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Abstract

Real-world service production involves a mixture of in-
tangible and physical elements, including goods, acts as
well as people required for delivery. In many cases, com-
panies are not offering just a single service to a customer,
but a more or less interrelated collection of them: service
bundles. This makes it possible to have a broader and bet-
ter coverage of customers’ needs, and at the same time
achieve scale and scope efficiencies in service cost by shar-
ing and reusing service elements. In this article we show
that business analysis and design of real-world service bun-
dles stand to benefit from an interdisciplinary semantic ap-
proach. Specifically, we discuss a component-based ontol-
ogy for real-world services, associated methods and tools
for visual modelling, and knowledge-based configuration of
service bundles, with applications from online events orga-
nization and the energy industry.

Keywords: semantic profiling of services, ontological
engineering, knowledge-based configuration methods, vali-
dation by industrial use cases.

1. Semantic Approach to Service Business

The advanced economies in the world are service
economies. Economic production today is no longer domi-
nated by industrial production and sales of physical goods,
but by the service sector. Typical figures amount to about
70% of GNP in most countries. The notion of what we
will call real-world services covers a very broad range,
from banking and insurance, consultancy, education, Inter-
net provision, to conference events, music, and haircuts.

Real-world service production involves a mixture of in-
tangible and physical elements in the real world, including
goods, acts as well as people required for delivery. Real-
world, i.e. non software-based, services significantly differ
from Web Services, usually defined as software function-
ality accessible and configurable over the Web. Because of
the economic, social, and business importance of the ser-
vice concept in general, we believe it is necessary to rethink
what ‘service’ actually means in an ontological and com-
putational sense. The focus of most current semantic ap-
proaches is on the computer science and software aspects of
services insofar they lie within the Web environment. In our
view, the state-of-the-art Web programming view on ser-
vices is incomplete and unnecessarily limiting, as it ignores



significant elements of the service context. Our work shows
that ontology research and application is able to cover and
handle more.

First, semantic web service research still has a lack of
convincing realistic industrial use cases that are the basis
of practical use and empirical validation of proposed on-
tologies and problem-solving methods. Second, an inter-
disciplinary approach to services that not only draws from
computer science and Al, but also from economics, sys-
tems theory, and business practice, leads to ontological de-
scriptions that capture much richer service profiles, more-
over of hitherto unseen services. For example, there is a
need to make a clearer distinction between requester (cus-
tomer) and supplier-oriented service descriptions: their dif-
ferent roles and viewpoints are reflected in different onto-
logical commitments, service descriptions and dynamics.
Service industry practice further shows that so-called non-
functional aspects (such as quality features) are empirically
important to service selection, composition, marketing and
sales. Third, implementation of richer service descriptions
requires a variety of flexible Semantic Web reasoning meth-
ods beyond (description or frame) logics or process flow-
oriented algorithms such as Al-style planning. Accordingly,
this article gives a brief overview of what a broader inter-
disciplinary approach brings to the semantics of services. It
also outlines their application to some novel industrial use
cases, for which there are moreover currently no working
solutions by mainstream non-semantic methodologies.

2. Service Bundling

This article particularly discusses service bundling, as it
is a major business issue in all industry sectors that are faced
with increasing competitive market pressures or technolog-
ical innovation (or both). Companies do not usually offer
just a single service to a customer, but a more or less in-
terrelated collection of them: this makes it possible to have
a broader and better coverage of customers’ needs, and at
the same time achieve scale and scope efficiencies in ser-
vice cost by sharing and reusing service elements.

To handle service bundles we have to deal with two si-
multaneous dimensions of complexity. First, real-world ser-
vices are known for their high variability, in that they consist
of very many diverse elements. In the trading of commod-
ity goods, which is still dominating current eCommerce, a
componential approach is commercially by now well de-
veloped (witness for example companies such as Dell and
Cisco). In the service sector, component-based support for
the bundling of services is yet inadequate. A likely reason is
the high inherent variability and intangibility of real-world
service elements, which easily escapes automated descrip-
tion and design.

