN
architecture. It is being developed with a strong orien-
tation toward its practical application to medium and
small enterprises, for which it bases itself on real studies
of concrete enterprises.



Table 1

R. Chalmeta et al. | The Journal of Systems and Software 57 (2001) 175-191 181

Methodology requirements of a complete architecture

Methodology requirements

Complete
Support for decisions taking

Multi-disciplinar coordination

Structured analysis and design
methodology

Abstraction levels

It must show a full vision of the enterprise and its relations with other enterprises.

It must present the impact that a concrete enterprise development program generates in the enterprise,
allowing to solve and select the one amongst other programs that improves the performance of the enterprise
It must co-ordinate the set of disciplines that exist in the enterprise in order for the decisions to convey in one
plan with common objectives

The architecture must consider all the enterprise. Therefore it must include several views. The technological,
information, organization and human aspects must appear, as well as the relationships between them and
their external elements

It must support the decisions making at strategic, tactical and operational level

Stardardization The architecture must allow the standardisation of the evaluation criteria and of the methods and modelling
tools in order to compare the results of the performance of the enterprise with the internal and external
standards (benchmarking)

Table 2

Modelling requirements of a complete architecture

Modelling requirements

Modeling technique
Modularity

Open system

Global

Parametric
Maintainable
Simplicity
Innovation

It must present a method to identify all the enterprise elements

The architecture must provide a modular structure which has to enable to face the modelling process by
parts, but assuring at the same time the consistent integration of all the modules

The architecture does not have to be a closed one. It must generate a model ready to be extended and
adapted, reflecting the enterprise evolution in parallel with its environment and the technological
improvements. They must provide the means to analyse changes, give them priorities and incorporate in the
model the ones that are interesting for their evaluation in decisions taking

It must be a global model of the enterprise which allow to shared and reused the knowledge included in it,
for the decisions taking

The model must be adapted to the concrete requirements of each domain

It must have upgrading capacity maintaining consistency

Implementation of the model must not be complex

It must make easier the innovation capacity of the involved persons

Automatic maintenance
Supporting tools

The model maintenance must be easily made by users
It must offer a strong support of information technologies in order to create consistent and easily enhanced

models

Permanent The model must survive to the re-organization of the enterprise and be independent from the physical
storage of information it uses

Useful Easily understandable, strong and capable to work with the maximum interest areas

Among the main characteristics of the ARDIN ar-
chitecture it can be shown that (1) it proposesan enter-
prise vision oriented toward business processes, (2) it
establishes the life cycle of the enterprise system based
on a continuous improvement process, (3) it uses modeling
and simulation as tools to analyze the decision impact
and (4) it describes a method to integrate and coordinate
the consistency of the decisions and the operations with
the strategic objectives.

The architecture uses the ‘business process’ as the
structural unit (subsystem) on which the integrated en-
terprise system is developed This methodology allows to
organise all the main enterprise elements (activities, re-
sources, information and decisions) in order to maximize
the value of the products and services that the enterprise
offers and that the clients require.

For the graphical representation of every process,
different modeling tools are used inside ARDIN. In
order to speak to the managers of the enterprise, IDEF0

(CAM-I, 1981) for the operative tasks and GRAI nets
(Doumeingts et al., 1992) for the management system
are the best, because of their simplicity. In addition the
object-oriented modelling allows the development of a
‘dynamic enterprise integrated model’, including all as-
pects normally modeled separately (functional, deci-
sional, informational and resources). This model can be
used to simulate and to evaluate the business process
performance.

At the moment we have a prototype focus on the tile
production process, and another focused on the trans-
port industry (Chalmeta et al., 1997a). This prototype is
now being adapted to the new object-oriented modelling
language UML and it is being extended to cover all of
the enterprise’s internal and external processes.

The simplicity and capacity to highlight the different
parts of the enterprise offered by IDEFO and Grai-Net
techniques together with the properties of object-ori-
ented modeling such as specialisation, collaboration,
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Fig. 5. The five dimensions of the ARDIN RA.

fractal composition, modulation, concurrence, scalabil-

ity and the capacity to represent all enterprise elements

together including dynamic behaviour, etc. (Taylor,

1995), allows the generated models to comply with the

modelling characteristics defined in Table 2.

The ARDIN architecture is organized in ‘five di-

mensions’ (see Fig. 5):

1. First dimension: A step-by-step ‘enterprise develop-
ment methodology’, to guide the construction of a in-
tegrated enterprise-system using the business process
vision and capable of dynamic evolution depending
on necessities and objectives. In (Chalmeta et al.,
1996) some of the characteristics of the methodology
are shown in more detailed.

2. Second dimension: An ‘enterprise integrated model’,
which assists the enterprise design process, support-
ing the decision making from an integrated perspec-
tive. As noted above, the model is generated by an
object-oriented interpretation of the business pro-
cesses and of their basic aspects.

3. Third dimension: The formalization of the construc-
tion process from the model, of the different enter-
prise structures. At the moment we have developed
with more detail the process of construction of an ‘in-
formation integrated infrastructure’ which groups the
informational specifications required for the decisions
and activities of the enterprise and ensures the neces-
sary data flows and physical resources to co-ordinate
them. However, the objective is to formalize the
building of all the structures (definition and organiza-
tion of the human resources, identification of the
technological resources, etc.).

4. Fourth dimension: A set of ‘support tools’, based on
the information technologies, which assist in the pro-

cess of designing, evaluating, implementing, and con-
trolling the integrated enterprise.

5. Fifth dimension: The ‘efficient change management’,
to transform and organize the enterprise resources
(including the human resources, which may have dif-
ferent objectives, criteria, formation and culture), in a
continuous improvement system.

10. Interrelation between the dimensions

The ARDIN RA is organized into five interrelated
dimensions. However, from a more traditional vision,
the Architecture can be represented as a unique di-
mension (the step by step development methodology, see
Fig. 6) and a set of techniques and tools which give
support to each one of the phases of the methodology
(the other four dimensions).

In this way, the second dimension describes the pro-
cedure to develop models which can be used as a sup-
port in the enterprise conceptual and design phases.
The third dimension is focused on the construction and
implementation of all enterprise structures, aspect that
is included in the second phase of the methodology.
The fourth dimension presents a set of tools (based
mainly on information technologies) which are applied
in the conceptual, design and execution phase. Finally,
the fifth dimension shows how the enterprise must in-
volve itself in a continuous improvement process to
evolve in accordance with its present and future ne-
cessities.

This vision in the ARDIN architecture emphasizes
even more the strong existing interaction between the
different dimensions. Moreover, it also justifies the Ar-
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Fig. 6. ARDIN enterprise integration methodology.

chitecture name, as what is being proposed is not only a
methodology or a tool, but a set of different elements
that together enable one to successfully lead the enter-
prise integrated development process.

11. Applications of the ARDIN architecture

ARDIN Architecture has a strong orientation to-
wards its practical application to enterprises. The IRIS
group have applied the methods and techniques de-
veloped in the ARDIN Architecture to small and
medium enterprises, as well as holdings and virtual
enterprises of different sectors: chemistry, construction,
transport, textile, information technology and gov-
ernmental. The objective is that it can be applied to
both new enterprises (at the constitution phase) and
enterprises in the execution phase that want to im-
prove their performance. However, at the moment all
the work has been oriented more to real enterprises.
For this reason, some of the tools that are going to
be shown in this point should be adapted to the in-
tegrated design and implementation of new enter-
prises.

The enterprise integration programme that is pro-
posed following the methodology of the ARDIN ar-
chitecture, from a practical point of view, can be
summarized as follows (see Fig. 7):

1. Definition of the conceptual aspects of the enterprise:
the mission, vision, strategy, politics and enterprise
values.

2. Design (re-design) of the new process map according
to the previous defined concepts.

3. Implementation. Four steps should be done:

e to sort the priority of short, medium and long term
improvement projects obtained as a consequence
of the new process map;

e to implant improvement projects of highest prior-
ity;

e toestablish a quality control and insurance method;

e to design a continuos improvement system to im-
plant the medium and long term improvement pro-
jects and to define new goals or changes in the
processes.

4. To organise and to manage human resources accord-
ing to the process map. All the workers and managers
have to know what their activities and responsibilities
are (who, what, where, how and when).

5. To build the information system to support the pro-
cess map of the company, considering the different
decision levels and the support technology.

The above five activities within the enterprise inte-
gration programme have to be managed and controlled
as an engineering project. The fundamental require-
ments to be successful in the project are: to sensitize the
Directors of the company, to create a committee, to
nominate a co-ordinator, to approve the scheduling and
the internal diffusion of the project goals. Furthermore it
is necessary to supervise the evolution of the project, in
order to avoid resistance to change, to motivate the
employees, to measure the amount of participation and
to evaluate the results.

The activities, in which the enterprise integration pro-
gramme is divided, according to the ARDIN architec-
ture, are shown below. Some of the results obtained from
the applications in different enterprises are also shown.
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11.1. Conceptual aspects

The starting point within a program of integrated
development is always the analysis of the enterprise
goals (mission, vision and strategy) and its culture
(politics and values). The fact that a company goes on
and has good economic results, does not mean that it
works efficiently and has defined its goals and respon-
sibilities. So, it is very important, before beginning a new
integration project, (1) to understand and to explain the
enterprise strategy, defining where the company is,
where it wants to go, and where it is actually going and
(2) to analyse its culture and its internal organisation
and control level.

11.2. Business process design

Once the strategy goals have been defined, the next
step is to design the way to achieve these goals through
the company business processes. To define the pro-
cesses map, the actual situation (the AS-IS) has to be
analysed and the new enterprise processes (TO-BE)
must be designed. To do this, it is necessary to carry
out questionnaires and interviews with the company
workers. An example of the templates is shown in
Fig. 8.

Two distinct approaches to carry out AS/IS-TO/BE
analysis exist. For example, some authors say that in a
integration project, the AS-IS should be ignored, so as

not to retain old obstacles and that the effort should be
focused on the design of an ideal TO-BE. Our experi-
ence obtained in the integration of different companies
shows that the actual resources (human and technolog-
ical) as well as the culture and company psychology are
a big constraint. Therefore, for defining the TO-BE
processes, the AS-IS has to be understood and the best
available solution has to be chosen, thus avoiding a
situation based on ideals only.

As a result of this work, the way an enterprise oper-
ates may greatly change. These changes may stem from
defining new processes or radically improving already
existing ones. Moreover, a large number of small im-
provements can be identified mainly due to the elimi-
nation of activities or carrying them out in parallel,
reassigning resources or improving information supply.
This phase of the methodology could be associated to a
re-engineering project if great changes based on infor-
mation technologies have been identified. If small
changes are obtained, it may be associated to a contin-
ual improvement project. These improvement ap-
proaches are clearly complimentary and not at all
exclusive (Kelada, 1996).

An interesting element to carry out the business
process design and to reduce time and costs is the use of
a reference model. A reference model describes how the
processes should be using the best working practises and
how the roles of the human resources should be.
A reference model is built from a benchmarking of
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JOB DEFINITION

Department:

Date:

Job:

Name of employee/s:

FREQUENCY (FREQ): D - Daily, S - Weekly, M - Monthly, A - Yearly, V - Variable.

COMPUTER SYSTEM (S1ST): YES/NO.

TIME | DURATION | FREQ

MICROPROCESS SIST

OBSERVATIONS :

DESCRIPTION OF A MICROPROCESS

MICROPROCESS:

INPUT

OuUTPUT

N° | ACTIVITY | DESCRIPTION

INFORMATION

ORIGIN INFORMATION DESTINATION

OBSERVATIONS:

Fig. 8. Example of questionnaires.

different companies in the same sector and similar pro-
cesses from companies of other sectors.

Fig. 9 shows a process map diagram of the reference
model of the tile industry developed by the IRIS Group.
The big arrows show the tile industry macro-processes.
Each macro-process is divided into micro-processes,
activities, tasks, and so on until getting down to the
lowest level, that is, the event produced by a human
action or a machine. Every task of the model has inputs,
outputs, controls and resources (see Table 3).

In addition to the operational part (activities rea-
lised), the model shows the information, the resources
and the decisional alternatives for each activity within
the process. Decisional alternatives represent the differ-
ent ways of doing an activity and their election depends
on the established goals for the process, according to the
strategy and the politics of the company (see an example
in Table 4).

Someone has to take these decisions. The process/
function matrix should be completed in order to know



186 R. Chalmeta et al. | The Journal of Systems and Software 57 (2001) 175-191

[ e P

PRODUCTION MANAGEMENT

A v p cL

CONTROL AR FOLLOW TR AL
AERRABIT O\ [CRmeRIa
—| / [COMMISSION — oomumonaoutacoms >

R
- Dl COMEISION PAYMENT

o

-

A
RISK MANAGEME| r
ST
- 3

ORDER MANAGEMENT

PREPARE AND SERVER THE ORDE]

Fig. 9. Tile industry process map.

Table 3
Example of a task

Introduce the order into the information system (IS)
The aim of this activity is to introduce the order in the IS Clients that place orders have already been introduced by the commercial area, who, in
turn, have previously accorded payment conditions, sales conditions and prices with the client. Moreover, it has asked the risk area for client risk
information.
The order can arrive from two source, by phone call or fax, whether coming from the client or from the commercial agent. Independently of the
source from which orders arrive, their reception is centralized in the expeditions department . ..
Inputs Client order (telephone, fax, other media)

Items information (code, size, quality, etc.)

Client information (fiscal data, delivery address, etc.)

Additional information of the client and/or the order provided by the commercial agent

Outputs Order
Controls Catalogue
Prices

Enterprise politics
IS capacity

Resources Sales area staff
IS, telephone, computer, etc.

who is the owner of every process (see Fig. 10). In addi- same colour. In this way, the figure represents the hori-
tion, Fig. 9 can be improved by coloring the activities zontal view of the enterprise by means of the processes
carried out by personnel in the same department with the and the vertical view by means of the departments.
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Table 4
Example of decision alternatives

187

Decision analysis

Situation 1 The client exceed the risk

Decision 1 Decision 2

Advantages

Disadvantages

Introduce the order into the Reserve demanded items
IS and wait until the commercial

for director’s authorization

Do not reserve demanded items.

They are kept only as
information

Do not allow the introduction
of the order into the IS

It will not load orders to high risk
clients without a previous control
by the commercial director

A product reservation is made,
and can be confirmed after the
authorization

Product that may not be served
will not be reserved

No risk client orders can be
placed

When a reservation is made, the
available products will be kept
for no risk clients only

When the commercial director
authorizes the order it is possible
that the available product item is
not available

It will not load orders to high risk

clients without a previous control

by the commercial director
The commercial agent must find
an alternative way to register
the order, which will generate
duplicity

PROCESSING

LOAD ORDER
GENERATING

DELIVERY
NOTE
GENERATING

INVOICE
GENERATING

Fig. 10. Processes/functions matrix.

This reference model facilitates the business process
design project in a tile company. It has reduced from
four months to one the time required for the IRIS
Group to carry out the whole study: the analysis of the
AS-IS and the improvement proposals (TO-BE). On
the other hand, this reference model has been used by
Baan Business System (now Vanenburg Business Sys-
tems) to develop templates for the Tile industry of its
software ERP, with the goal of reducing the cost and
the time of the implementation of BAAN ERP in a tile
industry.

Another reference model developed by the IRIS
Group is oriented to road transport enterprises. This
model has served to implant the working processes and
to develop the information system in a Spanish virtual
transport enterprise (Chalmeta, 2000). This virtual
transport enterprise is a temporary alliance of 45 small

and medium size enterprises that work together through
the establishment of co-operative agreements, to share
resources, skills, and costs, supported by Information
and Communication Technologies in order to better
attend market opportunities, to reduce the transporta-
tion cost and successfully fulfil a responsible corporate
strategy.

11.3. Implementation

As a result of applying the business process design in
a company, a new process map is designed. The next
step is to implant and to control the migration of the old
system (the AS-IS) in the new processes (the TO-BE).

Table 5 shows a template to begin the AS-IS/TO-BE
analysis. This template is also appropriate for showing
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small improvements in the processes since the AS-IS and
the TO-BE activities will coincide, although they will be
carried out differently. A significant re-design effort may
result in a completely different set of activities, in which
case another template model would be needed to show
the process result regarding AS-IS.

The gap + restrictions column shows the differences
between current work performance, desired work per-
formance and the restrictions that exist to achieve the
latter. In this way the TO-BE enterprise implementation
may be broken up into a series ‘of co-ordinated pro-
jects’, that will be set in priority, and if the enterprise
already exits, these projects will form the transition path
from the AS-IS to the TO-BE enterprise. Traditional
cost/benefits analysis is a very useful tool to define the
priority of the projects within the integration program.
However, organizational, technical and operational as-
pects should also be considered. Therefore, ARDIN can
be used as the basis for feasible enterprise project
identification, execution and management, all of which
are within the financial, physical and economic capa-
bilities of the enterprise and the requirements of the
conceptual phase are met.

Once the projects have been prioritized, the short
term projects must be implanted. It will mean changing
attitudes, both in the directors of the company and the
employees, defining new roles and redesigning the
company structure. The results must be that everyone in
the company knows its activities, knowing what to do
and how to do it. In order to ensure that the desired
changes have been properly implanted, a method for
quality assurance (as for example ISO 9000) is neces-
sary. Finally, a continuos improvement system must be
designed, allowing (1) to implant in the future the me-
dium and long term improvement projects and (2) to
adjust the enterprise to the environmental changes.
When these projects are completed, the integration de-
sired will be completed.

11.4. Human resources

As a results of the integration project everyone in the
company will know its activities, knowing what to do
and how to do it. So it will be able to define the new
company structure.

Table 5
AS-IS/TO-BE analysis
Area: Sales Document code:EncAsisTobe File:EasisTob.doc
Macroprocess: Order management Author:Pilar Garcia Garcia
Microprocess: Order processing Creation date:14-Apr-99 Modify date:
14- Apr-99
Activity® AS-1SP TO-BE® FIT¢ GAP + Restrictions®
(1) Collect data The order is received via fax If the order comes via NO OK The IS dose not allow
about the order or telephone from the client. telephone, data must be real time performance
If the order is received via introduced straight into due to the complexity
telephone, data is written the IS of the consultation be
down in an orders notebook carried out during the
to be introduced into IS data introduction.
afterwards Restriction: IS
(2) Consult the Before introducing the order The order risk consultation NO OK The IS dose not allow
client risk into the IS data about client option must be accessible the introduction of high
risk must be consulted. If from the order introduction risk and it obstructs
client risk exceeds the credit option and must be updated its consultation.
assigned, the IS dose not with the introduction of each Restriction: IS
allow the introduction of any new detail line. The IS must
more orders. For this reason, allow the introduction of
it is necessary to write down high risk client orders and
the order the block them in order to
avoid processing until their
situation changes or a person
in charge decides to block them.
(3) To introduce Trough the option “New OK

order data into the
information system

order”, the head data and
detail lines of the order are
introduced

#The activity must coincide with the show activities in the textual description and the DEM.

® Describes how the activity is carried out at present.
¢ Describes how the activity must be carried out in the future.
91t must be know as follow: OK: if the activity is carried out at present in a desirable manner.; NOT OK: if the activity is not carried out according

to a desirable manner.

¢ Describes the differences between the TO-BE and the AS-IS, showing possible restrictions to go from the AS-IS to the To-BE.
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11.5. Information systems

A very important aspect in the company’s integration
is to co-ordinate the process activities in time and space
through the transfer of information between the pro-
cesses. “Information is the gum that keeps the organi-
sation structure joined” (Rockast, 1988). The
information is utilised to integrate the activities within a
process and between many processes, since many times
the information that has a process is useful to another
one. Therefore the information systems are a basic ele-
ment to integrate the company.

To build an appropriate information system pre-
supposes establishing the relationships between the
company, its activities and information management:
how the information is generated, how it supports the
company’s operation and how it is managed. Therefore,
the first step in the development of the information
system is to define the information requirements to co-
ordinate the decisions and to execute the activities from
an integrated perspective.

In a traditional methodology for the development of
an information system in a company, the requirement
specifications are realised through a functional area
analysis. For example, the marketing applications to
solve marketing problems, the manufacturing applica-
tions to solve manufacturing problems, etc. As a con-
sequence, the data utilised within one area cannot be
utilised in another because this possibility has not been
forecasted.

This unsuitability to reach the integration when in-
formation and enterprise activities are considered within
the departmental boundaries suggests that it is necessary
to collect the specifications of the information require-
ments through an analysis of the business processes.

The proposed model for the information system de-
velopment by ARDIN architecture is oriented to the
process map of the company. It guarantees the inte-
gration of the company’s activities through the infor-
mation, thus allowing the company to broaden the
possibilities of using the information to increase the
company performance. The information can be used to
measure and monitor process performance, to improve
its design and execution, to integrate the activities within

Table 6
Example of functional requirements of the IS

and between the processes, to fit the processes to the
clients, to facilitate the long term plans, to support the
decisions related to the activities, to control the strategy
evolution, etc.

Finally, it is necessary to point out that in an infor-
mation system oriented towards functional areas, it is
very difficult to come to conclusions about the processes
and the enterprise performance. Only when the infor-
mation system is oriented towards processes, enough
information is generated to study how good the com-
pany processes are. In this way, computers are capable
of gathering information on and reporting about re-
sources consumption, the time, cost, etc.

One aspect that must be emphasised is the need to
separate what is manipulable (information) from the
element that executes the manipulation (information
technology). A lot of the information that circulates
through the company is not taken into account by the
information technology, but rather can be supported by
other means, like paper, telephone or oral transmission.
In this paper, the ‘information systems’ and the prob-
lematic related to its design are oriented to a comput-
erised information system.

A company processes map defines the requirements
of the information system which will be used (1) to de-
velop a customized software or (2) to compare the ERP
software currently on the market in order to select the
most appropriate one for the enterprise objectives and
processes. The exhaustive requirements definition car-
ried out according to ARDIN architecture also serves to
obtain a closed contract regarding time and cost with
the enterprise that develops or implements the software.
Fig. 9 shows, as continuous lines, some of the infor-
mation in and between the processes of the reference
model of the Tile Industry and Table 6 shows some of
information requirements of the tile industry reference
model.

