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Preface

The IBM Ph.D. Student Symposium at ICSOC provides a forum where doc-
toral students conducting research in Service-Oriented Computing (SoC) have
the opportunity to present their on-going dissertation work to a group of well-
known experts in the field and receive feedback from them. Each presentation
is organized as a mock thesis-defense, with a committee of 4 mentors provid-
ing extensive feedback and advice for completing a successful Ph.D. thesis. This
format is similar to the one adopted by the doctoral symposia associated with
ICSE, OOPSLA, ECOOP, Middleware and ISWC.

The closing session of the symposium is a panel discussion where the roles are
reversed: the mentors answer the students’ questions about research careers in
industry and academia. The symposium agenda also contains a keynote speech,
delivered by Dr. Paolo Traverso, addressing the “hot topics” and new research
challenges in SoC. Dr. Traverso is director of research at IRST, Italy, where
he leads a division working on software and services, knowledge management,
and embedded systems. He was Program Committee Chair at ICSOC 2004 and
General Chair at ICSOC 2005.

This year we have received 17 submissions from 11 countries and 4 continents:
11 from Europe, 3 from North America, 2 from Asia and 1 from South America.
As the goal of the symposium is to provide constructive feedback to the authors
of both accepted and rejected papers, each paper was reviewed by three Program
Committee members (we did not use external reviewers). The submissions were
evaluated according to five criteria: quality of research, breadth of background
knowledge, relevance to SoC, presentation and project maturity. The program
committee has finally selected 7 papers with different maturity levels, guided
by the belief that the students presenting their work in the symposium learn
from the feedback of the mentors, but also from each other, and that Ph.D.
students who are almost ready to graduate set a good example for their peers who
are just starting. The papers included in these proceedings address, from both
technical and business perspectives, a range of topics including service discovery,
composition, interoperability and the establishment of service agreements.

September 2007 Tudor Dumitraş
Andreas Hanemann

Benedikt Kratz
Jyotishman Pathak

Co-Organizers of the IBM Ph.D. Student Symposium
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Abstract. Service-centric systems pose new challenges and opportunities for 

requirements processes and techniques. This paper reports new techniques that 

enable service discovery during early requirements processes and exploit dis-

covered services to enhance requirements specifications. The paper describes 

the algorithm for discovering services from requirements expressed using struc-

tured natural language. The paper also reports a first evaluation of the utility of 

the environment that implements this algorithm when improving the specifica-

tion of requirements with retrieved services. 

1. Introduction 

     Web and software services are operations that users access via the internet through 

a well-defined interface independent of where the service is executed [14]. Service-

centric systems integrate software services from different providers seamlessly into 

applications that discover, compose and monitor these services.  

     One consequence of service-centric systems is that requirements processes might 

change due to the availability of services. Discovering candidate services can enable 

analysts to increase the completeness of system requirements based on available ser-

vice features. However, for this to happen, new tools and techniques are needed to 

form service queries from incomplete requirements specifications. In this paper, new 

tools and methods for discovering services to use to make requirements specifications 

more complete are described.  

2. Motivation and Problem Statement 

From the perspective of software engineering, requirements engineering (RE) is the 

first activity of the software process. At this stage the goal is to establish what servic-

es are required from the system and the constraints on the system’s operation and 

development [6]. During early requirements processes a requirements team seeks to 

establish system boundaries, acquire and discover requirements, and explore depen-

dencies both with adjacent systems and between actors in the system being specified. 

At this stage, requirements specifications are typically informal and incomplete — an 

opportunity to discover services early in the process to explore capabilities and fea-

tures for a new application. In this research we attempt to exploit this opportunity, i.e. 

how service descriptions that are retrieved in response to service queries can refine 
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and decompose the original requirements that gave rise to the query. In this paper, we 

propose a method that uses semantic matching strategies to discover services that are 

semantically similar to the deployed system specification. 

Furthermore, recently more and more research has been invested into the idea of 

inventing rather than merely elicit requirements – a missing step in the requirements 

process [7,10,11]. The RE process has been revealed as highly creative involving 

cycles of insight-driven re-conceptualisation of the problem space [10], especially in 

early phases of requirements processes (e.g. [8]).  Most service consumers, on their 

own, are not inventors. Requirements analysts are the people whose skills and posi-

tion allow and encourage creativity [11]. The emergence of new systems means that 

stakeholders will increasingly create and invent ideas that they express as require-

ments. For instance, studies such as Maiden et al. [8] have shown that people can 

exploit analogies to reuse requirements if they are given support to recognise, under-

stand and transfer the analogies. In this paper, we propose a solution that uses ana-

logical reasoning techniques to encourage the creation and invention of new require-

ments. Rather than rely on expert presentations of domain knowledge, the proposed 

method will discover and retrieve services in analogical domains to the current ser-

vice consumer application, to support creative thinking about requirements for that 

application.  

Therefore, the primary objectives of the research are 

• to design and implement a requirements-based service discovery model to dis-

cover services from service registries that are semantically similar to the dep-

loyed system specification; and  

• to design and implement a creativity-driven service discovery model that en-

hances requirements-based service discovery model in order to expand the 

search space and discover descriptions of candidate services in analogical do-

mains to the current service consumer application. 

3. Related Work 

There is a growing body of work on service discovery based on techniques from 

software reuse. Most existing approaches (e.g. [2]) use semantically richer service 

description frameworks such as OWL-S [1] to deliver flexible matching between 

service queries and descriptions. However, these are inappropriate for early require-

ments processes, when queries cannot be expressed in such precise, formal and com-

plete terms. Wang et al. [15] report a web service discovery technique that combines 

WordNet with structure-matching on the structure of the WSDL service specification. 

As in our solution, WordNet is used to expand queries with semantically similar 

words. However, this technique is limited because only formal representations in 

WSDL are considered.  

In requirements research there has been little reported work on service discovery. 

Schmid et al. [12] report a requirements-led process to enable run-time service dis-

covery, but no tool support is described. Elsewhere Esmaeilsabzali et al. [4] report 

new models for requirements-based service discovery that assume formal expression 

of system operations. Our main innovation is to expand service queries to handle 

requirements expressed in natural language and compatible with established proc-

esses. In addition, current RE creativity techniques and approaches (e.g. [10]) do not 
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take service-centric systems engineering into account as a means to support creative 

thinking about requirements for a system. In this research, we will exploit analogical 

reasoning techniques to encourage the creation and invention of new requirements. 

4. Service Discovery using Natural Language Requirements 

RE is often divided into early and late requirements processes. Figure 1 depicts this 

characteristic – the divergence from and convergence to established requirements. 

During early requirements, services are used to encourage divergence activities to 

challenge system boundaries and assumptions, and discover new requirements. The 

presented solution uses service descriptions to support tasks that encourage creative 

thinking by discovering services that are analogical to services that will be imple-

mented in the deployed system, to encourage exploratory creative thinking about 

requirements. During late requirements processes services can be used to support 

convergent activities such as decomposing and refining specifications of require-

ments, and restructuring the requirements to enable more effective service monitor-

ing. This thesis focuses on the divergence activities during early requirements 

processes. 

Constructing queries to be used in retrieval

Exploring options in order to refine spec

Specification of

requirements

Collection of 
services

Increasing
detail

Services better 

fitting needs

Vague
idea

Services to be used

Diverge

Converge

  
Figure 1. SeCSE’s Requirements Process 

     The research gathered throughout the course of this thesis and the results of the 

evaluation will be used to determine whether the findings lead to an acceptance of the 

following two main hypotheses: 

(1) During early requirements processes, requirements-based queries can discover 

services that an analyst can use to generate new, and revise existing requirements 

appropriate in the domain, and  

(2) During early requirements processes, an analyst can use services discovered from 

requirements-based queries to invent new requirements, i.e. requirements that are 

novel and appropriate in the domain. 
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4.1. Requirements-based Service Discovery 

Current literature suggests that an overwhelming majority of requirements specifica-

tions are written in natural language (NL), often augmented or enhanced by informa-

tion in other notations, such as formulae, and diagrams [3]. Since requirements speci-

fications form the basis of the whole process, it is desirable for requirements specifi-

cations to be as correct, complete, and unambiguous as possible. However, specifying 

requirements in NL has some major drawbacks, namely the inherent ambiguity and 

incompleteness of NL.  

    The requirements-based service discovery engine called EDDiE (Expansion and 

Disambiguation Discovery Engine) overcomes these common characteristics of NL 

requirement specifications by introducing two capabilities. These capabilities are 

designed to generate queries that will discover services using requirements that are 

ambiguous and incomplete. Consider the requirement for a car’s route planning sys-

tem: the system shall provide the driver with directions to a chosen destination by the 

most direct route. It is incomplete because it does not state what the directions are and 

what direction information is needed. It is also ambiguous because it does not define 

what is the sense of the “most direct” route. There are several possible meanings of 

direct. Does the analyst mean direct in spatial dimensions; proceeding without devia-

tion or interruption, or does s/he mean having no intervening persons or agents? 

To handle incompleteness and ambiguity when discovering services we extend 

query expansion techniques previously only applied to WSDL service specifications 

[15] to incomplete statements of requirement to generate more complete service que-

ries. And we apply term disambiguation techniques from information retrieval [13] to 

ambiguous statements of requirement to generate unambiguous service queries. The 

claimed innovation is to import research from related disciplines and extend it to 

handle problems specific to RE and service discovery. 