Service bundling is different from web service composi-
tion. The latter is done at the workflow or service process
level. Associated computational techniques such as plan-
ning thus incorporate ontological commitments to temporal
notions such as states and their ordering. In contrast, ser-
vice bundling is a business development activity that rather
lives at the service profile level (to use the DAML/OWL-
S terminology). Its declarative specification does not make
commitments in terms of time and flow, but only to mere-
ological and topological notions such as connectivity. This
leads to the need for other reasoning methods. For example,
we describe below configuration techniques that are adap-
tations to the service domain of problem-solving methods
originating from large-scale technical systems design. Even
more advanced are some other e-service industry scenar-
ios we are working on (but not discuss in this paper), where
there is a need for dynamic multi-dimensional resource al-
location methods collaborating with distributed digital con-
trol systems.

A second dimension of complexity is the fact that many
services are co-productions of different suppliers. A com-
monly quoted aspect of services is that customers them-
selves often take part in their production. For instance, many
fast-food outlets suppose their customers to clean the ta-
ble. Another common example is Internet service provi-
sion, which requires IP facilities as well as physical tele-
coms connectivity. These usually come from different com-
panies involved in one and the same service offering to the
market. So, one must be able to model and implement a co-
production network of component-based service supply.

Our research has focused on improving the support for
this. Specifically, we developed a generic component-based
ontology for real-world services. This service ontology is
first of all a formalization of concepts that represent the
consensus in the business science literature on service man-
agement and marketing. In addition, our ontology embod-
ies a number of systems-theoretic notions that specify how
diverse service elements, seen as individual ‘Lego-blocks’,
can be connected to each other to form a larger service sys-
tem: a service bundle. Here, various topological connection
and typing rules play a key role, in a way reminiscent of
how complex engineering systems are designed. Further-
more, we have expressed our service ontology in a graph-
ical, network-style, representation plus associated support
tools that facilitate end-user modelling of services. Finally,
to enable profiling and analysis of service bundles, auto-
mated knowledge-based configuration methods are aiding
business designers and analysts. We illustrate our seman-
tic support tools with a few of our recent practical applica-
tions, from online events design and the energy industry.
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Figure 1. The OBELIX service ontology dis-
tinguishes three top-level viewpoints.

3. The OBELIX service ontology

Service is by now a rather overloaded term. Until re-
cently, research on services was the domain of business
schools, where since the late 70s a wealth of literature
on service marketing and management has been produced.
This literature gives a general framework on what (real-
world) services are and in what sense they are different from
physical goods. Widely used recent texts are [1] and [2]. An
important observation for ontology work is that this litera-
ture now shows a consensus on many important points. Rep-
resentative definitions of what a service is often contain the
same recurring elements. For example:

e Zeithaml and Bitner: “. .. services are deeds, processes
and performances ...”

o Kaotler: ... any act or performance that one party can
offer to another that is essentially intangible ...”

e Gronroos: “...activities ...of a more or less intangi-
ble nature that normally ...take place in interactions
between the customer and service employees and/or
physical resources or goods and/or systems of the ser-
vice provider, which are provided as solutions to cus-
tomer problems”.

This literature has provided input material for our on-
tological description of real-world services. We distinguish
three interrelated top-level viewpoints in our ontology, as
sketched in Figure 1: service value, service offering, and
service process. The service value perspective describes the
service from a customer’s perspective; the service offering
perspective describes it from a supplier’s perspective; the
service process perspective describes how the service of-
fering is put into operation. The service value and offering
perspectives extend our e3-value business model ontology
that provides an ontological and graphical approach to net-
worked business modelling, as discussed in previous arti-
cles [3, 4].

The service value perspective, which is often overlooked
in IT approaches, takes the customer viewpoint: it expresses
the customer needs or demands that should be satisfied by
acquiring a service of a certain quality, in return for a certain
sacrifice. An object model of the major concepts in this sub-
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Figure 2. Service sub-ontology representing
the service (customer) value perspective.

ontology is shown in Figure 2. The ontologies discussed in
this article have an RDFS implementation, and their domain
instances specific to individual industrial use cases are au-
tomatically generated from this and exported by our tools
in RDF format. Within this sub-ontology, service quality is
modelled by importing existing quality frameworks used in
business (e.g. the SERVQUAL model). Quality features are
important in profiling and composing services because they
serve as selection handles for customers. Examples are ho-
tel star classifications, but we also find them in eCommerce:
low resolution digital photographs may be downloaded for
free, but one has to pay for high resolution quality. Sacrifice
includes price, but also intangible relationship costs such as
customer effort spent in service co-production, and incon-
venience costs (waiting in line, search and download time).

