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Preface

Services are of utmost importance to economy. We find them in almost every
economic exchange between two actors, i.e. a customer and a service supplier. A
customer usually exchanges resources with a supplier to satisfy a need. Nonethe-
less, needs might be more complex that several suppliers are required to satisfy
it. For instance, think of you needing online entertainment while at home; a way
to satisfy such need would be to acquire an internet service, a music delivery
service and an online tv service. All these services being provided by potentially
di↵erent suppliers that may rely on other suppliers (i.e. service enablers); e.g.
music providers rely on musicians or producers that o↵er their tracks.

Service Value Networks (SVNs) represent webs of end customers and service
suppliers working together for delivering a value-added service. SVNs can be
on-the-fly composed to match specific customer needs. Such composition re-
quires establishing business to business (B2B) and business to customer (B2C)
relationships. B2B relationships allow networking service suppliers and enablers
(i.e. bundling services), whereas B2C relationships network the resulting service
bundles with the end customer.

This thesis presents a framework to semi-automatically compose SVNs for
services that can be potentially provided on line. The first part of the thesis de-
scribes the business and technical aspects involved in the composition of SVNs.
It presents an overview of di↵erent approaches to design, analyze and compose
SVNs, which can be grouped into process-oriented and business-oriented ap-
proaches. The second part of the thesis presents a computational framework
to compose SVNs matching specific customer needs. This framework allows a
customer to specify her customer needs in terms of specific functional require-
ments that can be o↵ered by service suppliers, which are bundled and networked
with service enablers to finally compose SVNs.The third part of the thesis tests
and validates the composition framework using two case studies and numerical
simulation. Whereas the case studies provide insights on how the composition
of SVNs can improve issues for the music industry and the education sector,
the simulation forecasts the performance of the composition framework under
real-world conditions. The last part of the thesis presents the final conclusions
and the future research lines.
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Chapter 1

Introduction

Services comprise a significant part of today’s economy. For instance, in highly
industrialized countries such as the USA and Germany, approximately over 70%
of the employees worked in the service industry in 2010 and the trend seems
to indicate more growth [61, 10, 63] 1. This phenomenon obeys to what some
authors have suggested as a paradigm switch from the Industrial Revolution to
the Service Revolution [52, 98]

Since services are part of our daily life, we can find them almost in every
economic exchange between two actors/entities. Moreover, based on the concept
of economic reciprocity, we consider a service as an economic activity that o↵ers
and requests valuable outcomes to and from its environment, which can be called
a commercial service [40].

Commercial services encapsulate business concepts such value creation, eco-
nomic reciprocity, value exchanges, business to customer (B2C) and business
to business (B2B) relationships. Sometimes, to cover complex customer needs,
two or more commercial services work together establishing so-called service
networks by means of B2C and B2B relationships. Such services can also be
supported through information and communication technology (ICT) capabili-
ties to enhance the networking process by means of software components in a
software-as-a-service manner.

Service Value Networks By establishing such networks, both service sup-
pliers and customers co-create value. The former provide valuable resources,
whereas the latter become co-creators or co-innovators as they take part of
the networking process. In this way, while establishing B2C and B2B rela-
tionships, customers and service suppliers give rise to Service Value Networks
(SVNs) [61, 10, 52].

Although an SVN consists of at least two actors, namely a service supplier
and a customer, most of the time, the SVN might consist of multiple suppliers,
each o↵ering a service, who all together satisfy a complex customer need. The
package of services satisfying a complex customer need is called a service bundle.
By using multi-supplier service bundles, each supplier can concentrate on her/his
own core competence and can participate in satisfying a complex customer need,
which could never be satisfied by only one supplier. Moreover, an SVN may

1see also http://www.bls.gov/fls/flscomparelf/employment.htm
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4 CHAPTER 1. INTRODUCTION

contain the suppliers of the suppliers (also called service enablers ) and so on,
until we reach the suppliers of whom we can safely assume that their services
can be provisioned in a known way.