The algorithm has the 4 key components shown in Figure 2. The WordNet on-line 

lexicon [9] fulfils an important role for three of the algorithm’s components. In the 

first the service request is divided into sentences, then tokenized and part-of-speech 

tagged and modified to include each term’s morphological root (e.g. driving to drive, 

and drivers to driver). Secondly, the algorithm applies procedures to disambiguate 

each term by defining its correct sense and tagging it with that sense by iteratively 

using context knowledge from the project glossary, requirements analyst and other 

terms in the service query (e.g. defining a driver to be a vehicle rather than a type of 

golf club). Thirdly, the algorithm expands each term with other terms that have simi-

lar meaning according to the tagged sense, to increase the likelihood of a match with a 

service description (e.g. the term driver is synonymous with the term motorist which 

is also then included in the query). In the fourth component the algorithm matches all 

expanded and sense-tagged query terms to a similar set of terms that describe each 

candidate service in the service registry. Query matching is in 2 steps: (i) XQuery 

text-searching functions to discover an initial set of services descriptions that satisfy 

global search constraints; (ii) traditional vector-space model information retrieval, 

enhanced with WordNet, to further refine and assess the quality of the candidate ser-

vice set. 

Services identified using EDDiE’s matching engine against requirements informa-

tion may lead directly to the identification of new requirements as developers dis-
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cover services which are ready for use in the domain of interest, but which they were 

previously unaware of.  

 
Figure 2. Requirements-based service discovery algorithm 

4.2. Creativity-driven Service Discovery 

     As mentioned in section 2, RE is increasingly a creative process in which stake-

holders and designers work together to create ideas for new systems, then express 

these ideas as requirements that envision these new ideas. This section describes a 

model called AnTiQue (Analogy Tracker in Service Queries) which uses analogical 

reasoning techniques to encourage the creation and invention of new requirements. 

     The main function of AnTiQue’s service discovery algorithm is to discover de-

scriptions of candidate services in analogical domains to the current service consumer 

application. AnTiQue’s similarity model is based on predicate logic and the Structure 

Mapping Theory (SMT) [5] where NL text is presented as predicates, i.e. preposition-

al networks of nodes (objects) and edges (predicate values). We distinguish two kinds 

of predicates. Attributional predicates used to state properties of objects expressed in 

the form PredicateValue(Object) and relational predicates used to express relations 

between objects expressed in the form PredicateValue(Object1, Object2); for in-

stance, “the car is red” becomes red(car) and “the driver drives the car” becomes 

drive(driver, car). An analogy is a comparison in which relational predicates, but few 

or no attributional predicates, can be mapped from source to target. For instance, 

intended inferences of the comparison “constructing a building is like developing 

software” mainly concern the relational structure e.g., “a programmer designs soft-

ware components (design(programmer, software component)), just as the architect 

designs building plans (design(architect, building plan))” but none or a few concern-

ing attributes. On the other hand, a literal similarity statement is a comparison in 

which a large number of predicates are mapped from source to target including both 

attributional and relational predicates.  

     AnTiQue’s algorithm implements this notion of analogy by extending functional-

ities provided by EDDiE. 

5. Evaluation and Future Work 

     We evaluated EDDiE with experienced practitioners who had extensive experience 

with automotive applications. Rather than investigate traditional measures of preci-

sion and recall properties of the EDDiE algorithm itself we investigated the utility of 
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algorithm in a requirements workshop.  More specifically we explored whether dis-

covered services were sufficient to trigger specification of requirements that had not 

been specified prior to service discovery. Our assumption underlying this strategy was 

that high levels of precision and recall were not essential for service discovery – ser-

vice specifications with lower similarity scores might still enable analysts to discover 

new requirements. The evaluation revealed that experienced practitioners used re-

trieved services with a range of similarity scores to generate new requirements that 

were later ranked as more novel than requirements discovered using traditional use 

case walkthrough techniques. This positive outcome supports our fundamental claim 

that candidate services can enable analysts to increase the completeness of require-

ments. 

     Based on these results, we will evaluate the use of AnTiQue to explore the ques-

tion whether analysts can discover new requirements from discovered analogical 

services that are novel and appropriate in the domain. 
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Abstract. A major challenge for Service-oriented Computing is how
to discover and compose services to build complex applications. In this
paper we present a methodology for the discovery of compositions of ser-
vices that accounts for the need of (1) composing several services to sat-
isfy a client request, and (2) guaranteeing useful behavioural properties
of the composite service. The methodology makes use of functional and
behavioural information contained in OWL-S service advertisements.

1 Introduction: Context and Features

Service-oriented Computing (SoC) [1] is emerging as a new promising comput-
ing paradigm that centers on the notion of service as the fundamental element
for developing distributed software applications. Roughly, a Web service is any
piece of software that makes itself available over the Internet. A Web service is
identified by a URI, it is universally accessible by means of standard protocols
(WSDL, UDDI, SOAP), and it self-describes its functionalities by exposing a
public interface. Web service discovery is a key issue of SoC, as it allows devel-
opers to find and re-use existing services to rapidly build complex applications.

The standard service description language (WSDL) provides services with
purely syntactic descriptions, including neither behavioural information on the
possible interaction among services, nor semantics (viz., ontology-based) infor-
mation to describe the functionality of services. Yet, both behavioural and se-
mantic information may be necessary, for example, to satisfy complex queries
that require to compose the functionalities offered by different services, as well
as to automate the processes of service discovery and composition.

During the last years, various proposals have been put forward to feature
more expressive service descriptions that include both semantics and behaviour
information about services. One of the major efforts in this direction is OWL-S
[2], a high-level ontology-based language for describing services. In particular,
OWL-S service descriptions include a list of semantically annotated functional
attributes of services (the service profile), and a declaration of the interaction
behaviour of services (the so-called process model).

The objective of this paper is to present a behaviour-aware, ontology-based
methodology for discovering OWL-S described services. In particular, the metho-
dology employs semantic (viz., ontology-based) information to select available
services that can be exploited to satisfy a given query, and it employs behaviour
information to suitably compose such services to achieve the desired result. The
main features of the methodology can be summarised as follows:
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1. Ability of addressing functional and behavioural queries – that is, respec-
tively, queries specifying the functional attributes of the desired service, and
queries also requiring a specific behaviour of the service to be found. In par-
ticular, in case of a behavioural query, the discovery methodology – besides
satisfying the query functional requirements – guarantees that the returned
service features the desired behaviour.

2. Composition-oriented matching – that is, the capability of discovering ser-
vice compositions. When no single service can satisfy the client query, the
methodology checks whether the query can be fulfilled by a suitable compo-
sition of services.

3. Ontology-based matching – that is, the ability of “crossing” different ontolo-
gies and performing flexible matching automatically. Given that different
services are typically described in terms of different ontologies, the discovery
methodology determines relationships between concepts defined in separate
ontologies, so to establish functional dependencies among services.

4. Automatic service discovery – that is, the ability of processing both func-
tional and behavioural client queries not requiring human interaction.

5. Efficiency – which is obviously an important objective of any service discov-
ery mechanism. In particular, in order to avoid affecting efficiency further,
the discovery methodology pre-computes off-line (i.e., before query answer-
ing time) all the query-independent tasks (e.g., to determine the functional
dependencies among services as well as the relationships among ontologies).

It is worth mentioning that preliminary results of our research towards an
automated behaviour-aware discovery have been published in [3, 4] (that mainly
focus on feature 2). Moreover, the current version of the discovery methodology
has been recently published in [5].

The rest of the paper is organised as follows. We present the behaviour-aware,
ontology-based discovery methodology in Section 2. We draw some concluding
remarks (concerning related work, open issues and future work) in Section 3.

2 A Methodology for a Behaviour-aware Discovery

In this Section, we present a methodology for discovering compositions of seman-
tic Web services which takes into account both semantic and behavioural infor-
mation advertised in the OWL-S service descriptions. In particular, we employ
“semantics”, namely all those ontological information regarding the functional
attributes (i.e., inputs and outputs) of services, to select services with respect
to “what they really do”, and we employ “behaviour”, namely, information con-
cerning the order with which messages can be received or sent by each service, to
guarantee some useful properties of selected services. Before presenting the dis-
covery methodology, we introduce the data structures and formalisms we employ
to synthesise service descriptions.

The internal representation of services

As briefly mentioned in the Introduction, the complete behaviour of a service
is described by the OWL-S process model, which may include conditional and
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iterative constructs. Hence, a service may behave in different ways and feature
different functionalities. We say that a service may have different profiles, each
of them requiring/providing different inputs/outputs. Hence, as one may expect,
we represent each service with two distinct items: a set of profiles, to summarise
the different sets of functional attributes employed by each profile of the service,
and a Petri net, to model the whole service behaviour.

More precisely, a profile Sn represents a dependency between the set of the
inputs and the set of the outputs employed by the specific behaviour n of a service
S. Service profiles are collected into a hypergraph, whose nodes correspond to
the functional attributes of the service profiles, and whose hyperedges represent
relationships among such attributes. It is worth observing that each node v of
the hypergraph, that is, each functional attribute, is associated with a concept,
which is defined in one of the ontologies referred by the service employing v. The
hypergraph also includes equivalent and sub-concept relationships among nodes,
viz., among ontology concepts. (A formal definition of the hypergraph and the
algorithms for its construction can be found in [6].)

The complete interaction behaviour of a service is represented by an OCPR
net. OCPR nets (for Open Consume-Produce-Read nets) [7] are a simple variant
of the standard Condition/Event Petri nets, designed to naturally model the
behaviour of services. Briefly, an OCPR net is equipped with two disjoint sets
of places, namely, control places and data places (that can be produced but not
consumed), to properly model the control flow and the data flow of a Web service,
and with an interface, which establishes those data places that can interact
with the external environment. We formally defined OCPR nets in [7], where a
mapping from OWL-S process models to OCPR nets is also presented.