The service offering perspective (Figure 3) represents the
supply-side viewpoint upon a service. This perspective cen-
ters around the concept of service element. Figure 3 only
shows the ontological elements necessary to understand the
business nature of this perspective. Service elements rep-
resent what a supplier offers to its customers. It is what
the business literature defines as service, a business perfor-
mance of a typically intangible nature. Examples are money
transfer, transport, haircuts, Internet radio, electricity sup-
ply. A service element can be decomposable into smaller
service elements, as long as these smaller elements can be
offered to customers separately, possibly by different sup-
pliers. The business literature distinguishes different roles
or functions of service elements from a supplier perspec-
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tive: a core service (the main business), a supplementary
service with a supporting role (i.e. necessary to make the
core service possible) or a supplementary service with an
enhancing role (improving the core service value by adding
extra features). Service elements might also be substitutes
of or exclude one another. These functional rules concern-
ing individual service elements are important in computing
feasible service bundles. A service bundle is a set of ser-
vice elements that can be provisioned together as a whole
compatible with these service ontology rules.

We will not discuss the service process perspective here,
because there is already a lot available in the literature that
can be adopted (see e.g. ebXML, WSFL, BPEL4AWS, or the
DAML/OWL-S service process [5]) and Petri Net seman-
tics; our work focuses more on service profiles. However,
an important concept that is key to both the service offering
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Figure 5. Visualization of a service element.

and service process perspectives is that of resource: any-
thing that is either an input or an outcome of a service ele-
ment. In real-world services, resources are typed (see Fig-
ure 4; note that this typing is absent in the DAML/OWL-
S notion of resources). These types clearly show the men-
tioned great variability of services. Some services may re-
sult, at least partially, in rather tangible results (for example,
physical things such as a meal, or a person available to do
things for you, say, watching over your children when you
go to the theater), whereas other service outcomes may be
highly intangible. Visiting a theater or the Van Gogh mu-
seum aims to produce a memorable customer experience.
A haircut, transport, or car checkup service basically re-
sults in a state change. Many services produce an even more
abstract outcome, a capability or right to do something: a
credit card, formal education, a driver license, clearing mu-
sic rights. Computationally, this typing of resources is one
important feature we use in our automatic configuration of
services, as it provides additional constraints on the possi-
ble outcome-input connections between different services
elements.

4. Graphical modelling and configuration

Our OBELIX ontology for real-world services has been
developed using ontology editors such as ONTOEDIT and
PROTEGE and is computationally available in RDFS form.
Testing in industrial use cases from very different sectors
is the main empirical mechanism for ontology validation.
However, not many practitioners will be able to do their
work from such representations directly. Therefore, we have
developed graphical representations for services and their
composition that are much more intuitive for domain ex-
perts and practitioners. We show in this section how graph-
ical techniques help model services in a configurable way.

Figure 5 shows the visualization of a service element
in our ontology. Service elements are visualized similar to
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components in an engineering system, so that knowledge-
based configuration methods can automatically create com-
posite service bundles. Configuration is a well-researched
design task, simplified by the availability of a set of pre-
defined components, connections, and associated parame-
ters and constraints [6, 7]. The possible connectivity that
a component can have with other system parts is modelled
by so-called ports [8]. In technical systems ports are of-
ten typed: a wall outlet actually represents ports for making
electrical connections. In service modelling, we utilize anal-
ogous structuring ideas. Every service element has ports of
two types: input ports and outcome ports. The provision-
ing of any service element requires resources, and results
in the availability of other resources. A port indicates a cer-
tain resource that is either a pre-requisite for carrying out
this service element (input port), or the result of executing
this service element (outcome port). A special characteris-
tic of our service ontology is that resources are typed (see
Figure 4). Each resource has a corresponding port. An ex-
ample of a service element from conference events organi-
zation is shown in Figure 6.

A service element can only be provisioned if all required
inputs are available, and it results in the availability of all
outcome resources. The set of all input ports, respectively
all outcome ports of a service element form the element’s
input interface, respectively outcome interface. A further
concept required to carry out knowledge-based configura-
tion of service bundles are constraints. We distinguish be-
tween constraints on service-related values (such as qual-
ity properties of associated resources or conditional input-
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Figure 7. Visualization of different kinds of
service bundling.

outcome constraints on the relation between quality level
and payment), and constraints on the role dependencies be-
tween service elements. The latter kind of constraints is re-
ferred to as functions, see Figure 3. In this way, we have
achieved an ontological and visual description of service el-
ements as configurable components in a larger service bun-
dle system.