Therefore, those activities for enterprise integration,
according to the ARDIN architecture, related to enter-
prise strategy analysis, enterprise processes map re-
designing, improvement projects defining, etc. must be
carried out before choosing whether to develop a cus-
tomized software or to adopt a standard ERP. In this
way, an alignment between the information system and

Process: order management

Requirements of the IS

The IS must facilitate the consultation of articles available in the warehouse showing whether the product is reserved or not

The IS must allow the introduction of order lines of articles which are not in stock

The IS must give knowledge about client risk status when the order is introduced

The IS must allow the easy generation of the load order which marks the order lines of a determined client’s pending orders

The personnel in charge of the warehouse may consult other locations in the warehouse and modify them on the load order

When the delivery note is generated, the previous associated documents must be updated properly; that is, the lines that have been served must
disappear from the order and the corrections affecting warehouse stock must be updated
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the enterprise strategy is achieved. In other hand, it is
shown that Ardin architecture is useful for both the
development of customized systems as well as for stan-
dard ERP software implementation.

12. Decision support system

Decision support systems (DSS) are part of the in-
formation system and support the tactical and strategic
decisions. The performance measure systems and the
cost models are examples of DDS that are very useful
for any kind of enterprise and are a powerful tool for
improvement if used along with enterprise integration.
They are necessary to prescribe, suggest and assist in the
design and management decision-making phases.

The kernel of a performance measurement system is a
set of indicators that can be classified from six per-
spectives: customer, financial, internal process, learning
and growth, quality and environmental. This set of in-
dicators can be employed as the foundation of an inte-
grated and iterative strategic management system. It
enables the VTE company to:

o clarify and update strategy;

e communicate strategy throughout the companyj;

e align unit and individual goals with the enterprise
strategy;

o link objectives to long-term targets and annual bud-
gets;

e conduct periodic performance reviews to learn about
and improve strategy.

Inside the ARDIN project, a performance measure
system for a virtual transport enterprise has been built.
This system allows controlling both, the performance of
a company part of the group, and the performance of
the whole group. In order to develop the performance
measurement system for a VTE we have followed the
methodology derived from the work carried out by
members of the IRIS group under the project TQM-tile
funded by the ESPRIT program of the European Un-
ion.

13. Conclusions

The complexity of the enterprise action framework,
forces the enterprises to adopt an organizational and
operational focus which will allow them to obtain the
‘maximum benefit’ from their resources. To reach this
objective, an enterprise must ‘efficiently manage’ all its
elements, aligning and ‘integrating’ them so that they
work together toward the achievement of the enterprise
objectives and strategy.

The project of master planning and implementation
of an ‘integrated enterprise system’, from the above
proposal, is an extremely complex process which in-

volves different technological, human and organiza-

tional elements. To make the study of existing systems

and the design of new more advanced systems, easier,
reducing at the same time the complexity level, it is
necessary to establish a step by step development

‘methodology’ and to formalize the creative process of

each phase.

In this way, various efforts in the development of
models and methodologies to analyze and design inte-
grated industrial systems (called usually RA) are being
carried out. However, the current paradigms are not
fully complete, as the modeling methodologies, repre-
sentation techniques and adequate executing tools have
not been fully developed.

Within this framework, the ‘ARDIN Project’ has
been shown. The implementation of an integrated sys-
tem using the ARDIN proposals will allow the enter-
prises:

e to obtain a most efficient, flexible and versatile orga-
nization, by means of the combination of the vision
of the enterprise management through the business
processes, with the support offered by the informa-
tion technologies for its design and execution;

e to claborate a homogeneous reference frame within
the company that allows verifying that the activities
carried out and the services offered have an appropri-
ate quality level;

e to integrate the value chain, which has an effect on
management improvement, by decreasing global
costs and increasing service quality;

e to establish a procedure to guarantee the validity and
the renewal of the process in order to reach different
strategic objectives as they are identified successively;

e to involve the future users so that when the new pro-
cess map implanted, it will have a positive develop-
ment;

e to create a cultural change factor among the com-
pany staff by looking for a more participant manage-
ment style and introducing continuous improvement
processes in its activities.

The project implantation will mean establishing a new

and better intercompany relationships.
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Abstract. This paper describes the evolution and the results of the
research work carried out by the IRIS group in the field of enterprise
integration. This research work began with the ARDIN project, the aim
of which was to develop and validate a step forward in the state of the art
of the Reference Architectures for Enterprise Integration. The ARDIN
project was focused on the internal integration of the enterprise. So, the
next research activity to be conducted was to extend ARDIN to include
inter-enterprise integration. Then, the IRIS group has participated in
several projects in this context, like EDICER and CRM-Pyme project.
Finally, the research work currently being carried out by the IRIS group
is oriented towards knowledge management as a new aspect to be con-
sidered in enterprise integration.

1 The problem

To maintain and improve their competitiveness while reacting to the fast changes
that take place in the opportunities and needs of the market, enterprises must
adopt a kind of organisation and operations that will allow them to obtain the
maximum benefits from their resources.

Therefore, an enterprise must efficiently manage all of its elements, aligning
and integrating them in order to improve the ability to work together in a con-
tinuous improvement process that enables that the objectives and the strategy
of the enterprise to be accomplished.

2 What has been done

In this context, the research Group in Systems Integration and Re-Engineering
(IRIS) began to work on the ARDIN (Spanish acronym standing for Reference
Architecture for INtegrated Development) project in 1994. The IRIS research
group is a multidisciplinary group made up of faculty members from different
departments at Universitat Jaume I in Castelld, Spain. The mission of the group
is to establish a stable framework in which to carry out research in the fields of
enterprise organisation and computer systems, working according to the condi-
tion that the goals and results of the research activities have to be always oriented
towards solving the real problems facing companies and public organisations.



The objective of the ARDIN project was to develop and validate a step
forward in the state of the art of the Reference Architectures for Enterprise
Integration.

The TRIS group has applied the methods and techniques developed in the
ARDIN project to enterprises of different sectors [2]: Tile Industry, Construction,
Transport, Textile, Information Technology and Governmental.

Once the problem of the integration of a single enterprise had been solved,
the next research project conducted by the IRIS group was oriented at extending
ARDIN for virtual enterprise integration. Virtual Enterprise Integration means
improving the performance of a temporary alliance of globally distributed inde-
pendent enterprises that participate in the different phases of the life cycle of
a product or service by efficiently managing the interactions among the partici-
pants. This is a very complex task that involves different approaches concerning
technology, management and cultural elements.

At that point there were different proposals for enterprise integration (usually
called Reference Architectures) that were very useful in applications for a single
enterprise. However, they needed to be adapted to support the new requirements
that appear in virtual enterprise integration.

The modifications that were made to ARDIN to help in the design and
management of an efficient and flexible virtual enterprise can be synthesised
in a methodology, a set of reference models of best business practices and in the
design of a technological infrastructure.

Figure 1 shows the Virtual Enterprise Integration Programme that was pro-
posed following the methodology of the extended ARDIN architecture, from a
practical point of view. See [3] for further details about the extended ARDIN
architecture and methodology for virtual enterprises.

In addition to the methodology, a Technological Infrastructure was also de-
signed which makes use of the new information and communication technologies
to support the smart integration of the virtual enterprise. The technological in-
frastructure automates the information traffic in the virtual enterprise so as to
aid the cross-organisational business process.

Within this framework, part of the work was oriented towards the devel-
opment of a Performance Measurement System (PMS) for virtual enterprise
integration as a fundamental tool for achieving a high degree of integration [5].

The results of this research work were applied to two case studies: one from
the tile sector [4] and another from the transport sector [1].

In addition, in inter-enterprise integration field, the IRIS group worked in
the design and application of a methodology that described the activities and
techniques required to develop (1) a tile sectoral profile for EDI messages under
internationally accepted standards and (2) a set of guidelines for implementation
that helps EDI to be incorporated in a quick and simple manner. This project
was called EDICER.
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Fig. 1. Virtual Enterprise Integration Programme.

3 What is being done

One special aspect in inter-enterprise integration is the relation between the
enterprises and the final customer. CRM (Customer Relationship Management)
can be defined as a set of business, marketing and communication strategies
and technological infrastructures that are designed to help build a long-lasting
relationship with customers, which, to a large extent, is achieved by identifying,
understanding and satisfying their needs. Yet CRM implementations are often
unsuccessful.

To solve this problem, the IRIS group has developed a formal methodol-
ogy (called the CRM-IRIS methodology) that guides the process of developing
and implementing a CRM System. This methodology takes into account dif-
ferent aspects of a CRM system, such as the definition of a customer strategy,
the reengineering of customer-oriented business processes, the administration
of human resources, the computer system, change management and continuous
improvement.

This methodology, together with the CRM software that was developed, was
applied to 26 Spanish small and medium enterprises from different sectors as part
of the CRM-Pyme project (a System of Managing Relationships with customers
in SMEs; see http://www.fue.uji.es/crm-pyme/). The aim of this project, which
began in 2003 and is about to finish, was to use the new information technologies



to identify innovative forms of organisation and of working in the relationships
between small and medium-sized enterprises and their customers.

4 The future

Nowadays, the work of the IRIS group is oriented towards knowledge manage-
ment as a new aspect to be considered in enterprise integration. A virtual textile
enterprise collaborates with the IRIS group in the collection of data and the
validation of the results.

Yet, the IRIS group’s scope of action is not limited to just enterprises but
also deals with other types of problems. The IRIS group is, then, beginning to
work in the field of ontology by developing an ontology for the Genomic Epi-
demiology of Cardiovascular Diseases [6]. This work is part of the work plan
of INBIOMED, a Spanish cooperative research network in Biomedical Informat-
ics (http.//www.inbiomed.retics.net). This network is developing a technological
platform for (1) the storage, integration and analysis of clinical, genetic and epi-
demiological data, and (2) images supporting the research on human pathologies.

5 Conclusions

This paper has described the work being carried out by the IRIS group in the
enterprise integration field. It may serve as an example to illustrate the progress
that has been made in this field, as regards: the internal integration of the
enterprise, taking into account activities, decisions, resources and information;
the integration of the enterprise with the other participants in the value chain
and more especially with customers; and finally the identification of the roles
played by human resources and the knowledge they possess.
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Abstract. The application of enterprise modelling supports the com-
mon understanding of the enterprise business processes in the company
and across companies. To assure a correct cooperation between two or
more entities it is mandatory to build an appropriate model of them.
This can lead to a stronger amplification of all the cross-interface activi-
ties between the entities. Enterprise models illustrate the organisational
business aspects as a prerequisite for the successful technical integration
of IT systems or their configurations. If an IT system is not accepted
because its usefulness is not transparent to the staff members, then it
quickly loses its value due to erroneous or incomplete input and insuffi-
cient maintenance. This at the end results in investment losses.

The paper exemplifies the strengths, values, limitations and gaps of
the application of enterprise modelling to support interoperability be-
tween companies. It illustrates a proposal for a common enterprise-
modelling framework. This framework is presented in terms of problems
to face and knowledge based methodological approach to help solving
them. A specific application demonstrates enterprise modelling and the
synchronisation between the models as prerequisite for the successful
design of Virtual Enterprises.

1 Introduction

The implementation of information systems and new organisational structures
into and between companies requires discussions between different stakehold-
ers of the enterprise (e.g. process design experts, managers, process owners, 1T
experts). Therefore the modelling of enterprise processes including related in-
formation systems and organisational units is an essential step in the process of
changing and improving enterprise structures. The target is to achieve a common
understanding of requirements of a new system. This is true for big companies as
well as for small and medium size enterprises (SME). Furthermore the enterprise
modelling bridges the gap in transforming process organisation of an enterprise

R. Meersman et al. (Eds.): OTM Workshops 2005, LNCS 3762, pp. 552-561, 2005.
(© Springer-Verlag Berlin Heidelberg 2005
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and the processes implemented within the IT systems. The complexity of the
modelling approach increases if used across enterprise networks.

The modelling of enterprise business processes is growingly becoming a well
known technique especially within big companies. Now also SMEs are forced by
their customers to increase the transparency of their processes. Moreover, the
need of IT support such as ERP systems increases for SMEs. The establishment
of information systems within a company is a difficult task. Various applications
of IT systems are not efficient because of a lacking acceptance on the user side
and of deficits between the real process organisation of the enterprise and the
support of the IT systems.

Experiences from industrial projects illustrate that companies which buy an
IT system without a clear strategy for enterprise business process improvement
and little knowledge regarding the organisational effects often fail in applying
the software. Therefore, big companies as well as SMEs require a modelling
approach to create an enterprise (business) process blue print for a successful
implementation of IT systems. The model is oriented to and across process own-
ers or stakeholders of operational and management departments. Consequently
the description of the process structure and its relations to different resources
such as organisational units, I'T infrastructure, information exchange, etc. has
to be easily understandable.

Enterprise modelling concerns awareness of enterprise cultural particularities.
The goal is to answer the question: "How to make different enterprise models
interoperable made from different modelling methodologies languages and meta-
models, modelling background and environment?’.

The topic is covered by the European INTEROP [1] Network of Excellence
concerned with inter-operability research for networked enterprises applications
and software, its goals, rationale and early results and by the European inte-
grated project ATHENA [2](Advanced Technologies for Interoperability of Het-
erogeneous Enterprise Networks and their Applications).

To address a Common Enterprise Modelling Framework definition, the first
step is to establish a common base of understanding of different modelling con-
structs across different modelling languages that is a common modelling language
such as the INTEROP UEML approach. The second step is to take into account
the different ways of representing the real world within the model content, in-
cluding aspects such as cultural and regional differences both in enterprise way
of working but also in the way to build models, different objectives driven models
and so on.

2 Models Across Organizations

2.1 Problems of Enterprise Modelling Between Companies

In the actual situation regarding enterprise modelling several modelling methods
and tools are used in enterprises (Figure 1). For example, MO?GO [3] support-
ing the integrated enterprise modelling is preferred because of a fast and easy
understandable modelling method across different stakeholders. GRAI [4]Tools
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Fig. 1. Methods and Tools

are prioritised especially for modelling the decisional processes of an enterprise.
ARIS [5] is popular for enterprise modelling especially in the IT domain and IT
departments. METIS [6] supports a very flexible meta modelling and therefore a
good adaptation of the user wishes according the modelling constructs. The in-
formation covered by these tools is similar. Therefore, to save the investment for
method training and model elaboration an exchange of the information modelled
within the different tools should be provided. In the first step within INTEROP
this is a topic of the Unified Enterprise Modelling Language (UEML) [7].

The problem of dealing with different models does not only depend on the
modelling language. The same issue might be defined in two different models
with different terms (e.g. Lead engineer / Project engineer) but at the same
time in a third model these terms may have another meaning. Instead of the
modelling language the natural language might be hindered by an information
exchange and cooperated work on the models because a translation into an inter-
lingua e.g. English might result in misinterpretations without having a common
ontology support. The perspective between two models dealing with the same
information might be different e.g. order processing or product processing con-
cerning the external interfaces of an enterprise. The structuring of the processes
as well as the design of the process chains might be dissimilar e.g. the two pro-
cesses 'Preparation’ and ’Send quotation’ could appear in another model just
the process 'Enquiry processing’ (Figure 2). These are some examples of the
problems under consideration in the INTEROP work around synchronisation of
distributed enterprise models. Further problems arise concerning the manage-
ment of such distributed enterprise models. An enterprise model associated with
different other models requires clear procedures of how to perform changes [8].

The intension of the paper is to motivate enterprise modelling supporting
interoperability. More information regarding requirements and state of the art of
enterprise modelling in the context of interoperability can be found in [9] [10] [11].
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2.2 Values of Enterprise Modelling

The application of enterprise modelling supports the common understanding
of the enterprise business processes in the company and across companies. The
company is supported to succeed in reducing the throughput times, in improving
the process quality, in reducing costs and therefore in improving the customer
satisfaction and competitiveness. Enterprise modelling should be the basis of
the information system planning process. The use of enterprise modelling for
supporting and achieving company interoperability has different motivations,
for example:

— Identification of companies’ potentials for acting within different coopera-
tion.

— Enabling companies to participate within collaborations through gathering
the required data from the companies.

— Clarification of the connection between the operating processes of the com-
panies and the required IT support through the illustration of additional
operations.

— Model supported coordination, composition and synchronisation of organi-
sation structures and business processes between the companies, especially
identification of the aspects which support or, what is even more important,
inhibit interoperability.

3 Distributed Project Management and Models

Lean extended enterprise and build-to-order induce better integration of Prod-
uct Lifecycle Management activities that go through computer-aided systems
and knowledge-based information environments. This change of landmarks from
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physical documents to electronics claims to redefine information support func-
tionalities and knowledge-based tools to support worldwide project collabora-
tion. Moreover, extended enterprises and collaborative projects have to analyse
and control their core competencies to react efficiently to the market challenges
(time to market, variability of products..).

The number of different enterprise concepts and complexities caused by differ-
ent interpretations of these concepts encourages enterprises to standardise con-
cepts and formalise behaviour. These efforts build re-usable and adaptable plat-
forms and imply deep business architecture redeployments. The rapidly chang-
ing environment requires convenient collaboration and knowledge integration
tools, and interoperability between different information sources. As a result,
Knowledge Management has become a key facilitator in improving the global
competitiveness of companies. As competitive drivers are forcing companies to
innovate and change, effective knowledge management is essential to realise and
also efficiently implement these changes.

To reach these goals, project management have both to integrate this expert’s
knowledge and the collaborative project constrains. Consequently interoperabil-
ity, in terms of synchronisation problems, will occur at these two levels. We will
mainly describe the first aspect assuming that a same approach can be applied
for project models and alignment.

3.1 Experience Feed Back and Method Proposal

Based on experimental cases we propose knowledge based projects methodology
with three phases to optimise and ensure coherent enterprise project manage-
ment:

— Project infrastructure definition, defines the fundamental elements of the
project (domain infrastructure). Based on a syntax/semantic approach of
the project’s concepts model in order to differentiate concepts. The analy-
sis of their relationship makes the domain architecture. Concepts 'behave’
differently according to their context.

— Project architecture, explains the relationships between these elements and
the way they are deployed (TO BE situation) in order to measure their
efficiency.

— Document generation, describing the knowledge-based application specifica-
tion for the software developer.

3.2 Projects

Next the two projects that integrate this methodology are described.

Information Consolidation Tool in Order to Build Structured
Knowledge-Based Information Environments. This is a French National
Project [12], including 5 academic partners, an aircraft manufacturer (the client)
and a CAD-CAM System developer, in which we experimented different aspects
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of the distributed model management. Clear process definition, steps deliver-
ables and objectives, concepts and working area had to be expressed. Based on
the knowledge, experience and requeriments of the end user, the academic works
had to capture and formalize the knowledge, improve and strengthen it before
specifying software functionalities. We aimed to address ’efficiency of experts to
share knowledge’, and, due to our project team structure, we had to experiment
it between partners. Indeed, specifications or constraints are usually transmitted
from one expert to the other in a global convergence. The differences between
their competencies limit the global understanding of problems. Computer inte-
gration in the expertise chain aims to optimise this kind of relations and thus
the use of enterprise knowledge. The main difficulty encountered is to control
the complexity of information quantity and informality. A harmonisation of the
work-structure will reinforce the efficient use and clearness of information.

Economical Model Integration. Software developers want to unify the four
software solutions they developed independently [13]. The purpose is the cost
estimation (costing) or sale price determination (pricing) in the micro-electronics
field. The goal is to describe a generic economic model used for the determination
of the product industrial value. Each tool answers various aspects from the silicon
wafer to the finished products (electronic boards, mobile phone). The expert,
distributed in different structures (production plant, design offices, buyer or seller
services) had to unify parts of their costs models, their calculations rules, data
inputs. The complexity relies on the fact that at different phases of the product
life cycle, these software are used either by an engineer, a seller or a buyer.
Consequently, their own integration of the tools in their project management is
very different (objectives, information truth).

In both cases, we used a project modelling methodology supported by the
MOKA supporting tool PC-Pack to build common ontology from expert docu-
mentation, the modelling tool MEGA, to perform Project Knowledge mapping
with a systematic exploration, UML-like activity diagrams and UML class di-
agrams and time model synchronisation have been used as a possible support
of these models alignment. The interest of these formalisms is that they pro-
pose a strong common syntax but let people free to rebuild their own semantic
interpretation of meta-models thereby ensuring the whole project evolution in
coherency with the initials objectives.

In term of model synchronisation, these two examples illustrated different dis-
tributed knowledge based projects, integrating cultural, geographical differences
between partners or co-contractors. The spaces / domains comparison helps to
analyse the model compliance (including model coherency, bijection, mapping of
concepts, Meta model definition) and determine the synchronisation needs (this
is a part of the domain infrastructure definition).

The use of a common methodology based on six core concepts (Syntax/
Semantic: to give shareable modelled concepts, Infrastructure/Architecture: to
define concepts and their interrelationships, Domain/Project: to represent ’AS
IS’ and "T'O BE’ situation) helps the partners to understand each other and share
models, information and requirements to perform the works. It still remains the
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problem of the life of such a distributed project model, for instance how to
integrate new final user requirements on the knowledge based tool that rely on
different fields of expertise after the end of the specification phase, or how to
manage the evolution of the initial project objectives (financial support reduction
and technical adaptations for example).

4 Enterprise Modelling and Virtual Enterprises

A Virtual Enterprise is a temporary alliance of independent enterprises that
come together to share resources, skills and costs, with the support of the In-
formation and Communication Technologies, in order to better attend market
opportunities. To design an efficient and flexible Virtual Enterprise that gives the
appearance of being a single enterprise to customers is a very complex task [14].
A Virtual Enterprise involves a great number of organizations, usually SME,
that need to closely collaborate and to be in contact in order to achieve their
objectives (competitiveness, better service for their clients, etc.) in this context
the use of enterprise models is a key factor became successful.

4.1 Methodology for Developing a Virtual Enterprise

In order to help the creation and management of a Virtual Enterprise, partners
develop models using different Enterprise Modelling Languages and different
background knowledge. These enterprise models need to be interchangeable and
understandable for people involved in each enterprise and for the whole virtual
enterprise. In addition, Virtual Enterprises need to update their models due to
the natural evolution of business, new legal requirements, changes in the strategy
of the partners, and so forth. This kind of changes can affect concepts, business,
results and other aspects in enterprise models that are needed to work correctly
in real time [14]. Therefore synchronisation is really important in the process
of setting up a Virtual Enterprise and it becomes more critical when a Virtual
Enterprise is actually running.

The methodology for the virtual enterprise integration developed by IRIS
group [15] shows how to set up practices and procedures in order to integrate
a virtual enterprise. This methodology proposes (1) the definition of the con-
ceptual aspects of the virtual enterprise and of each single enterprise (mission,
vision, strategy, politics, and enterprise values); (2) the redesign of the new pro-
cess map (internal business processes and cross-organisational business processes
that are affected by changes), according to the previously defined concepts; (3)
implementation of the VE new process map.; and (4) the extension of the in-
formation system (and the technological infrastructure) to support the process
map of the virtual enterprise, considering the different levels of decision and
the support technology. This methodology has been applied in several projects
where thee adequate use of model languages and synchronisation between these
models have been critical aspects to be successful.