Discovering compositions of services

So far, we have introduced the internal representation of services that we use to
store them in a local repository. We can now propose a complete composition-
oriented methodology for discovering services. The methodology takes as input
the so-called behavioural queries, that is, queries specifying both the inputs and
outputs, as well as the expected behaviour of the service to be found. A be-
havioural query, for example, can be expressed in terms of the OWL-S process
model describing the desired service. The set of the functional attributes of the
query can be easily retrieved by its OWL-S process model, which can be in turn
suitably translated into an OCPR net [7]. Hence, we can assume that a query
consists of two parts: a couple 〈I,O〉 (viz., a functional query) and an OCPR
net, respectively describing the set of the inputs and outputs, and the behaviour
of the service to be found. The discovery methodology we are going to propose
consists of two main phases: a functional analysis and a behavioural analysis.

Functional analysis.

The aim of this phase is to filter services (more precisely, profiles) with respect to
their functional attributes only. In particular, for each set of services S returned
by the functional analysis the following conditions hold: (1) all the query outputs
are provided by the services in S, (2) all the inputs of the services in S are
provided by the query (or they can be produced by some service in S).



10 Sara Corfini

As previously described, we summarise functional information of the services
stored in the repository in a hypergraph. The functional analysis hence consists
of a visit of the hypergraph. It is worth noting that by exploring profiles, we
address the discovery of sets of services, as well as by exploring sub-concept and
equivalent relationships we properly reason with (different) ontologies. In partic-
ular, the functional analysis explores the hypergraph starting from those nodes
corresponding to the query outputs, and it continues by visiting backwards the
hyperedges until reaching, if possible, the query inputs. The profile-labelled hy-
peredges which take part in a hyperpath from the query outputs to the query
inputs determine a set of service profiles satisfying the query. A detailed discus-
sion of the algorithm for visiting the hypergraph can be found in [6].

Behavioural analysis.

Each set S of services returned by the functional analysis is then taken as input
by the behavioural analysis, which checks whether the services included in S,
suitably composed together, are behaviourally equivalent to the client query. The
behavioural analysis consists of the following two main steps.

1) Constructing the composite service. In the first step the behavioural analysis
constructs the OCPR net modelling the parallel composition of the services
included in S. To this aim, the behavioural analysis firstly retrieves from the local
repository those OCPR nets modelling the complete behaviour of the services in
S, and next, it constructs the composite OCPR net N‖ by performing the parallel
composition of the retrieved nets. In particular, given that the data places which
belong to the net interface are the only ones that can interact with the external
environment, in order to compose OCPR nets, we have to operate on their
interfaces. Hence, after performing the disjoint union of the transitions, data
places and control places of the nets modelling the services in S, next, we collapse
those data places which are (syntactically and/or semantically) equivalent and
which occur in the interfaces of such nets. Moreover, in order to perform the
parallel composition of the retrieved nets, we add to N‖ the necessary additional
transitions and control places, according to the OCPR mapping of the parallel
composition (viz., the OWL-S split+join construct) given in [7].

2) Analysing the service behaviour. The second step of the behavioural analysis
checks whether the composition of those services previously selected during the
functional analysis is capable of satisfying the query from a behavioural per-
spective. Let NQ denote the net representing the behavioural query. Namely,
this step checks whether NQ and N‖ are equivalent, that is, whether they are
externally indistinguishable. To this end, we defined in [7] a suitable notion of
behavioural equivalence for Web services, which features weakness, as it equates
structurally different yet externally indistinguishable services; compositionality,
as it is also a congruence; and decidability, as the set of states that an OCPR net
can reach is finite. More precisely, a state of an OCPR net is the marking of its
observable places. Intuitively speaking, the behavioural analysis checks whether
– for every possible interaction with the external environment – each state of
NQ can be reached by N‖ (and vice versa). Hence, the behavioural equivalence
of NQ and N‖, with respect to the definition given in [7], guarantees that the
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set S of services previously returned by the functional analysis also satisfies the
behavioural requirements of the client query.

3 Concluding remarks: Open Issues and Future Work

The automated composition-oriented, ontology-based methodology for discover-
ing (semantic) Web services previously presented is the first – at the best of our
knowledge – that takes properly into account functional, semantic and behaviour
information provided by service descriptions.

Recently, automatic matchmaking of Web services has gained prominent im-
portance and new approaches are frequently introduced. For the lack of space,
we briefly discuss hereafter only some of the more closely related approaches. A
more extended discussion of related work can be found in [3, 4, 7]. The first effort
towards the automation of Web service discovery has been put forward by some
of the authors of OWL-S in [8]. Their algorithm performs a functionality match-
ing between service requests and service advertisements described as DAML-S
(the predecessor of OWL-S) service profiles. This approach was the first at intro-
ducing the notion of an automatic and flexible matching by suitably considering
subsumes and plug-in relationships among the ontology-annotated attributes of
services and service requests. Yet, the algorithm proposed in [8] does not deal
with the ontology crossing problem, that is, it is not able to determine rela-
tionships between attributes annotated with concepts of separate ontologies. To
this aim, it is worth mentioning the service matchmaking approach presented by
Klusch et al. in [9], which employs both logic based reasoning and IR techniques
to properly relate concepts of different ontologies.

A common drawback of [8, 9] is that they search for a single service capable
of satisfying a client query by itself. However, as previously described, compos-
ing functionalities of different services may be necessary to satisfy a query. An
approach to a composition-oriented discovery is presented by Benatallah et al. in
[10], where the matchmaking problem is reduced to a best covering problem in
the domain of hypergraph theory. Yet, it is important to stress that none of the
mentioned proposals takes into account behavioural aspects of services, namely,
[8, 10, 9] are capable of neither solving behavioural queries nor guaranteeing be-
havioural properties of the returned (compositions of) services.

Behavioural aspects of services are partially taken into account by the ap-
proach of Agarwad and Studer, that proposed in [11] a new specification of Web
services, based on description login and π-calculus. Their algorithm consider se-
mantic and temporal properties of services, yet, their matchmaking approach is
limited to a single service discovery.

The methodology briefly introduced in this paper hence advances the state-of-
the-art approaches by featuring a behaviour-aware discovery capable of address-
ing important issues such as the discovery of service compositions that feature a
desired behaviour. However, there are two main open issues. The first concerns
the efficiency and scalability of the discovery methodology, indeed, functional and
behavioural analysis require exponential time. In this setting, indexing and/or
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ranking techniques (as search engines do for Web pages) may play a central
role to sensibly improve the efficiency of the discovery methodology. Yet, the
problem in this case seems to be a bit harder than for text indexing due to
the nonmonotonicity of caching issues, indeed, adding/removing one parameter
in a query may radically change the results associated to a query. The second
open issue concerns the generality of the discovery methodology, i.e., the ability
of going beyond OWL-S. In order to avoid interning the methodology to OWL-
S services, it is important to extend it in order to cope with other services,
e.g., with WS-BPEL services. For instance, a possible solution is to translate
BPEL processes into OWL-S services, by employing the BPEL2OWL-S trans-
lator developed by Aslam et al. in [12]. Yet, there is still a prominent problem,
namely, the lack of ontological information in WS-BPEL descriptions. Hence,
when a provider adds a WS-BPEL process into the system, firstly, the WS-
BPEL process is translated into a “rough” OWL-S service, and secondly, the
provider is asked to complete the OWL-S description, by annotating the service
parameters with ontology concepts. (e.g., by employing some friendly ontology
editor, such as Protégé (http://protege.stanford.edu).
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Abstract. To attain interoperable business service collaborations, the nature and
concepts of service-oriented inter-enterprise environments must be carefully anal-
ysed and formalized. Moreover, development tools and runtime infrastructure
services are needed for establishing a sustainable business service ecosystem
that provides interoperable business service delivery. The research proposal intro-
duced in this paper addresses these issues by developing metamodels and meth-
ods for validating and maintaining business service interoperability in the context
of inter-enterprise collaborations.

1 Introduction

Modern networked enterprises require flexibility and openness from collaboration facil-
ities to tolerate changes in the ever-changing technology and business domains, and to
gain a competitive edge. However, heterogeneity, autonomy, and dynamism inherent in
inter-enterprise computing environments present severe interoperability problems when
loosely coupled collaborations should be established. To attain interoperable business
service collaborations, the nature and concepts of service-oriented inter-enterprise en-
vironments must be carefully analysed and formalized. More over, development tools
and runtime infrastructure services are needed for establishing a sustainable business
service ecosystem that provides interoperable business service delivery.

The research proposal introduced in this paper addresses the interoperability prob-
lem by developing methods for validating and maintaining business service interop-
erability in the context of inter-enterprise collaborations. The research is thematically
located within the areas of service-oriented computing [1] and modern middleware re-
search [2], model-driven engineering (MDE) [3], as well as formal methods [4–6]. The
contributions of the research are focussed mainly on the areas of service-oriented com-
puting and integrated formal methods while MDE is adopted as a supporting framework
and software engineering discipline.

The structure of this paper is as follows. Section 2 discusses the related research
areas and technologies, and identifies challenges to be addressed. The research theme
and approach is introduced in Section 3. Finally, the expected results and contributions
are reflected upon in Section 4.



14 Toni Ruokolainen

2 Background and Significance

The openness of collaborations and agility of organizations stressed by modern elec-
tronic business necessitates very flexible interaction relationships between individual
enterprise information systems. The degree of flexibility can be increased using the
service-oriented computing (SOC) approach which is claimed to attain a very loosely
coupled model of distributed computing and to provide means for the “open service
markets” [1]. From the author’s perspective, the SOC field still lacks support for three
essential elements that can truly bring the ideal of open service markets closer. These
missing elements and challenges to address are 1) a feasible trading mechanism for
interoperable business service delivery, 2) mechanisms for attaining loosely coupled
service relationships, and 3) a methodology for service-oriented software engineering
(SOSE).

