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Abstract. Ininter-enterprise business service collaborations mameent of non-
functional properties has become a fundamental issue, sisdas management
and computing infrastructures are expected to align masety. Already, service-
oriented computing emphasizes dynamic binding betweerfuhetional ele-
ments participating in service collaborations and lateapsalation of properties
on them. In such environments, the non-functional serviopgrties are used
a) as selection criteria during service discovery and b)aatspf collaboration
contracts and service-level agreements in particular.

This paper contributes to the conceptualisation of norttional properties in the
context of service-oriented computing. The nature of namefional properties is
elaborated by metamodels that formalize the concepts andder facilities for
the management of non-functional properties during detsige and run time.

1 Introduction

Non-functional properties (NFP) affect the behaviour ammantics of service-oriented
systems by declaring requirements and constraints oraictien endpoints, communi-
cation infrastructure and behavioural patterns for exampd increase maintainability
and reusability of the system and its components, non-iomak properties should be
orthogonal with respect to the functional elements of thetesy and with each other.
While the set of possible non-functional properties is ogeehcan not be predetermined
or enumerated due to their context dependency and evolottgystems, their usage can
be disciplined by deliberate NFP management facility. tndbntext of service-oriented
computing, non-functional properties are required to beaged over heterogeneous
and evolving systems. Such a framework must cater for looapling and late encap-
sulation of properties over service cooperations, as wehldopt a uniform approach
for design and deployment of the NFP.

In this paper we introduce preliminary work on establishinfjamework for man-
aging non-functional properties of business service dgfivThis paper complements
and elaborates the roadmap for the management of non-funatpiroperties introduced
in [1]. While [1] takes a holistic approach to the managenwémon-functional prop-
erties in service-oriented inter-enterprise communjtibs paper elaborates the role
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of non-functional properties at the service level. The ngamaent framework intro-
duced is based on a set of metamodels that formalize the fraeefunctional proper-
ties and their relationships with the functional elemeritbusiness service collabora-
tions. Moreover, the metamodels provide for developmemtesign tools and runtime
repositories for NFP management, and establish a unifieabtdary for discussing the
non-functional properties at the meta-level during theatiegions held in business ser-
vice collaboration establishment phase. An approach fodibg non-functional prop-
erties to functional elements based on model-driven emging and aspect-oriented
modelling principles is adopted, similarity to [2]. The pased approach supports
multi-level modelling of non-functional properties angués in a framework that de-
taches business-level properties from their technoldgicanterparts, thus providing
endurance against system evolution and heterogeneity.

The contents of the paper is as follows. First the conceptenfice-oriented co-
operation and service-level relationships are elaborateBection 2. After that, the
foundational metamodels for describing non-functionalparties of service relation-
ships are introduced in Section 3. These metamodels prévédiacilities for the man-
agement of non-functional properties. Section 4 discudepiyment of service-level
non-functional properties, and finally, we draw some cosidlas in Section 5.

2 Elaborating servicerelationships

The Pilarcos B2B - middleware [3, 4] provides the technatafyjand conceptual con-
text for this discussion. The Pilarcos framework delivesa@epts and technologies for
inter-enterprise computing which especially emphasieeatiitonomy of business col-
laboration participants, and business service interdplésa Interoperability and loose
coupling is attained with utilization of the Pilarcos B2B iddleware services [3] that
provide facilities for metainformation management andisiza(e.g service types [5]),
service trading facilities for interoperable service dety, dynamically negotiable col-
laboration establishment [6], and contract-based govemaf business networks [7].

