
Extending the Model of InteroperabilityToni Ruokolainen and Lea KutvonenDept. of Computer SieneP.O. Box 68 (Gustaf Hällströmin katu 2b)FI-00014 UNIVERSITY OF HELSINKIFINLANDToni.Ruokolainen�s.Helsinki.FI, Lea.Kutvonen�s.Helsinki.FI1 IntrodutionThe work of the FIG-OOI (Foussed Interest Group on Ontology Of Interop-erability) group in the INTEROP-NoE [1℄ fouses on establishing a general,domain-independent model of interoperability with a pragmati, problem solv-ing view. The interoperability model disussed in this group is based on the workof Rosener et al. [4,5℄ whih was driven their proposal for the de�nition of the in-teroperability problem: �The interoperability problem appears when two or moreheterogeneous resoures are put together� [5℄. In [4,5℄ interoperability problem ismodelled by utilising three di�erent meta-models, namely resoure omposition,systemi and deisional meta-models. The resoure omposition and systemimeta-models are used to desribe how resoures, systems omposed of resoures,and models desribing the properties of resoures and systems, are related witheah other through resoure interfaes and relations [5℄.The deisional meta-model desribes the relationships between interoperabil-ity problems, their solutions, and their orresponding dependenies on ontextualonditions. Interoperability problems an be solved by solutions whih again mayindue more interoperability problems. The deisional meta-model de�nes twokinds of solutions, namely a priori and a posteriori solutions with respet tothe appearane of the problem [5℄. Two sublasses for onditions are identi�ed,namely appliation onditions and existene onditions. Interoperability solu-tions are dependent of the appliation onditions (for example the ost of thesolution) while problems are related with orresponding existene onditions,suh as resoure heterogeneity.This paper ontributes extensions to the FIG-OOI model of interoperability,putting more emphasis on the dynami and soial aspets of interoperability. Thedeisional meta-model desribed in [5℄ is extended with the onepts of india-tors and environmental onditions and provided with the orresponding top-levellass-hierarhies. In the extended model the existene of a solvable interoperabil-ity problem neessitates appropriate indiators for fousing the designer onernson relevant issues, while environmental onditions represent a priori knowledgeof the domain and inherent properties of the operational environment.The extensions proposed in this paper are based on the work onduted in thearea of interoperable and ollaborative omputing researh at the Department



of Computer Siene at the University of Helsinki. While the extensions areinitially driven by the requirements stemming from software engineering andautonomi omputing areas, we believe that they are general enough to preservethe generosity and domain indepene of the proposed top ontology, whih isonsidered as one of the primary riteria for the FIG-OOI interoperability model.2 Extending the deisional meta-model with dynamiaspetsOur proposal extends the deisional meta-model with onepts and relationshipswhih expliitly take into onsideration the dynami aspets of interoperability.By dynami aspets we here refer to relational and environmental aspets ofthe interoperable system. For example, autonomy of the partiipating agentsor hanges in the environmental properties, suh as usage poliies over the re-soures, are onsidered as dynami aspets of interoperability sine they intro-due e�ets that annot be dealt appropriately with or within stati systemmodels.We extend the onditions with a sublass of environmental onditions and re-late interoperability problems to existene onditions only through an appropri-ate indiator. In the original deisional meta-model [5℄ the problem was diretlyassoiated with a orresponding existene ondition. The resulting extended de-isional meta-model is illustrated as a simpli�ed UML lass-diagram in Figure 1.
Fig. 1. The extended deisional meta-model.The environmental onditions provide a holder for properties whih are in-herent for the operation environment but not part of the system itself. For ex-ample in the domain of open distributed omputing, autonomy and dynamism ofthe partiipating agents and servies are environmental properties that must beonsidered. These kind of properties annot usually be modelled in the systemimodels but instead their existene must be identi�ed and dealt with appropriateantiipatory solution methods and tehniques.We extend the deisional meta-model with expliit interoperability prob-lem indiators. A problem indiator represents a mehanism for identifying anddeteting interoperability problems in the system. The existene onditions are