These four points defined by the methodology are highly supported by the use
of enterprise models, and consequently members in a virtual enterprise need to
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collaborate and to make al their enterprise models interchangeable and moreover,
interoperable and synchronized. For the successful working on and integration
of a Virtual Enterprises model contents and models management is a key issue
to deal with. Therefore, it is necessary to establish the condition and the bases
for good enterprise enterprise model management and synchronization.

4.2 Needs for Enterprise Modelling in Virtual Enterprises

The synchronization and management of enterprise models in a Virtual Enter-
prise is required under several aspects (e.g. model data, responsibilities, motiva-
tion, knowledge, configuration, social aspects etc.). The connection of different
and distinct enterprise models is not limited to ’technical’ or modelling language
problems because, for instance, the same ’enterprise process’ modelled with the
same modelling language under the same objectives and requirements may differ
whenever modelled by different persons.

As it is mentioned in this paper several modelling methods and tools are used
in enterprises, and the application of these tools and models helps to common
understanding. The same necessities analysed for enterprise interoperability can
be found in the integration of a Virtual Enterprise and the same solutions must
be taken into account. The application of the methodology developed by IRIS
group demonstrates that the correct use of models is essential integration of a
Virtual Enterprise.

Clear procedures stating how to manage and synchronize such models, tem-
plates and reference models, use of reference ontologies, training about models
use and guidelines for modelling processes will help to increase the acceptance,
use and results of enterprise models in the developing and management of a
Virtual Enterprise and consequently improves the interoperability of all of its
partners.

5 Conclusions

The reflections above illustrate the need of enterprise modelling to achieve and
support interoperability between organisations. The INTEROP approach of the
synchronisation and management of distributed enterprise models focuses on
the organisational aspects of such models e.g. the common understanding re-
garding modelling structures or terms given to modelling elements to express
the model content [7]. The INTEROP reference cases [11]illustrate the advan-
tage, needs and requirements for enterprise modelling regarding interoperabil-
ity as well. Most of the reference casess started with a modelling phase intro-
ducing different tools and methodologies. It also illustrates that there is not
any general procedure applied and the models depend on how the organisation
provides the modelling activities. Moreover, the involvement of the enterprise
stakeholders is different. Under these circumstances one can imagine the prob-
lem of a company (e.g. a SME supplier) which has to participate into different
co-operations (e.g.Virtual Enterprises) and has to be compliant with the other
enterprise models. First of all, the modelling language might be considered. The
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solution could be using the INTEROP unified enterprise modelling language
(UEML) approach [16] [17]. But afterwards the content of the model needs to be
related to other models (structures, terms, etc.). Moreover, for achieving both
compatibilities in the language and in the content (modelled information), the
management of the decentralised models is required. What about changes within
the model of the SME? Should they be reflected, directly, in all network mod-
els in which the SME participates? What are the results and implications of
such changes?

Organizations develop models using different languages and different back-
ground knowledge. In order to achieve enterprise interoperability, it is necessary
that these models will be interchangeable and comprehensible for people in-
volved in the organization processes. The possibility of different companies to
cooperate generates the necessity for models to be connected in a dynamic way.
Changes in one of the models of an enterprise can affect processes, decisions
and important aspects on the side of other partners. Therefore, synchroniza-
tion is necessary among models from different enterprises in order to deal with
changes, evolution and different views. This is a critical aspect (when models
represent enterprise processes, information, organizational structures, products
or decisions) for those who are closely connected to the same supply chain or
to extended or virtual enterprises. methods have to be elaborated in order to
support the model synchronisation and the decentralised usage of these models.
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Abstract. Virtual Enterprises have become a good organisational so-
lution to cope with the current economic environment. A number of
methodologies have been developed to assist in the creation and man-
agement of a Virtual Enterprise, using Enterprise Modelling as a useful
way to enhance its performance. However, it is necessary to develop new
mechanisms and methodologies to improve the interoperability and to
synchronise changes among different inter-enterprise models.

In this paper, we present a definition of a set of requirements needed
to synchronise enterprise models in order to improve Virtual Enterprise
interoperability. The work is based on previous projects dealing with
interoperability and Enterprise Modelling, like UEML or INTEROP. The
requirements described in this paper were selected and analysed with
the aim of adapting them to the necessities of the synchronisation of
enterprise models in a Virtual Enterprise.

1 Introduction

A Virtual Enterprise is a temporary alliance of independent enterprises that
come together to share resources, skills and costs, with the support of the In-
formation and Communication Technologies, in order to better attend market
opportunities. To design an efficient and flexible Virtual Enterprise that gives the
appearance of being a single enterprise to customers is a very complex task [1].

In order to help the creation and management of a Virtual Enterprise, part-
ners develop models using different Enterprise Modelling Languages and differ-
ent background knowledge. These inter-enterprise models need to be inter-
changeable and understandable for people involved in each enterprise. In addi-
tion, Virtual Enterprises need to update their models due to the natural evolution
of business, new legal requirements, changes in the strategy of the partners, and
so forth. This kind of changes can affect concepts, business, results and other as-
pects in enterprise models that are needed to work correctly in real time. These
issues are really important in the process of creation of a Virtual Enterprise but
they become more critical when a Virtual Enterprise is actually running.

This paper is organised as follows. Section 2 gives a brief description of the
framework in which this research work carried out. Section 3 reviews the main

C. Bussler et al. (Eds.): BPM 2005 Workshops, LNCS 3812, pp. 353-362, 2006.
(© Springer-Verlag Berlin Heidelberg 2006
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concepts related to Enterprise Modelling and synchronisation. In section 4, the
main results obtained in the analysis of requirements are presented and, finally,
section 5 outlines the main conclusions.

2 Framework of the Work

INTEROP (Interoperability Research for Networked Enterprises Applications
and Software) is a Network of Excellence supported by the European Commis-
sion for a three-year-period. INTEROP aims to create the conditions for inno-
vative and competitive research in the domain of Interoperability for Enterprise
Applications and Software [2].

Interoperability is, from a system-oriented point of view, the ability of
two or more systems or components to exchange information and then use that
information without any special effort in either system. Moreover, from a user-
oriented point of view, interoperability is the user’s ability to successfully
search for and retrieve information in a meaningful way and have confidence in
the results [2].

The work presented in this paper was carried out within this framework and
focused on the 'Common Enterprise Modelling Framework (CEMF)’. One
of the main objectives related to CEMF is to develop a new version of UEML
(Unified Enterprise Modelling Language) [3] and to complete it with other facili-
ties like the templates for mapping Enterprise Modelling Languages and mecha-
nisms to allow Collaborative Enterprises to synchronise their enterprise models.

On the other hand, the TRIS Group of the Universitat Jaume I in Castellé
(Spain) has been working on several projects related to Virtual Enterprise in dif-
ferent sectors (transport, tile industry, textile, and so forth) since 1999 [4,5,6,7].
The main aim of these projects has been to define and apply an architecture
capable of supporting the design and creation of a Virtual Enterprise, as a par-
ticular case of Collaborative Enterprise. Some of the most useful results obtained
have been a methodology and a set of techniques, reference models, and software
applications that enable all the elements (organisational, technological, human
resources, and so forth) of a Virtual Enterprise to be coordinated and integrated.

The creation and management of a Virtual Enterprise is an extremely complex
process that involves different technological, human and organisational elements.
Indeed, there is an extensive array of approaches and methodologies which de-
scribe the management processes for enterprise integration (Purdue Guide for
Master Planning, GRAI-GIM, and so forth), Enterprise Modelling Languages
(IEM, EEML, GRAI, IDEF, and so forth), and supporting Enterprise Modelling
Tools (MO2GO, METIS, GraiTools, BONAPART, and so forth) for the design
of enterprise models mainly for individual enterprises.

Nowadays, the group’s activity is centred on extending the methodologies
developed in its previous projects to include issues related to interoperability
among partners of a Virtual Enterprise. Hence, this kind of enterprises present
huge difficulties to interoperate and a cultural transformation is needed in order
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to achieve a correct sharing of information and knowledge. The IRIS Group is
also involved in INTEROP Network, especially in the work related to CEMF. In
this work group one of the main contributions provided by IRIS group’s members
has been to define a set of requirements that can help the synchronisation of
enterprise models developed by different enterprises that collaborate in order to
achieve a common objective.

3 Synchronisation of Enterprise Models in Virtual
Enterprises

Enterprise Modelling is defined in [8] as the art of ’externalising’ enterprise
knowledge, which adds value to the enterprise or needs to be shared, i.e., rep-
resenting the enterprise in terms of its organisation and operations (processes,
behaviour, activities, information, objects and material flows, resources and or-
ganisation units, and system infrastructure and architectures). Therefore, this
art consists in obtaining enterprise models that are a computational representa-
tion of the structure, activities, information, resources, and so forth of an enter-
prise, government or any other type of business or organisation. Models can be
descriptive and/or definitional and they can show what is and what should be.
Its role should be to support the design, analysis and operation of the enterprise
according to the model, in a 'model-driven’ mode [9].

Enterprise Modelling can be used to better understand and improve busi-
ness processes, to select and develop computer systems and so on, but the most
important benefit of enterprise models is their capacity to add value to the
enterprise [8]. Such models are able to generate explicit facts and knowledge
which can be shared by users and different enterprise applications in order to
improve enterprise performance. However, these models are developed with dif-
ferent Enterprise Modelling Languages and integrating them is a complicated
task, since tools for exchanging models created with different languages do not
exist [2,3,10,11].

UEML [3] can help to achieve the exchange of enterprise models among several
organisations, but a synchronisation among models is also necessary in order to
deal with evolution and different views in these models. Synchronisation can
be defined as the adequate temporal coordination of two or more systems or
organisations that have a business relation, in order to optimise the integration
of their processes.

Synchronisation of enterprise models is needed when these models represent
activities which offer results that affect and condition the performance and re-
sults of other enterprises or systems. This is a critical aspect when models rep-
resent enterprise processes, information, organisational structures, products, de-
cisions and knowledge that are closely connected, as is the case for example in
a Virtual Enterprise.

Moreover, enterprise models must change and evolve if they are to be useful
throughout the whole life cycle of the Virtual Enterprise. Model evolution and
changes must be performed in accurate time and taking into account all the
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Problem:

Different Enterprise
Modelling Languages

Different Enterprise
Modelling Tools

Solution:

Exchange of models
among several enterprises

Problem:

Different contents,
cultures, know-howy, best
practises, languages, etc

Full Interoperability

Control of changes in real
time

Solution:

Interoperability Problem

Synchronisation of models
shared by different
enterprises

Fig. 1. Interoperability problem among different enterprises at the modelling level

aspects and possible partners affected by the modifications. This solution must
be supported by an adequate synchronisation (see Fig.1).

In this paper, we have defined and analysed a set of requirements that are
necessary for the synchronisation of enterprise models in a Virtual Enterprise.
In order to classify these requirements we have taken into account:

1. The work developed in the group ’Synchronisation of Different Dis-
tributed Enterprise Models’ in INTEROP [12], where the requirements
were classify as: (a) consistence of models, (b) model maintenance and flex-
ibility adaptation in a distributed environment, (c) security of model man-
agement, (d) decisional and social aspects, (e) extraction of knowledge rep-
resented in different models, (f) federated analysing, (g) evaluation and sim-
ulation of enterprise models across the company boarders, (h) model design
procedures, and (i) model evaluation procedures.

2. The characteristics, structures, and objectives of Virtual Enterprises, dif-
ferent companies with different department structures and different policies
but with a common objective.

3. The results and experience obtained from the different projects developed
on Virtual Enterprises by our research group.

The classification proposed in order to analyse a first set of requirements has
been simplified to four main categories: organisational and decisional category,
ontological category to deal with concepts and contents, technological category,
and modelling language category. The aim of defining this classification has been
to organise the fields to study and to better analyse the main necessities in a
Virtual Enterprise.
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4 Requirements for Synchronisation of Virtual Enterprise
Models

In defining and analysing the necessities for a complete synchronisation of en-
terprise models in Virtual Enterprises, no requirements about Modelling lan-
guage category have been considered, taking into account that UEML solves
transformations and mappings among Enterprise Modelling Languages. The fol-
lowing tasks were developed in order to define a set of requirements to synchro-
nisation of enterprise models in the Virtual Enterprise:

— Review of requirements defined for UEML that were considered to be
outside the scope of the UEML Project [3]. Some of them are related to the
capacity of enterprises to collaborate and to synchronise their models.

— Review of other approaches and projects [13,14,15] that deal with
problems that can be solved by means of synchronisation of models or that
use this issue as part of the solution proposed.

— Addition of new requirements considering particular aspects and char-
acteristics of a Virtual Enterprise.

Regarding the issues considered and defined in the previous section, the re-
quirements were organised in the following categories (see Fig. 2):

— Organisational and Decisional category: partners that make up a Vir-
tual Enterprise have common objectives and share enterprise models that
are connected to each others. These connexions must be identified and con-
trolled by establishing a suitable form of synchronisation. When a partner
needs to modify a process that affects other processes from other partners

Organisational requirements
Knowledge requirements
Technological requirements

Architecture

Evolution
Changes

Virtual Synchronised Virtual
Enterprise Enterprise

Fig. 2. Synchronisation of enterprise models in Virtual Enterprises
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in a Virtual Enterprise, some criteria about how to deal with these changes
and when are needed. Changes can affect different organisations in a Virtual
Enterprise and all of them must agree to update these models, it could there-
fore become a decisional problem. Thus, requirements about organisational
and decisional aspects have to be defined (see Table 1).

— Ontological category: distinct enterprises have different notations, con-
cepts and levels for naming any aspect that is modelled. Each of the partners
can be from a different industrial sector, or can be in a different position (i.e.
supplier or customer) in the Virtual Enterprise; people from each company
have diverse backgrounds and knowledge and what should be more frequent,
a different notation or vocabulary. Therefore, it is essential to define require-
ments that will help to define a common conceptual framework that allows
models to interoperate (see Table 2).

— Technological category: each partner in the Virtual Enterprise, even if
using the same Enterprise Modelling Tools, could represent its processes
using different levels of detail, precision, and so forth. To establish what is
needed to deal with correct models from a technological point of view will
be needed (see Table 3).

— Modelling language category: this aspect will not be taken into account
in this paper. Although it is an important issue to establish a good synchro-
nisation of inter-enterprise models, the requirements needed to solve this
problem are considered in the UEML Project [3].

The requirements for each of these categories are presented in Tables 1, 2, and
3. These requirements are based on a Virtual Enterprise where partners need to
share enterprise models in order to establish flexible and effective cooperation
through the synchronisation of these models. A basic situation could be as fol-
lows: an enterprise A needs to update part of its models that are connected to
other models in enterprise B, and the changes produced in models in enterprise
A affect models in enterprise B.

4.1 Organisational and Decisional Requirements

Enterprises involved in a Virtual Enterprise must develop procedures to define
different levels of models. The main goal is to establish a correct organisational
policy for introducing new versions of enterprise models. This category should
define whether the changes can be assumed automatically by all the members
of the Virtual Enterprise or if they need previous discussions and agreements.
In this case, semiautomatic or manual procedures must be developed to guaran-
tee the correctness of the synchronisation process. The requirements related to
establishing this kind of procedures are shown in Table 1.

On the other hand, employees’ participation in the synchronisation process is
required to assure its success. Therefore, setting up a work group with people
from all the partners in the Virtual Enterprise can be useful to evaluate and
make decisions about the evolution of enterprise models in a synchronised way.
This group will work together and be in contact throughout the entire life cycle
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Table 1. Requirements in organisational and decisional category

Requirement

Description

To define procedures and mechanisms to
allow sharing of models between enter-
prises

Procedures for managing common parts
or parts of models in a Virtual Enterprise
are necessary to be in a position to make
better decisions about changes

To detect model changes that affect mod-
els of other enterprises

Any change in a model of enterprise A
that affects models or processes modelled
in enterprise B has to be detected

To generate the description about re-
quired model changes

When a change in a model of enterprise
A is produced, information about mod-
els affected in enterprise B also has to be
generated

To define procedures and mechanisms for
enterprise B to confirm or reject model
changes. Any change in one of the com-
ponents of a Virtual Enterprise has to be
notified

Changes can be accepted or not, depend-
ing on whether the change is compulsory
for all partners of the Virtual Enterprise.
For instance, strategic aspects must be
analysed before implementing the change

To define security levels

It is necessary to define different security

levels for users who can maintain models
and make decisions about them

of the Virtual Enterprise, and one of the main benefits will be the ongoing
communication that will help to make decisions.

4.2 Ontological Requirements

One of the main aspects that must be supported by synchronisation of enterprise
models is the sharing of concepts, notations and meanings. Therefore, the defi-
nition of one ontology that gives support to all these aspects is really important
in Virtual Enterprise in order to achieve a real synchronisation at the modelling
level. The requirements related to ontological aspects are described in Table 2.

Synchronisation of models deals mainly with the content of a model and
not with modelling languages. Therefore, it is related to ontological issues i.e.
semantics of the models. Results obtained in recent works on ontologies and
semantic enrichment of enterprise models should be analysed in order to be
studied and included in this category of requirements.

4.3 Technological Requirements

As regards the technological level, the easiest solution would be for all the part-
ners in a Virtual Enterprise to adopt the same Enterprise Modelling Tool to
develop their models. This is the solution proposed in the ARDIN Architec-
ture [6], where a common platform is defined for using by the partners, but this
is not always possible due to several reasons.
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Table 2. Requirements in ontological category

Requirement

Description

To maintain information consistence be-
tween models

One of the main issues to be dealt with is
the information shared between models.
Concepts and names must be consistent
and must always keep the same meaning

To define common concepts in order to
adapt and connect models in a Virtual
Enterprise

When some enterprises decide to cooper-
ate in a Virtual Enterprise, it is necessary
to define a common framework in order to
define concepts and knowledge that can
be shared and used

To define mappings

It is necessary to establish correspon-
dences between concepts that can be ex-
plained and understood in different ways

Table 3. Requirements in technological category

Requirement

Description

To provide different levels of automation
for model updates

When some enterprises decide to cooper-
ate by exchanging their enterprise mod-
els, they need a mechanism to define
a priori different levels of model up-
dates: manual, semiautomatic or auto-
matic. Some changes can be obviously
considered in any model but others would
need analysis and decisions

To provide control of versions and

changes

Regarding models that can change and
affect different elements of the Virtual
Enterprise, controlling different versions
correctly is fundamental

To provide a standard exchange format
with which to exchange models

For example, the use of XML to enable
the exchange of models

To promote the use of homogeneous tools
to improve and help synchronisation in a
Virtual Enterprise

Tools can also help in version control, the
use of homogeneous tools is an important
decision that will improve synchronisa-
tion and model changes

To make easy concurrent access to models

To enable sharing of the same model be-
tween different users in real time

In any case, if distinct partners use different Enterprise Modelling Tools, these
tools need to have export and import utilities to enable the exchange of enterprise
models. Although, this kind of utilities is not enough, and more facilities and
functionality are required in this kind of tools in order to achieve a complete
synchronisation of enterprise models. The set of requirements related to this
technological aspect are detailed in Table 3.
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5 Conclusion

Virtual Enterprises need to develop mechanisms in order to interoperate through-
out their entire life cycle. This interoperability can be reached thanks to the im-
plementation of a good methodology for the design and creation of the Virtual
Enterprise and well defined procedures that allow the collaboration to be main-
tained. One of the main questions to help these methodologies and procedures
is the use of inter-enterprise models. But enterprise models must be updated in
order to show any change or modification carried out in the Virtual Enterprise
or in any of its partners. Synchronisation of enterprise models is, therefore, an
important issue for the success of Virtual Enterprises and developing well defined
procedures to achieve this model synchronisation will be an important aspect to
be considered in the evolution of this kind of enterprises.

How changes in models or in the processes represented by these models, can
be detected in order to synchronise them with other models in the same Virtual
Enterprise, and how the models can be updated taking into account decisional
aspects from all the partners involved in the Virtual Enterprise are some of the
questions answered by the set of requirements proposed in this paper. This is
a first step to achieve a good synchronisation of inter-enterprise models in a
Virtual Enterprise and the future work is going to improve and to enlarge the
definition of the requirements in order to identify more necessities and to better
evaluate them.
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Abstract

Knowledge representation is a multidisciplinary subject
that needs to apply theories and techniques from logic, on-
tology and computation. There are a great number of lan-
guages able to represent knowledge, among them UML can
be considered a suitable language for modelling knowledge.
It could be included within the category of visual languages
for knowledge representation.

On the other hand, numerous efforts are being carried
out in the context of Enterprise Modelling to improve the
capacity of enterprise models for externalising enterprise
knowledge. The Proposal presented in this paper combines
both approaches, UML and Enterprise Modelling, in order
to make possible Enterprise Knowledge Modelling using
UML. It shows a summary of this Proposal describing its
principles, the main steps of its development and an exam-
ple of one of the UML Profiles implemented with the objec-
tive of modelling knowledge.

1 Introduction

In [1], it is stated that knowledge representation is a mul-
tidisciplinary subject that needs to apply theories and tech-
niques from logic to provide a formal structure and rules of
inference; ontology, to define the types of things that ex-
ist in the application domain; and computation, to support
the applications that distinguish knowledge representation
from pure philosophy. Moreover, according to [2], there is
no single best theory or language for knowledge represen-
tation; rather, it is necessary to choose the technique(s) that
can be best adapted for each kind of knowledge (procedural,
declarative, metaknowledge, heuristic, etc.). The traditional
techniques used in Artificial Intelligence for knowledge
representation are the following [2]:

e Object-Attribute-Value-Triplets: these are used to

represent facts about objects and their attributes; they
state the value of an attribute of an object.

e Uncertain Facts: this is an extension of the previous
0O-A-V technique to allow uncertainty of facts to be
described.

e Fuzzy Facts: these represent uncertainty using the im-
precise and ambiguous terms of the natural language.

e Rules: these relate one or more premises or situations
to one or more conclusions or actions.

¢ Semantic networks or concept maps: these attempt
to reflect cognition (following the psychological model
of the human associative memory) by means of graphs
that include objects, concepts and situations for a spe-
cific domain of knowledge.

e Frames: these represent stereotypical knowledge of
certain concepts or objects.

e Ontologies: these represent a set of knowledge terms,
including the vocabulary, the semantic interconnec-
tions and some simple rules of inference and logic,
from a particular topic.