The Pilarcos B2B-middleware framework [3] is based on theete of service-
oriented computing (SOC) [8]. In this contextservice” is considered as a business-
level abstraction that is represented by bilateral refefiops between legal entities,
such as individuals or organizations, and the computintjtias they own. The rela-
tionship between legal entities is formalized in an agresriieat designates the entities
either with a role of a service provider or service consurii@e service provider is
committed to deliver functionality conforming with the cesponding service. The ser-
vice consumer is expected to use the service in a way thatlisgérwith the service
provisioning scenario. A service relationship is realigda set of interactions taken
between the computational components provided by the catipg legal entities. For
realizing the service agreement relationships and cooredipg interactions, legal en-
tities manage and administraiasiness service# business service is a technological
manifestation of a conceptual service and can be implerdeteexample using the
Web Services [9] technology.

The commitments and expectations associated with a senefiagonship are for-
malized by aservice-level agreemel(LA) [10, 11] between the two parties. Some-
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times the SLA can be implicit in nature, that is, the commititiseare not explicit but
the corresponding business service is provided and used™asd as prescribed in the
corresponding service declarations (such as plain WSDI. d&2criptions). The ser-
vice relationship is associated with a set of bilaténédractionrelationships between
business servicateraction endpoints

2.1 Cooperation metamodel

Service relationships between legal entities and theorinftion systems are based
on the concept ofooperation an arrangement between entities taking certain roles in
some specified context of joint operation. Two kinds of édiire distinguished in the
Pilarcos framework, namely functional and legal entitiegnctional entities, such as
interaction endpoints and information entities, provide facilities for delivering the
cooperative activities. Legal entities represent the eoajing parties, such as organiza-
tions, enterprises and individuals, that are bound by maigiements and contracts to
deliver the required functionality. The kinds of differeanitities are defined in a meta-
model of their own. The metamodel for cooperation is illagtd in Figure 1 and it
essentially prescribes a set of roles and their connectitintive cooperating entities.

+behaviout| Behaviour
0..1

*

+cooperation

CooperationContext |+use Cooperation 1 *
* +typ - .
0.. :ﬁconnectlons

+cooperation i -
p +cooperation Connection
* 1.*
o +bindings +binding 4ol +roles +connection
+bindingl pojeBinding Role |+role 1.
0.* e Rule

+participant] .

Entity NamedElement

AssignmentRule

name : String +rules

Fig. 1. The cooperation metamodel.

A Cooperationconsists of a set of roles, a set of role inter-connectiond zn op-
tional description of the cooperative behaviour. The coafdee behaviour represented
by the Behaviourconcept describes the global behaviour of a cooperatiom fitoe
“birds-eye” perspective. In this behavioural descriptibe roles are used as actors. For
example when using UML sequence diagrams [13] for desaitiie behaviour, each
role in the Cooperationis represented by a separate lifeline. Behaviour assigoed f
roles using the cooperatiorBehaviouris considered as a prescription of expected role
behaviour.
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Roles describe the expected behaviour, rights, obligatias well as position and
relationships with respect to other roles for entities wglto act in a cooperative con-
text. A Cooperationincludes at least tw®olespecifications with at least one connec-
tion specified between them. EaBlolehas a unique name within the cooperation for
referring the cooperating entities indirectly throughithvele names.

The set ofAssignmentRulelements represents constraints that must be fulfilled by
an entity taking the corresponding role. In the metamodal ithillustrated in Figure 1
none of the specific role assignment rules are visible, dineg are expected to be set
by the specializations of the metamodel. Finally, a rolerdtédin includes a set of inter-
role connections represented by tBennectionconcept which relates the subject role
with one or more other roles.

A cooperation use is modelled using the concepfobperationContexhat spec-
ifies the bindings between a set of roles and a set of entéldad part in the corre-
sponding type of cooperation. BooperationContexinust conform with the specified
Cooperationtype, especially each cooperation role must be bound to &ty emd
the entities must conform with the assignment rules givertife corresponding roles.
Roles are attached to cooperation participants usingRtiieBindingconcept. The role
attached to an entity constrains and regulates the behaamalproperties of the partic-
ipant to suit the requirements of the corresponding formoafperation.