Composition Issues To allow a suitable match between customer needs and
the services o↵ered by suppliers, a mechanism facilitating the interaction be-
tween these two actors is required. Thus, more valuable SVNs can be tailored.

Once a customer need has been defined, service suppliers and enablers can
gather. These have commonly networked through B2B relationships; and there-
fore, they can provide a solution to meet such need. Both a need broken down in
specific requirements and a descriptions of single services can lead to alternative
SVNs, each one providing a solution to the customer need.

1.1 Research Question

Since we are interested in the composition of SVNs based on both the customer
and supplier perspectives, the main research question addressed in this thesis is
as follows:

How to compose SV Ns matching specific customer needs with
computer-based support?

The given research question can be broken down into five other specific
subquestions as follows:

• RQ1: How to represent customer needs in a computational feasible way?
The answer to this question should provide a mechanism so that a cus-
tomer need can be expressed in terms of concrete and processable service
requirements. Based on this answer we can create a customer catalogue
that can be processed by a software component to elicit customer needs.
These can be mapped onto specific functional requirements.

• RQ2: How to design a computer-readable service catalogue? By answer-
ing this question we can define a mechanism to represent services which
can later be stored within a service catalogue. This catalogue must contain
information about service suppliers and service enablers, both focusing on
their value-added properties.

• RQ3: How to automatically compose an SVN matching a specific cus-
tomer need with a service catalogue? Using both catalogues, customer
need and services, we can design a framework that automates the com-
position of SVNs to match customer needs with services. This matching
composes SVNs containing at least one customer and one service supplier;
which establish business relationships (B2C and B2B if service enablers
do exist).

• RQ4: How to choose among candidate SVNs? Since the matching be-
tween the customer and the supplier side might compose several SVNs,
we must define a mechanism to rank SVNs for the customer to choose the
one that best fits her/his requirements.
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• RQ5: How to validate our composition framework? Given the varieties
of validity [3], we have to define also a way to validate our research re-
sults, e.g. either using logico-mathematical demonstrations, thought ex-
periments, computational simulations or laboratory experiments.

1.2 Research Approach

To answer our research question we have followed a research approach based on
action research [59, 109]. Fig. 1.1 depicts this three-stage approach: problem in-
vestigation, solution design and test and validation. The stages are sequentially
executed; nonetheless, there are feedback loops providing knowledge to improve
the stages. The next paragraphs elaborate on the objectives of each stage.

Problem
Investigation

Feedback

Solution 
Design

Test and
Validation

Feedback Feedback

Figure 1.1: Research approach based on [59].

1.2.1 Problem investigation

During this stage we determine the requirements to automate the composition
of SVNs. Chapter 2 provides an overview on di↵erent approaches to describe,
analyze and compose the so-called service networks. After presenting the anal-
ysis, the chapter explains how the composition of SVNs can be addressed as a
design task. Moreover, such analysis points out three issues to be addressed:

1. Knowledge representation for customer needs and services (RQ1 and
RQ2)

2. Reasoning (RQ3 and RQ4)

3. Software support (RQ5)

The first issue elaborates on the need of representing customer needs and
service suppliers. The customer needs should be represented in terms of specific
requirements (RQ1), whereas the services must focus on valuable resources that
provide specific requirements (RQ2). The second issue defines the need for a
mechanism for reasoning about matching customer needs to service suppliers
by means of the automated composition of SVNs (RQ3) as well as for ranking
the composite SVNs (RQ4). The last issue explains the need to support such
automated composition by means of software components. The software-based
support must allow interaction for the customer to participate in the composi-
tion of the SVN. Moreover, this software-based support helps also to valiate our
research results (RQ5).
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1.2.2 Solution Design

Once the requirements to automate the composition of SVNs have been estab-
lished, the next stage provides a solution design to achieve such composition.
Chapter 3 introduces two ontologies to represent customer needs and services
(suppliers and enablers). While the customer need ontology allows the design of
a catalogue focusing on the representation of the needs broken down in specific
requirements, the service ontology can be used to build a catalogue contain-
ing service suppliers and service enablers. The service-catalogue describes how
the service resources could meet the customers’ requirements. By designing
the ontologies not only do we enrich our understanding on how customer needs
and services can be represented, but we also receive knowledge feedback to our
research problem.