linked to interoperability problems only through a orresponding indiator; with-out a well-de�ned problem indiator the interoperability problems annot bedeteted. The use of an indiator as a mediator between the problem and itsexistene ondition also provides a mehanism for distinguishing potential prob-lems from atual problems: interoperability problems beome atual and anbe reated to only when the orresponding indiator has been identi�ed in thesystem.A top-level lass-hierarhy for interoperability problem indiators is given inFigure 2. The onepts of anti-patterns and onformane points are introduedas spei� lasses of problem indiators. Anti-patterns provide models whih de-sribe domain spei� knowledge of bad solutions or habits. Anti-patterns havebeen used espeially in the area of software-engineering for inreasing softwarequality. Automated tools an be used for reognising arhitetural and designanti-patterns suh as Common Coupling from arhiteture desriptions [3℄. Thenotion of anti-patterns an be applied also to soial ontexts to identify forexample organisational inompatibilities. Conformane points are observable lo-ations or situations in the system whih are used for testing the orrespondenebetween the expeted behaviour and atual operation of the system. Eah on-formane point onsists of a loation information and onformane rules. Thenotion of onformane point is similar to the notion used for example in theODP enterprise language [2℄.
Fig. 2. The top-level lass-hierarhy for problem indiators.Solutions in the deisional meta-model are lassi�ed into namely a prioriand a posteriori solutions as proposed in [5℄. Homogenisation of resoures wasintrodued in [5℄ as the primary a priori solution method while bridging ofheterogeneous resoures provided an a posteriori solution method; these methodsare appropriate for statially establishing interoperability in systems. To addressthe dynami aspets of interoperability, we extend the model with negotiationsand ompensations. The resulting lass-hierarhy for solutions is illustrated inthe Figure 3.Negotiations are used to jointly deide about properties of a forthoming ol-laboration and give possibilities for the partiipants to express their autonomiintentions, suh as their willingness to ollaborate. The autonomy aspet of in-teroperation an be addressed using negotiations between the resoure holdersbefore the atual operation. For negotiations to be suessful, the partiipants



Fig. 3. The top-level lass-hierarhy for interoperability solutions.must share a ommon model (or meta-model) of the domain. Compensation is�something (suh as money) given or reeived as payment or reparation (as fora servie or loss or injury)� [6℄. Compensations provide mehanisms that an beused to deal with wide range of unforeseeable interoperability problems stem-ming from the dynami nature of the operational environment. Compensationsan be provided for both spei� problems and as a generi solution for per-eived interoperation problems. The ompensation mehanisms an be a part ofthe systemi model or an be negotiated before ollaboration.3 ConlusionsThe ontribution of Rosener et al. [4, 5℄ identi�ed important onepts and rela-tionships related to interoperability problems. In this paper we proposed exten-sions to the model for addressing the dynami aspets of interoperability. Wehope that the good work started in [4, 5℄ and ontinued in the FIG-OOI groupwould provide generi onepts, methods and tools for addressing the interoper-ability problems espeially in the area of servie-oriented software engineering.Referenes1. INTEROP, European Network of Exellene on Interoperability Researh for Net-worked Enterprises Appliations and Software, 2006. http://interop-noe.org/.2. ISO/IEC JTC1. Information Tehnology � Open Distributed Proessing � RefereneModel � Enterprise Language, 2002. ISO/IEC 15414:2002(E).3. J. Paakki, A. Karhinen, J. Gustafsson, L. Nenonen, and A. I. Verkamo. Softwaremetris by arhitetural pattern mining. In International Conferene on Software:Theory and Pratie (16th IFIP World Computer Congress), pages 325�332, Aug.2000.4. V. Rosener, T. Latour, and E. Dubois. A Model-based Ontology of the SoftwareInteroperability Problem: Preliminary Results. In M. Missiko�, editor, EMOI-2004. CEUR, 2004. http://sunsite.informatik.rwth-aahen.de/Publiations/CEUR-WS/Vol-125/.5. V. Rosener, Y. Naudet, and T. Latour. A Model Proposal of the InteroperabilityProblem. In M. Missiko� and A. D. Niola, editors, EMOI'05. CEUR, 2005. http://sunsite.informatik.rwth-aahen.de/Publiations/CEUR-WS/Vol-160/.6. WordNet: a lexial database for the English language. http://wordnet.prineton.edu/, Apr. 2006.