2.2 Metamodel for servicerelationships

The concept of service relationship is formalized by theaneidel illustrated in Fig-
ure 2. AServiceRelationshipssociates a contractual service binding with a set of in-
teractions, and defines a set of role delegations from ictierss roles to legal roles.
The concepts ofontractualServicandinteractionare refinements of th€ooperation
metamodel and represent the contractual service bindimgjgéeractions respectively.

ContractualServiceepresents a bilateral relationship between legal estitiking
one of two types of roles, namely a role corresponding to sicemprovider (called
ServiceProviderand service consumegérviceConsumirThe roles are subtypes of
a generalization nameslerviceRoleConsequently, the metamodel constrains the enti-
ties taking aServiceRoldo be of kindLegalEntity A ContractualServicelescription
includes exactly two roles and one connection between tiudss.

The concept olnteractiondefines a bilateral cooperation that refines the notion
of Cooperationby associating a behavioural pattern describing the irtleractivities
with the Connectiorelements (see Figure 1). In addition, an interaction medsias-
sociated with thénteractionconcept that designates general properties of intergction
such as if the activities are asynchronous or not. The raldibgs ininteractionmeta-
models are between interaction roles (represented by &pvnamednteractionRol¢
and interaction endpoints. An interaction endpoint is @ment of kKindEndpointEntity
that includes a description of the behavioural pattern@asad with the corresponding
endpoint. Naturally, the behaviour manifested by an enapand the behaviour pre-
scribed by the interaction connection have to be compatiplplicable formal methods
are needed to formalize such a notion of behavioural coriliti Session subtyp-
ing [14] for example can be used for this purpose.
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Fig. 2. Service relationship metamodel.

A role delegation represented by tReleDelegatiorelement imposes interaction
responsibilities for a legal entity taking part in a serviegationship. As an interest-
ing analogue, &oleDelegatiortan be considered to correspond to a port definition in
typical architecture description languages such as W[idijt each interaction role cor-
responds to a port and each connection corresponds somewdabnnector. In fact,
the role delegations are used as part of business role da&fimitharacterizing inter-
enterprise collaboration “architectures”; this is howeasubject that is not considered
further in this paper.

A service relationship is made concrete by a service-legete@ment (SLA). An
SLA is represented by the conceptRdrviceLevelAgreemethiat comprises a set of in-
teraction (nteractionUsgand contractual service relationsh@dntractualServiceUge
instances with corresponding role bindings. A serviceelegreement is provided with
a set of business services that provide the interaction@ntipand computational re-
sources needed to fulfill the agreement. E&elsinessServicis considered as a be-
havioural entity that provides a set®8érviceEndpoint#\ BehaviouralEntityepresents
entities in a service-oriented computing environment veh@sistence is motivated by
the behavioural properties they own. Such entities arecéasal with a corresponding
Behaviourthat describes the behavioural patterns the entity is dajdimanifesting. A
ServiceEndpoinis a kind ofInteractionEndpointhat is provided with a well-defined
interface description. A business service is owned by al legtty whose identity is
known such that legal bindings can be accomplished.

The ServiceLevelAgreementetamodel comes with a set of constraints some of
which are elaborated in the following. First of all, th&teractionUseand Contrac-
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tualServiceUselements must conform with the correspondintggractionand Con-
tractualServiceconcepts defined in the service relationship that is dedlasethe type
of the ServiceLevelAgreemeroreover, the role bindings and role delegations must
match: if aRoleDelegatiordelegates interaction rolds and I, to a service roleS;
then the legal entity in rol&; must also be the provider for a business service that pro-
vides the corresponding interaction endpoints. In addjtaofew simpler consistency
rules are needed in the definition of tBervicelnteractiometamodel semantics; these
constraints are formalized using the OCL [16] language.