These knowledge representation techniques are sup-
ported by different knowledge representation languages,
which are used to represent knowledge in a Knowledge
Management System (KMS). A knowledge representation
language should be able to represent entities, events, ac-
tions, processes and time from syntactic and semantic
points of view. An overview of the existing paradigms
is given in [2]: (1) Logic-Based Representation Lan-
guages, (2) Frame-Based Representation Languages, (3)
Rule-Based Representation Languages, (4) Visual Lan-
guages for Knowledge Representation, (5) Natural Lan-
guages and Knowledge Representation, and (6) Ontology
Knowledge Representation. In the fourth category, UML
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is pointed out as being a suitable language for knowledge
representation, even though it was originally developed for
the software engineering domain. This is one of the starting
points for the research shown in this paper.

On the other hand, the second is Enterprise Modelling
defined as the externalisation and expression of enterprise
knowledge [3], which provides a holistic view of an enter-
prise and considers all its dimensions, i.e. process, decision,
information, behaviour, resources and so forth [4]. Both,
UML and Enterprise Modelling, are the basis of the Pro-
posal presented in this paper to model Enterprise Knowl-
edge.

The paper is organised as follows. Section 2 outlines
the analysis of the state of the art related to the basis of the
Proposal, the main problems in the context of Enterprise
Modelling and existing UML approaches to model enter-
prises and knowledge. In section 3, the Proposal for En-
terprise Knowledge Modelling using UML, and one of the
UML Profiles implemented are presented. Finally, section
4 outlines the main conclusions.

2 Background for Enterprise Knowledge
Modelling

According to [5] enterprise knowledge can been seen as
information made actionable in a way that adds value to the
enterprise. Taking this context into account, we defined en-
terprise knowledge as the network of connections among
data and information that gives the people involved in an en-
terprise an insight into its workings and enables them to act
and to make decisions that add value to the enterprise [6].
In the sections that follow, an overview of Enterprise Mod-
elling and UML are presented, taking into account the main
problems and approaches related to Enterprise Knowledge.

2.1 Enterprise Modelling Framework

Enterprise Modelling has been used for a long time
to select and develop computer systems, to better under-
stand and improve business processes, to support decision-
making, for example [3, 7, 8]. Many languages, stan-
dards, methodologies and tools for Enterprise Modelling
have emerged since the 70s, when the first concepts of
modelling were applied to computer systems (E/R Model,
DFD, and so forth), and modelling concepts and techniques
are now applied not only to information systems but to the
whole enterprise [7].

Nowadays, there are a great number of languages, stan-
dards, methodologies and their corresponding tools, such as
GRAI [9], IEM [10], MEML [8], or IDEF [11], which are
classified as traditional Enterprise Modelling Languages
(EMLs) in [12]. These EMLs cover different dimensions of
the enterprise defined in GERAM [13] and they can even

overlap. Moreover, other EMLs exist that have been cre-
ated in order to make different kinds of exchanges eas-
ier, since interoperability problems are increasing among
systems that use different EMLs [14]. This last category
could also be considered to be EMLs, and, among them
UEML! [7, 17] and POP*? [19, 20] provide common ex-
change formats to smooth the exchange of enterprise mod-
els at a horizontal level. Finally, another category is made
up of the EMLs that are based on standards such as XML
or UML, and they can be used as EMLs [12].

Therefore, taking into account that the problem of inter-
operability is being solved by initiatives like UEML and
POP*, the most important benefit of enterprise models is
their capacity to add value to the enterprise. This is due to
the fact that such models are able to make facts and knowl-
edge explicit so that they can be shared by users and dif-
ferent enterprise applications in order to improve enterprise
performance [3, 7, 8]. One of the tasks that has still to be
solved in this domain is how to achieve dynamic, interactive
enterprise models that are capable of capturing enterprise
knowledge and making it explicit [21].

On the other hand, one of the main weaknesses of En-
terprise Modelling is the lack of strong links between en-
terprise models and software generation. For these rea-
sons, some enterprises, especially Small and Medium En-
terprises (SMEs), implement few enterprise models and,
if they do, it is very hard for them to maintain them or
to use them to generate software [12]. One solution, as
pointed out in [22], is that the role of enterprise models
should be that of facilitating the design, analysis and op-
eration of the enterprise according to models, i.e. it should
be driven by models (model-driven). Nowadays, the model-
driven approach is followed by numerous projects such as
MODELWARE [23], ATHENA [18], and INTEROP [16]
in the European Union, and Model Driven Architecture
(MDA) [24, 25], which is carried out by the OMG.

MDA is an emerging paradigm, which was defined and
adopted by the OMG in 2001, to promote the use of mod-
els and their transformations as a fundamental way of de-
signing and implementing different kinds of systems. This
architecture thus defines a hierarchy of models from three
levels of abstraction: the Computation Independent Model
(CIM), the Platform Independent Model (PIM), and the
Platform Specific Model (PSM) [25]. A lot of work is being
carried out within the OMG framework in relation to PIMs,
PSMs, and so forth, but the characterisation of CIMs and
the features that an enterprise model must satisfy in order
to be considered a CIM and generate appropriate software

!Unified Enterprise Modelling Language, first developed by the UEML
Thematic Network [15] and currently being worked on by INTEROP
NoE [16].

2 Acronym of the different enterprise dimensions: Process, Organisa-
tion, Product, and so on (represented by a star), proposed by ATHENA
IP [18].
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are still in progress [12]. The main problem involved in
modelling enterprises at the CIM level is how to accom-
plish a clear definition of the various aspects that the actors
want to take into account. The domain and purpose of mod-
elling, together with the aspects that must be highlighted,
should be defined, and then the most suitable EML should
be chosen [26]. Therefore, the number of issues that can be
modelled at the CIM level increases the complexity of CIM
models and their transformations, especially when the final
aim is to capture enterprise knowledge.

2.2 UML for Enterprise Knowledge Mod-
elling

The Unified Modeling Language (UML) has become a
standard visual language for object-oriented modelling that
has been used successfully for modelling information sys-
tems in very different domains [27]. However, UML is a
general-purpose modelling language that can also be useful
for modelling other types of systems such as, for example,
an enterprise [28, 29]. Other works, such as [30], point out
the possibility of using UML as a language for Enterprise
Modelling, even though in [31] it is explained how and un-
der which conditions this can be performed. However, the
benefits of model-driven approaches and the new specifica-
tion of UML2 provided by the OMG suggest the need to
provide more practical examples for Enterprise Modelling
with UML based on these recent works [32], and especially
for Enterprise Knowledge Modelling. In this line, some
works, like [33], has been carried out following the possi-
bility suggested in the previous section, but this proposal is
not enterprise oriented and thus it does not take into account
the different enterprise dimensions for modelling [34, 13].

Furthermore, despite the fact that the weakness of the
stereotype mechanism is pointed out in [31], the new spec-
ification of UML2 [27] provides profiles that are more com-
plete than version 1.5 [35]. It will therefore be possible to
customise UML in a better way [36]. For instance, UML
provides a lot of diagrams for modelling dynamic aspects
(but not for direct modelling of business processes) in a
similar way to how they are represented in an IDEF di-
agram. Hence, business process modelling with UML is
complex [37] and the use of profiles according to UML2
can make this task easier.

Taking into account the state of the problems and solu-
tions analysed in this section, the objective of the research
presented in this paper was to consider the possibility of us-

ity of UML 2.0 to extend the language to a specific domain
was used. A UML2 Profile for Enterprise Knowledge Mod-
elling was then defined in an attempt to achieve a common
understanding within the context of Enterprise Modelling.

3 Proposal for Enterprise Knowledge Mod-
elling

The objective of the Proposal presented in this paper is to
represent Enterprise Knowledge at the CIM level and, thus,
the result of using it in enterprises is a graphical model of
the Enterprise Knowledge Map.

In general terms, this Proposal is based on Model Driven
Engineering (MDE), which promotes the design and devel-
opment of computer systems using different types of mod-
els built at different levels of abstraction. More particularly,
it is also supported by the MDA defined by the OMG, which
is an instantiation of MDE. According to this approach,
the process of developing a computer system is based on
the separation of the functional characteristics of the sys-
tem from the details of its specification on a specific plat-
form. Therefore, the Proposal defines a framework for
modelling enterprise knowledge on the CIM level at two
levels of abstraction, which are required due to the great
complexity of this level (see Table 1):

1. CIM-Knowledge: this corresponds to the top level of
the model at the CIM level; the enterprise is repre-
sented from a holistic point of view, thus providing a
general vision of the enterprise focused on represent-
ing enterprise knowledge that will later be detailed in
a local way in successive lower levels.

2. CIM-Business: here, the vision of enterprise knowl-
edge is detailed by means of a representation of its
business, according to three types of models, i.e. the
Organisational, the Structure and the Behaviour Mod-
els.

Table 1. Proposal for Enterprise Knowledge

Modeling.
Abstraction Level Metamodel UML Profile Model Diagram
CIM-Knowledge Knowledge UML Profile for KM  Knowledge  Blocks
Ontological
Knowledge

CIM-Business Organisation UML Profile for GM  Organisation Goals
UML Profile for OSM

Structure

Organisational

ing UML as a knowledge representation language on the UML Profile for AM Analysis
. . L. . UML Profile for BRM Business
basis of two positive factors: first, that it is a visual language Rules
which has become a standard object-oriented language and Structure  UML Profile for SM. Structure gr"d”c‘
" esource
thus there are a lot of tools available on the market; and, Behaviour ~ UML Profile for BM  Behaviour  Process
second, that it is commonly used by engineers in enterprises Service
for software development. To make this possible, the capac-
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The Proposal follows the MDE premise as a fundamental
concept together with the following principles, it is focused
on Enterprise Modelling, since it takes into account enter-
prise dimensions and previous works leading to initiatives
such as UEML and POP*; and it is a user-oriented mod-
elling framework, since it should be developed at the CIM
level by domain experts. A summary of the Proposal with
its abstraction levels, metamodels and profiles developed,
as well as models and diagrams proposed for each level are
shown in Table 1.

3.1 Steps for Developing the Proposal

From a technological point of view, this Proposal was
implemented using the capacity of UML2 to extend a meta-
model, that is to say, using a UML2 Profile. The UML2
Profile was defined for Enterprise Knowledge Modelling
at the CIM level, following an MDA approach and the prin-
ciples detailed above. The Profile provides the constructs
needed to perform the models proposed earlier (see Table
1), and it was developed following these steps:

1. Definition of the metamodels shown in Table 1, with
the objective of representing at conceptual levels the
elements used for Enterprise Knowledge Modelling.

2. Definition of the models and diagrams that can be
used to obtain the enterprise knowledge map. Figure
1 shows the models and diagrams defined within the
Proposal by means of a Class Diagram.

3. Definition of the UML Profile for Enterprise
Knowledge Modeling, following for each of the pro-
files detailed in Table 1 the steps that follows:

e Definition of stereotypes, tagged values and con-
straints of the profile.

e Extension of the metaclasses of the UML2 Meta-
model.

e Detail description of the profile.

4. Implementation of the Profile using a UML tool
(IBM Rational Software Modeler [38] or Magic-
Draw [39] for example). Figure 2 shows, as an ex-
ample, one of the profiles that makes up of the UML
Profile for Enterprise Knowledge Modelling.

5. Validation of the Profile by means of real case study.

3.2 Discussion on the UML Profile for

KM’

Figure 2 shows the diagram of the implemented "UML
Profile for KM’ by means of the MagicDraw UML

is represented by (@ BlockDiagram

is represented by

@ KnowledgeMadel (@ KnowledgeDiagram

OntologicalDiagram
is represented by e 2 =

is represented by
3 OrganisationalStructureDiagram

is represented by
1 (® AnalysisDiagram
®

@ OrganisationalModel 1

is represented by
1 . (@ GoalDiagram
1

is represented by
(@ BusinessRuleDiagram

is represented by
(@ ProductDiagram

(3 StructureModel 1
1

1 (© ResourceDiagram
is represented by *
(@ System™adel
is represented by
® ProcessDiagram
(3 BehaviourModel | 1

1 (@ ServiceDiagram
is represented by *

Figure 1. Models and diagrams defined within
the Proposal.

2.0 [39]. In this section, some relevant comments about
this UML Profile are provided, taking into account that the
mapping between the constructs of the metamodel proposed
to implement this Profile and the constructs of the Profile is
not always one to one. The main reason is that there exist
some elements that it is necessary to represent at conceptual
level in the metamodel for example for a better understand-
ing, but then again it is not needed to represent them in a
specific implementation, such as stereotypes in a UML Pro-
file.

o In the proposed metamodel the class OntologicalCat-
egory has a property named isLeaf to indicate that one
element is a leaf within the ontological hierarchy. It is
necessary to add this property in the UML Profile as
a tagged value, since the stereotype OntologicalCate-
gory extends the metaclass Package, and this is not a
subclass of RedefinableElement. In the case, that the
extended class of UML2 Metamodel was the metaclass
Class, which is a subclass of RedefinableElement,
and therefore inherits the property isLeaf that has the
class RedefinableElement, it would not be necessary
to add this property.

o KnowledgeSource in the proposed metamodel owns
two subclasses, ExplicitSource and TacitSource,
therefore we could add it in the Profile as an abstract

E
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package UL Profile for KM] [Z UML Profile for ki ]
ki

==metaclass==
Instance Specification

==metaclass== ==metaclazs==
Package Dependency

t | 1 il

==stereotypes== oA ==stereotypes== .| |==sterectype== | |==stereotype== ==stereatypes== ==stereotypes==
KnowledgeBlock OntologicalCategory” Basis Instance InstanceKnowledgeElement InstanceKnowledge
[Package] [Package] [Dependency] [Cependency] [Instance Specification] [Instance Specification]
“type : KnowledgeBlockType | |-isLeaf | Boolean
-priority © Integer
==ehumer ation== ==ehumeration== ==ehumerations== ==ghumeration== ==ehumeration== ==ehumeration==
KEnowledgeBlockType | [CalculationProcedureType | ExtractionProcedureType | | InputWariableType | |ExplictSourceType | |TacitSourceType
organisation interyviesn mathetnsticCalculstion explict dataBaze OYyYREr
process search altp tacit datavviarehouse employee
product el alzp documertBaze gdltministration
SerYICe datahining externalDatabase uhian
PESOUNCE presertation documerts clustamet
OyvhEr hibliography supplier
supplier maodels carrier
customer manuals finalCustomer
employee internet competitor
governrmet I I
environment
==sterentypes== E =<metaclass== ==sterentypes= | |==metaclass=s ==metaclass== ==metaclass==
CalculationProcedure " ° | —p Class *— ExtractionProcedure Property Operation Actor
[Class] [Class]
-type : CalculationProcedureType . type | ExtractionProcedureType 5 . .
==sterectype== ==stereatypes== ==sterectype== =z=zterectypes== | (==2stereotypes== ==sterectype== ==sterentypes=
Targetknowledge Input¥ariable ExplicitSource 7 Concept Attitude Procedure TacitSource
[Clas=] [Class=] [Class] [Property] [Property] [Cperation] [&ctar]
type  InputyarisbleType | [type | ExplictSourceType “type : TactSourceType

location : String

Figure 2. Diagram of the "UML Profile for KM’.
stereotype with the aim of having a superclass of the
stereotypes ExplicitSource and TacitSource, and in
this way both could inherit its tagged values. However,
KnowledgeSource has not been added as an abstract
stereotype, since in this case there is not any property
that we need to add as tagged value. Moreover, the two
subclass in the metamodel, ExplicitSource and Tac-
itSource, extend as you can see in Figure 2 distinct
UML2 metaclasses.

tween target knowledge or between ontological cate-
gories and target knowledge.

o Instance is added as an stereotype that extends Depen-
dency in order to model the relationship between tar-
get knowledge and its instances. Taking into account
that the stereotype TargetKnowledge extends the
metaclass Class, and the stereotype InstanceKnowl-

o Concept and Attitude extend Property since they are edge the metaclass InstanceSpecification, both ele-

features of the target knowledge from structural point
of view, whereas Procedure extends Operation since
it represents the behaviour which is needed to learn
concerning an specific knowledge.

Basis is added as an stereotype that extends Depen-
dency in order to model the reflexive relationships that
exist in the metamodel for the classes Knowledge-
Block, OntologicalCategory and TargetKnowledge,
and also the relationships between KnowledgeBlock
and OntologicalCategory, and so on. In this way, it is

ments can only be linked by means of a dependency,
which has been stereotyped in this case to represent
one of the main features of the Proposal presented in
this paper, that is to say, the instantiation of target
knowledge.

3.3 Example of Application of the "UML

Profile for GM’

Figure 3 shows as an example, one of the diagrams that

possible for example to represent the relationship be- it is possible to obtain using the Proposal presented in this
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Figure 3. Goal Diagram for an audit enterprise.

paper. In particular, the diagram depicted in Figure 3 shows e Regarding traditional Enterprise Modelling, this Pro-
the Goal Diagram for a real case, in which is possible to posal is knowledge-oriented and based on a model-
notice the structure of objectives defined in an audit enter- driven approach in order to implement a KMS, but at
prise. This diagram is obtained using one of the UML Pro- the same time it takes into account traditional enter-
files implemented for modelling enterprise knowledge, the prise dimensions, such as organisation, process, prod-
"UML Profile for GM’ (see Table 1). uct, and so forth.

e Enterprises can use a language, like UML, that is well
known by engineers and is normally used to develop
software. They are therefore familiar with the use of

4 Conclusion this modelling language, as well as with the corre-
sponding development process and the tools that are

currently available.
The benefits of this Proposal with respect to other pro-

posals for Enterprise Modelling or Knowledge Representa-
tion could be summarised as follows:

e It is possible to have a number of commercial tools at
one’s disposal for implementing the profile which can
support the process of modelling and model manage-

e It provides a graphical model for representing knowl- ment.
edge that allows employees who are not specialised in
knowledge engineering to gain a better understanding Acknowledgments
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Abstract. The new economy and business needs lead enterprises to be
interoperable in order to be competitive and sustain new market opportu-
nities that will result from cooperation with other enterprises. Easy ways
to establish business with customers and suppliers or other enterprises
are needed. Within this framework various studies on how to establish
interoperability among specific enterprises, supply chains and virtual en-
terprises, or for specific sectors, have been successfully conducted and
applied. The methodological proposal described in this paper will lead
enterprises to achieve an advantage situation regarding their maturity
level of interoperability. It supports enterprises to be prepared to inter-
operate, and this aspect can be a key issue for other enterprises to select
them in new businesses or new collaborative projects.

Key words: Methodology, Interoperability, Enterprise Modelling, Ar-
chitecture & Platforms, Ontology

1 Introduction

Global economy, customer orientation and the rapid development of Information
and Communication Technologies (ICTs) are some of the factors that have pro-
duced a new economic scenario, where information and knowledge have become
strategic resources for enterprises [1]. This scenario promotes new and changing
cooperation needs between enterprises from various sectors, cultures and having
different organisational points of view. The collaboration is not only limited to
integrated networks, supply chains, customer relationships or virtual enterprises.
Enterprises expect a kind of cooperation that preserves their identity and their
own and particular way of working. Within this framework interoperability will
become the cornerstone to this new situation and culture, as well as a permanent
research and experimentation issue.

In this paper, we present a methodology proposal of a to implement an Inter-
operability Framework for a particular enterprise, in which other enterprises that
wish to interoperate with the it, can find the appropriate procedures, methods
and tools to support their interoperability projects.
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This document is divided into five sections. In Section 2, we introduce the
interoperability context and include a brief description of interoperability defi-
nitions and concerns, and goals to achieve full interoperability. In Section 3, we
describe what a methodology is and briefly describe some proposed methodolo-
gies for interoperability. In Section 4, we explain the methodological proposal
detailed by processes, that will serve to develop the framework that will sup-
port enterprise interoperability. Finally, in Section 5, we present the conclusions
reached and the future work to be done on the application and testing of the
methods.

2 Interoperability Context

There are many different approaches to define interoperability. According to
the Oxford dictionary, interoperability is the ability to operate in conjunction.
The TEEE [2] defines interoperability as the ability of two or more systems or
components to exchange information and to use the information that has been
exchanged.

From a system-oriented point of view, interoperability is the ability of
two or more systems or components to exchange information and use it without a
particular effort in each system; it describes whether or not two pieces of software
can work together [3]. From a user’s point of view, interoperability is the
user’s ability to successfully search for and retrieve information in a meaningful
way and have confidence in the results. And from a software point of view,
it means that two systems can work together, share information and services
without a especial effort, using a common syntax.

To better understand interoperability is what the research developed in this
area is, it is worth to analyse this concept as compared to Enterprise Integration.
To this regard, it is possible to find the definition of integration ranges in [4].
Full integration means that component systems are no longer distinguishable
in the whole system. Tight integration means that components are still dis-
tinguishable but any modification on one of them may have a direct impact on
the others. Loose integration means that a component system continues to
exist on its own but can work as a component of the integrated system.

Therefore, loose integration reminds us of the concept of interoperability,
where two independent pieces of software from different enterprises can work
together and share information without especial effort.

There is also another way to compare interoperability with enterprise inte-
gration, if we think of the different levels of networked enterprises [5]. The way
the interoperation occurs can be integrated when there is a standard format for
all systems; it ca be unified when there is a common meta-level structure across
constituent models; and it can be federated when models must be dynamically
accommodated rather that having a predetermined meta-model. Therefore, fed-
erated enterprises are nearer to interoperability.
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These definitions are summarised and graphically represented in Fig. 1, where
the lighter colour represents less integration. Enterprises with low or no integra-
tion will be closer to interoperability concerns and projects.

Integration  Collaborative  Networked
Level Enterprises Enterprises

Full Extended Integrated
Integration Enterprises

%

Tight Virtual

c
RS
=
©
S
(9]
-g Integration Enterprises

Fig. 1. Integration and interoperability levels

Interoperability is considered to be achieved if the interaction takes place, at
least, in the business, knowledge and ICT layers [6]. According to INTEROP [7]
there are three relevant domains to provide enterprises interoperability solutions:

— Enterprise Modelling (EM): it considers how to ensure interoperability
between different models. Within this framework exchange languages such
as UEML! [9-11] and POP*? [13, 14] have been developed.

— Architectures and Platforms (A&P): it takes into consideration the nec-
essary technology to implement interoperable applications. Some A&P used
in this area are supported by XML (Extensible Mark-up Language), SOA
(Service Oriented Architecture) and MDA (Model Driven Architecture).

— Ontologies (ONTO): they ensure that the semantics used are understand-
able by the two systems. In this area, several enterprise ontologies have been

! Unified Enterprise Modelling Language: first developed by the UEML Thematic
Network [8] and later on dealt with by INTEROP NoE [7].