Figure 7 visualizes different ways to construct a service
bundle from several service elements. As a composite ser-
vice element, a service bundle also has an input and an
outcome interface. The input and outcome interfaces of a
service bundle are identical to the union of the input and
outcome interfaces of all service elements included in that
service bundle. Two exceptions to this general rule exist:
(1) certain resources can be consumable more than once in
several service elements (particularly information resources
can be used multiple times); (2) when resources have the
compositeness property, multiple resources of the same type
may be modelled as a single resource. For instance, when
two service elements are bundled, and both require a pay-
ment input, these two inputs can be composed into a sin-
gle payment resource. Very often the price of such a bundle
is lower than the sum of the separate prices. The input inter-
face of a service bundle must provide all inputs of all service
elements that are part of this bundle, unless they are pro-
vided internally (one service element may produce an out-
come that is consumed as an input by a different service el-
ement). Connection links in Figure 7 between ports mean
that one port uses a resource that another port provides.
Now, we can configure real-world service bundles using the
well-known problem-solving methods for knowledge-based
configuration tasks.
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Note that service bundling is treated as a recursive no-
tion: any service bundle is a service element. A small ex-
ample from online events organization is given in Figure 8.
The associated blackbox view containing only the inputs
and outcomes of a service bundle as a whole is often the
most useful one for the end customer in knowing whether
his/her external requirements are satisfied. The glassbox
view showing the internal service element structure of a ser-
vice bundle is the one of particular interest to service sup-
pliers. The combination thus yields a very rich approach to
service profiling in our OBELIX ontology. Figure 9 gives
an impression of the OBELIX service CASE tool architec-
ture. The tool enables graphical modelling of services. It
also contains the underlying business rules from the generic
service ontology, so that users may be notified about any
omissions or mistakes when ontological rules are violated.
Finally, our e3-service tool automatically generates the RDF
representation of the service domain ontologies from the
graphical model; this RDF representation is employed by
our configuration engine.
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Figure 9. The OBELIX e3-service tool.

5. Supporting business applications

Along the above lines, we modelled numerous services
that can be offered to customers in a bundle in various in-
dustrial case studies. One of them is a business analysis of
service bundling related to energy supply, carried out for
a power distribution utility in Norway. In this case, indi-
vidual service elements include: electricity supply, electric-
ity transmission, hot water distribution (for room heating
and tap water), broadband Internet access, IT services, sales
and installation of electrical appliances (heat pump and en-
ergy control system, to reduce energy consumption and to
regulate temperature), and remote control services. An e3-
service tool screenshot for this case study is shown in Fig-
ure 10; it also shows the dependencies between service ele-
ments (CS means that a service element is a necessary part
of the bundle in relation to the core service, OB means that
it is an optional additional feature in a bundle, EX means
that two service elements exclude one another and so can-
not be part of the same bundle). The screenshot shows a
draft model that serves as input to our configuration engine.
Other figures in this article show model visualizations of the
situation after configuration has taken place.

Different business considerations were driving this case
study. Electricity is a common mass commodity in a com-
petitive market (power markets are liberalized world-wide;
Norway did so already in 1991), and to differentiate oneself
from the competition as a power company is not easy. Since
customers have a free choice regarding their energy sup-
plier, one strategic option is to offer better and richer cus-
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tomer service to achieve customer retention. Moreover, ad-
ditional customer service should preferably exploit cost ad-
vantages by sharing and reusing existing service elements
(e.g. billing), and improve return on investment of existing
infrastructure by using it as the carrier for more services (as-
set management: e.g. fiber optics is in place to control the
power grid, but there is enough capacity to support broad-
band Internet access). Thus, the starting questions are: what
are feasible new service bundles here, such that they are fi-
nancially attractive for both customer and supplier, as well
as technically realizable?

Once all individual service elements are modelled, with
their mutual functional dependencies, and the set of cus-
tomer requirements is established, a knowledge-based con-
figurator produces all service bundles that are feasible with
respect to all posted constraints and requirements. The prob-
lem solving method used is explained below.