Chapter 4 presents a framework to automate the composition of SVNs
matching specific customer requirements. This framework is based on a Propose-
Verify-Critique-Modify problem-solving method that uses both the customer
need and service catalogues to achieve such composition. The design of such
framework also provides knowledge feedback that sheds more light on how the
composition of SVNs can be achieved.

Finally, Chapter 5 presents the required software support to compose SVNs
by means of a software prototype. Our software prototype implements the
composition framework designed in Chapter 4 and uses the customer need and
service catalogues designed with the ontologies presented in Chapter 3. This
stage provides knowledge feedback on how the composition of SVNs can be
supported by software.

1.2.3 Test and validation

The final stage of our research approach tests and validates our composition
framework by means of case studies and numerical simmulation [3, 23], i.e.
providing an answer to RQ5. First, it describes how the composition of SVNs
can be applied to real-world problems by exploring two case studies [3, 23].
Second, it analyzes the performance of the framework based on numerical results
that forecast the expected framework’s behavior under real-world scenarios [3,
23].

Case studies Chapter 6 describes how the composition of SVNs can be used
within the music industry to deal with the clearing track process, a process to
collect fees from Intellectual Property Right (IPR) users and distribute those
fees among IPR owners. Chapter 7 describes the composition of SVNs within
the education sector in which such networks provide information on the insti-
tutions (service suppliers) that can help a job seeker further develop her/his
competencies in order to get the right job.

Numerical simulation Chapter 8 presents an statistical analysis on the per-
formance of the composition framework focusing on three aspects: the average
composition time (CT), the average number of composed SVNs (NCS) and the
average SVNs ’ fitness (SVNF), i.e. how well the composed SVNs fit the cus-
tomer needs. This analysis should serve the purpose of forecasting the behavior
of the composition framework in real-world scenarios.
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The case studies provide knowledge feedback on the implications of using
SVNs within two sectors from a business-oriented perspective (i.e. the economic
and administrative impacts of such approach within the sectors); whereas the
numerical simulations do the same from an engineering point of view, i.e. ad-
dressing issues regarding the framework’s performance by looking at scalability
and computational time.

1.3 Research Contributions

The main contributions of this research can be grouped into four categories:
systematic overview, knowledge representation, reasoning and test and valida-
tion.

Systematic overview Chapter 2 provides an overview about several ap-
proaches to design, analyze, describe and compose service networks and Service
Value Networks (SVNs). In addition, this overview defines the main require-
ments to automate the composition of SVNs matching specific customer needs.

Knowledge representation Through the customer need and service ontolo-
gies (Chapter 3) we contribute to the design and description of SVNs in a
threefold fashion:

1. We have aligned two ontologies to describe customer needs and services
(the e3service ontology [28] with e3value ontology [40]).

2. We have defined a mechanism to build service catalogues based on the
aligned service ontology.

3. We provide visualization capabilities for SVNs by means of e3value mod-
els.

Reasoning Within Chapter 4 we present four contributions on how SVNs can
be composed.

1. We provide a novel algorithm to automatically generate service bundles
within a multi-supplier setting.

2. We describe a framework to compose SVNs.

3. We design a fuzzy inference system to verify whether SVNs meet customer
requirements.

4. We present an interactive dialogue through which a customer can take
part of the composition task.

Test and validation Based on Chapters 6- 8 we provide knowledge for two
sectors and forecast the performance of the framework under real-world scenar-
ios. Such contributions are as follows:

1. We explain how the music industry can take advantage of SVNs to improve
parts of its sector, i.e. mostly the process of clearing tracks.
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2. We describe how SVNs can benefit the education sector by bridging the
gap between employers and employees who lack some qualifications.

3. Finally, we provide statistical analysis on the performance of the frame-
work under real-world scenarios. Such analysis studies the impact of two
variables - the number of requirements and the number of services within a
service catalogue - on three aspects: the average composition time (CT),
the average number of composed SVNs (NCS) and the average SVNs ’
fitness (SVNF).