2 Process, Organisation, Product, and other dimensions (represented by a star), pro-
posed by ATHENA IP [12].
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developed, such as TOVE which is one of the results of the TOVE Project
[15]; PSL initially Process Specification Language (PSL) [16-19] based on
TOVE, which is a standard for information exchange in the manufacturing
industry; or the Edinburgh Enterprise Ontology (EO) [20,21], which is a
part of ’Enterprise Project’, a collaborative project to provide an enterprise
modelling framework for the integration of methods and tools.

In order to define a complete methodology that takes into account all in-
teroperability aspects, it is important to define interoperability concerns and
problems. In [22] the interoperability concerns are defined according to the do-
mains.

In [23] a small number of enterprises were interviewed to know about what
they needed in order to be interoperable and more specifically, about the use
of EM for supporting interoperability. In [24] a set of requirements to improve
the use of models to support interoperability where identified and classified.
Considering all these results and according to the interoperability concerns the
conditions of a good interoperability framework can be classified by domains, as
follows:

— Interoperability issues in the Strategic Business Domain: the busi-
ness strategy of each participant in the interoperability context must be
defined, and therefore some questions need to be answered. To achieve inter-
operability the framework must cover the user’s needs by taking into account
policies and business and technical aspects.

— Interoperability issues in the Operational Business Domain: all busi-
ness processes have to be modelled. The framework must therefore be defined
considering different levels of knowledge and experience, for example when
different regions or countries, or different industrial sectors or enterprise
sizes (small, medium, large) are involved, and it must provide security and
confidentiality on the information shared. Partners involved in the interoper-
ability project must trust and feel that their contributions to the framework
will not be misused.

— Interoperability issues in the ICT Domain: it is necessary to take into
account the development issues and the execution issues. The framework
needs to be easy to maintain in order to include new procedures or new
concepts when new market needs emerge or new partners participate in the
interoperability framework. It also needs to evolve and consider advances in
communication and information technologies to support the platform.

3 Methods for Interoperability

According to the Oxford dictionary, a methodology is a system of methods used
in a particular field. In the context of Software Engineering, a methodology is a
collection of procedures, techniques, tools, and documentation guides that help
system developers in their efforts to implement a new information system [25].
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Considering the EM domain, research on interoperability has taken place as
an evolution from research in the integration field. In this area the main results
on methods are the Reference Architectures (RA) that provide the develop-
ment of master planning and implementation of an ’Integrated Enterprise Sys-
tem’ [26]. Some remarkable Reference Architectures are CIM-OSA (Open System
Architecture) [27], GIM (Grai Integrated Methodology) [28, 29], PERA (Purdue
Enterprise Reference Architecture) [30], GERAM (Generalised Enterprise Ref-
erence Architecture and Methodology) [31] and ARDIN (Reference Architecture
for INtegrated Development) [32].

The evolution from the use of EM to support enterprise integration to the use
of EM to support interoperability has been the objective of various projects such
as UEML [8] and ATHENA [12]. The results, UEML and POP* are languages
to support enterprise model exchange, as well as and guidelines and methods to
support their use. But UEML and POP* do not fully support an interoperability
project.

Other more methodologically-oriented proposals have been developed to try
to solve interoperability problems. One of these examples is the Model Driven
Interoperability Method (MDI Method) [33]. This is a model-driven method
that can be used for two enterprises that need to interoperate not only at the
code level but also at the Enterprise Modelling level with an ontological support
and the final aim of improving their performances. The solution proposed by
this method is mainly model-driven oriented, so it would be useful in specific
cases that request this kind of architecture, but not in more general situations.

Another example is proposed in [34], where a repository to collect and main-
tain methods to support interoperability projects is defined. The goal of the
repository is to provide guidelines on how to define and organise methods and
techniques. The repository would allow the research community to store and
search for methods to support interoperability.

Finally, there are some specific methodologies to define an interoperability
framework in a business domain, like the HARMONISE Project [35] which
defines an interoperability framework for tourism; and ISIM [36] that aims at
covering the general interoperability needs of a large number of industrial sectors.

All these languages and methods can support partial interoperability issues,
or are designed for specific projects. Other results are focused on one of the
interoperability domains, like the specific Ontologies, or are focused on the man-
agement of the methods. They do not provide a general and comprehensive
proposal. In order to achieve an interoperability maturity level, enterprises need
a full guide to support current and future projects. The proposal presented in
this paper guides enterprises process by process, when it comes to implement a
framework considering all the interoperability concerns and domains.
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4 Methodological Proposal for an Interoperability
Framework

Considering the previous analysis on what interoperability is and what its con-
cerns are, a good methodology for the development of an interoperability frame-
work must be defined taking into account: (1) the different components identi-
fied in the enterprise application (processes, data/information, communication
and resources), (2) the three interoperability domains (Enterprise Modelling,
Architectures & Platforms, and Ontologies), and (3) enterprise business levels
(strategic, tactical and operative).

In this paper we introduce a methodological approach that will be the first
step in the definition of a methodology for the development of an Interoperability
Framework.

4.1 Bases of the Proposal

Taking into account all the interoperability concerns and their classification as
described in Section 2 an Interoperability Framework should include:

— Procedures where the partners, current and future ones, can easily find what
to do to interoperate considering the EM domain.

— Policies and regulations about the use of the data and the information shared.

— Ontologies where terminology can be clarified for all the stakeholders.

— Utilities to easily establish collaborations that do not mean extra or high
investments.

— A repository of specific tools and methods that can easily support the inter-
operability project.

— Exchange utilities and tools to communicate I'T structures and platforms.

The main goal of the proposal is to define a process guide that supports enter-
prises to develop this framework that will promote and sustain other enterprises
to interoperate with them.

The proposal is structured in five processes. For each one a brief description,
goals activities, and results are defined.

In order to implement the framework the idea is to develop a web portal
where potential partners would query about the procedures to be applied, the
methods and tools that can be used to establish the interoperability and the
ontology to support the achievement of full interoperability.

4.2 Processes of the Methodology

The processes defined range from an initial process, where the conceptual aspects
and strategic requirements are identified, through design and implementation,
to, finally, the use and the maintenance process that covers the needs that any
engineering project will generate.
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Table 1 summarises each process, the activities and the expected results.
The results, as well as the activities, are defined considering the three enterprise
layers (business, knowledge and ICT) and the three domains of interoperability
(EM, A&P, and ONTO).

Process 1: Definition of Conceptual Aspects. The first process is focused
on the identification of the main goals that an enterprise sets up to achieve
by developing a framework that eases establishing interoperability with other
enterprises. The conceptual aspects are defined from the top-level point of view
of the enterprise and strategic aspects and long term enterprise objectives are
taken into account to define why an interoperability framework is a need for the
enterprise.

The activities would include a viability analysis in order to evaluate the costs
of the implementation of the framework and the benefits that this project will
provide in the long terms.

The result will be the definition of the interoperability goals and the en-
terprise strategy for interoperability, specific vision and future needs, and the
evaluation of costs and benefits.

Process 2: Identification and Classification of Current and Future In-
teroperability Situations. The identification of current and potential partners
must be based on the goals defined in the previous process. New aspects can be
added in the previous results, when specific partners are analysed.

For each of these sets of partners and situations, it is necessary to identify
domains involved in the interoperability, areas and processes, policies and current
tools used to support the own enterprise’s processes and the detail level. Each
potential interoperability situation will promote different problems to be solved.
A first approach in order to define these problems and risks can be assumed from
the classification of interoperability problems in [22]. The main results will be:

— A classification of current and potential partners.

Identification of interoperability situations and assessment of their viability.
— The development of procedures to carry out for each of the situations.
Reference Enterprise Models to represent the business processes that are
involved in each of the interoperability situations.

— A first definition of ontological needs.

Process 3: Design of Procedures and Platform. This process will include
the design of user procedures, business processes, data bases, and specific plat-
forms for each of the situations identified in Process 2, taking into account the
three domains and the three enterprise levels.

1. Definition of external user procedures: how an enterprise can use this frame-
work in order to be an interoperability partner. Commercial and business
agreements and other organisational aspects must be included. (EM)
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2. Design of References Models and identification of the parts of these models
that can be public to support interoperability with various potential enter-
prises. (EM)

3. Selection of the ontology tool and ontology design. (O)

4. Design of specific data bases including the shareable data. Design of suitable
data exchange interfaces to support automatic data exchange. (A&P, O)

5. Selection of communication exchange areas and protocols. (A&P)

Process 4: Implementation of the Interoperability Framework. Taking
into account the design results from the previous process, the platform to support
the interoperability framework must be implemented. In this process technologies
available must be evaluated and the viability study must be considered.

The framework will be implemented as a web portal with restricted access
to partners, who must establish an agreement on the use of the platform con-
tents and future interoperability concerns. The portal must fulfil the needs of
information, procedures, tool repositories and an ontology platform.

As a final activity an experimental partner must test the platform in order
to validate and verify its use before the final version.

Process 5: Use & Maintenance. The use of the platform will provide feed-
back in order to improve and to enlarge the interoperability situations and re-
quirements. New conceptual aspects may appear, new ontological concepts must
be added or reviewed and new techniques, tools and EMLs will be proposed to
improve the framework.

5 Conclusions and Future Work

The methodological proposal developed in this paper will guide enterprises to
create utilities and procedures that will support and encourage other enterprises
to interoperate with them. The implementation of a portal where other poten-
tial business partners can find strategic, organisational and tactical guides to
promote and ease new interoperability projects will increase the benefits and
the successful results of all the enterprises involved. This framework will be a
competitive advantage when new market opportunities arise.

The methodological proposal will support the interoperability projects taking
in account all the domains and concerns established for the project: EM, A&P
and ONTO.

Therefore engineers involved in the project must also consider specific pro-
cesses and objectives of the enterprise. To this regard the project may pay more
attention to on of the domains or enterprise layers. New activities may be added
to customise the framework in accordance with particular objectives, require-
ments or businesses. Future work will be focused on the use of the proposal in
order to implement the framework in a particular enterprise. This will allow us
to test its applicability and to improve the proposal with new requirements and
concerns.



Proceedings of MDISIS 2008 55

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kalpic, B., Bernus, P.: Business Process Modelling in Industry-The Powerful Tool
in Enterprise Management. Computers in Industry 47 (2002) 299-318

. IEEE: IEEE Standard Computer Dictionary: A Compilation of IEEE Standard

Computer Glossaries. Institute of Electrical and Electronics Engineers. (1990)
Ducq, Y., Chen, D., Vallespir, B.: Interoperability in Enterprise Modelling: Re-
quirements and Roadmap. Advanced Engineering Informatics 18 (2004) 193-203
Vernadat, F.: Interoperable Enterprise Systems: Principles, Concepts, and Meth-
ods. Anual Reviews in Control 31 (2007) 137-145

Chen, D., Doumeingts, G.: European Initiatives to Develop Interoperability of
Enterprise Applications-Basic Concepts, Framework and Roadmap. Anual Reviews
in Control 27 (2003) 153-162

Chen, D., Doumeingts, G.: Basic Concepts and Approaches to Develop Interop-
erability of Enterprise Applications. In Camarinha-Matos, L.M., Afsarmanesh,
H., eds.: PRO-VE. Volume 262 of IFIP Conference Proceedings., Kluwer (2003)
323-330

INTEROP: Interoperability Research for Networked Enterprises Applications and
Software NoE (IST-2003-508011). http://www.interop-noe.org (2008)

UEML: Unified Enterprise Modelling Language Themantic Network (IST-2001-
34229). http://www.ueml.org (2008)

Berio, G., Opdahl, A., Anaya, V., Dassisti, M.: Deliverable DEM 1: UEML 2.1.
Technical report, INTEROP-DEM (2005)

Opdahl, A., Henderson-Sellers, B.: A Template for Defining Enterprise Modelling
Constructs. Journal of Database Management 15(2) (2004)

Opdahl, A., Henderson-Sellers, B.: Chapter 6. Template-Based Definition of Infor-
mation Systems and Enterprise Modelling Constructs. In: Ontologies and Business
System Analysis. Idea Group Publishing (2005)

ATHENA: Advanced Technologies for interoperability of Heterogeneous Enterprise
Networks and their Applications IP (IST-2001- 507849). http://www.athena-ip.org
(2008)

Ohren, O.P.: Deliverable DA1.3.1. Report on Methodology description and guide-
lines definition. Technical report, ATHENA (Advanced Technologies for interop-
erability of Heterogeneous Enterprise Networks and their Applications) Project
(IST-2003-2004) (2005)

Grangel, R., Chalmeta, R., Schuster, S., Pena, I.: Exchange of Business Process
Models using the POP* Meta-model. In Bussler, C., Haller, A., eds.: BPM 2005.
Volume 3812 of LNCS., Springer, Heidelberg (2006) 233-244

Project, T.: TOVE. http://www.eil.utoronto.ca/enterprise-modelling/tove (2007)
Bock, C., Gruninger, M.: PSL: A semantic domain for flow models. Software and
Systems Modelling Journal 4 (2005) 209231

Cheng, J., Gruninger, M., Sriram, R.D.,; Law, K.H.: Process Specification Lan-
guage for project scheduling information exchange. International Journal of IT in
Architecture, Engineering and Construction (IT-AEC) 1 (2003) 307-328

NIST: Process Specification Language (PSL). http://www.mel.nist.gov/psl/
(2007)

ISO: International standard 18629 PSL of ISO (iso/tc 184/sc 4 y tc 184/sc 5).
http://www.iso.org (2007)

Uschold, M., Gruninger, M.: Ontologies: Principles, Methods and Applications.
Knowledge Engineering Review 11 (1996) 93-155



56

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Proceedings of MDISIS 2008

Uschold, M., King, M., Moralee, S., Zorgios, Y.: The Enterprise Ontology. Knowl-
edge Engineering Review 13 (1998) 31-89

Ralyt, J., Backlund, P., Khn, H., Jeusfeld, M.: Method Chunks for Interoperability.
In Embley, D.W., Oliv, A., Ram, S., eds.: ER. Volume 4215 of Lecture Notes in
Computer Science., Springer (2006) 339-353

Campos, C., Perry, N., Anaya, V., Jaekel, F.W.. A Questionnaire Design for
the Study of Current Practices about the Use of Enterprise Modelling. In: I-
ESA’07: 3rd International Conference on Interoperability for Enterprise Software
and Applications, Funchal (Madeira Island), Portugal (2007)

Campos, C., Grangel, R., Chalmeta, R., Coltell, O.: Requirements to improve
the synchronisation of inter-enterprise models. In: Business Process Management
Workshops. (2005) 353-362

Avison, D.E., Fitzgerald, G.: Information Systems Development: Methodologies,
Techniques, and Tools. McGraw-Hill/Irwin (1998)

Burkel, J.: Applying CIM for Competitive Advantage. In Burkel, J., ed.: Proc. of
the Autofact’91, Dearborn, Michigan: SME, cop (1991)

Staff, C.E.C.A.: Open System Architecture for CIM. Springer-Verlag New York,
Inc., Secaucus, NJ, USA (1993)

Doumeingts, G., Vallespir, B., Zanittin, M., Chen, D.: GIM-GRAI Integrated
Methodology, a Methodology for DesigningCIM Systems, Version 1.0. LAP/GRAI,
University Bordeaux 1, Bordeaux, France (1992)

Doumeingts, G., Vallespir, B., Chen, D.: Decisional modelling GRAI Grid. In:
International Handbook on Information Systems. Springer-Verlag (1998) 313-337
Williams, T.: The Purdue Enterprise Reference Architecture. Computers in In-
dustry 24 (1994) 141-158

Peter, B., Laszlo, N.: A framework to define a generic enterprise reference archi-
tecture and methodology (1994)

Chalmeta, R., Campos, C., Grangel, R.: References Architectures for Enterprise
Integration. Journal of Systems and Software 57 (2001) 175-191

Bourey, J.P., Grangel, R., Doumeingts, G., Berre, A.: Deliverable DTG2.3. Report
on Model Driven Interoperability. Technical report, INTEROP NoE (IST-2003-
508011) TG2 (2007)

Jeusfeld, M., Backlund, P., Ralyt, J.: Classifying Interoperability Problems for a
Method Chunk Repository. In: I-ESA’07: 3rd International Conference on Inter-
operability for Enterprise Software and Applications, Funchal (Madeira Island),
Portugal (2007)

Dell’Erba, M., Fodor, O., Ricci, F., Werthner, H.: Harmonise: A Solution for Data
Interoperability. In: I3E ’02: Proceedings of the IFIP Conference on Towards The
Knowledge Society, Deventer, The Netherlands, The Netherlands, Kluwer, B.V.
(2002) 433-445

Laopodis, V., Conte, A., Elefteriadou, I.: A Methodology for Introducing Interoper-
ability in Industrial Sectoral Applications of Electronic Commerce. In: DEXA ’98:
Proceedings of the 9th International Workshop on Database and Expert Systems
Applications, Washington, DC, USA, IEEE Computer Society (1998) 679



Proceedings of MDISIS 2008

Table 1. Summary of the proposal

57

N. Processes Activities Techniques Outputs

1 Definition of Definition of scope and Information  collecting Specific vision and future
Conceptual constraints techniques needs
Aspects

Definition of strategic
goals concerning interop-
erability

Enterprise strategy for
interoperability

Identification of current
and potential
interoperability partners

Interoperability goals

Viability analysis Analysis of costs and Evaluation
benefits costs/benefits
2 Identification Identification of interop- Brainstorming Interoperability situ-
of Interoper- erability problems ations and diagnostic
ability about their viability
Situations
Identification of Business EML Interoperability scenar-
Processes and areas in- ios
volved in interoperabil-
ity situations
Classification of Ontology Engineering Ontology specification
interoperability
situations
Evaluation of needs Classification of partners
Design of Business Pro- EML Reference Enterprise
cess models Models (BP)
3 Design of Design of procedures and Software and Ontology External user procedures
Procedures data bases for support- Engineering definition

and Platform

ing documentation and
information about part-
ners

Design of the web portal

Design  and technical
specifications of software

Design of the ontology

Ontology and architec-
ture components of the
framework

Design of data exchange

Data exchange interfaces

procedures and inter- design
faces
Evaluation and selec-

tion of the supporting
technologies (A&P) for
the development of the
framework

4 ImplementationDevelopment and testing Software and Ontology Web portal: ontology,
of the Inter-  of the components Engineering data exchange proce-
operability dures, repository  of
Framework Reference Models

5 Use and Execution and control — Quality improvement IF tested, new require-
Maintenance techniques ments and releases







An Ontological Solution to Support

Interoperability in the Textile Industry

A. Duque, C. Campos, E. Jimenez, R. Chalmeta

Lecture Notes in Business Information Processing (LNBIP) 2nd IFIP WG5.8 Workshop on
Enterprise Interoperability (IWEI'2009)

Springer Verlag (Berlin)

Volum: LNBIP38, Pagines: 38-51, Any: 2009

ISSN: 1865-1348, ISBN : 978-3-642-04749-7

A-7






An Ontological Solution to Support
Interoperability in the Textile Industry

Arantxa Duque!, Cristina Campos!,
Ernesto Jiménez-Ruiz?, and Ricardo Chalmeta'

! Research Group on Systems Integration and Re-Engineering (IRIS)
2 Temporal Knowledge Bases Group (TKBGQ)
Dept. de Llenguatges i Sistemes Informatics, Universitat Jaume I, Castellé, Spain
{arantxa.duque, camposc, ejimenez,rchalmet}@uji.es

Abstract. Significant developments in information and communication
technologies and challenging market conditions have forced enterprises
to adapt their way of doing business. In this context, providing mecha-
nisms to guarantee interoperability among heterogeneous organisations
has become a critical issue. Even though prolific research has already
been conducted in the area of enterprise interoperability, we have found
that enterprises still struggle to introduce fully interoperable solutions,
especially, in terms of the development and application of ontologies.
Thus, the aim of this paper is to introduce basic ontology concepts in
a simple manner and to explain the advantages of the use of ontologies
to improve interoperability. We will also present a case study showing
the implementation of an application ontology for an enterprise in the
textile/clothing sector.

Key words: Interoperability, Ontology, Thesaurus, Case-Study, Tex-
tile/Clothing Industry.

1 Introduction

Nowadays, firms are required to work in an effective and efficient manner to
create greater possibilities of success in the international market. In order to
achieve this, they must collaborate with each other, and it is at this point when
communication problems arise. Thus, even if the companies in collaboration
belong to the same sector the differences in format or layout of documents or
the business logic used, may cause the collaboration process to slow down and, in
the worst case scenario, to fail, decreasing opportunities for the companies in the
market. Interoperability enables the above mentioned problems to be resolved.

According to the IEEE association interoperability is the ability of two or
more systems or components to exchange information and to use the information
that has been exchanged [I].

Three main research themes or domains that address interoperability issues
have been identified by the Thematic European Network IDEAS[2], namely: (1)
Enterprise modelling (EM) dealing with the definition of interoperability require-
ments; (2) Architecture & Platform (A&P) defining implementation solutions to
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achieve interoperability; (3) Ontologies (ONTO) addressing the semantics nec-
essary to assure interoperability [3]. Ontologies have critical roles in support of
browsing and searches for e-commerce and in support of interoperability for fa-
cilitation of knowledge management and configuration. Ontologies can be used
as central controlled vocabularies that are integrated into catalogues, databases,
web publications and, knowledge management applications, providing a concrete
specification of term names and term meanings [4].

The purpose of this paper is to clarify ontology related concepts to re-
searchers, managers and end users and present how ontologies can be used to
support interoperability. In this paper we present a case study showing the im-
plementation of an application ontology for a business in the textile/clothing
sector that should serve as a basis of a public domain ontology. In next section
we review the basic ontology related concepts and we introduce the methodol-
ogy followed to develop our application ontology. Section 3 introduces the most
relevant works about enterprise ontologies. Section 4 describes the main char-
acteristics of the textile/clothing industry. In section 5, we introduce a textile
thesaurus developed after the study of the domain and we describe the evolution
from that thesaurus to an application ontology specially designed for the case
study, a local textile/clothing company, introducing the benefits obtained from
the use of ontologies for the enterprise interoperability. Finally, conclusions and
future research proposals are included in section 6.

2 Ontology Basic Concepts

Several definitions of the concept ontology have been made, but the one by
Gruber [B] is the most popular and widely accepted, and adopted in this paper:
an ontology is an explicit specification of a conceptualisation.

Ontologies define the terms and common concepts used to describe and rep-
resent a particular domain or knowledge area, as well as the relationships among
these terms and the rules for combining them. The choice of an ontology de-
termines the way in which we perceive and represent our environment. Thus,
ontologies are no other than a formalism for knowledge representation. This
knowledge can be formalised using the following components: concepts, rela-
tions, functions, axioms and instances.