The research is motivated by the preceding challenges. The approach taken is based
on a notion of service typing [7] that gives formal rigour to such concepts as busi-
ness service behaviour, interoperability and substitutability. Metamodels are provided
for service definition and description with theoretical foundations for verifying inter-
operability between service definitions, and validating the correspondence of a service
description (business service offer) with respect to the claimed service definition (ser-
vice type). Such validation and verification functionalities play an important role when
considering service trading in truly open environments. In addition to a feasible ser-
vice trading infrastructure such concepts as separation of concerns, runtime binding of
business services, and dynamic configurability of service capabilities are needed to at-
tain loose coupling in service-oriented systems. These concepts are addressed by the
research and reflected in the metamodels, as for example in the form of metamodels for
non-functional aspects [8]. Finally, the notion of service typing and corresponding tool-
chain is believed to fertilize a SOSE methodology; this hypothesis and the feasibility of
the methodology is to be validated during the research.

3 Research Theme and Approach

The overall theme of my research can be characterised as type-based validation and
management of business service interoperability in the context of inter-enterprise col-
laborations. The research follows a constructive research methodology with phases of
conceptualization, formalization, artefact construction, and evaluation of the approach.
The elementary contents of the constructive research phases are discussed in the fol-
lowing.

3.1 Conceptualizing service-oriented collaborations

In the conceptualization phase, the target concepts from the domain of inter-enterprise
collaborative systems are identified and formalized into a set of metamodels. The result-
ing modeling framework follows the principles of MDE [3] and comprises a hierarchy
that is illustrated in Figure 1. The highest layer consists of the MOF constructs [9] ap-
plicable for defining metamodels. The collaborative systems metamodel provides tar-
get concepts for specific kinds of collaborative systems. The set of concepts include
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notions for collaboration, interaction, service-oriented computing etc. The concepts de-
fined at the federated service communities metamodel describe such notions as service
types [7], business network models [2], and electronic contracts. In addition for defining
modelling constructs for creating the knowledge required, the metamodels prescribe the
essential facilities for an abstract service-oriented computing platform.

Fig. 1. A four-level modelling hierarchy for describing federated service communities.

Preliminary versions of the metamodels have been introduced in [10]. The complete
versions of the metamodels are defined in the author’s Licentiate’s thesis. The metamod-
els are illustrated using UML class diagrams. The Object Constraint Language (OCL)
is used for further refining the semantics of the metamodels by defining refinement re-
lationships and inter-dependencies between different metamodels and their concepts.
Currently the set of metamodels contains over 15 metamodels (packages) with over 80
classes. The metamodels are concretely developed over the Eclipse Modeling Frame-
work (EMF) 1.

3.2 Formalizing business service interoperability and collaborations

The formalization involves construction of a typing discipline that involves three es-
sential type structures, namely 1) service types, 2) binding types, and 3) collaboration
types. While service types consider the behaviour of individual business services, the
two latter prescribe consistency rules for bilateral and multilateral service interactions
(i.e. service compositions and choreographies), respectively. The abstract syntax for all
the preceding type structures is given by the federated service communities metamodel
depicted in Figure 1.

A service type is an abstract description of service capabilities, behaviour and struc-
ture [7]. It is a unit of design and composition which represents a bilateral business

1 http://www.eclipse.org/emf
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service interface. Service typing is a scheme of behavioural typing where service de-
scriptions are considered as terms that have to be well-typed with respect to corre-
sponding service types. The service typing discipline is based on session typing [5],
pi-calculus [4], and research conducted on the areas of XML-typing [6] and process al-
gebras with XML-typing such as the PiDuce [11]. For service typing purposes the origi-
nal session typing concept is extended with constructs for handling XML-like structured
data (see e.g. [6]) and the tagged braching constructs (see [5]) that are reminiscents of
the RPC-paradigm are replaced with constructs compatible with the message passing
semantics of SOC. Service typing as the foundation for business service interoperability
has been discussed in [7] with an initial discussion about the type management infras-
tructure and its applicability during the business service development process.

A binding type characterizes a bilateral business service connection. It provides
the semantics for the connection by defining business protocols used at the connec-
tion endpoints and, when necessary, a set of transformations to establish compatibil-
ity between the endpoints. Behavioural compatibility between business protocols and
thus consistency of the binding type is validated by methods based on the session typ-
ing discipline [5]. In addition to business protocols, a binding type may define non-
functional properties for the connection (e.g. “secured interaction” or “non-repudiable
service”) and business protocol transformations. A preliminary formalization of the
non-functional properties has already been conducted [8]. The business protocol trans-
formations may involve mappings between business document structures or even trans-
formations between behavioural patterns.

Service composition and choreographies are managed by so-called collaboration
types that define the well-formedness and consistency rules for such service collabo-
rations. There are two major research challenges to be addressed: 1) giving type the-
oretic interpretations for service collaborations, and 2) developing the consistency cri-
teria and their validation methods for the collaboration types. Collaboration types for
service compositions and choreographies are constructed as compositions between a
set of service types and corresponding coordination structures. A coordination struc-
ture formalizes the inter-dependencies between service types; feasibility of so-called
event structures [12] as the logical framework for collaboration types will be evalu-
ated. The consistency criteria for collaboration types includes the absence of circular
relationships between causal dependencies and the behaviour induced by the coordina-
tion structure and service type behaviours, since such a relationship would result in a
deadlock. Moreover, satisfaction of coordination obligations prescribed in coordination
structures by the service types has to be validated; a static analysis framework, possibly
based on the flow logics [13], has to be developed for this purpose.

The semantics of business processes and collaboration choreographies will be founded
on pi-calculus [4]-based process calculus. The labelled selection constructs used in the
process calculi of session typing disciplines such as described in [5] are replaced with
pattern matching constructs. In the process calculus, sessions are created over explicit
session creation channels as usual [5]; however, the use of session creation channels
shall be governed by a linear usage-typing discipline that provides means for pre-
scribing obligations or prohibitions with respect to the usage of corresponding com-
munication channels. The process calculus must also incorporate XML-based messag-
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ing. XML-based messaging has previously been used in process calculi such as the
PiDuce [11], but the session typing has not been used in the calculi the author is aware
of.

3.3 Constructing the facilities for service-oriented computing

In the constructive part of the research a set of meta-information repositories and soft-
ware engineering tools are developed. The repositories and tools are based on the meta-
models and formalisms developed during the previous research efforts. All of the rou-
tine management code is provided by the metamodels, and the code generation facilities
provided by the Eclipse environment. Most of the actual work expected in this phase
considers the implementation of the verification and static analysis algorithms devel-
oped during the formalization phase.

The type management infrastructure is a public and distributed meta-information
management system which maintains service type information and relationships be-
tween service types. Type management infrastructure consists of public type reposito-
ries and name registries. Type repositories implement type checking and type matching
functionalities which are needed for interoperation validation during collaboration es-
tablishment. Name registries are used for name-based resolution of meta-information
such as service types and business network models in the Pilarcos interoperability mid-
dleware [2]. The role of name registries is not a foundational part of my research but
their existence is necessary for delivering a business service trading environment.

The development tools to be constructed include modelling tools for service types,
collaboration types and business network models for example. The development tools
utilize the meta-information repositories discussed above. For the purpose of integrating
the different development tools and meta-information repositories the Eclipse MDDi
framework 2 can be utilized.

4 Expected Results and Contribution

The expected results elaborate the concepts of service-oriented computing and espe-
cially the role of formal service definitions as part of service-oriented architectures and
software engineering processes. Moreover, research and development of facilities to at-
tain loosely coupled business service collaborations will be strongly represented in this
research. The foundations for these are laid by the conceptualization work in the form
of metamodels and typing disciplines.

The incredients for a SOSE methodology are addressed by the research proposal.
First of all, the service typing discipline provides support for interoperable service dis-
covery and delivery while the collaboration types address service composition issues.
Secondly, the semantics of business processes and corresponding type-based interoper-
ability validation procedures can be attached to SOSE design and development tools.
Using the results stemming from the previous research areas, a tool-chain and light-
weight methodology for SOSE can ultimately be constructed. Consequently, this re-

2 http://www.eclipse.org/mddi
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search also contributes to the work on integrating formal methods in software engineer-
ing processes.

Feasibility of the service typing discipline, metamodels and corresponding develop-
ment and SOA facilities are validated using case studies. The feasibility of the service
type concept must be validated from a practical perspective: is it valuable for busi-
ness service developers, and are the type checking and other analysis procedures imple-
mentable in the development tools and meta-information repositories?
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Abstract. With firms facing intense rivalry, globalization, and time-to-market 

pressures, organizational agility and Information Systems (IS) agility assume 

greater importance. However, despite the emergence of Service-Oriented 

Architecture (SOA) as a prominent agility-enhancing technology, the 

fundamental question of how new technologies such as SOA can shape a firm’s 
competitive advantage over time has yet to be resolved.  The complexity 

associated with the dynamic interactions among the many factors in the 

business environment, organizational and IS agility, technology adoption, and 

Information Technology (IT) human resource management, contributes to a lack 

of clear strategy for implementing new technologies like SOA to achieve 

recognizable business value.  This research attempts to examine the impact of 
potential strategies surrounding SOA under changing conditions, and provide 

guidance for managerial decisions, using a systems dynamics approach. The 

model and accompanying simulation can serve as a practical decision support 

system for the strategic decisions of implementing SOA.  

Keywords: Service-Oriented Architecture, Systems Dynamics, Information 

Systems Agility, IT-Business Alignment 

1. Introduction 

A recent survey indicates that SOA has become a key imperative for a majority of 

business and a dominant technology issue in IT market [8], since it can serve as a 

vehicle to address IT-business alignment, thereby, facilitating a firm’s agility. For an 

organization, the business value associated with SOA is coupled with the preferred 

level of agility which varies depending upon a variety of internal and external factors. 