3 Non-functional properties of servicerelationships

Non-functional properties are bound in the Pilarcos framdwo service cooperation
relationships instead of individual system componentgrdpches where NFP:s are
bound to individual components are quite often found initranlal QoS research that
consider closed, technology-oriented systems. Howewewant to emphasize the con-
textual nature of NFP: non-functional properties are omlglecable when expectations
are explicitly given also for the co-partner properties dmthaviour in corresponding
cooperations. NFP can not in general be feasibly definedowitlpecifying the con-
text of its usage. A similar approach to ours has been takeexf@ample in [17], which
represents a service model where a service is defined in tfrthe interactions and
roles involved, and QoS parameters are bound to such a eemicept. Non-functional
properties are defined as compositions of appropriate &spgeach non-functional as-
pect (NFA) gives a well-defined prescription of an orthoddeature of a cooperation
relationship, such as interaction security, in the formmaapect model [2, 18].

The aspect models in the Pilarcos framework are based orotieept ofNFAType
defined by the metamodel that is illustrated in Figure 3.MEATypedefines a kind
of a non-functional aspect by declaring its context, thesutiow to bind the aspect to
the context, and a specification of how to measure or qudidyaspect in the speci-
fied context. The context for a non-functional aspect is igelcwith a reference to a
Cooperatiorelement.

Following the approach taken in [2, 18] aspects and theidibiprules are formal-
ized using graph transformations. An aspect transformationprises a reference to the
base model (a kind aooperatior), and graph patternshs for left-hand side andhs
for right-hand side) defining the transformation rules. Téfehand side pattern of the
aspect transformation is optional; if thes pattern does not exists, then tes pattern
serves only for the purpose of identifying the relevant edata from the base model to
be used in measurements.

A Measurementepresents a non-functional dimension or feature of aseruriented
cooperation. It prescribes a constrained view on a coojp@rgheasuregssociation)
by denoting and naming the entities that are active witheesjp the non-functional as-
pect fnodelviewassociation). In practice, the measurements are viewsatkdver the
metamodels describing the cooperation relationships mimgestigation. The model
view is defined by the right-hand side of the aspect transition associated with the
correspondindNFAType In this regard, the concept dMeasuremenand the approach
of considering aspects as views on models is similar to timesd models introduced
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Fig. 3. The metamodel for defining NFA types.

in [19] or feature models as considered in [20, 21]. Measem@sprescribe the type of
constraints that can be described using the notidvietfic. A Metric defines a standard
for measurements by describing the domain of the measutef@eset of acceptable
values) for example, an ordering between values and evextifuns over the values.

Similarly to [22] we consider non-functional properties @mstraints over mea-
surements. Assertions of non-functional aspects are septed by the&NFAAssertion
concept which refers to aNFATypeand declares constraints over the measurements
using theNFAConstraintconcept. The constraints prescribed must comply with the
measurement and the metrics defined in the relblieiType An NFA assertion may
for example declare the acceptable choices for interaeimmyption from a set of al-
ternative encryption schemes.

An Observableepresents something that is going to be observed. It esposmvI-
edge about the properties of a system using well-definedtaneiand semantics, and
can be perceived using some prescribed method of measurefennotion of ob-
servable is needed for monitoring the progress of coopmeratimanaging the coordi-
nation of collaborations, as well as for enforcing so-ahléervice-level agreements
(SLASs) [10, 11, 23] and collaboration contracts [7]. The efvables are defined by a
metamodel that is based on an observer pattern and the gptokboduced in [24]

Non-functional properties of service relationships arrdel using the metamodel
that is illustrated in Figure 4. ANonFunctionalPropertys associated with a kind of
ServiceRelationshjgomposes a set of non-functional aspects, and declarésadd
delegations for roles possibly introduced by the non-fiomal aspects.

Two different types of non-functional aspects are congiden the definitions of
non-functional properties, namely so-callegtra-functionaland service-contractual
aspects. Extra-functional aspects represented bititraFunctionalNFATypeoncept
are bound to service interaction relationships. They affee functional entities of
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Fig. 4. The metamodel for defining non-functional properties.

service-oriented cooperation by prescribing additiormadstraints over the behaviour,
information, or interaction endpoint properties in theteys.