One of the most extended uses of ontologies is the support of structured,
comparative, and customised searches. But ontologies are more than just that,
they are also powerful tools for providing interoperability support. In general
Interoperability projects, approaches and frameworks developed, consider as a
requirement for their solution the development and use of Ontologies where ter-
minology can be clarified for all the stakeholders as for example in [3] 6] [7) 2] [§].
In the simple case of considering controlled vocabularies, there is enhanced in-
teroperability support since different users/applications are using the same set
of terms. In simple taxonomies, we can recognise when one application is using
a term that is more general or more specific than another term and facilitate
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interoperability. In more expressive ontologies, we may have a complete opera-
tional definition for how one term relates to another term and thus, we can use
equality axioms or mappings to express one term precisely in terms of another
4].

2.1 Ontology Representation Formalisms

Generally, ontologies are represented in languages that allow abstraction of the
low-level data modelling; in practice, ontology representation languages present
an expressive power close to first order logics [5]. This capacity for abstraction
is what allows ontologies to support interoperability.

Figure[l| presents the existing formalisms for knowledge specification accord-
ing to their semantic expressiveness. Genuine lexical resources are placed closer
to the left, while more formal ontologies are at the right end of the spectrum.
We consider a lexicon as a compilation of domain terms. A thesaurus is no other
than a lexicon that includes basic relationships between concepts and, generally,
classifies those terms within a hierarchy. On the other hand, domain ontologies
integrate complex rules and axioms concerning a particular case of application.

) f—— Concepts and Formal Ontology ——
g——— Terms & Linguistic Relationships ——

\ v

Simple I ‘\‘_ Complex
Weak Taxonomy i erl.‘llu 08y \ m Logics
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Fig. 1. Adapted Ontology Spectrum based on [4 [9] [10].

Lexical knowledge (i.e. lexicons, thesauri) has been integrated into ontologies
in different ways. In the simplest approach, it is introduced directly as one of the
properties of the concept. Even though the previous scenario seems to be the
preferred one by the community, authors in [9, [I0] propose that ontologies and
lexical resources (thesauri in our case) to be kept separated from each other.
This organisation enables the reuse of a thesauri by several resources within
the same domain. This reuse may improve ontology alignment since ontology
concepts will be linked to entries of the same thesaurus. Figure [2| shows such
linkage between ontology concepts and thesaurus terms. If the same entry in the
thesaurus is linked to several ontology concepts, this may indicate that these
concepts are potentially aligned.
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Fig. 2. Ontology thesaurus link based on [10].

2.2 Ontology Development Methodologies

There are several design criteria and development approach methodologies for
Ontologies, including those proposed by Natasha Noy et al [11], Uschold and
Gruninger [12], Guarino [I3],and A. Gomez-Perez et al [14].

All these methods focus, in particular, on scenarios where a harmonisation
between similar ontologies is required or there is a need to achieve the inter-
operability of distributed knowledge sources, which may be either databases or
ontologies or both.

INTEROP Network of Excellence [6] adopts UPON (Unified Process for ON-
tology building) [I5]. UPON is an incremental methodology for ontology building
that takes into account that in most cases companies require a migration of the
already existing knowledge bases (typically relational databases) to ontologies;
and generally these existing knowledge bases would still continue to exist and
need to interoperate with the newly designed ontology as well.

UPON'’s characteristics stem from the Software Development Unified Pro-
cess, one of the most widespread and accepted methods in the software engineer-
ing community, and it uses the Unified Modelling Language (UML) to support
the preparation of all the blueprints of the ontology project.

What distinguishes UPON from other methodologies, for software and on-
tology engineering respectively, is their use-case driven, iterative and incremen-
tal nature. UPON presents cycles, phases, iterations and workflows. Each cycle
consists of four phases (inception, elaboration, construction and transition) and
results in the release of a new version of the ontology. Each phase is further
subdivided into iterations.

For each iteration five workflows take place: requirements, analysis, design,
implementation and test; and a richer and more complete version of the target
ontology is produced. The incremental nature of UPON first requires the iden-
tification of relevant terms in the domain, gathered into a lexicon; then this is
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progressively enriched with definitions, yielding a glossary; adding the basic on-
tological relationships to it allows a thesaurus to be produced, until, with further
enrichments, it takes a final shape.

The methodologies for ontology design mentioned above have many points
in common, but in this paper we will mainly focus on the UPON methodology
as we consider that its iterative nature is more appropriate and adapts better to
our domain and case study. But, as we mentioned already in this paper, we will
keep the thesaurus and the domain ontology separated from each other.

3 Enterprise Ontology Review

Enterprise Ontology (EO) has its origins in the need to develop models at a high-
level of abstraction with the development of effective inter- and intra-enterprise
information systems. These models need to be understood by both business
people, who are defining their functionality, and software engineers, who are
constructing and implementing the software systems that realise the systems’
functionality. The idea of business components for modelling information systems
is very valuable since they directly reflect the business rules and the constraints
that apply to the enterprise domain [16].

Thus, an Enterprise Ontology is a collection of terms, definitions, relations
and rules relevant to business enterprises. In order to develop an enterprise on-
tology, all the terms in the business need to be considered and clearly defined.
This includes the company’s intended purposes, the processes and everything
happening in the business. From the research of AIAI (Artificial Intelligence
Applications Institute in the University of Edinburgh) the main uses for the
Enterprise Ontology include to [17]:

— Enhance communication between humans, for the benefit of integration.

— Serve as stable basis for understanding and specifying the requirements for
end-user applications, which leads to more flexibility in an organisation.

— Achieve interoperability among disparate tools in an enterprise modelling en-
vironment using the EO as an interchange format.

3.1 Enterprise Ontology Approaches

TOVE (TOronto Virtual Enterprise) ontology is the result of the TOVE [18]
project conducted by the University of Toronto. The TOVE project provides a
generic, reusable data model that provides a shared terminology for the business
and enterprise.

The researchers in the National Institute of Standards and Technology devel-
oped PSL (Process Specification Languages) [19]. PSL, initially based on TOVE,
identifies, formally defines, and structures the semantic concepts intrinsic to the
capture and exchange of discrete manufacturing process information.

Finally, the Edinburgh Enterprise Ontology or the Enterprise Ontology (EO)
[1I7] project’s goal is to provide “a collection of terms and definitions relevant to
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business enterprises to enable coping with a fast changing environment through
improved business planning, greater flexibility, more effective communication
and integration”. The EO project has also developed tools for modelling, com-
municating and representing enterprises and processes in a unique way. The
EO is represented in an informal way (text version) and in a formal language
(Ontolingua).

All these efforts offer a great contribution to ontology development as a
support mechanism for interoperability. But, in real life, only large companies
can afford these solutions. In fact, a large number of enterprises have a very
poor understanding of what ontologies and their advantages are. Moreover, even
though a huge amount of information about ontologies and their applications
has been written, the number of tangible or free-accessible ontologies is very
scarce.

The aim of this paper is make all this information accessible to the gen-
eral public and provide the reader with a practical and simple example of how
an application ontology can be designed and implemented. More precisely, we
will focus on the design of an application ontology for a local textile/clothing
company.

4 Case Study Context

Because the aim of this document is to present an application ontology devel-
oped for a textile/clothing enterprise, we will now briefly review the main char-
acteristics of this sector and describe the most significant research conducted to
introduce interoperable solutions in the domain.

4.1 About the Textile/Clothing Industry

The production process within the Textile/Clothing sector is based on collabora-
tion between a large number of small and medium enterprises (SMEs) to create
and deliver items of textiles and clothing. Each of these enterprises is responsible
for a particular aspect of the production process: such co-operation is regulated
by the exchange of request /response messages necessary to carry out all the steps
in the supply chain. The delivery timing of the final product is affected by the
communication mechanism adopted within the supply chain. In this sector the
introduction of fully interoperable solutions and standards is a harder task when
compared to other production processes, since the sophistication and specificity
of the cooperation among the enterprises of the supply chain (mainly based on
human relationships instead of Information and Communication Technologies)
are very high and represent a peculiar competitive factor.

4.2 Textile/Clothing Industry Interoperability Approaches Review

Up until 2000, most innovation was aimed at automating internal business pro-
cesses. In many cases, even this was usually only within individual departments,
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leaving inter-enterprise processes as manual. The only existing interoperability
solutions were based on EDIFACT [20] technology, and EDITEX [21], which are
described below.

The EDI, Electronic Data Interchange, defined by a UN Commission, was
focused on the simplification of international commerce. It was based on:(1)A
document structure for international electronic commerce; (2) the UN dictionary
of the words for international trade; and (3)the ISO syntax for the electronic
transfer of data within flat files. The result was a rigid technology, EDIFACT,
where customisations were made by suppressing of unused parts of a common
general structure. This approach was valuable because it conveys a universal
standard, but it was only affordable for large organisations.

In the period between 1980 and 1990, the EDITEX project developed the
EDIFACT subsets for the FEuropean Textile and Clothing industry. Despite these
efforts, the diffusion of the EDITEX solution was also limited to a few very large
organisations.

eTexML [22] is a French project coordinated by the Institut Francais du Tex-
tiles et de I’Habillement - IFTH. The project was initiated in order to provide a
set of EDI tools based on XML to allow manufacturers and retailers to implement
a reactive delivery strategy.

TEX-WEAVE [23], Standardisation and interoperability in the Textile Supply
Chain Integrated Networks, is an international project in which AITEX (Instituto
Tecnoldgico Textil) [24] based in Alcoi (Spain) is involved. The aim of this project
is to provide the Textile/Clothing sector with a framework for interoperability
based on standardised electronic document exchange based on XML Schemas.

Moda-ML [25] (now denominated Moda-ML initiative) was a European
project based in Italy. The project objective was to facilitate the exchange of
technical and managerial information between the companies of a supply chain in
the Textile/Clothing sector. The project is especially focused on the relationship
between textile providers and clothing manufacturers.

Regarding semantic-like interoperability, Moda-ML represents an interest-
ing initiative to provide semantics for the e-business vocabulary [26] 27]. They
carried out the following steps based on UPON methodology: they started by
identifying the necessary vocabulary terms (i.e. lexicon), then they created a
basic organisation of the terms (i.e. thesaurus), and finally they automatically
built an ontology following a set of patterns and descriptions extracted from a
database.

The next section presents our case study, which is a study we carried out
of the main requirements for developing a reference vocabulary and ontology.
As Moda-ML, we have followed a three-steps approach: definition of term re-
quirements (i.e. lexicon), analysis and organisation of terms (i.e. thesaurus), and
implementation of a formalisation (i.e. ontology).
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5 Development of an Ontology for the Textile/Clothing
Industry

The case study is an enterprise involved in the hosiery and textile/clothing indus-
try. The company expanded and diversified its operations to also manufacture
socks and to produce all its own yarn and fibre requirements. The company has
kept growing and introduced new product areas such as underwear, beachwear,
pyjamas and lingerie.

For the sake of brevity, in this paper we will focus on the part of the ontology
developed to describe the technical specifications or characteristics of the wide
range of products manufactured and commercialised by the company.

Next we will describe the steps conducted in order to complete our ontology,
based on the UPON methodology described in subsection [2.2}. Figure [3] shows
how UPON methodology has been adapted to our particular case of study.

Phases

Workflows Inception ‘ Elaboration ‘COnstruction Transition

Reguiremeants lexicon |

Analysis and design| esaurus

Implementation ontology
Test W
Deployrment %

Fig. 3. Steps conducted in order to develop our application ontology based on [15] [28].

5.1 Determine the Domain, the Benefits and the Scope of the
Ontology

During this phase of the study it is vital to determine what the domain of the
ontology is, what the ontology will be used for and who will use and maintain
the ontology.

After a precise study of the enterprise to gain a deep understanding of its
workflow, we decided to focus our ontology on the textile products that are
produced and marketed.

It is improtant to determine how the company would benefit from the devel-
opment of an application ontology. The most immediate and evident advantage
is the possibility of introducing semantic searches on the enterprise web portal
from which employees and customers would benefit.

The creation of the ontology and the introduction of a shared thesaurus
for the domain can also provide interoperability support. As shown in Figure
[ ontologies can be used to formally abstract the knowledge represented in a
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Fig. 4. Use of ontologies to support interoperability.

particular database. Additionally, if these ontologies share a domain thesaurus,
interoperability support is enhanced since different users/applications are using
the same set of terms; moreover, mappings between them can be directly defined.

Regarding the semantic integration, ontologies can also be used to detect
incompatibilities between database schemas to be integrated. When merging in-
dependently developed ontologies, given a set of mappings between them, errors
are likely to occur due to different points of view in the respective conceptualisa-
tions [29]. In general such errors are due to global restrictions which are not true
in all contexts (e.g. only items have a name), but in a specific application. Thus,
when integrating different applications and databases with different contexts,
these global restrictions should be avoided.

In our particular case of study, the application ontology enhances internal in-
teroperability between the different departments of the company since they now
have a shared domain thesaurus defining the most common terms. A specific
ontology could also be developed for each department. This particular ontology
should take into account the most relevant processes of every unit. Moreover, a
mapping between these ontologies may also be implemented. Thus, the shared
thesaurus and the set of departmental ontologies will provide a fully interoper-
able solution within the company.

On the other hand, external Enterprise Interoperability could be also achieved
by providing the enterprises that usually collaborate with the company under
study with ontological solutions based on our shared thesaurus. This will allow
local companies to cooperate with each other in a more effective and efficient
manner.

5.2 Identification of Relevant Terms

Once the scope and the domain of the ontology have been clearly defined, the
next step is to identify the relevant terms in the application domain (i.e. the



10 A. Duque, C. Campos, E. Jiménez-Ruiz, R. Chalmeta

lexicon), the textile/clothing sector in our case of study, and elaborate a lexicon
including the most general terms.

In order to achieve this, we studied and analysed several clothing catalogues
from the most important companies in the sector. We especially focused on
nightwear, hosiery, socks and underwear, as they are the main items commer-
cialised by our case study . The result of this study was a compilation of the
domain’s most relevant terms (see Figure . Some of the concepts included in
our lexicon are Brand, Colour, Size, Fabric, Item, Season, Collection, etc.

@ Colour  * * | {9 em | -item -size | (3 Size .
o Code o Code . X o Mame - siz
- colour - itemn
o MName .
-item ¥
-size| 1
Size unification
- pack *
{3 Pack
o Code

Fig. 5. UML representation of a subset of the domain concepts.

5.3 Introduction of Basic Relationships between Terms

The next step after the lexicon development is the introduction of the basic
relationships between domain concepts to obtain a thesaurus. As mentioned in
section one, this thesaurus will ideally be shared among different companies in
the sector or different departments within a company and it will be the founda-
tion for the development of an application ontology reflecting the particularities
of each individual enterprise in the textile sector. By basic relationships between
domain concepts, we understand: the classification of the domain concepts within
a hierarchy and establishment of linguistic relationships such as synonyms and
translations. In our thesaurus, for example, terms are defined in English and
Spanish and an equivalence between the sizes used in different countries has
been introduced.

We have used SKOS (Simple Knowledge Organization System) [30, BI] as a
formal language to represent our textile thesaurus (TextileTh). This language
has a rich support for labelling and reporting term metadata (e.g. Preferred
label, Alternate labels, definitions, examples) as well as for defining linguistic
relationships (e.g. Has Broader, Has Narrower, Related, Exact Match). Figure
[6] shows an example of a set of SKOS-like entries organised within a hierarchy
(skos:broader) and showing different synonyms and translations (skos:altLabel).
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skos:prefLLabel skos:altLabel

‘Size’ TextileTh1000004 ‘Talla’

TextileTh1000003

skos:prétLabel
skos:alLakel
7]N,I‘/

‘12 UK’
‘40/42 EUR. F’ ‘48/50 EUR M’ ‘44/46 EUR F’ ‘52/56 EUR M’

Fig. 6. Excerpt from the developed SKOS-like Thesaurus.

5.4 Design and Creation of the Required Application Axioms

Once we have developed a domain thesaurus, our objective is now to introduce
the required axioms to model the particular business rules and complex relation-
ships between the case study products to create an application ontology. Thus,
we will create the enterprise’s application ontology taking the shared domain
thesaurus as a reference.

Table 1. Excerpt from the product definition required in the case.

XS and S are small sizes
e %1 Small_Sizes = XSU S

XL, XXL and XXXL are big sizes
az  Big_Sizes = XL U XXL U XXL

A Pack includes two or more items with the same Size
as Item_S = ltem M JhasSize.S M VhasSize.S

au Pack_S = Pack M Vhasltem.ltem_S M > 2 hasltem.ltem_S
as Pack = Pack_S LI Pack_XS U ... Pack_XL U Pack_XXL U Pack_XXXL

A Basic Pack includes three items: 1 black, 1 white and 1 ecru
a6 White_ltem = Item M FhasColour.White M YhasColour.White

ar Black_ltem = Item M JhasColour.Black M YhasColour.Black

as Ecru_ltem = Item M JhasColour.Ecru M YhasColour.Ecru

a9 PackBasic_S = Pack_S M Jhasltem.White_ltem M Jhasltem.Black_ltem
M 3hasltem.Ecru_ltem M = 3 hasltem.ltem_S

aip PackBasic = PackBasic_S LI PackBasic_ XS U ... L PackBasic_XXXL
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The creation of an application ontology requires a deep understanding of the
business rules, processes and particularities of the company you are developing
the ontology for. In order to fully understand how the enterprise works, we
arranged several meetings with the different departments involved in the design
and commercialisation of their products, including IT.

We have adopted OWL (Ontology Web Language) [32, 133, [34] as the ontology
language, and we have used Protégé 4 [35] as the OWL ontology editor. Table
shows some of the product definition specifications required they are enumerated
in English, but their formal representation using description logics [36] is also
included.

6 Conclusions

Theoretically, there is no doubt about the benefits of using ontologies to support
enterprise interoperability and to facilitate the development of the semantic web.
The aim of this research is to clarify ontology related concepts to companies and
end users, so they can benefit from the actual application of these mechanisms.
Moreover, in this paper we have presented a practical approach to ontology
design and development by introducing an application ontology for the textile
sector, that should be the beginning for a development of a public ontology in
this sector.

The main problem encountered during our research is that even though there
have been plenty of efforts in the last few years to develop a textile thesaurus
that could be used as a standard in this domain, nowadays, few companies
are aware of the actual benefits of investing in these mechanisms and using
them as tools to support interoperability. In this paper, we have developed a
simplified thesaurus for the sector that could be the foundation for the creation
of a standard. Moreover, we have introduced how an application ontology can
be developed, taking this thesaurus as a reference. Even today, the creation of
a standard thesaurus is necessary for the future development and actual use of
application ontologies within the textile sector.

Thus, we can conclude that there is still a lot to do before the actual use of
application ontologies in the textile/clothing industry. As we have already men-
tioned, the main reason for this is the lack of a standard thesaurus or taxonomy
collecting the domain relevant concepts and basic relationships. We also consider
it is very important to carry out initiatives to educate companies and employees
in the use of ontologies, and to prove to them that they can benefit from these
mechanisms. Practical examples of use may be introduced so enterprises can
better understand how the use of ontologies can enhance communications with
customers, suppliers and stakeholders.

Acknowledgments. This work was partially funded by CICYT DPI2006-
14708, BP106/372 and IMPIVA.
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Abstract

Interoperability is a key issue for enterprises in order to keep their competitiveness and market opportunities. The preparation level
to establish interoperability with possible partners is defined as interoperability potentiality. In order to improve this interoperability
potentiality, enterprises need to know how prepared they are, and what they need to improve their current situation. So, measuring
techniques for evaluating this preparation level regarding interoperability must be defined and applied. Different maturity models
applied to interoperability have been proposed defining the levels that can be assigned to an enterprise in this context, but
these maturity models do not provide a formal guide about what and how must be measured interoperability or interoperability
potentiality. This paper is focused on the interoperability potentiality measurement. In order to support the objective a set of
parameters and a phase based methodology are proposed. The parameters are identified taking into account strategical issues,
enterprise business processes, organisational aspects, human resources characteristics and, semantics and knowledge management.
These parameters are the base to develop a questionnaire that is applied in the central phase of the methodology proposed, that
guides step by step in the interoperability potentiality measurement project. In order to clarify and to analyse the proposal an

example of application in a real case is described.

Keywords: Interoperability, Measuring, Interoperability Potentiality, Interoperability Parameters, Measuring Methodology

1. Introduction

In the current economic context enterprises must be capable
of collaborating with one another efficiently in order to
minimise costs, offer new services, deal with new challenges
and, ultimately, be more competitive both in times of crisis or
economic recession, and in times of growth. One of the main
problems that enterprises face when it comes to establishing
efficient collaborative working relationships is the lack of
cultural, conceptual, organisational, process and technological
compatibility [1].

The concept of enterprise interoperability thus appears as a
solution to such problems. Many definitions of interoperability
have been put forward over the years [2]. Nevertheless, to
gain a better understanding it can initially be defined as the
capacity enterprises and organisations have to collaborate in an
efficient manner while preserving their own identities and their
own ways of doing business through mechanisms that act as
facilitators. In this context, efficient means that the enterprise
will use the physical and economic resources necessary to
make collaboration viable and yield benefits in tune with the
investment that was carried out. Preserving their identity means
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that the enterprise does not substantially modify its structure
and processes in order to achieve compatibility with other
enterprises.

The concept of interoperability arises as an evolution of
two lines of research: Enterprise Integration and Software
Engineering [3, 4]. Although references to interoperability in
different technological and governmental areas have appeared
in the literature for over three decades [2], the first significant
initiative implemented to establish and define interoperability
was the one designed by the US Department of Defense (DoD)
C4ISR Working Group in the year 1997 [5, 6]. Different
definitions of interoperability have since been proposed in
the literature, some focused on aspects related with the
information and communication technologies [7] and others
that also reflect organisational, economic and social aspects and
requirements [8].

Interoperability is considered to be achieved if the interac-
tion takes place, at least, in the business, knowledge and infor-
mation and communication technologies (ICT) layers, and also
considering the semantic layer that is transversal to the previ-
ous three[4]. According to IDEAS[9] and INTEROP[10] there
are three relevant domains to provide enterprises interoperabil-
ity solutions: Enterprise Modelling (EM), which deals with the
representation of the inter-networked organisation and consides
how to ensure interoperability between different models; Archi-
tectures and Platforms (A&P), which takes into consideration
the necessary technology to implement interoperable applica-
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tions; and Ontologies (ONTO), which ensure that the semantics
used are understandable by the two systems.

To develop and improve enterprise interoperability, metrics
have to be defined in order to assess the aspects that favour or
restrict it [11]. These measures are organised in what is called
a Maturity Model. A capability maturity model is a model
for evaluating the processes of an organisation. To do so, it
defines the states or levels at which an enterprise or system
can be situated, a set of good practices, goals and quantifiable
parameters that make it possible to determine on which of
the levels the enterprise currently stands, and also a series of
proposals with which to evolve from one level of maturity to a
higher one.