Further, the dynamic interactions among factors affecting the business value of SOA, 

like IT-Business alignment and agility are also influenced by other aspects of 

business, e.g., technology adoption and IT human resource management, among 

others. The complexity and the dynamic nature of the business value of SOA domain 

make it difficult to assess the implications of strategic decisions surrounding SOA, 

and whether more appropriate decisions could have been made by an organization 

given prevailing organizational, environmental, and contextual factors. The inability 

to effectively assess the consequences of SOA related strategic decisions in an a-priori 
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manner leaves managers to speculate if the decisions made were indeed the 

appropriate ones. A model that captures the complexities, dynamics, and a range of 

such decisions could contribute to the knowledge base for adoption and effective 

implementation of SOA. In this study, we intend to develop a computational model of 

the mechanics underlying the strategic and business value aspect of SOA, 

representing this as dynamic interactions among the multi-faceted factors that shape 

the focal problem domain.  

2. IS Agility, Alignment, Business Value, and SOA 

Researchers identify IT as being one of the core enabler for organizational agility [9]. 

However, IT can be also a potential constraint or inhibitor of organizational agility, 

particularly where systems are monolithic and not compatible. Without addressing 

such potentially negative impact of IT, the likelihood of any significant improvement 

in organizational agility directly attributable to IT is questionable. Prior research has 

identified key knowledge bases, and IT architectural frameworks such as Component- 

Based Development (CBD), Web Services, and SOA as potential springboards for 

improving IS agility.  

IT-business alignment leads to superior organizational performance, improving the 

strategic and business value of IT. However, the task of maintaining close IT-business 

alignment under rapidly changing business and technological environments is 

challenging especially when IT infrastructure is monolithic, inflexible, and 

incompatible, thereby entailing lower IS agility. As their environment evolves, firms 

need to constantly adjust alignment by reconfiguring technological structure. Though 

agile IS plays a crucial role in shaping strategic and business value by facilitating IT-

business alignment, the relationship between IS agility and the strategic/ business 

value of IT is not clearly explicated. Several factors tend to complicate this 

relationship.  First, IT contribution to business value is typically dependent upon 

multiple other factors, including firms’ industry characteristics [2] and the type of 

competition [4], among others. Second, strategic decisions for a firm’s key activities 

e.g., IT human resource management, technology adoption, or the implementation of 

SOA and other agility-enhancing technologies, greatly affect the relationship between 

IS agility and a firm’s performance. Our primary aim is to develop a computational 

model that captures this spectrum of environmental and organizational conditions in a 

manner that permits dynamic analysis of the phenomena across multiple time periods.  

The need for time-based analysis, coupled with complex interactions among 

underlying constructs suggests the use of simulation-based approaches for modeling.   

3. Modeling Methodology: Systems Dynamics 

A host of modeling techniques are available for studying dynamic relationships 

between organizational constructs addressing SOA adoption and business value.  This 

dissertation adopts the view that the relationships between organizational, 

environmental, and contextual factors cannot be modeled in simple linear terms, and 
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that scrutiny of performance over time is necessary to understand the underlying 

phenomena.  As a result, many of the exact modeling techniques like optimization are 

rendered inapplicable.  Simulation, using a dynamic approach appears more 

meaningful.  Systems dynamics, a form of simulation that permits modeling of 

behavior among related constructs as well as across successive time periods appears 

particularly relevant in this context. It has been already proved useful for IS studies, 

including business planning for network services [5], offshore outsourcing [6], and 

software project management [1], among others. A primary advantage of systems 

dynamics is that it facilitates the representation of both quantifiable variable and hard-

to-measure variables [5].  

  Assembling the model requires the initial identification of stocks and converters 

that form the basis for the formal model. Next, these stocks and converters need to be 

related to each other, both within and across time periods.   The resulting set of 

interlinked feedback loops reflects the processes of the simulated world. Calibrating 

and validating the model forms the next step.  Application to a variety of 

organizational and environmental conditions rounds out its development.   When 

applying the model, our emphasis is on analyzing behavior patterns, trends, and how 

quickly a variable achieves stability, rather than on absolute values generated through 

the simulation.  Recalibration of the model equations will permit focus on the actual 

numbers.  

 

 

4. The Business-Technology Value Model 

 
Prior research in the area has addressed several parts of the adoption-value 

phenomenon.  However, a comprehensive model that links SOA adoption to business 

value is clearly lacking.  This research seeks to address this gap.  It posits that SOA 

adoption, IT human resources management, and agility are major determinants of 

business value that is attributable to IT.  Figure 1 presents a high level view of this 

notion, decomposing the model into these three distinct areas.  In actual fact, the 

model is much more detailed. For example, the skill management subsystem alone 

contains more than 30 causal links. For illustrative purpose we describe this 

subsystem in more detail. 

IT staffing decisions are typically driven by the skills needed and those possessed 

by the available workforce. The workforce can be augmented through long term 

strategies like recruitment and short term strategies like the acquisition of contract 

workers, consulting arrangements, or outsourcing. It is depleted through turnover, 

manifest as resignations, retirements, and layoffs. Completion of temporary contracts 

will also reduce the available workforce. The level of available skill sources is driven 

by the magnitude of skill gap. However, the choice of skill acquisition is less a 

function of skill gap magnitude, than is shaped by organizational and environmental 

factors, such as resource availability and problem urgency. Low levels of urgency and 

resource availability suggest acquisition through inexpensive means, favoring training 

as the preferred alternative. Cases involving high levels of problem urgency will 

suggest rapid acquisition, favoring contracting. Recruitment becomes the preferred 

option when the urgency is not critical, and sufficient resources are available. After 

considerable analysis of different situations involving urgency and resource 
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availability, a grid search of the two-dimensional space was performed, generating a 

partitioning of the space [3]. In its present formulation, the space is divided into three 

areas based on linear relationships between resource availability and urgency. 

Preliminary results indicate that environmental uncertainty and resource availability 

play a key role in the selection of alternative skill acquisition strategies [3].  

 In figure 1, the value subsystem addresses business agility and IS agility and their 

impact on business value.  This research elects to model two discrepancies as major 

determinants of agility and hence value – one between business requirements and 

business processes, and the other addressing business requirements and IT 

capabilities.  Business practice/ processes can become less effective through increased 
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discrepancy between requirement and practice, particularly when the environment 

changes rapidly. However, depending on the level of business agility, processes can 

be adjusted, thereby regaining effectiveness.  The impact of frequent updates in 

business process is two-folded. It can make IT less aligned to business, and business 

agility may eventually degrade as a result of the lower IT-business alignment. In turn, 

this degraded business agility will hamper the ability of the organization to update its 
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processes quickly, and eventually making the prevailing business practices less 

relevant. The vicious cycle can be broken by enhanced IS agility or the emergence of 

less turbulent environment. A narrow IT-Business discrepancy enhances business 

agility, resulting in more relevant business practices and processes. The model 

considers SOA implementation as a primary IS agility building activity. A set of 

inhibitors as well as facilitators of SOA implementation is also embedded in the 

model to examine a range of decision alternatives and strategies surrounding SOA in 

relation to the resulting changes in agility, alignment, and business performance. 

Further, a variety of sourcing options, including in-house implementation, turnkey 

outsourcing, and a subscription to utility computing service can be easily 

accommodated within the model framework. 

 The adoption subsystem is currently the least mature component of the model.  It 

addresses the industry-wide diffusion of SOA and factors that influence a firm’s 

decision of SOA adoption.  Industry-wide diffusion is primarily driven by the level of 

the fit between industry characteristics and the technological attributes of SOA. 

Together with such normative pressure from industry, a set of firm-specific factors 

affect adoption decision. We seek to develop a reasonably generic model to 

accommodate a range of agility-enhancing technologies, but it must be also specific 

enough to incorporate key details of SOA.  

 

5. Model Validation 
 

This paper employs the design science research methodology [7].  The business 

technology value model serves as the design artifact in this research. Validation of the 

model is a critical component of the research.  Without the ability to demonstrate that 

it yields appropriate results, there is little likelihood that the goal of design science, 

utility can be achieved, hampering its use by decision makers involved in SOA 

adoption.  A multi-pronged approach to model creation and validation will be 

employed.  At the outset, the model was assembled using constructs and relationships 

that have been identified and verified in prior adoption research.   Structural 

assessment [11] was performed to ensure that the model adequately reflects reality.  

Causal loops were checked to ensure that they are balancing and not reinforcing.  

Calibration of the model was performed using parameter assessment [11].  This 

involved choosing appropriate scales and units for each construct, and assessing 

whether the numerical relationships reflect the real world.  Calibration of the model 

was performed using real-world data, expert opinion, as well as prior academic and 

professional literature. Further assessment of the model was performed through 

simulation under controlled conditions, and an examination of the results to see if they 

were consistent with expected outcomes.  Simulation using the adoption subsystem 

indicates that the results track favorably with the traditional S-curve for adoption of 

innovations. Systematic exploration of the problem space will demonstrate how 

robust the model is.  Additional validation can be performed application of the model 

to real world adoption scenarios, and comparison of predicted results with historical 

outcomes.  Given the applied nature of the research, several different approaches to 

validation are employed, including the “analysis”, “evaluation”, and “example” 

approaches [10].  
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6. Conclusion and Future work 

This paper describes ongoing research to study the dynamics of value crafting process 

of SOA in relation with multiple subsystems, business activities, and diverse 

environment. It employs a modeling approach that is based on systems dynamics, 

permitting managers to explore the implications of alternative decisions. Once 

calibrated for a specific firm, the model can be used to provide practical decision 

support to identify suitable strategic decisions underneath the adoption and 

implementation of SOA. Environmental and organizational conditions can be 

manipulated to permit systematic what-if analysis. The ability to a-priori assess 

strategic decisions on SOA, as opposed to relying on lagged post-hoc analysis, affords 

managers the ability to make more informed decisions. The model permits evaluation 

of the multi-faceted, dynamically changing, and interactive factors that affect SOA 

related strategy formulation. It can be calibrated to reflect different organization 

contexts and emerging features of SOA. The comprehensive full models of value and 

adoption subsystems will be produced in the next phase. These will then be integrated 

into a comprehensive model after extensive calibration and validation using real 

world cases.  
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Abstract. This Ph.D. research proposes a feature-based approach to be applied 

in Web services e-contract establishment. It aims at improving the information 

structure and reuse of e-contracts, including QoS attributes. Features are used to 

represent possible contract elements in order to drive template instantiation and 

act, therefore, as a configuration space manager. The approach uses an e-

contract meta-model integrating WS-BPEL and WS-Agreement concepts. A 

tool is being developed and a case study carried out to evaluate the approach 

feasibility and effectiveness. 