1.4 Publications

Parts of this thesis is either already published in the form of book chapters and
papers; or is currently under submission. Therefore, the content is based on the
following publications:

• Chapter 2 provides the state of the art and is based on:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Handbook of Service Description: USDL and its Methods, chapter
Service Network Approaches, pages 45 - 74. Springer, 2012 [86].

Iván S. Razo-Zapata and Jaap Gordijn. Automatic Service Configuration
under e3value approach. In Doctoral Consortium CAiSE 2009 [81].

• Chapter 3 addresses research questions RQ1 and RQ2 based on:

Iván S. Razo-Zapata, Pieter De Leenheer and Jaap Gordijn. Value-based
Service Bundling: a Customer-Supplier Approach. In Proc. of SoEA4EE
Scientific Workshop (EDOC 2011), 2011 [83].

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn, and Hans Akker-
mans. Service Value Networks for Competency-Driven Educational Ser-
vices: A Case Study. In Proc. of the 6th international BUSITAL work-
shop, 2011 [84].

Jaap Gordijn, Pieter De Leenheer and Iván S. Razo-Zapata. Generating
Service Value Webs by Hierarchical Configuration: An IPR case. In Proc.
of HICSS 44, 2011 [43].

• Chapter 4 addresses research questions RQ3 and RQ4 based on:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In CAiSE, 2012 [85].

Iván S. Razo-Zapata, Jaap Gordijn, Pieter De Leenheer and Hans Akker-
mans. Dynamic Cluster-based Service Bundling: A value-oriented frame-
work. In IEEE CEC, 2011 [82].

Iván S. Razo-Zapata, Ania Chmielowiec, Jaap Gordijn, Maarten Van
Steen and Pieter De Leenheer. Generating Value Models using Skeletal
Design Techniques. In Proc. of the 5th international BUSITAL work-
shop, 2010 [80].
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• Chapter 5 describes our software prototype that help us to validate our
framework ( RQ5). The content is based on:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In CAiSE, 2012 [85].

Iván S. Razo-Zapata, Pieter De Leenheer and Jaap Gordijn. Value-based
Service Bundling: a Customer-Supplier Approach. In Proc. of SoEA4EE
Scientific Workshop (EDOC 2011), 2011 [83].

• Chapter 6 helps to validate our framework based on a case study in the
music sector (RQ5). Results have been previously published as:

Jaap Gordijn, Pieter De Leenheer and Iván S. Razo-Zapata. Generating
Service Value Webs by Hierarchical Configuration: An IPR case. In Proc.
of HICSS 44, 2011 [43].

Iván S. Razo-Zapata, Ania Chmielowiec, Jaap Gordijn, Maarten Van
Steen and Pieter De Leenheer. Generating Value Models using Skeletal
Design Techniques. In Proc. of the 5th international BUSITAL work-
shop, 2010 [80].

• Chapter 7 also helps to validate our framework based on a case study in
the education sector (RQ5). Results have been previously published as:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In CAiSE, 2012 [85].

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn, and Hans Akker-
mans. Service Value Networks for Competency-Driven Educational Ser-
vices: A Case Study. In Proc. of the 6th international BUSITAL work-
shop, 2011 [84].

• Chapter 8 evaluates the performance of our framework using numerical
simmulations (RQ5). Part of this chapter has been submitted as:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Service Value Networks: Solving complex customer needs by design.
IEEE Transactions on Services Computing.

• Chapter 9 provides conclusion and future work based on:

Davor Meersman, F. Hadzic, Iván S. Razo-Zapata, Pieter De Leenheer,
and J. Hughes. Health service discovery and composition in ambient as-
sisted living: the australian type 2 diabetes case study. In Proc. of HICSS
46, 2013 [67].

Jaap Gordijn, Iván S. Razo-Zapata, Pieter De Leenheer and Roel Wieringa.
Challenges in Service Value Network Composition. The 5th IFIP WG8.1
Working Conference on the Practice of Enterprise Modelling, 2012 [45].
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Hassan Fatemi, Marten van Sinderen, Roel Wieringa, and Iván S. Razo-
Zapata. Endurability and profitability analysis of collaborative networks.
In 25th Bled eConference, 2012 [37].