The term Maturity Model was made popular by the SEI
(Software Engineering Institute) when the Capability Maturity
Model™(CMM™™) was put forward in 1986 [12]. This
maturity model, which was initially focused on improving
the software development process, has gradually evolved with
each new version and is widely accepted as a guide for
evaluating the processes of an organisation [13]. Based on this
initiative, a number of capability and maturity models centered
on different aspects of enterprises and organisations have been
proposed. Several maturity models have also been put forward
in interoperability research [2], some of the most significant of
which are analysed and used as the foundation for this study.

Enterprise interoperability maturity can be measured in three
different domains [14—16]: potentiality measure, compatibility
measure and performance measure.

Some of the works carried out and applied to enterprises in
this field have developed techniques and methods for measuring
interoperability maturity in the compatibility and performance
measures [11, 17]. Nevertheless, no specific parameters or
solid appropriate methods have been put forward to evaluate
the interoperability potentiality in a satisfactory way. This work
describes a practical proposal for evaluating Interoperability
Potentiality Maturity in an enterprise together with the analysis
of the results from this evaluation so that a diagnosis can be
reached and improvement projects can be defined. The proposal
consists of two sections:

1. A set of parameters for measuring the interoperability po-
tentiality that takes into account different aspects of the en-
terprise, such as Business, Process Management, Human
Resources, Knowledge, Information and Communications
Technologies, and Semantics.

2. A methodology that provides the steps to be followed in
order to measure the interoperability potentiality taking
into account the previously defined parameters.

The work is completed with the description of the application
of the methodology to a real case in an enterprise in the textile
sector to evaluate the applicability and benefits this proposal
offers for the enterprise. This paper is organised as follows.
Section 2 reviews some of the definitions of interoperability,
the approaches and the projects carried out on maturity models
that were considered during the development of the proposal;
in section 3 the views and the measurement parameters defined

for this work are given; section 4 explains the methodology and
its phases, and section 5 briefly outlines how it was applied
to a real enterprise and discusses practical aspects of this
application. Finally, in section 6, conclusions and future work
are summarised.

2. Interoperability and maturity models context

The IEEE [18] defines interoperability as the ability of two
or more systems or components to exchange information and
to use the information that has been exchanged. In the context
of enterprise networks, interoperability refers to the ability to
carry out interactions (i.e. exchange information and services)
between enterprise systems. Enterprise interoperability is
considered to be significant if the interactions can take place on
at least three enterprise layers, i.e. data, services and processes,
with the semantics defined in a given context [1, 11]. The
approach must consider organisational, economic and social
aspects, as well as technological changes.

In order to better understand what interoperability is and
what it is not, it is worth analysing interoperability aspects ver-
sus enterprise integration. Enterprise integration can be loose,
tight or full [3]. Loose integration means that an enterprise or a
system component can work as part of an integrated system but
continues to exist on its own. Loose integration can thus be con-
sidered to be equivalent to interoperability. Two integrated en-
terprises could also be said to interoperate satisfactorily, since
the homogeneity of their processes and systems implies a full
(and effortless) capacity to collaborate and exchange informa-
tion. But this is not the problem posed in the field of research
on interoperability. The problem arises when the enterprises
that need to collaborate do not want to adopt an integrated way
of collaborating and employ heterogeneous systems, different
tools and ways of working, and also different concepts or lan-
guages. Moreover, setting up the collaboration must not imply
a loss of their independence or of their capacity to continue to
work in an autonomous manner or to collaborate with other or-
ganisations.

Another important aspect to be taken into account when
developing proposals for improvement in interoperability is
that, although they usually refer to collaborations with external
institutions, they include (and are even based on) collaborations
between different departments or systems that exists within the
enterprise itself and which were set up to carry out internal
processes. As considered in the previous section on the
subject of collaborations with other organisations, internal
collaborations should not be a problem when the enterprise is
fully integrated. But sometimes this is not possible and it is less
costly to establish utilities that improve collaboration, that is to
say, to apply principles of interoperability among departments.
This is defined as intra-interoperability and will also be taken
into account when it comes to measuring the interoperability
potentiality maturity of the enterprise.

In order to establish and define projects for improving
interoperability, first it is necessary to evaluate and diagnose
the situation in which the enterprise currently finds itself and
to put forward improvements that favour evolution in this



field. To measure this situation it is necessary to consider a
maturity model that defines the levels a particular enterprise
or collaboration may find itself on as far as interoperability is
concerned.

In the last decade different maturity models applied to inter-
operability have been proposed, both in the just the technologi-
cal field and also taking into account enterprise interoperability
on all the different layers of the enterprise [5, 6, 19, 20]. The
high level of interest in research on interoperability applied to
public institutions can be seen in the different proposals devel-
oped for maturity models by public or governmental bodies,
such as that of the Australian Department of Defence [8], the
one by the Norwegian e-government [7], and that of the Cen-
ter for Technology in Government (Albany USA) [21]. In most
cases the proposed maturity models define the levels, and even
there are maturity models, which also include a set of good
practices allowing enterprises to become interoperable [20].
In general, however, the proposals do not go into great depth
regarding which aspects need to be evaluated, how to measure
them in order to assign a level of maturity, and how to improve
this level if it is considered necessary to do so.

Next sections provide a more detailed description of the
interoperability maturity models that, because of their relevance
and contents, were taken as the starting point for the proposal
in this work.

2.1. Levels of Information Systems Interoperability (LISI)

The first significant initiative carried out to measure inter-
operability was the one proposed by the DoD C4ISR Working
Group, entitled Levels of Information Systems Interoperability
(LISI) [6]. The aim of LISI was to establish (and, consequently,
to improve) the maturity of the information systems used by the
US Department of Defense in joint actions implemented be-
tween different military units. LISI provides a maturity model
and the processes that are to be carried out to identify the inter-
operability needs and how to enable the information systems to
support those needs. It deals with generic topics, although this
proposal focuses on solving interoperability issues in the US
military sector and the field of information systems and tech-
nologies. It was developed in the year 1998, but this matu-
rity model continues to be a reference and makes it possible
to identify the level reached as far as system interoperability is
concerned. Among other projects, it has been used as the basis
for the development of other interoperability maturity models,
such as the one developed by the Australian Department of De-
fence [8], and the maturity model proposed by ATHENA [19].

Basically LISI proposes five levels of maturity: Isolated,
Connected, Distributed, Domain and Enterprise, each with its
own representative features. To establish these levels of ma-
turity, it defines four areas of interest under a structure called
PAID, which stands for Procedures, Applications, Infrastruc-
ture and Data. This maturity model is interesting because it
establishes a first approach in order to develop a full maturity
model, although the proposal is essentially focused on the tech-
nological platforms that support information systems and do not
cover all the areas of interest that must be taken into account in
enterprise interoperability, such as knowledge or semantic.

2.2. Enterprise Interoperability Maturity Model ATHENA
(EIMM)

ATHENA (Advanced Technologies for Interoperability of
Heterogeneous Enterprise Networks and their Applications) is
an integrated project of the European Union that proposes an
enterprise interoperability framework AIF (Athena Interoper-
ability Framework) for business applications and software sys-
tems [19, 22] as a support for the development of projects in this
field. This project addresses the problem of interoperability and
proposes solutions based on the idea that the interoperability
of an enterprise can take place at different levels, i.e. Enter-
prise/Business, Processes, Services, Information/Data, Ontolo-
gies and Semantics. The AIF proposes a methodology called
the ATHENA Interoperability Methodology (AIM) which in
turn includes the following support methods: a Business In-
teroperability Framework (BIF), an Enterprise Interoperabil-
ity Maturity Model (EIMM) and an Interoperability Analysis
Method.

The EIMM defines five levels, i.e. Performed, Modelled,
Integrated, Interoperable and Optimising. The EIMM helps to
assess an organisation’s level of maturity concerning the use of
enterprise models as well as, the capability of these models to
enable the company to take part in a collaboration. Based on
an EIMM assessment, companies will be guided to choose the
right concepts in order to improve their capabilities, by taking
into account actual market and enterprise challenges. Based on
an EIMM assessment, companies will be guided to choose the
right concepts in order to improve their capabilities, by taking
into account actual market and enterprise challenges [22].
Although it is stated that parameters and methods must be
defined to measure interoperability, no complete proposal has
been put forward showing the steps to be followed or the
methods and tools to be used to carry out this measurement.

2.3. Interoperability Potentiality Maturity Model

Another proposal in the framework of interoperability
methodologies and maturity models is the Barriers Driven
Methodology [11, 14, 15]. This methodology states that en-
terprises are not interoperable because there are barriers that
inhibit interoperability. The goal is to tackle interoperability
problems by identifying the barriers that inhibit interoperability
from happening. This framework takes into account the basic
concepts addressed by existing frameworks, and considers the
three aspects proposed in the European interoperability frame-
work (i.e. conceptual, organisational and technological) as the
problems or barriers to be solved. The methodology also con-
siders the interoperability concerns which define where the in-
teroperation may take place, i.e. data, services, processes and
business.

In this methodology three types of interoperability measures
are considered:

1. The interoperability potentiality measure, which is
concerned with the ability of an enterprise to interoperate
without the need to know its interoperation partner and,
consequently, with identifying a set of characteristics
that have an impact on interoperability. The aim is



to measure the intrinsic capabilities of an enterprise to
interoperate with an unknown partner. This measure must
evaluate the accessibility and facilities an enterprise has
to set up collaborations with others, the use of standards,
the organisation’s flexibility in the use of enterprise
modelling, etc.

2. The interoperability compatibility measure evaluates a
current relationship between known stakeholders. In other
words, it is measured while the interoperability project
is being carried out in order to establish how well two
partners are suited to be able to interoperate.

3. The interoperability performance measure has to be set
up during the operational phase to evaluate aspects related
with the costs involved in implementing interoperability
between two enterprises or systems in terms of time or
economic investments.

The levels defined to measure interoperability potentiality
are: Isolated, Initial, Executable, Connectable and Interoper-
able. Table 1 shows the description for each of these levels.

Table 1: Levels of interoperability potentiality from [14].
Level Description

Isolated
Initial

Total incapacity to interoperate
Interoperability requires strong efforts that affect the partner-
ship

Executable Interoperability is possible but the risk of encountering
problems is high
Connectable Interoperability is easy even if problems can appear from

distant partnership
Considers the evolution of levels and where the risk of
encountering problems is low

Interoperable

The interoperability potentiality measure must evaluate, the
accessibility and facilities an enterprise has to establish collab-
orations with others, the use of standards, the flexibility of its
organisation, the existence of business models, and the use of
ontologies and tools that make the exchange and transmission
of knowledge easier. The level of interoperability potentiality
maturity of an enterprise will evaluate how prepared it is to es-
tablish, smoothly and efficiently, collaborations with possible
partners, relations with current and new customers, business
agreements with suppliers, and communication with govern-
mental or financial institutions. Being prepared and having a
high level of interoperability potentiality maturity is a critical
factor that will enable the enterprise to adapt to changes and
new needs or requirements from the market in a dynamic man-
ner, which will result in better business outcomes.

Although these works highlight the importance of measuring
the interoperability potentiality of enterprises as a critical
aspect for carrying out improvement projects, they do not put
forward or define any proposals as regards how to measure this
interoperability potentiality in a practical way.

Proposals are made for techniques for collecting information,
such as questionnaires and interviews, which can be used to
evaluate the situation in a particular project with specific partic-
ipants and collaboration, although no details are given on how
to draft these questionnaires or on what aspects or parameters

are to be evaluated. The proposed system of measurement in-
dicates that the lack of methods is even more obvious when
attempts are made to establish the interoperability potentiality
of an enterprise.

3. Measurement of the interoperability potentiality matu-
rity

The level of interoperability potentiality maturity will be
given by the accessibility and facilities an enterprise has to es-
tablish relationships with others. Thus, the enterprise will need
to have policies that are suited to the scope of the collabora-
tions, projects for supporting interoperability in strategic plans,
appropriate technological standards and tools for exchanging
information, among other characteristics. Measuring interoper-
ability maturity involves defining parameters and metrics so as
to be able to assign these characteristics a value and to know the
capacity the enterprise has to adapt to possible collaborations in
an efficient way.

To measure the potentiality maturity, the starting point taken
in this work is the maturity model proposed in [14, 15], where
the levels of maturity are established as described earlier, i.e.
Isolated, Initial, Executable, Connectable, and Interoperable.

The level of maturity is not homogeneous in all the areas and
processes of the enterprise and it is therefore necessary to define
different views of the enterprise that make it possible to detect
the levels attained in each case. In this work the following
views are proposed and described below: Business, Process
Management, Knowledge, Human Resources, ICT and
Semantics. Interoperability is accomplished if it is achieved
in all areas or views of the enterprise. Hence, carrying out a
separate evaluation of each of them will make it possible to
detect where there is a greater need for improvement and to
define projects that are suitable for each case.

3.1. Views of the enterprise

As mentioned in the introduction, enterprise interoperabil-
ity is achieved if enterprises are capable of collaborating effi-
ciently, while preserving their identity and their own particular
way of doing business through mechanisms that act as facilita-
tors. Bearing in mind the studies mentioned earlier, to achieve
interoperability it will be necessary to consider the areas of in-
terest or concerns (data, services, processes and business), the
layers of the enterprise (business, knowledge, ICT, and seman-
tic) and the domains that lend support to this efficient collabo-
ration (EM, ONTO, A&P). Thus, in this work the views of the
enterprise are defined taking into account these proposed lay-
ers and areas, and also considering human resources separately.
The reason for this lies in the fact that human resources, their
preparation and their willingness are a key factor when it comes
to launching projects for improving interoperability. Bearing in
mind the fact that one of the barriers that must be overcome in
order to achieve full interoperability is organisational, specif-
ically considering human resources as a view to be evaluated
provides an added value. The proposed views are:



e The Business (BS) view considers the strategic aspects
related with the interoperability, culture, mission, vision,
values, and the economic, social and environmental poli-
cies of organisations. In order to interoperate, enter-
prises must have aspects that favour collaborations defined
within their strategy. The use of Enterprise Modelling and
business-related barriers must be evaluated as a support to
this view.

e The Business Process Management (BPM) view in-
cludes the work methods (and therefore aspects related to
productivity and cutting costs). Interoperability can only
be reached when it is based on an efficient interaction with
the processes of other enterprises, including processes that
generate sustainability. This view takes into account as-
pects of processes and services, the business layers and
data, and values the use (as a support) of Enterprise Mod-
elling and of Architectures and Platforms.

e The Human Resources (HR) view, which considers
the skills, competencies, roles, culture, collaborative
capacity, and so forth, of employees who participate in
interoperability processes. Aspects related with the three
domains are evaluated, from the point of view of the use
and training of the personnel of the enterprise.

e The Knowledge (K) view, which includes establishing a
knowledge management system with which to identify,
extract, represent, process and exploit the knowledge
that facilitates efficient cooperation among the different
enterprises. Its evaluation takes into consideration aspects
related with data, services, support technology and the use
of ontologies.

e The Information and Communication Technologies
(ICT) view, which helps applications, data and commu-
nication components to interconnect automatically. This
view considers aspects related with data and services from
the technological point of view and the supporting plat-
forms and architectures as the domain to be evaluated.

e The Semantics (S) view is used to facilitate the under-
standing of the terminology used by the enterprises that
wish to collaborate, that is to say, it considers the aspects
needed to ensure that the information is interpreted in the
same way. It is related with the data layer and measures
aspects related with their own ontologies and barriers.

Table 2 shows each of the views that are defined, which
interoperability concerns and layers are considered in, and
which interoperability domains (EM, A&P, ONTO) will be
measured in each one.

The ICT and Semantics views are considered, as can be
seen in Fig.1, to be transversal, since they are interrelated with
each of the other views. The parameters defined in the ICT
view will concern, above all, general technological issues in
the enterprise. In each of the other views, use of the ICT as a
support will be valued.

Table 2: Enterprise views proposed and interoperability concerns and domains

relationships.

Views Concerns Layers Domains

Business Business Business, Semantic ~ EM

Process Manage- Processes, Services  Business, Data, Se- EM, A&P

ment mantic

Human Resources  Services Data, Technology, EM, ONTO, A&P
Semantic

Knowledge Data, Services Data, Technology, ONTO, A&P
Semantic

ICT Data, Services Technology A&P

Semantic Data Data, Semantic ONTO

Business

Business Process

%
Management (0]

- . 3
O M
Human Resources a

Knowledge

Figure 1: Enterprise Views.

3.2. Measurement parameters

In defining the measurement parameters of each of the views,
all the relevant aspects identified in the literature that have to be
considered to reach interoperability were taken into account,
together with the interoperability domains that must be used
as a support in each view (EM, A&P, ONTO), as shown in
the last column of Table 2. Other works that have been con-
sidered to define these parameters are: results on collaborative
network environments and formalisations as [23-25], applica-
tions in different industrial sectors about interoperability chal-
lenges [26, 27], use of enterprise modelling applied to inter-
operability as [28, 29], performance measurement applied to
interoperability [30], previous works carried out in the fields
of methodologies and interoperability [31], of knowledge mod-
elling [32] and of measurement systems applied to virtual en-
terprises [33].

Next, the parameters for each view are defined and the reason
why they are appropriate for each one will be outlined. Jointly
with each set of parameters the relationships between each
interoperability potentiality level and the measurement results
of the parameters are shown in tables 3, 4, 5, 6, 7 and 8.

3.2.1. Parameters for the business view

The first step to measure the enterprise interoperability
potentiality maturity is to ascertain the enterprise’s vision and
strategy when faced with the challenges of reaching a suitable
level of interoperability. In order to define the parameters of this



view, it is deemed necessary to measure those aspects related
with the strategic plans of the enterprise that have repercussions
on its capacity to establish collaborations. Having certifications
endorsed by official, especially international, bodies such as
ISO standards will allow collaborations to be established more
clearly and quickly. Since the processes in the enterprises will
be organised and will comply with standards that other firms
can rate positively when it comes to establishing new businesses
or maintaining existing ones.

¢ Sustainability and quality policies, certified by official
bodies: an enterprise that already has, or is implementing,
these standards will be able to establish collaborations
more efficiently.

e Any certifications in the area of quality and sustainability
that the enterprise already has will be evaluated, as will
those that are pending but are currently being assessed.
A study will be conducted to compare the minimum
standards that the enterprise must have by law and those
that exist at state, autonomic and international level.

e The capacity/willingness to adapt to organisational, tech-
nological and social changes. Flexibility and adapta-
tion to change can be evaluated by the number of train-
ing schemes that exist in the enterprise related to the in-
corporation of new business models or new technologies.
Projects that have been carried out, or are due to be car-
ried out soon, that take into account social aspects such as
sustainability or gender equality will be valued. The new
business approach towards aspects with social repercus-
sions is an added value that can be decisive when it comes
to establishing relations with public bodies that value such
issues.

e Strategy as regards the use of technologies as a support
to aid in collaborations with other enterprises. Projects
carried out in recent years on improvements in the
technological field that may result in better interactions
with other firms and the proposals included in the strategic
plans will be evaluated.

e Policies with respect to the use of technological and
information standards. Whether or not this type of policy
exists and the willingness to adopt them will be key factors
that must be evaluated in order to know the extent to which
the enterprise is ready to interoperate.

e Policies of (social, technological, etc.) evaluation of
possible partners prior to establishing relations. The
existence of procedures that allow the capacities and
characteristics of a possible collaborator to be ascertained
and evaluated, taking into account not only technological
aspects but also organisational and social responsibility,
will make it possible to know whether the company
is prepared to be more efficient when selecting future
collaborations.

o Contractual policies with regard to collaborations with
other bodies. Evaluating the existence of conditions

beyond those contemplated by the law will make it
possible to know whether the enterprise controls and
establishes its own criteria when it comes to interoperating
with another enterprise.

Table 3: Levels of interoperability potentiality for the Business view.
Level Description

Isolated

Non-existent and are not included in the short- or long-term
goals

Exist tacitly and are considered for inclusion within medium-
and short-term goals

Partially existent and are included in the strategic goals and
plans of the enterprise

Exist and are planned

Exist, are planned and are taken into account within the
enterprise’s plans for continuous improvement

Initial
Executable

Connectable
Interoperable

3.2.2. Parameters for the Process Management view

The processes view will evaluate the level of formalisation
that exists, the documents and use of enterprise modelling
languages, the capacity to exchange and make publicly known
the parts of the processes in which collaborations with other
firms may take place.

¢ Identification of processes in which there is some collab-
oration with external institutions: it is necessary to find out
whether the processes are identified, whether they are doc-
umented and within the collaborators reach, and whether
they are represented in some enterprise modelling stan-
dard.

e Formalisation of processes: tacit, documented, modelled
procedures. Evaluations will be conducted to determine
whether procedures have been defined or whether activ-
ities are simply carried out as they are learnt from ex-
perience. If the processes have been formally defined,
they will be evaluated to determine whether they are doc-
umented, together with the modelling languages and tools
used to represent them.

e Process planning: studies will be conducted to examine
whether processes are planned and, if so, the deadlines that
are set and the level of detail to which they are planned.

¢ Quality measurement and control: in processes that
involve collaboration with external institutions, in which
cases methods and indicators have been developed to
measure the quality and to control processes

3.2.3. Parameters for the Human Resources view

One aspect that is fundamental in order to have a good level
of interoperability potentiality measure is how prepared the
workers are, the plans for training that exist in the company, and
how easily human resources adapt to changes. The parameters
to be measured in this view are:

e Organisational structure: there is a well-defined and
documented structure with a clear hierarchy and allocated
functions.



Table 4: Levels of interoperability potentiality for the Process Management

view.
Level Description

Isolated

Few amount of tacit or routine knowledge about the organi-
sation and management of processes

Initial Some informal and little-known written specifications exist

Executable Written specifications that are known to those responsible
for process management and a certain amount of short-term
planning

Connectable Formal specifications, documents and models exist, and the
processes are planned

Interoperable Standard processes models exist, are improved and are taken

into account in the company’s short- and long-term plans for
continuous improvement

o Assigned roles, flexibility to exchange jobs.

e Training: the enterprise has a training plan that takes
into account different levels and contents depending on the
tasks and human resources. For example, training in the
use of technologies, in enterprise modelling languages, in
new quality policies, languages, etc.

e Evaluation and control: assigning resources to follow up,
supervise and make processes known.

