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tionThe work of the FIG-OOI (Fo
ussed Interest Group on Ontology Of Interop-erability) group in the INTEROP-NoE [1℄ fo
uses on establishing a general,domain-independent model of interoperability with a pragmati
, problem solv-ing view. The interoperability model dis
ussed in this group is based on the workof Rosener et al. [4,5℄ whi
h was driven their proposal for the de�nition of the in-teroperability problem: �The interoperability problem appears when two or moreheterogeneous resour
es are put together� [5℄. In [4,5℄ interoperability problem ismodelled by utilising three di�erent meta-models, namely resour
e 
omposition,systemi
 and de
isional meta-models. The resour
e 
omposition and systemi
meta-models are used to des
ribe how resour
es, systems 
omposed of resour
es,and models des
ribing the properties of resour
es and systems, are related withea
h other through resour
e interfa
es and relations [5℄.The de
isional meta-model des
ribes the relationships between interoperabil-ity problems, their solutions, and their 
orresponding dependen
ies on 
ontextual
onditions. Interoperability problems 
an be solved by solutions whi
h again mayindu
e more interoperability problems. The de
isional meta-model de�nes twokinds of solutions, namely a priori and a posteriori solutions with respe
t tothe appearan
e of the problem [5℄. Two sub
lasses for 
onditions are identi�ed,namely appli
ation 
onditions and existen
e 
onditions. Interoperability solu-tions are dependent of the appli
ation 
onditions (for example the 
ost of thesolution) while problems are related with 
orresponding existen
e 
onditions,su
h as resour
e heterogeneity.This paper 
ontributes extensions to the FIG-OOI model of interoperability,putting more emphasis on the dynami
 and so
ial aspe
ts of interoperability. Thede
isional meta-model des
ribed in [5℄ is extended with the 
on
epts of indi
a-tors and environmental 
onditions and provided with the 
orresponding top-level
lass-hierar
hies. In the extended model the existen
e of a solvable interoperabil-ity problem ne
essitates appropriate indi
ators for fo
using the designer 
on
ernson 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 
ondu
ted in thearea of interoperable and 
ollaborative 
omputing resear
h at the Department



of Computer S
ien
e 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 indepen
e of the proposed top ontology, whi
h is
onsidered as one of the primary 
riteria for the FIG-OOI interoperability model.2 Extending the de
isional meta-model with dynami
aspe
tsOur proposal extends the de
isional meta-model with 
on
epts and relationshipswhi
h expli
itly take into 
onsideration the dynami
 aspe
ts of interoperability.By dynami
 aspe
ts we here refer to relational and environmental aspe
ts ofthe interoperable system. For example, autonomy of the parti
ipating agentsor 
hanges in the environmental properties, su
h as usage poli
ies over the re-sour
es, are 
onsidered as dynami
 aspe
ts of interoperability sin
e they intro-du
e e�e
ts that 
annot be dealt appropriately with or within stati
 systemmodels.We extend the 
onditions with a sub
lass of environmental 
onditions and re-late interoperability problems to existen
e 
onditions only through an appropri-ate indi
ator. In the original de
isional meta-model [5℄ the problem was dire
tlyasso
iated with a 
orresponding existen
e 
ondition. The resulting extended de-
isional meta-model is illustrated as a simpli�ed UML 
lass-diagram in Figure 1.
Fig. 1. The extended de
isional meta-model.The environmental 
onditions provide a holder for properties whi
h 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 parti
ipating agents and servi
es are environmental properties that must be
onsidered. These kind of properties 
annot usually be modelled in the systemi
models but instead their existen
e must be identi�ed and dealt with appropriateanti
ipatory solution methods and te
hniques.We extend the de
isional meta-model with expli
it interoperability prob-lem indi
ators. A problem indi
ator represents a me
hanism for identifying anddete
ting interoperability problems in the system. The existen
e 
onditions are



linked to interoperability problems only through a 
orresponding indi
ator; with-out a well-de�ned problem indi
ator the interoperability problems 
annot bedete
ted. The use of an indi
ator as a mediator between the problem and itsexisten
e 
ondition also provides a me
hanism for distinguishing potential prob-lems from a
tual problems: interoperability problems be
ome a
tual and 
anbe rea
ted to only when the 
orresponding indi
ator has been identi�ed in thesystem.A top-level 
lass-hierar
hy for interoperability problem indi
ators is given inFigure 2. The 
on
epts of anti-patterns and 
onforman
e points are introdu
edas spe
i�
 
lasses of problem indi
ators. Anti-patterns provide models whi
h de-s
ribe domain spe
i�
 knowledge of bad solutions or habits. Anti-patterns havebeen used espe
ially in the area of software-engineering for in
reasing softwarequality. Automated tools 
an be used for re
ognising ar
hite
tural and designanti-patterns su
h as Common Coupling from ar
hite
ture des
riptions [3℄. Thenotion of anti-patterns 
an be applied also to so
ial 
ontexts to identify forexample organisational in
ompatibilities. Conforman
e points are observable lo-
ations or situations in the system whi
h are used for testing the 
orresponden
ebetween the expe
ted behaviour and a
tual operation of the system. Ea
h 
on-forman
e point 
onsists of a lo
ation information and 
onforman
e rules. Thenotion of 
onforman
e point is similar to the notion used for example in theODP enterprise language [2℄.
Fig. 2. The top-level 
lass-hierar
hy for problem indi
ators.Solutions in the de
isional meta-model are 
lassi�ed into namely a prioriand a posteriori solutions as proposed in [5℄. Homogenisation of resour
es wasintrodu
ed in [5℄ as the primary a priori solution method while bridging ofheterogeneous resour
es provided an a posteriori solution method; these methodsare appropriate for stati
ally establishing interoperability in systems. To addressthe dynami
 aspe
ts of interoperability, we extend the model with negotiationsand 
ompensations. The resulting 
lass-hierar
hy for solutions is illustrated inthe Figure 3.Negotiations are used to jointly de
ide about properties of a forth
oming 
ol-laboration and give possibilities for the parti
ipants to express their autonomi
intentions, su
h as their willingness to 
ollaborate. The autonomy aspe
t of in-teroperation 
an be addressed using negotiations between the resour
e holdersbefore the a
tual operation. For negotiations to be su

essful, the parti
ipants



Fig. 3. The top-level 
lass-hierar
hy for interoperability solutions.must share a 
ommon model (or meta-model) of the domain. Compensation is�something (su
h as money) given or re
eived as payment or reparation (as fora servi
e or loss or injury)� [6℄. Compensations provide me
hanisms that 
an beused to deal with wide range of unforeseeable interoperability problems stem-ming from the dynami
 nature of the operational environment. Compensations
an be provided for both spe
i�
 problems and as a generi
 solution for per-
eived interoperation problems. The 
ompensation me
hanisms 
an be a part ofthe systemi
 model or 
an be negotiated before 
ollaboration.3 Con
lusionsThe 
ontribution of Rosener et al. [4, 5℄ identi�ed important 
on
epts and rela-tionships related to interoperability problems. In this paper we proposed exten-sions to the model for addressing the dynami
 aspe
ts of interoperability. Wehope that the good work started in [4, 5℄ and 
ontinued in the FIG-OOI groupwould provide generi
 
on
epts, methods and tools for addressing the interoper-ability problems espe
ially in the area of servi
e-oriented software engineering.Referen
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