Keywords: E-contracts; QoS attributes; information reuse; feature modeling. 

1. Introduction 

Electronic contracts are used to describe details of the supply and the consumption of 

e-services within an inter-organizational business process [1], [2]. They may also 

include levels for QoS attributes agreed between the involved parties [3], [4]. E-

contracts concerned with Web services are called Web services e-contracts (WS-

contracts). The current complexity involved in e-contract establishment may hinder 

new business partnerships. The major related problems are [1], [2], [5]-[7]: the great 

amount of information necessary for e-contract establishment; the increasing number 

of parameters to be considered; the potential long-duration of electronic negotiations; 

and the involvement of different profiles of distinct organizations. 

One way to overcome the mentioned e-contract drawbacks can be by tackling 

information structuring and reuse. Many e-contract establishment approaches use e-

contract templates [2], [5]-[10] to overcome these issues. Templates, in most of them, 

are treated as simple documents that have empty fields to be fulfilled with some 

value, usually from a pre-defined list, during e-contract establishment. Moreover, the 

templates do not usually provide support for structured representation and selection of 

optional or alternative e-contract parts. In general, existing approaches do not offer 

suitable mechanisms to manage common and variable elements in similar e-contracts.  

Product Line (PL) [11] promotes the generation of specific software products from 

a product family based on the reuse of a well-defined infrastructure. It exploits 

common points among systems in the same domain and manages variabilities among 

them in a systematic way. Commonly, feature modeling [12] is used to capture and 

manage such common points and variabilities [13]. Since WS-contract establishment 
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demand an efficient information reuse, it can also take profit of the PL approach to 

achieve a better understanding of domains and reduce time-to-market. 

This Ph.D. research proposes a new approach to reduce the complexity of WS-

contract establishment. It is based on PL concepts, mainly on the feature modeling 

technique. Its major contribution is to offer a systematic and efficient way for 

information structure and reuse. The approach provides a mean to represent a WS-

contract as a feature model that can be transformed into WS-contract templates. 

Moreover, it allows efficient management of mandatory, optional and alternative parts 

of WS-contracts. Two papers were published with intermediary results [14], [15]. 

In brief, the proposed approach consists of a set of five stages. Feature modeling 

allows the representation of generic e-services and possible levels for QoS attributes, 

which are mapped to a contract template. The WS-contract establishment process will 

be oriented by the feature model and their configurations. The generic e-services will 

be mapped to the Web services implementing them, in a one-to-one relationship. 

2. Background concepts 

The main concepts involved in this work are: electronic contracts and feature 

modeling. In this section, overviews of both concepts are presented. 

2.1. Electronic contracts 

A contract is an agreement between two or more parties interested in creating mutual 

relationships on business or legal obligations. It defines an activity set to be carried 

out by each party, which must satisfy a set of terms and conditions – known as 

contract clauses. An e-contract is an electronic document used to represent an 

agreement between organization partners carrying out business using the Internet, in 

which the negotiated services are e-services, currently implemented as Web services. 

An e-contract consists of [2]: parties – representing the organizations involved in a 

business process; activities – representing e-services to be executed throughout the e-

contract enactment; and contractual clauses – describing constraints to be satisfied 

throughout the e-contract enactment. Contractual clauses can represent three different 

types of constraints [1]: obligations – what parties should do; permissions – what 

parties are allowed to do; and Prohibitions – what parties should not do. 

Obligations include QoS clauses associated with e-services which define attributes 

related to non-functional properties. They affect the definition and execution of an e-

service, regarding to, for example: availability, integrity, reliability, performance, 

security and reply time [3], [4], [7]. For each QoS attribute, a value must be defined to 

be used as a tolerable level (e.g. a minimum, a maximum or an exact value). 

2.2. Feature modeling 

Feature modeling is an important technique that has been applied for capturing and 

managing commonalities and variabilities in software PL [11]. It was originally 
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proposed in the domain engineering context, as part of the Feature-Oriented Domain 

Analysis (FODA) method [12], and has been applied in a range of domains including 

telecom systems, template libraries, networks protocols and embedded systems. 

In general, a feature model is a description of the relevant characteristics of some 

entity of interest. A feature can be defined as a system property that is relevant to 

some stakeholder and is used to capture commonalities or discriminate systems in a 

family. They may denote any functional or non-functional characteristic at the 

requirement, architectural, component, platform, or any other level. According to the 

original FODA method, features can be mandatory, optional or alternative. 

A feature model describes the configuration space of a system family. A member 

of the family can be specified by selecting the desired features from the feature model 

within the variability constraints defined by the model. This process is called feature 

configuration. The rules to elaborating features models or diagrams can be specified 

by feature metamodels. 

Features can be organized in a feature diagram, which is a tree-like structure where 

each node represents a feature and each feature may be described by a set of sub-

features represented as children nodes. Feature diagrams offer a simple and intuitive 

notation to represent variation points without delving into implementation details. The 

diagrams are especially useful to drive the feature configuration process. 

3. Proposed approach 

The proposed process, based on FORM process [13], consists of five stages, grouped 

in two life-cycle models, as follows: 

I) Contract template development: carried out only once for a contract model: 

1. E-services feature model elaboration: two feature models are elaborated to 

represent the e-services and QoS attributes from each one of both 

organizations willing to establish WS-contracts; 

2. WS-contract template creation: having the two e-services feature models as 

the basis, a WS-contract template is created. It will contain basic information 

that can be used in any WS-contract to be established from there models; 

3. Web services development and publication: Web services that implement the 

e-services to be electronically contracted must be developed and published to 

be available during WS-contract establishment; 

II)  Contract instance development: carried out once for each contract instance: 

4. E-services feature model configuration: the two e-services feature models are 

then configured to represent the exact e-services and QoS levels for a 

particular business process between the two involved organizations; 

5. WS-contract establishment: a WS-contract is produced by refining the WS-

contract template, based on the previously defined pair of e-services feature 

model configurations. 

Fig. 1 represents the artifacts produced throughout the stages above and the 

relationship between them. The e-services feature model is the basic artifact 

from which a unique WS-contract template is generated and one or more e-
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services feature model configurations are derived. For each e-services 

feature model configuration, a particular WS-contract is established. The 

WS-contracts are established based on the same WS-contract template. Each 

Web service implementing an e-service of the feature model is referred to by the 

WS-contract template. Only the Web services implementing e-services of the 

feature model configuration are referred to by the corresponding WS-contract. 
 

Fig. 1. Artifacts relationship 

 

The e-services and QoS attributes are treated as common points and variabilities in 

feature models. They can be specified by mandatory, alternative and optional features. 

A feature metamodel [11] was chosen to drive the modeling of this information as 

features. And a specific feature diagram structure for e-services and QoS attributes 

representation is being developed, since the inherent flexibility of the metamodel 

would allow the definition of e-services and QoS attributes in too many ways. 

A WS-contract metamodel was defined to represent rules to create both WS-
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related to: (i) Web services – described by WSDL language; (ii) business processes 
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party components, to be possible extend them; and (iii) defining the best strategy for 

component integration, since a set of several components is being used together. 

A case study is being undertaken to evaluate the approach proposed in this Ph.D. 

thesis. It is concerned with the integration between two business and operation 

support systems, in the telecom context: customer relationship management (CRM) 

and dunning systems. The success on its execution (based on experimental software 

engineering concepts) is making possible to show the feasibility of the approach. The 

main challenge here is regarding the evaluation of its effectiveness, since comparing it 

to related approaches is not trivial. 

Aiming at provide a rigorous validation of this proposed approach, the case study 

is being carried out based on the concepts of experimental software engineering and 

the evaluation of software engineering methods and tools [16]], [17]. As part of the 

methodology been applied, an evaluation plan was conceived, in which the following 

activities are detailed: selection of the experimental object, definition of the 

hypotheses, selection of the pilot project, identification of the comparison methods 

and schedule for the evaluation execution. 

5. Related work 

The majority of the projects in the e-contract area is related to the specification phase 

of business process and the post-specification phases (enactment and/or monitoring). 

Regarding the process specification, main attention is given to representing a business 

process already well-known to make it understood for both humans and machines. 

In relation to e-contract establishment, there are several projects involved in this 

field. However, most of them use only metamodels as a basic and limited way to 

achieve information reuse. In some few cases, they also use templates as a more 

efficient way to achieve information reuse. Examples are [2], [5], [6], [8]-[10]. There 

are also some projects that work directly with QoS attributes, including [3], [4], [7]. 

Some works focus on the negotiation phase before specifying the business process, 

but they are commonly concerned with the process to be followed and the tools to be 

used during the negotiation between the parties. Some projects related to e-

negotiation are presented in [18]-[20]. In these and other similar approaches, there is 

little emphasis in information reuse compared to the approach proposed by this work. 