Damian A. Tamburri, Iván S. Razo-Zapata, Héctor Fernández, and Cédric
Tedeschi. Simulating awareness in global software engineering: a compar-
ative analysis of scrum and agile service networks. In IEEE International
PESOS Workshop, 2012. [101]

Part of this chapter has been submitted as:

Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Roel Wieringa.
e3service : A critical reflection and future research. Business & Informa-
tion Systems Engineering.



Chapter 2

Description of Service
Value Networks

In this chapter we introduce the basic concepts used through the rest of the thesis.
Moreover, we also provide an overview on current approaches to design, analyze,
describe and compose Service Value Networks (SVNs). We analyze the technical
and business-related aspects of these approaches, their evolution, and the trends
they will be likely to follow. We further describe the composition issues related
to SVNs and how they can be addressed.

Parts of this chapter have been already published as:

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Handbook of Service Description: USDL and its Methods, chapter
Service Network Approaches, pages 45 - 74. Springer, 2012 [86].

• Iván S. Razo-Zapata, Ania Chmielowiec, Jaap Gordijn, Maarten Van
Steen and Pieter De Leenheer. Generating Value Models using Skele-
tal Design Techniques. In Proceedings of the 5th international BUSITAL
workshop, 2010 [80].

• Iván S. Razo-Zapata and Jaap Gordijn. Automatic Service Configuration
under e3value approach. In Hans Weigand and Sjaak Brinkkemper editors,
Doctoral Consortium CAiSE 2009, Vol. 479 of Workshop proceedings,
CEUR, 2009 [81].

Value Networks consist of relationships that generate tangible and intangible
value added between individuals [4]. Along the line of service-dominant logic
in marketing (as opposed to traditional product-dominant logic), the notion of
service is becoming a predominant instrument for actors to apply their special-
ized competences (such as knowledge and skills), through deeds, processes, and
performances for the benefit of another actor or the actor itself; hence create
value [61]. A well-known example of an established value network is Microsoft
and its elaborated partner ecosystem that provides various kinds of services
around MS products globally.

The Web also brought opportunities to establish short-term value networks
without the actors even realizing they interact across boundaries like time, scale,

11
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and geography. E.g., if you initiate the purchase of a second-hand book on
Amazon.com1, you are actually initiating the formation of a short-term value
network that is mediated by Amazon.com between you (in the role of customer),
the virtual bookshop, and a packaging and delivery partner that serves at your
location2.

In short, within a value network it is common to observe three types of
relationships:

1. Customer to Customer (C2C), customers exchanging valuable outcomes
with each other [11].

2. Business to Customer (B2C), when service suppliers exchanges valuable
outcomes with end customers, e.g. you and Microsoft [11].

3. Business to Business (B2B), service suppliers exchanging valuable out-
comes with each other, e.g. Microsoft and the packaging and delivery
partners [11].

Web Services (in the technical sense) should not be confused with commercial
services as found on the real-world market place. Web (a.k.a. software-based)
services specify interfaces and communication protocols, and by doing so imple-
ment a specific computing paradigm. Web services are still much dominated by
manual engineering, and predefined top-down composition.

Commercial services are simply not describable in terms of interface speci-
fications, as their conception inherits from marketing and social studies[2, 61].
As explained above, in a value network, services create value. E.g., the compo-
sition of an educational commercial service bundle should seek maximum value
creation for all stakeholders. Students get value from educational services by
achieving certain learning objectives and get evidence (by means of a diploma
or certificate) for the acquired competencies. Educational institutes, in return
for their services get value usually in the form of money [84].

Obviously, some functions of a commercial service might be partly supported
by web services such as, e.g., billing facilities. However, in order for these com-
mercial services to find each other and automatically bundle into economically
sustainable value networks, we must model and analyze their valuable outcomes
as well. Analogously, customers should be able to express their needs - i.e., the
value they expect from commercial services - in human-understandable terms.
Examples of value aspects that should be taken into account include pricing,
benefits or consequences of using the given services [2, 29, 30, 53].