Theservice-contractual aspectspresented by th€ontractualNFATypéetermine
features that are bound to service relationships and affieclegal entities of service-
oriented cooperations. Contractual aspects determinecéiions, responsibilities and
commitments between legal entities that are required fabdishing a service relation-
ship with the desired level of quality and performance; thy regulate the timeliness
of service invocations, the availability of service implentations, or the level of service
quality perceived by an external observer for example.

4 Deploying service-level NFP

The framework described in this paper utilizes a multi-leueta-modelling approach,
where the domain models and non-functional aspects ancprepare defined using
several levels of abstraction (e.g. CIM, PIM, and PSM [2BJhen considering non-
functional aspects, two different kinds of mechanisms aegldor defining the seman-
tics of the aspects. First of all, horizontal model transfations are used for describing
the effects of aspect models at the same level of abstrastimh an approach has been
proposed for example in [2,18]. This can be regarded as thastational semantics” of
non-functional aspects. Secondly, a kind of property iithece mechanism is used for
defining semantics of non-functional aspects that reqeifiaement at the lower levels
of abstraction. This kind of semantics could be regardeti@sdperational semantics”
of non-functional aspects, since it defines the meaningraedtion of an aspect using
some well-defined computing infrastructure (i.e. the auttservice-oriented comput-
ing platform) at the lower level of abstraction.

In the following an example case is given which utilizes thechranisms described
above for defining aspect semantics. Model transformatwasllustrated informally
using UML diagrams [13] and RBML notation [26]. Non-funatial properties are an-
notated to model elements using appropriate mechanismgAR-based modelling
languages eackBlementcan be associated witBommentlements that can embody
textual annotations [27]; in this case the annotationsatte¢he names for correspond-
ing NFATypedeclarations.
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The example considers aémteractionmodel that is associated with an extra-functional
aspect namesecuredInteractiomwhose intention is to provide confidential interactions
by use of a symmetric encryption scheme. A transformatiomgfining an interaction
with respect to thesecuredinteractiormspect is illustrated in Figure 5. It describes a
transformation from arnteractionPatterndescribed by théHS pattern to a refined
one RHY beginning with key-exchange messages (e.g. using a DBifiénan key-
exchange) required by any symmetric encryption schemeitidddl roles ofkeyProvider
andKeyReceiveare introduced by the aspect; these roles the have to beadetegp-
propriately in aNonFunctionalPropertynodel using this aspect.

| |KeyProvider | | |KeyReceiver
A T T T
|KeyProvider | | |KeyReceiver | 1:qpA
I I
2:B
ref
|otherMessages ref
! ! |otherMessages
| |
| |
| |
LHS RHS

Fig. 5. A transformation introducing key-exchange behaviour targ@raction pattern.

In addition to introducing additional behaviour, the trimmmation associated with
thesecuredinteractioaspect annotates the correspondirtgractionelement withse-
curedConnectiodeclaration. This annotation prescribes a model refinemtaigation
to be fulfilled at the lower levels of abstraction. The exaenqase considers@zommuni-
cationmodel (an instance dhteractionmetamodel) that uses explicit communication
channels for realizing interactions. The sped@immmunicatioomodel instance inherits
thesecuredConnecticennotation imposed at theteractionlevel. In the example case
the securedconnectioNFA has transformational semantics defined by an applicable
NFAType(especially it is bindable to @ommunicatiormodel) and the corresponding
transformation incorporatesncryptionandDecryptionproxies to the communication
channel as illustrated in Figure 6. If tsecuredConnectioaspect did not have a cor-
respondindNFATypedefined, the annotation would have been propagated furtven d
the abstraction-level.