Table 5: Levels of interoperability potentiality for the Human Resources view.
Level Description

Isolated There is no organised structure or plans for training

Initial There is a tacit, informally recognised structure

Executable There is a clear organised structure and the possibility of
training of human resources is taken into consideration

Connectable There is a clear organisational structure and plans for training
human resources

Interoperable There is a clear dynamic organisational structure, plans

for continuous training, and policies and incentives for
improvement

3.2.4. Parameters for the Knowledge view

The knowledge view covers aspects concerned with how
knowledge is managed and transmitted, not only internally, but
also how it is identified and transmitted to possible collabora-
tors that need to use it. The interoperability potentiality mea-
sure of an enterprise will, in turn, be marked by the level of
maturity that exists in the management of its knowledge, since
greater specification of enterprise knowledge makes the com-
pany better prepared to establish efficient collaborations with
possible stakeholders that seek to interoperate with it.

Furthermore, companies have a greater level of maturity in
this field if they have the capacity to apply the ICT to enterprise
knowledge management by a Knowledge Management System
(KMS). The first aim would be to identify the knowledge
that is going to be managed by the system, that is to say,
the target knowledge. To identify the target knowledge, it is
better to define blocks of knowledge, which are understood
as being any elements belonging to the organisation or to its
surroundings, and for interoperability goals blocks regarding
their collaborations, that contain a particular type of knowledge
[34].

The parameters to be measured in this view are:

o Knowledge that is exchanged and points of interaction,
which will make it possible to detect the existence of at
least tacit knowledge in the processes of the enterprise.

e Channels of knowledge to evaluate the use of suitable
methods and technologies for the exchange of information.

e Existence of a Knowledge Management System.

¢ Identification of the conceptual blocks of knowledge and
the target knowledge that the enterprise wishes to manage;
thus, evaluations are carried out to determine whether
possible stakeholders and points for exchanging or sharing
knowledge have been identified.

o Type of conceptual blocks on which the target knowledge
has been defined. For example, the level of interoperability
potentiality will be higher if it has been defined on the
following blocks: suppliers, customers, administration
and environment.

o Identification of the explicit and tacit sources of knowl-
edge.

e Knowledge modelling that has been identified, so that
the enterprise’s target knowledge concerning its processes,
products, resources, suppliers, customers, etc. is made
explicit.

o Exploitation of knowledge by means of a KMS.

Table 6: Levels of interoperability potentiality for the Knowledge view.
Level Description

Isolated

There is no concern for or definition of knowledge manage-
ment

The need has been detected and the idea of incorporating the
development of a knowledge management system within the
plans of the enterprise is being considered. There is tacit
knowledge

Explicit knowledge exists but it is not managed

Explicit knowledge and a management system in need of
improvement both exist

A knowledge management system and plans for continuous
improvement both exist

Initial

Executable
Connectable

Interoperable

3.2.5. Parameters for the ICT view

Information technologies play a fundamental role in achiev-
ing a high level of maturity. The use of standard platforms and
technologies is essential to be able to interoperate and to be able
to open up new collaborations efficiently. In this section the use
of these technologies and projects that have been planned to
improve them will be evaluated. The parameters are:

e ICT resources for communication: which ones exist,
which ones are standard.

e Systems for the integrated management of information:
whether they exist, are used and training is carried out in
this respect.



¢ Planning of technology needs in order to lend support to
collaborations.

e Policies for the development of platform-independent
technologies that can be adapted to different systems.

¢ Infrastructures to support process management (Work
flow, EM tools, etc.)

o Infrastructures to support the control of running both
internal processes (auditing, register of the use of the
services) and those of external entities.

e Services for public use if they exist, their use is recorded,
they are planned for the future.

Table 7: Levels of interoperability potentiality for the ICT view.
Level Description

Isolated

There are no ICT platforms capable of communicating with
other enterprises

There are systems that could connect with others, but large
investments are required to do so

Connections could be made with medium/minimum invest-
ments and the improvements have already been planned
Connections can be made with the least amount of needs, and
there are already plans for improvement

Connections can be made efficiently and with only a few
changes. There are plans for continuous improvement

Initial
Executable
Connectable

Interoperable

3.2.6. Parameters for the Semantics view

The Semantics view is concerned with ensuring that the pre-
cise meaning of any exchanged information can be understood
by any other processes, people, collaborative external enter-
prises and ICT applications. So, taking in account that On-
tology domain addresses the semantics necessary to ensure in-
teroperability [35], the high level of maturity will be achieved
if the use of ontologies is applied to support collaborations and
internal business management. The proposed parameters are:

o Existing databases and contexts where these databases
operate. Existing mappings between databases.

e Collections of terms: whether they exist and whether
there are methods to collect and process them.

¢ Planning technologies for supporting these collection of
terms.

¢ Existing infrastructures to support and to map collection
of terms.

e Mapping between own collection of terms and public
thesaurus.

o Existing tools that can be applied to support terms and to
develop the own ontology.

e Planning about acquiring ontology tools and training
human resources on the use of these tools.

e Ontology developed to support both semantic webs and
collaboration processes.

Table 8: Levels of interoperability potentiality for the Semantic view.
Level Description

Isolated There is no collection of terms and no homogeneity

Initial There are some manual lists or simple records of general and
common terms

Executable There are data bases that can be managed in order to define

and identify terms and to establish correspondences between
them and other thesaurus of the industrial sector

There is a common thesaurus that is used internally and for
eternal collaborations

There is a maintainable ontology to clarify the correct
comprehension of the terms used both internal and externally

Connectable

Interoperable

3.3. Evaluation of the measurement

In order to evaluate the interoperability potentiality level,
a step based methodology is proposed in section 4. This
methodology is supported by a questionnaire that must be
developed considering the parameters already defined. Each
parameter is transformed into one or several questions on a
questionnaire, which is adapted to the enterprise taking into
account its business processes and the (current and potential)
collaborations that were previously identified and which may
be internal (between departments) or with external entities. The
questions can be quantifiable in absolute values, scored on a
given scale (from 1 to 5), with yes/no answers or as a percentage
(for example % of employees with a higher education). In any
case, each question must include a section where the respondent
can say whether this aspect needs improving or not, or if the
current situation is seen to be sufficient.

While the questionnaire is being developed, weightings must
be defined for each of the questions and must be established
which results correspond to each of the levels, taking into
account the previous descriptions produced in the tables for
each of the views.

4. Phases of the maturity measuring methodology

Measurement of the maturity potentiality must be a rigorous,
organised and planned process that is based on conceptual and
organisational aspects of the enterprise; it must also take into
account the business processes that have been defined in the
company. The phases of the methodology will be carried out
progressively and iterations can also take place. This means
that it is necessary to repeat or improve part of the results from
the previous phase as the measurement project advances.

Five phases are defined. The aim of the first is to establish
the scope, goals and general aspects of the company as
regards interoperability. The aim of the central phase of the
methodology is to collect information in order to establish
the level of enterprise interoperability potentiality. The main
technique employed consists in the complete and detailed
questionnaire based on the parameters that were defined
and which takes into account the business processes and
collaborations that were identified in the previous phase.

Next, each phase of the methodology is described in greater
detail. Fig.2 shows graphically the phases proposed and
the main results obtained from each phase, according to the
enterprise views defined.



Process
Management

Business

Enterprise Views

Human
Resources

Knowledge ICT Semantics

Conceptual and strategic aspects

- - Crganizational Systems Concepts and
Identlﬁcatlonw KnOW|edge Map Omomg!"

Identification and classification of current and potential situations

Definition and
classification of
collaborations

Measurement
and collection
of results

Analysis and
quantification

Proposals
for improvement

Process and collaboration interaction matrix

Questionnaire for intra-interoperability an questionnaire for current and
potential collaborations (by processes)

Interaperability potentiality level (by processes) and
collaborations

Medium and long term projects and future needs

Figure 2: Measuring Methodology.

4.1. Phase 1: Identification

The basic aim of this phase is to define the conceptual
aspects of the enterprise as regards interoperability, taking into
account the business view and the strategic and cultural goals.
Since it represents the beginning of the project, it is necessary
to define the personnel that will be involved in the work, to
establish the scope (areas and/or processes) to be evaluated and
possible restrictions concerning time or costs, and to estimate
and schedule the project in order to control it.

In this phase the parameters of the business view are taken
into account in order to develop questionnaires and interviews
to evaluate the strategic plans, the policy of the enterprise and
the preparation degree to cope with the challenge of improving
its interoperability potentiality.

The techniques to be utilised in this phase are information
collection techniques, above all face-to-face interviews with
company managers and more especially with those who are
more deeply involved in the strategic and improvement projects
at the enterprise, such as quality, information technologies
or I+D managers. Documents about quality standards, the
company mission and its vision are also collected. This first
result makes it possible to evaluate whether it is feasible to
continue with the rest of the phases or if it would be better to
limit the study and measurement to the interrelations among the
departments in order to carry out a preliminary assessment of
internal interoperability in the company. In an enterprise where
the business strategy does not include fundamental aspects such
as policies on external collaboration or strategies for improving
these collaborations or the ICT, there will be no point in

evaluating their interoperability potentiality maturity in further
detail in the remaining views.

The results are: planning, where criteria and priorities are
established in order to delimit the scope of the project and
its feasibility; definition of the strategy for carrying out the
following phases of the measurement project, and evaluation
of interoperability potentiality in the Business view.

4.2. Phase 2: Definition and classification of collaborations

After identifying the fact that the enterprise has established or
planned certain policies or needs in relation to interoperability
as part of its strategic plans, the second phase has three basic
aims:

1. To identify and classify the collaborations between
departments for each of the processes, in order to evaluate
intra-interoperability.

2. To identify and classify the external entities with which
situations of interoperability take or may take place, bear-
ing in mind each of the enterprise’s business processes.

3. To identify the collaborations with these external enti-
ties for each process, also taking into account the depart-
ments involved.

The first step is to study and review the organisational
structure of the company, the process map and to identify the
collaborations that exist between each department for each of
the enterprise’s business processes.

The process map and the organisational structure are then
used to identify and classify the types of collaboration that can



be set up and the stakeholders, for example financial institu-
tions, governmental entities, large, small or medium-sized sup-
plier enterprises and large, small or medium-sized customers.
It is necessary to have reliable up-to-date information about the
business processes that the company carries out, the depart-
ments involved and its business strategy with respect to other
supplier or purchaser entities which it may interoperate with.
Information about the organisation and the hierarchical struc-
ture of the company and its process map will be used as work-
ing documents. The results of identifying and classifying the
departments involved in each process will be as follows:

¢ An interdepartmental interaction matrix for each de-
partment showing the other departments it is collaborating
with (for each process it is involved in).

e Classification of processes in which interoperability
exists or could exist with external institutions.

e (Classification of current partners or collaborators.
e (Classification of possible and future partners.

e A matrix of external collaborations considering inter-
actions for each department, which identifies (for each
process in which a particular department is involved) the
types of stakeholders it currently or potentially collabo-
rates with.

4.3. Phase 3: Measurement and collection of results

This phase measures the maturity by applying information
collection techniques and by taking into account the collabora-
tion matrices that were obtained earlier and the parameters for
the Process Management, HR, Knowledge, ICT and Semantics
views.

It is essential to know the degree of involvement of the
staff responsible for the departments in the enterprise to
obtain a questionnaire that is adapted to their characteristics,
while also being simple for respondents to answer and easy
to understand. As mentioned above, in developing the
questionnaire weightings are designed for each of the questions.

The main result from this phase is the questionnaire for
evaluating interoperability potentiality maturity, adapted to the
structure and processes of the enterprise. During the phase in
which the questionnaire is being developed, different iterations
may occur that lead to a redefinition of some of the aspects
identified in phase 1 until a final questionnaire is obtained
adapted to how the interactions take place in the course of the
day-to-day undertakings of the enterprise. Other outcomes that
will therefore occur in this phase include:

e Review of the documents obtained in Phase 1.

Definition of tactical goals.

Questionnaires to evaluate the interoperability potential-
ity for each process for the Process Management, HR,
Knowledge, ICT and Semantics views.

Completed questionnaires.
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4.4. Phase 4: Analysis and quantification

With the answers given in each of the questionnaires, and
taking into account the levels and weightings assigned to
each parameter, a detailed analysis must now be performed
to identify current situations and those which have been
considered to be in need of improvement. Since the study
is conducted by processes and views, one particular process
can have a high level of interoperability in one view and with
respect to one group of collaborators, but at the same time have
shortcomings or a low level in another aspect or view.

In this phase data analysis techniques and cost/benefit
analysis must be used, and the members of the work team
must meet to compare results with the users. The results are
the potentiality interoperability levels and the identification
of needs of improvement, both of them detailed for each
process, collaboration (internal, current and potential with
external entities) and view.

4.5. Phase 5: Proposals for improvement

Once the results from the questionnaires have been quanti-
fied, an analysis must be conducted to study and evaluate the
points or processes where the level of interoperability reached
needs to be improved. In this analysis the strategic aspects iden-
tified initially in the first activity must be taken into account.
The result of this evaluation is a proposal for projects arranged
in order of priority, in which the current ”AS-IS” situation and
the one that is sought (or "TO-BE”) are both established. Tra-
ditional cost/benefits analysis is a very useful tool to define the
priority of the projects within the integration programme. How-
ever, organisational, technical and operational aspects should
also be considered.

The results are a proposal including: medium and long-
term interoperability improvement projects, interoperability
future needs, and a viability analysis.

5. Case study

This section describes an application of the methodology
to measure the interoperability potentiality in an enterprise in
the textile sector. The application allows the proposal to be
validated and provides some practical aspects that can guide
similar applications in other cases. The characteristics of the
enterprise provide with the basis with which to validate the
methodology.

The enterprise in which the application is being carried out
as a case study is a large company from the textile sector that is
firmly rooted in both the Spanish national and the international
markets. It has a complete supply chain, logistics centres
separated from its centres of production, and suppliers of
finished and semi-finished products in different countries. It has
different types of customers including micro/small, medium-
sized and large enterprises, with a wide range of technologies
and policies. Like any company, it has relations with public or
governmental and financial institutions.

An evaluation of the firm’s potentiality to interoperate
both with customers and with suppliers of raw materials and



intermediate or finished products will allow have a number of
benefits for the company. For example, it will be able to develop
strategic plans that help it to improve these collaborations,
make more reliable choices (in terms of results) regarding
possible partners in interoperability projects, and evaluate
certain aspects that, due to the production and supply structure,
are crucial to the enterprise.

5.1. Application

Initially an introductory meeting was held with managers
from the company and those in charge of a number of different
departments. At this meeting the basic concepts and aims of
the work to be carried out were explained and the benefits
that the enterprise would gain from collaborating in the project
were also outlined. More specifically these benefits were:
(1) a reappraisal of its organisational structure and process
management; (2) measurement of the level of interoperability
potentiality; (3) diagnosis of its situation in this area; and (4)
definition and study of the feasibility of projects for improving
interoperability in the short and medium term.

Following this meeting a work team was set up that
included both research personnel and management staff from
the company’s Quality and Information Systems departments.

5.1.1. Identification

After conducting a preliminary research task, a questionnaire
was administered to managers in order to be able to determine
the scope of the project as far as processes and departments
were concerned. This first activity made it possible to define the
conceptual aspects, the scope and the field of the evaluation of
the interoperability potential, taking into account the business
view, as described in phase 1, and the parameters that were
defined for this view.

This evaluation of conceptual aspects of interoperability
made it possible to detect the fact that the enterprise applies
interoperability principles (although not explicitly) to carry
out different transactions and processes involving external
collaborators, such as financial and governmental institutions,
suppliers and customers. A suitable but insufficient policy
regarding the use of ICT as a support for business processes
was also found to exist.

The project was carried out following the steps from
the methodology. Once the conceptual aspects had been
established taking into consideration the business view, the
documentation was reviewed and the information about the
organisation of the company and the management of its
business processes was updated.

5.1.2. Definition and classification of collaborations

The most significant groups of potential collaborators were
identified for each of the business processes, and the common
features and the most relevant aspects to be taken into account
with a view to possible collaborations were also defined. This
information was then used to create a matrix which allowed
current and potential collaborations to be identified for each
process. The collaborations matrix was used as the basis for
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developing the interoperability questionnaire, which was done
in a particular way for each process by asking only about the
collaborations that had been identified.

In Fig. 3 a partial example of the internal collaboration
matrix, for each macro-process and departments involved,
obtained is shown. The departments are coded by letters and
in the matrix a X shows if there is a collaboration between the
department in the column and in the row, for a micro-process in
particular.

Macro- Micro- process Dep?l‘f- Collaboration Departments
rocess men
P AlB[c[p[E[F[c[K
Planning Quality policy B X X[ X| X
Planning of the B X
SGC
Planning of B X X | X
aims
Review of the B X X | X
System
Product Design F XX X X
Development | Evaluation K X X
Prototyping F X X
Design F XX X X
improvement
Logistic Product K X X
Preparation
Transport G X

Figure 3: Internal collaboration matrix.

5.1.3. Measurement and collection of results

Development of the questionnaire required several iterations,
and the initial versions were reviewed by the managers in the
team to analyse how appropriate and easy to understand the
questions were. Once the final version of the questionnaire
had been obtained, it was applied with the collaboration of the
managers in the Quality and Information Systems departments.
This generated more confidence in the different managers
who were interviewed and enabled more reliable results to be
obtained more efficiently.

As an example in Fig. 4 a partial matrix of process
collaborations, with one of the questions applied, considering
the parameter about Formalisation of processes and the use
of EM, is shown. In this matrix the current situation can be
valued from 1, the worse situation, to 5 the best situation. The
users also can identify if there are needs of improvement in the
column OK/NO.

5.1.4. Analysis and quantification

After obtaining the filled-in questionnaires, the results ob-
tained by the members of the research group involved in the
project were then analysed and quantified. One implicit result
was the positive evaluation of the efficiency and correctness of
the questions that were posed. Statistics and comparisons of
data were carried out in parameters where the answers could
be grouped and quantified. A qualitative report was also drawn
up that included not only an evaluation of the answer, but also
a list of the points in which the greatest need for improvement



Are the processes represented in a p
Notations)

(modelling I or

Macro-process Micro-process Interact with Current OK/ Comments
Situation NO
112|345
Resource Employment X N
Management Resource agencies
planning Employment | x N
services
Resource Employment | x N
supply agencies
Employment X Ok
services
Product Planning Large X N
Distribution Customers
Evaluation Large X N
Customers
Preparation Dealers X Ok
Delivering Transport X Ok
Companies
Large X N
Customers

Figure 4: Question example with different processes.

was detected. The final result was a detailed evaluation of the
interoperability potentiality for each process and view.

5.1.5. Proposals for improvement

Results differed depending on the field and this detailed
evaluation itself contributed more added value, since it allowed
a list of priorities to be established in terms of the aspects
with the most critical needs. In addition to this diagnosis in
relation to interoperability, a proposal was also put forward for
short- and long-term improvements in the departments in which
the most urgent needs were detected. And the corresponding
feasibility study was also carried out for the short-term projects
that were identified.

5.2. Lessons learned

The methodology provides a series of clear steps to be
followed and a set of results that allow a detailed evaluation
of the interoperability potentiality to be performed; at the
same time, an analysis of different organisational aspects
of the enterprise can also be conducted. The development
of the questionnaire as the central and fundamental task in
the evaluation of maturity potentiality must be a job that is
carried out in close collaboration with qualified staff from the
firm. Results cannot be only quantitative and it is necessary
to take into account other aspects that are deduced from
meetings and from open questions where managers can suggest
improvement needs and bear in mind other specific situations.
In addition to an evaluation of its level of maturity in the
area of interoperability potentiality and the aspects in need of
improvement, the enterprise also gained other benefits from
applying this methodology, such as:

e Those in charge of the departments involved improved
their knowledge and training in relation to interoperability
aspects.

e Its business processes were reviewed, above all those in
which it collaborates with external institutions.
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e The enterprise was already carrying out some of its
collaborations efficiently, but evaluating them by means
of this work enabled it to detect aspects that could be
improved and that were not being implemented properly.

e Definition and classification of its current and potential
collaborators.

e Having criteria that enabled it to evaluate and select
possible collaborators.

6. Conclusions and future work

Outcomes and formal proposals have been produced in the
field of research on interoperability for several decades. Al-
though these outcomes have good repercussions in govern-
mental institutions and large organisations, for example in the
banking sector, for many enterprises it is still a concept that
is difficult to understand. Yet, in their day-to-day undertak-
ings, most enterprises perform transactions or business pro-
cesses with other companies that can be identified as interop-
erability.

The improvements that have taken place and which have had
most impact on the business sector are mainly related with
aspects concerned with technology and information systems.
Nevertheless, in order to achieve a good level of interoperability
it is also necessary to take into account aspects related with
process management, organisational features, human resources
and the semantics of the company. In order to improve all
the aspects that affect the capacity to interoperate, first it is
necessary to be able to evaluate the AS-IS situation, that is to
say, to measure the level the enterprise is on so as to be able to
propose improvements.

In addition to knowing their capacity to interoperate with
known collaborators, enterprises also need to know how
prepared they are to establish relations in the future. Evaluating
the level of interoperability potentiality (taking into account
all the views of the enterprise with details of each process) is
beneficial because it enables the company to become aware of
its strong points in this field and of the improvement projects
it could consider carrying out in order to raise its chances of
interoperating more successfully. To this end, as seen in the
application in an enterprise, it is very useful to have a set
of methodological guidelines to indicate the procedures to be
carried out. The level of interoperability potentiality cannot
be improved in such a way that it goes straight from an initial
level (level 1) to an interoperable level (level 5); instead it is
necessary to implement projects that allow the processes of
the enterprise to gradually evolve from one level to the next
one. It is also important to note that not all the processes in an
enterprise require the same level of interoperability. In some
processes a medium level may be sufficient while in others
requirements imposed by the market or by other stakeholders
may call for the highest level.

Parameters related with the domains of interoperability
and with the conditions that the company processes must
fulfil in order to be prepared for new collaborations, while



also taking into account different views, can be used by the
management of an enterprise as a solid foundation on which
to carry out diagnoses and proposals for improvement projects.
With regard to future work in this area, some reflections
need to be made on the new proposals that research on
interoperability is evolving towards, and more particularly on
the recommendations suggested by Future Internet Enterprise
Systems Cluster [36]. Research recommendations point to the
idea that a new notion of enterprise and enterprise network is
arising. Various lines of research that take the new scenario
into account have been suggested, e.g. incorporating the role
of enterprise culture in enterprise collaboration or the notion
of sustainability, including economic, environmental and social
dimensions.

Bearing this proposal in mind, the evolution of the work
presented in this paper should consider new characteristics for
measuring interoperability potentiality that take into account
the aspects of this new approach by including parameters in
each view in order to evaluate them.
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