Configuration Algorithm

The configuration method we use for service bundling
is based on a generic configuration design ontology (with
core concepts: components, connections, associations, con-
straints, and requirements). Upon input to the configurator,
the various elements of the service ontology are mapped
onto the configuration ontology; next, the configurations are
computed. Figure 11 shows how the OBELIX ontology-
based tools collaborate in this process of service configu-
ration. The configuration algorithm then works as follows.

Inputs:

1. A components ontology in which components are de-
scribed (service elements are components), including
their associated resources (inputs and outcomes).
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Figure 11. Collaboration of the OBELIX ontol-
ogy tools in service configuration.

2. A constraints ontology in which various types of con-
straints are defined. These include mainly: (a) Func-
tions: dependencies between service elements; (b) In-
herent constraints: no loops are permitted, an outcome
port is to be connected to an input port, and various
other business rules stemming from the service ontol-
ogy.

3. A requirements ontology, which describes restrictions
on desired inputs/outcomes to guide the configuration
process: they express the end customer demands by
defining the type of resources required and the con-
straints on their property values.

Outputs: An ontology (in RDF form) that provides all
feasible service bundles such that the computed solutions:

1. explicate what service elements are part of the bun-
dle, and how they are connected through the resources
used;

2. obey all given constraints, and
3. satisfy all input customer requirements.

The configuration process has two phases. Suppose the
user has as requirements to get resources R1 and R2, and
that R1 is provided by service element X 1, and R2 by ser-
vices Y1 and Y2.

1. High-level configuration:

¢ ldentifying initial elements for the service bun-
dle: Based on the given requirements, the config-
urator knows which resources are required (R1,
R2). It searches for all service elements that pro-
vide the requested resource types, and finds that



R1 is provided by service X1, and R2 by ser-
vices Y1 and Y2.

e Applying functions (dependencies between ser-
vice elements): Some service elements may re-
quire/exclude others. Say, we have the fol-
lowing functions: (a) Excluding(X1, Y'1); (b)
Core/enhancing(Y2, Z1). Applying the first
function means that { X1, Y1} cannot be put to-
gether into the same service bundle. The second
function means that Y2 may — but does not nec-
essarily have to — be bundled with service el-
ement Z1. Hence, two possible service bundles
are inferred: {X'1,Y2} and {X1,Y2, Z1}. Each
of them is a good solution. Functions are applied
to all considered service elements in a bundle;
whenever a service element is added to a bundle,
available function information is applied again to
check consistency of the bundle.

This results in a set of feasible service bundles. These
bundles do provide the required resource types, but do
not yet guarantee that all values of resource proper-
ties as specified by the customer are satisfied. The lat-
ter task is performed by the next step of the algorithm.

2. Detail-level configuration: In this phase we create
connections between ports of the service elements that
are included in a bundle. This step is repeated for every
service bundle that was generated by the first phase.
As a heuristic, it is required to connect as many ports
as possible within a bundle. Two ports within a bun-
dle may be connected if:

e They belong to different service elements, and

e They have different types (input, outcome), and

e They require/provide the same resource (same re-
source type, plus same — or better — compara-
ble property values).

All restrictions regarding the range of service property
values are then checked by the configuration engine.
Standard constraint solvers turn out to be adequate to
do this. Any input/outcome port that is not connected
to other ports within the same bundle, will appear in
the input/outcome interface of the service bundle. Note
that any high-level bundle may have multiple detail-
level solutions.

The service configuration process will generally result in
a set of possible service bundles. One of the answers we get
from the configurator in this case is visualized in Figure 12.

The next step of the service business analysis is, as in-
dicated in Figure 9, to feed the configuration results into
another tool for analyzing the financial attractiveness of
new business models. For this we have developed the e3-
value tool, which is based on our ontology for networked e-
business models (discussed in previous articles [3, 4]). An

Minimum Service Bundle [

e

Electricit Contract Billing \
suppl Y }(o electricity .} electricity (o))
( a4 supply supply A
/ N\
Electricity
- Ll
\\\
- - Contract Billing ~ M
Electricity o C - "~
X trans. ’(. elt:ctncnty .> eI:ctrlcuy .) \\ o)
mission rans- rans-
mission mission Transmiss%?.
state-change|
T Y
Broadband
- Internet
) / ’ Ll
Contracting Billing
Broadband }(o broadband (s)) }@broadband .}
access access access

Figure 12. One computed service bundle in-
cluding electricity supply (the core service)
and broadband Internet access.

example of a new business model reflecting computed ser-
vice bundling decisions resulting from this tool is shown in
Figure 13. This modelling and simulation tool further car-
ries out quantitative net present value calculations of the
cash flows between all actors in spreadsheet form, in order
to establish the profitability of new business models and ser-
vice bundles. It furthermore gives the possibility to carry out
numerical sensitivity analyses of key parameters by com-
puting the results of what-if scenarios.