6. Conclusion 

This Ph.D. research proposes a new approach to WS-contract establishment based on 

feature modeling. Its main contribution is allowing a better management of common 

and variable points found in similar WS-contracts; and information structure and 

reuse in a systematic way. Such improvement is achieved by the use of WS-contract 

templates associated with feature models representing e-services. 

Although this work can be considered in an advanced phase, there are some 

challenges that must be treated so that it can be successfully finished. The main 

remaining one is to define how comparing the proposed approach with other related 
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ones, since it differentiates essentially from them. Moreover, details about the support 

tool development must be defined, which depends on a deeply approach review. 
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Abstract. The co-operation of several providers is still a challenge for
IT Service Management. Currently, established IT Service Management
approaches presume a hierachical organisational model. The growing
complexity of novel IT services demands the development of alternative
ways of provider collaboration. In our PhD thesis we focus on manage-
ment problems raised by non-hierarchical co-operation in a multi-domain
environment. For systematical analysis the concept of Concatenated Ser-
vices is introduced. To foster the operations of these services, a speci�ca-
tion method for service management processes is developed which incor-
porates approaches from organisational theory, together with a process
model which guides the application of the method for concrete scenarios.

1 Introduction

Contemporary IT services, like triple-play broadband services for private homes
or multi-national virtual private networks with bandwith up to several Gbps are
way too complex and expensive to be provided by a single network provider. In-
stead, modern IT services are realized by a co-operation of several organisations,
each provisioning a subset of the needed service functionality. Such multi-domain
environments are still a central challenge for the field of IT Service Management
(ITSM), which targets all activities to achieve and sustain a defined service
quality for customers.

Hierarchical models of co-operation are quite well understood these days and
are addressed by frameworks like the IT Infrastructure Library (ITIL) or the
enhanced Telecom Operations Map (eTOM). Both of these frameworks assume
that a single provider commissions one or more sub-providers to realise a service.
In our work, we concentrate on service management processes in non-hierarchical
environments, which are not well investigated yet. The concept of Concatenated
Services is introduced to model a specific subset such services. To facilitate the
co-operation of the providers, a specification method for the operational pro-
cesses for Concatenated Services is developed, along with a process model which
explains the application of the method for concrete scenarios.
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The remainder of this paper is structured as follows: In the next section,
the Géant2 End-To-End (E2E) Link service is introduced to discuss the specific
management problems associated with Concatenated Services using a real-life
scenario. In section 3 related work useful for our work is presented. Our approach
is outlined in section 4. The paper ends with an outlook on the next steps.

2 Problem Statement

In most cases, a single provider takes over a prominent position in a multi-domain
environment. This hierarchical organisational model has the advantage of clear
contractual relations between the customers, the provider and its sub-providers.
However, there are cases where the hierarchical model can not be applied, e.g.
due to corporate-policies or funding issues. In this case several providers co-
operate in delivering a service in a federated way without having a single provider
taking over a steering position. This organisational model is called a heterarchy
[1]. A representative example for an IT service provided within a heterarchical
organisation is the Géant2 End-to-End (E2E) Link Service.

2.1 Géant2 End-to-End Links

The European Backbone Network Géant2 connects about 30 National Research
and Educational Networks (NRENs) providing networking services to the scien-
tific community [2]. Each NREN is an independent organisation which operates
its network autonomously and has its own procurement policy. Thus, Géant2 is
a representative example for a non-hierarchical multi-domain environment.

Fig. 1. Géant2 End-to-End Links

Besides IP services, with E2E Links Géant2 offers dedicated point-to-point
connections at ISO/OSI Layer 2. These links are provided for international re-
search projects like the Large Hadron Collider (LHC) at CERN. Figure 1 shows
the typical structure of an E2E Link.
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2.2 Concatenated Services

As a model for non-hierarchical services like Géant2 E2E Links, we define the
class of Concatenated Services which have to satisfy the following characteristics:

Service Chaining A sequence of partial services at the same technical layer
is needed to provide the whole service. The partial services can be realized
using different technologies. They are provisioned and operated by several
independent providers. In the scenario, each NREN contributes one or more
segments of an E2E Link.

Heterarchy There is no hierarchy imposed on the relationship of the providers.
In the scenario, due to the independence of the NRENs the collaboration of
multiple administrative domains is needed to provide these links.

QoS Guarantees The service has to be provided with a specified quality, de-
pending on the QoS parameters requested by the customers. For example,
the LHC project has ambitious availability requirements for E2E Links. [3].

Only services satisfying all these characteristics are called Concatenated Ser-
vices. For instance, Multi-domain IP connections in the Internet do not fit in
this model, because they are provided on a best-effort basis only. E2E Links
are a typical representative of the class of Concatenated Services, thus we will
discuss the management problems of E2E Links in this broader context without
confining our solution to the Géant2 scenario.

2.3 Management Processes of Concatenated Services

We assume that the providers form a long-term federation. In this organisational
context, the specification of operational processes can foster the co-operation of
the providers [4, 5]. The following specific issues have to be considered:

Roles and Responsibilities The allocation of roles is one of the most crit-
ical tasks in the co-operation of organisations. Which roles are necessary
to perform tasks in federated operational processes and who takes over the
responsibility for executing the individual tasks? How can functions like a
service desk be realized in a heterarchic environment?

Interorganisational Processes Which processes are required for Service Man-
agement and how can they be structured? What are specific workow pat-
terns, like information exchange or coordination between the participants?

Binding Speci�cations In an multi-domain environment, binding regulations
are necessary to enforce that all tasks are performed properly an to be able to
conclude contracts. How can processes be specified so that the agreements
between the providers are comprehensive for all participants on one hand
and are clear without ambiguities on the other hand?

Control and Escalation The execution of the operational processes has to be
observed to ensure that the processes are executed correctly and in a proper
time frame. In the case of deviations or to be able to settle differences,
escalation procedures have to be applied. How can the process control be
structured in an heterarchical environment?
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Process Automation Informal communication via e-Mail and phone is not
well-suited to meet tight time restrictions in operational processes. How can
interorganisational processes be supported by workow management tools?

3 Related Work

In the last years, several approaches for Service Management have been prop-
agated. ITIL [6, 7] and eTOM [8] have gained most appreciation and dissemi-
nation. Although these frameworks offer general concepts, they are focused on
operational processes within a single provider organisation; interorganisational
aspects are covered only for hierarchical provider co-operation. Non-hierarchical
organisational models for the provisioning of IT services have barely been inves-
tigated, with the exception of individual projects like PREPARE, based on the
the Telecommunications Management Network (TMN) framework [9].

In the broader context of economics, the co-operation of independent or-
ganisations gained increasing interest since quite a couple of years [10]; the
characteristics of heterarchical co-operation has been analyzed e.g. by [1]. With
the emergence of e-Business, the co-operation of companies based on informa-
tion technology gained importance, covered by approaches like Business Process
Management (BPM) [11]. As Service Management processes can be understood
as the business processes of IT service providers, these approaches can be taken
into account for our work, although they have to be adapted according to the
requirements of Service Management.

The modeling and execution of business processes is covered by a couple
of approaches, like Business Process Execution Language (BPEL) or the Busi-
ness Process Modeling Notation (BPMN) [12, 13]. The Private-to-Public (P2P)
approach to interorganisational workows introduced by van der Aalst seems
notably promising for our work, as it explictely supports the co-operation of in-
dependent organisations [14]. The e-Business consortium RosettaNET pursuits
a similar approach, which is also taken into account for the further development
of the eTOM framework [15, 16].

4 Modeling Processes for Concatenated Services

In the P2P approach, workows within the individual organisations { callled
private workows { are separated from the overall public workow. The de-
tails of the private processes are left to the partners while the public workows
are shared and commonly agreed between all organisations. Figure 2 exemplary
shows a simplified Incident Management Process for Géant2 E2E Links. The
overall process is defined as a public process. Each one of the numerous NRENs
can implement its own private sub-processes, as long as they fit the requirements
of the public process. However, the fully-edged specification of the process using
existing workow languages leads to a very complex description, being hard to
understand. For example, consider all the process details needed to specify the
co-operation for first locating an error throughout the NRENs, then instructing



IT Service Management Processes for Concatenated Services 35

Fig. 2. Simpli�ed Incident Management Process of Géant2 E2E Links

the affected NRENs to do the trouble shooting, and finally check that the ac-
tions have resolved the incident. In our work { as a first step towards re-using
established ITSM concepts { we aim at developing a method which simplifies the
specification of Service Management processes for Concatenated Services. Our
work features two main contributions:

Co-operation Patterns To facilitate and simplify the specification of oper-
ational processes, co-operation patterns are defined covering the recurring
parts of the processes. The patterns can be used as building blocks for the
process descriptions. In Figure 2, patterns are needed for describing the col-
laborative trouble shooting.

Speci�cation Process Model A Process Model provides instructions on how
to specify operational processes for Concatenated Services. The Process
Model will consist of the following three steps:

1. Scenario Analysis: In this step, the Service Management processes needed
to meet the QoS requirements for a given scenario are determined.

2. Processes Specification: In the second step, the processes identified in
the first step are specified in detail using Co-operation Patterns.