5 Conclusion

This paper introduced a framework for managing non-fumalgroperties of busi-

ness service delivery. The framework utilizes an approadtidbed in [2] for defining

“translational semantics” based on model refinement foeetsmodels. In addition,

a simple property inheritance mechanisms utilizing met@ehelement annotations is
used for propagating refinement obligations from more alstaspect models (e.g.
CIM-level aspects) to more concrete ones (e.g. PIM-levetets).



10 Toni Ruokolainen and Lea Kutvonen

{securedConnection} T
LHS CommunicationChannel
Iport |port2
—| |proxies : Proxy |—

| CommunicationChannel
RHS \POVTLI:_I [ port2
_I Encryption : Proxy |—| |proxies : Proxy |—| Decryption : Proxy |_

Fig. 6. A transformation refining €ommunicationChannelith encryption and decryption prox-
ies.

Most importantly, this paper introduced a set of metamofiglenabling a unified
design and management of non-functional properties. Thamualels enable develop-
ment of repositories for sharing the knowledge about diffetypes of non-functional
properties in a service-oriented computing environmeathSepositories in par with
repositories holding knowledge about the functional elets®f business service col-
laborations (such as service types [5]) are needed for ledtaty an open and loosely
coupled business service trading environment.

The metamodels are founded on a distinction between legiiuattional entities,
the corresponding cooperation relationships between tlaemd extra-functional and
service-contractual aspects associated to such relatmsdNon-functional properties
associated with service relationships compose applicatrtefunctional aspects. The
non-functional aspects are kept apart from the actualserelationships they are used
in. This enables development of NFA separately, possibladiprs different from the
actual business service designers and developers. In strameawork, the business
services and non-functional properties can evolve indepetty.

Domain-specific ontologies and corresponding modellirgrdrchies that define
and describe the aspects valuable for the correspondingnseiof discourse are needed.
Especially ontologies and models for observables, poss#itiommended by standard-
ization organizations or other communities, are neededrbafon-functional aspects
(especially the service-contractual ones) can be feadidiped.

References

1. Kutvonen, L.: Roadmap for the non-functional aspect rgameent in inter-enterprise col-
laborations. Submitted manuscript. (2007)

2. Kdéllmann, C., Kutvonen, L., Linington, P., Solberg, A.:n Aspect-Oriented Approach to
Manage QoS Dependability Dimensions in Model Driven Depelent. In: The 3rd Interna-
tional Workshop on Model-Driven Enterprise InformationsByms (MDEIS 2007). (2007)

3. Kutvonen, L., Ruokolainen, T., Metso, J.: Interopeiigpihiddleware for federated business
services in web-Pilarcos. International Journal in Eniegplnformation Systems, Special
issue on INTEROP-ESA 2005%(2007)



11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Managing Non-functional Properties of Inter-enterprisesiBess Service Delivery 11

. Kutvonen, L., Metso, J., Ruokolainen, T.: Inter-entegicollaboration management in dy-

namic business networks. In: On the Move to Meaningful mgeSystems 2005: CooplS,
DOA, and ODBASE: OTM Confederated International ConfeemndCooplS, DOA, and
ODBASE. Volume 3760 of Lecture Notes in Computer SciencgiaANapa, Cyprus (2005)

. Ruokolainen, T., Kutvonen, L.: Service Typing in Colladtive Systems. In Doumeingts,

G., Mlller, J., Morel, G., Vallespir, B., eds.: Enterprisgdroperability: New Challenges and
Approaches, Springer (2007) 343-354

. Kutvonen, L., Metso, J., Ruohomaa, S.: From trading tone@anity population: Respond-

ing to social and contractual challenges. In: Proceedirighe 10th IEEE International
EDOC Conference (EDOC 2006), Hong Kong (2006)

. Metso, J., Kutvonen, L.: Managing Virtual Organizatiovith Contracts. In: Workshop on

Contract Architectures and Languages (CoALa2005), Ertshehe Netherlands (2005) To
be published.