6. Discussion and Conclusion

The OBELIX ontology library for real-world services
has been validated by a variety of industrial case studies,
and provides several new capabilities not available in cur-
rent Web service modelling frameworks and ontologies.

Related Work

The OBELIX service ontology and application work
is mainly complementary to the DAML/OWL-S frame-
work [5]. Overall, our work adds a needed interdisci-
plinary perspective. Its contributions and strengths are (pur-
posely) at the service profile level, where we offer (1)
business-relevant extensions important to any generic ser-
vice ontology; (2) additional computational methods such
as configuration. We believe that, specifically, the value-
based approach to and recursive notion of service bundles,
strong typing of resources, computational treatment of non-
functional service properties such as quality, the ontolog-
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Figure 13. A possible new business model
reflecting computed service bundling deci-
sions, as produced by our e3-value tool. This
tool further helps analyze projected cash
flows to assess the financial attractiveness
of envisaged service bundles.

ical elaboration of the service requester/supplier distinc-
tion, the explicit modelling and handling of the dependen-
cies between configurable service elements, and last but not
least our visual representations of service models are signif-
icant OBELIX contributions to service design, composition
and analysis. The DAML/OWL-S work has, in contrast, its
main computational focus at the service process level and
its WSDL grounding, but there seem to us to be no ma-
jor technical obstacles in linking this to the OBELIX ser-
vice profiling ontologies and methods. The WSMF/WSMO
work (www.wsmao.org) is still in a very early and under-
specified stage. In essence it is an extension of UPML [9],
which on its turn is a distributed, Web version of the Com-
MONKADS knowledge modelling framework [10]. It there-
fore has a knowledge modelling outlook that is similar to
OBELIX. It mentions the distinction between web services
and real-world services, but the general concepts inherent
to services are, in contrast to OBELIX, not implemented in
the ontology and framework itself. DOLCE [11] has like
WSMO a weak intrinsic conceptual notion of what services
are, but is of interest as it provides mechanisms for further
formalization and axiomatic grounding of service ontolo-
gies such as ours in terms of foundational ontologies.

Reflections on ontology development and use

We view development of ontologies, as formal conceptu-
alizations, essentially as a key scientific method for theory
formation in Information Science that aims to bridge hu-
man and computer understanding. An ontology may then
be called ‘good’ if it is used in and validated against sev-
eral independent and external business scenarios and indus-
trial use cases. In view of the current state of the art of se-
mantic web services, the importance of industrial use case
testing can hardly be overstated. We therefore carried out
several real-world case studies in different industry sec-
tors. They are practically useful in their own right, and
also help convince practitioners about the added value of
semantics-based methods. Moreover, case studies turn out
to be methodologically important as stress tests and “trian-
gulation methods’ for ontologies, reasoning techniques, and
support tools. As a result, the OBELIX ontologies have un-
dergone significant refinement over the past years as a result
of their industrial application. Specialization of a generic
service ontology to a specific domain is best done by do-
main specialists themselves, with a ‘helpdesk’ role for the
generic ontology developers. Another experience is that for
application-oriented ontology development, available gen-
eral tools and languages are not very suitable for practition-
ers. For this reason we decided to develop the discussed
graphical formats so that direct visual modelling becomes
possible. The associated ontology representations such as
RDF and OWL stay ‘under the hood’ of the tool, as they are
automatically created from the visual diagrams. This signif-
icantly lowers the barriers for practitioners.

We intend to make publicly available extensive case and
ontological data on an area of our investigations that we
have not discussed here. It concerns the automatic clear-
ance of music rights in the digital value chain for Inter-
net radio stations. This domain contains yet another intrigu-
ing mixture of business logic considerations and technical
challenges that must be simultaneously solved in a mutu-
ally consistent fashion, in a networked situation with many
different actors (here, music rights societies, Internet radio
stations, artists and producers, in different countries). Like
the industrial use cases discussed in this article, this pro-
vides another rich challenge and test problem for any Se-
mantic Web and Web Service approach to real-world ser-
vices.
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