3. Process Automation: According to the required service quality the au-
tomation of the service processes can be necessary, e.g. to guarantee
short processing times in case of service outages. For this purpose, the
processes are implemented using worow management tools.
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5 Conclusions and Future Work

We have discussed in this paper the limitations of current solutions for ser-
vice management which do not address non-hierarchical forms of provider co-
operation. We introduced the concept of Concatenated Services and outlined our
approach for the specification of operational processes for this class of service.
We will elaborate this approach in our PhD Thesis. As a proof of concept, we
plan to show the applicability for incident and problem management processes
for Géant2 E2E Links.
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Abstract. One of the salient features of Service-Oriented Architectures
is that services can be deployed and removed at runtime. But service
replacement and management for service processes is a demanding task
in complex IT-Systems, especially under additional constraints like op-
timizing the Quality of Service of a service process. A self-managing
system is desired but missing. We have already achieved self-healing and
self-optimization with our service brokering system. We apply ontologies
to discover service alternatives and their QoS. In this paper we not only
present our work on quality-aware service discovery but also propose a
self-manageable infrastructure for service processes. The infrastructure
can be dynamically instantiated, configured and bound to management
endpoints with semantic service discovery. The approach not only auto-
mates the binding of service management systems of multiple vendors
but also the SLA monitoring and the ad-hoc integration of services in
service processes.

1 Introduction

A Service-Oriented Architecture (SOA) is the ideal architecture for highly dy-
namic systems especially for complex enterprise IT-Systems. The business logic
of an enterprise can be directly implemented as services and arranged to business
processes in the form of service compositions. A SOA directly reflects the need for
easy integration, reusability and change without affecting the course of business.
When it comes to Service Management, any architecture for distributed appli-
cations forfeits its salient advantages without some kind of self-management.
Service management must ensure a certain level of quality which requires fast
recognition and handling of service problems throughout the SOA.

An important building block for a self-manageable system is the Semantic
Web. We have developed ontologies to describe service processes, services and
their QoS. They allow automatic quality-aware binding of services to service
processes at runtime [1]. Whereas semantic service discovery is important for
Service Management it is just the first step towards self-management. In this
paper we present an approach for a self-manageable infrastructure. Newly de-
ployed service processes, their management endpoints and management entities
are automatically instantiated and connected. We apply semantic service dis-
covery in order to support automatic configuration of the infrastructure. The
required management model and components are introduced in Section 2. We
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present our achievements on quality-aware semantic service discovery for service
processes in Section 3. In Section 4 we discuss related work and the paper closes
with a conclusion in Section 5.

2 Self-Management for Service Processes

Our achievements (see Section 3) already enable self-properties inside a SOA
and can be applied to self-management. The overall goal is a self-managing dis-
tributed infrastructure for quality-aware service process management by using
semantic service discovery to plug management components of service consumers
and service vendors together. Service processes must be deployable at runtime
and services must be dynamically found and bound to the service process. More-
over, services must be managed with respect to their QoS which also requires
dynamic instantiation and monitoring of Service Level Agreements (SLA). Man-
agement of these services must be handled in a platform- and organisational-
independent way by providing runtime information to and accepting manage-
ment actions from all participating organisations. Without doubt, the impact of
this work is dependent on the ability to integrate the resulting system in current
IT-Organisations. Therefore, the dynamic configuration of the infrastructure will
have the ability to involve the local organisation’s reporting, change management
or manual administration.

The necessary distributed infrastructure for SLA and service monitoring and
Service Management must even be able to be dynamically instantiated in order
to support service replication and integration of newly outsourced or bought ser-
vices. This requires a general model for Service Management. We describe Service
Management as an interaction between management interfaces. The manage-
ment interfaces deal with providing information about a service state, processing
service information or to submit management actions to change a service’s state.
The interaction between management interfaces are described by its exchanging
messages consisting of sensor information and management actions. Moreover,
service process management is the accumulation of all management interfaces
and interactions of the participating services and service managers. A service
process can be managed in a platform- and organisational-independent way by
routing sensory information to an arbitrary amount of management entities and
by redirecting the resulting management actions to the Service Management in-
terfaces. In our model we define three types of services to enable a self-managing
infrastructure:

– Sensor: A sensor is a service that produces state information about a service
or service process. A sensor produces its output independently of other sen-
sors (low level sensors) or is in need of the input of other sensors (high level
sensors). For instance a low level sensor sends the availability information
of a single service to s high level sensor that evaluates the availability of the
related service processes.
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– SLA Monitor: An SLA Monitor is a specific high level sensor. The SLA
Monitor accepts messages of sensors responsible for service quality dimen-
sions, e.g. response time and price, and produces messages consisting of
changes, warnings and violations. SLA Monitors are instantiated by SLA
templates and can be connected hierarchical to ensure SLA-conformity through-
out several service vendors and service processes.

– Manager: A Manager is a service that produces the transition from sen-
sor information to management actions. We define a platform-independent
vocabulary to describe service states, quality dimensions and management
actions as a set of properties. The postconditions of the rules are mapped
on management actions. A Manager can be instantiated by a management
template and replicated for several services or service processes.
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Fig. 1. Example Configuration of the Distributed Infrastructure.

We define self-management of service processes by a feedback and control
loop where sensors forward their information messages through SLA Monitors
to Managers and the Manager’s management actions are sent back to service
management interfaces. An example can be found in Figure 1. The infrastruc-
ture supports an arbitrary amount of Sensors, SLA Monitors and Managers.
Apart from the development of standardized components of an SLA Monitor or
Manager the remaining scientific challenge is the automatic configuration of the
infrastructure.

3 Achievements

In the context of the DFG-funded project ADDO [2] we developed an ontology, a
service discovery algorithm and system architecture for Semantic Service Discov-
ery [1]. The resulting system not only discovers services but integrates them by
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solving mediation problems. The results have been proven to be important build-
ing blocks for automated service integration and have been published at several
international conferences [1, 3, 4] and workshops [5, 6]. We have developed an
ontology schema for describing service functional and non-functional properties.
For the first time a semantic discovery system can be employed in a SOA. More-
over, the system’s management interface can be used to realize self-properties,
e.g. self-healing and self-optimization, inside a SOA which is discussed in [6]. We
intend to apply the results in the following approaches:

– Semantic Service Discovery: The interfaces of services, sensors, SLA
Monitors and Managers are described by semantic service descriptions. Se-
mantic Service Discovery will be utilized to map sensor information on ser-
vice processes and more specific to the participating services.

– Semantic Service Composition: Semantic Service Composition discovers
an execution of auxiliary services that can transform sensor information,
e.g. calculating performance for a service process. Here we apply our award
winning semantic composition system [7].

– Quality-aware Service Discovery: Services are discovered with respect
to their QoS. The matching result is used as a template to instantiate an
SLA Monitor.

– Semantic Service Mediation: Semantic Service Mediation is applied to
bridge syntactic differences between management systems, their exchanging
messages and interface behavior.

The ADDO ontology can be divided into several sub-ontologies. The most
important part is the Service Level Ontology introduced in [5]. Our ontology
not only allows semantic description of a service’s performance but also a Ser-
vice Level Requirement (SLR) which describes the QoS requirement of service
processes. Along with our discovery algorithm it allows quality-aware semantic
service discovery. The algorithm automatically creates Service Level Agreements
with respect to a service vendor’s Service Level Offer and the service consumer’s
SLR. We can also reason about contract alternatives, like a cheaper version of a
Service Level Agreement in exchange for an expense like lower performance.

The Service Process Ontology describes service processes along with service
roles and their functionality [3]. The ontology allows reasoning for required ser-
vices in conjunction to the service execution language BPEL4WS. Discovered
services are bound to BPEL processes and the system can distinguish between
several versions of the same description. Even if an existing BPEL process be-
comes unavailable due to faulting of participating services the system can switch
to an older version or alternative process description.

Our extension of the OWL-S ontology and the implemented mediator ad-
dress mediation capabilities between services [1]. Service interfaces may differ in
syntactic details, e.g. different identifiers for parameters, different service opera-
tions. Furthermore, our ontology schema offers the flexibility to specify aspects
like optional but not necessary service operations and parameters. In most cases
such differences can be bridged with a service mediator at runtime. These me-
diators are realised as proxy services and developed in an EAI project. Their
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cumbersome development causes a major lack of flexibility inside a SOA. The
implementation even takes different message formats into consideration. This
technique allows automatic message transformation which can solve most medi-
ation problems that occur with Web Services.

4 Related Work

Web Service standards are especially important for this work. The OASIS WSDM
(WSDM) [8] consists of specifications for Web Service Endpoints and standard-
ized messages for Service Management. We use them to define service interfaces
and messages formats for the resulting infrastructure. Also the OASIS Web Ser-
vice Notification (WSN) [9] standard is an important part as it offers a model
to disseminate data, events and management actions.

We use IBM’s Web Service Level Agreements (WSLA) [10] and the Grid
Communitys Web Service Agreements (WS-A) [11] to develop our SLA Monitor.
They are related to our SL-Ontology. They define a schema for the XML-based
description of SLAs. Furthermore, WS-A defines interfaces and message formats
for SLA-Management and a Web Service implementation named Cremona [12].

The projects METEOR-S [13] and AMIGO also develop ontologies and apply
semantics for Service Management. Their results are especially important for
quality-aware service discovery and for developing ontologies for service processes
but they do not define the required platform- and organisational-independent
distributed management infrastructure.

The Dialogue Interaction Specification Language (DISL) [14] is the base for
our service manager. It includes a control model consisting of rules, data types
and flow control to specify behaviour and an interpreter implemented as a ser-
vice. We are currently adjusting DISL for Service Management in order to specify
management behaviour without detailed knowledge of the exchanged messages
and management endpoints. In [15] we have already shown an example on how
the interpreter can be used for interaction driven control of distributed compo-
nents.

5 Conclusion

In order to enable self-manageable service processes we propose a standardized
infrastructure consisting of management interfaces, message formats and man-
agement components and to apply semantic service discovery to bind them to
their respective management endpoints. This allows not only immediate deploy-
ment of service processes and enforcement of their contracts but also the uti-
lization of management interfaces of multiplies parties. The development of the
required building blocks on existing standards and demands in IT-Organisations
is a challeging task but also comply with our achievements and proceedings.
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