. Papazoglou, M.P., Georgakopoulos, D.: Introductiorm@an. ACM46 (2003) 24-28
. W3C: Web Services Architecture. (2004) W3C Working Groigie.
. Keller, A., Kar, G., Ludwig, H., Dan, A., Hellerstein; 8anaging dynamic services: a con-

tract based approach to a conceptual architecture. In: dikt@perations and Management
Symposium, IFIP, IEEE (2002) 513-528

Ludwig, H., Keller, A., Dan, A., King, R., Franck, R.: Ars&e level agreement language
for dynamic electronic services. Electronic Commerce Rese3 (2003) 43-59
Christensen, E., Curbera, F., Meredith, G., Weeravearan Web Services Description Lan-
guage (WSDL) 1.1. W3C. 1.1 edn. (2001)

Object Management Group: Unified Modeling Languagee®&itpicture. 2 edn. (2005)
Vallecillo, A., Vasconcelos, V.T., Ravara, A.: TypirtgetBehavior of Objects and Compo-
nents using Session Types. Electronic Notes in Theore@oahputer Sciencé8 (2003)
Presented at FOCLASA02.

Allen, R., Garlan, D.: Formalizing architectural contien. In: ICSE '94, Los Alamitos,
CA, USA, IEEE Computer Society Press (1994) 71-80

Object Management Group: UML 2.0 OCL Specification. 216.42003) OMG Final
Adopted Specification — ptc/03-10-14.

Garschhammer, M., Hauck, R., Hegering, H.G., KempteRBdisic, I., Rolle, H., Schmidt,
H., Langer, M., Nerb, M.: Towards generic service managernencepts a service model
based approach. In: IEEE/IFIP International Symposiumraegrated Network Manage-
ment. (2001) 719-732

Whittle, J., Aragjo, J., Moreira, A.: Composing aspecidels with graph transformations.
In: EA '06: Proceedings of the 2006 international workshopE@rly aspects at ICSE, New
York, NY, USA, ACM Press (2006) 59-65

Rottger, S., Zschaler, S.: Model-Driven DevelopmentNon-functional Properties: Refine-
ment Through Model Transformation. In: UML 2004. Volume 323f Lecture Notes in
Computer Science., Springer-Verlag (2004) 275-289

Czarnecki, K., Kim, C.H.P., Kalleberg, K.T.: Feature déts are Views on Ontologies.
In: SPLC '06: Proceedings of the 10th International on SafeWProduct Line Conference,
Washington, DC, USA, IEEE Computer Society (2006) 41-51

Kim, C.H.P.: On the Relationship between Feature MaaledsOntologies. Master’s thesis,
University of Waterloo (2006)

Zschaler, S.: Towards a semantic framework for nontfanal specifications of component-
based systems. In: Proceedings of the 30th EUROMICRO GCamier(EUROMICRQO’04),
Washington, DC, USA, IEEE Computer Society (2004) 92—-99

Skene, J., Skene, A., Crampton, J., Emmerich, W.: Thetorability of service-level agree-
ments for application-service provision. In: WOSP '07: &redings of the 6th international
workshop on Software and performance, New York, NY, USA, A@késs (2007) 3-14



12

24.

25.

26.

27.

Toni Ruokolainen and Lea Kutvonen

Viroli, M., Moro, G., Omicini, A.: On observation as a gdation paradigm: an ontology
and a formal framework. In: SAC '01: Proceedings of the ACMrpsium on Applied
Computing, New York, NY, USA, ACM Press (2001) 166-175

Frankel, D.S.: Model Driven Architecture: Applying MDA Enterprise Computing. OMG
Press (2003)

France, R.B., Kim, D.K., Ghosh, S., Song, E.: A UML-Ba&adtern Specification Tech-
nique. IEEE Trans. Softw. En§0 (2004) 193-206

Object Management Group: Meta Object Facility (MOF)&8pecification. 2.0 edn. (2006)
OMG Available Specification — formal/06-01-01.