To sum up, in this chapter we present a survey of approaches addressing
issues such as description, design, analysis and composition of service networks.
Although these approaches might have some similarities such as the notion of
service or the use of standardized tools, each approach has di↵erent purpose,
which influences and drives the way in which service networks are described.
Therefore, in our survey we not only describe these frameworks but we also
analyze how they can provide some insights on SVN composition.

The chapter is organized as follows. Sect. 2.1 introduces the basic concepts
as well as the criteria to compare approaches dealing with service networks.

1http://www.amazon.com/
2Shipping & Delivery - http://www.amazon.com/gp/help/customer/display.html
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Sect 2.2 explains the main properties of di↵erent approaches to describe, de-
sign, analysis and compose service networks. Afterwards, Sect 2.3 provides
a discussion where business-oriented and process-oriented approaches are ana-
lyzed. Later on, Sect 2.4 presents the composition issues being addressed to
answer our main research question: “How to compose SV Ns matching specific
customer needs with computer-based support?”. Finally, Sect 2.5 provides the
conclusions of this chapter.

2.1 Basic Concepts

2.1.1 Definitions

Value network methods and technologies are inspired by two main foundations:
value chains and value networks that cooperate. In 1985, Porter introduced
the notion of value chain, to conceive the combination of value-adding activities
within a firm to provide value to customers [77]. These activities can be clas-
sified generally as either primary or support activities that all businesses must
undertake in some form. The value chain is defined as follows:

Definition 1. A value chain is a directed sequence of activity relationships that
generates tangible and intangible value added through bilateral static communi-
cation between organizations.

In 2000, Tapscott introduced the notion of b-web [102]. He explains that
the advent of the Web provides a new platform for business opportunities.
He identifies typical roles stakeholders can play. Depending on how value is
being created and the organizational dynamics of the b-web, he distinguishes
five archetypes along all b-webs can be categorized. Later, in 2006, he intro-
duced the notion of wikinomics, where he highlights the importance of collabo-
ration/networking [103]. A value network is defined as (Allee, 2002 [4]):

Definition 2. A value network is any web of activity relationships that gener-
ates tangible and intangible value added through complex dynamic communica-
tion between two or more individuals, groups, or organizations.

Within the notion of network marketing, Lovelock and Wirtz define good
networkers as entities who are able to put individuals in touch with others who
have a mutual interest, e.g. providing services to a market segment [61]. In this
matter, a service network can be defined as follows:

Definition 3. A Service Network is a team of individuals who establish rela-
tionships among homogeneous peers to provide a specific service.

By homogeneity we mean that individuals have a common business objec-
tive, i.e. provide a service solution. Based on ideas from Hamilton [49], Verna
Allee [4], Lovelock and Witz [61], and our point of view, a service value network
is defined as follows:

Definition 4. A Service Value Network is a flexible and dynamic web of end
customers and homogeneous enterprises who reciprocally establish relationships
with other peers for delivering a value-added service to the end customer.
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2.1.2 Criteria to Describe Service Value Network

In order to provide both expressiveness and usability, the description approaches
must cover the following criteria; some of the aspects are proposed by ourselves,
whereas others are taken from previous analysis [44].

1) B2C interaction: refers to whether the approach allows interaction
between end customers and suppliers (or brokers) to co-create service networks.
Since customers are not static participants, they must be provided with some
mechanism for expressing not only service requests but also preferences and/or
recommendations. In this sense, we determine three possible situations: The
customer is involved, the customer is partially involved or the customer is not
involved at all during the composition of the service networks.

2) B2B relationships: modeling how suppliers relate to each other is a re-
quired step within service network composition. Such B2B relationships might
be based on business rules, strategic alliances among other requests or con-
straints. The approaches being analyzed can model this aspect in di↵erent ways
such as: inter and intra company relationships, inter-company relationships,
intra-company relationships.

3) Network Definition: at this point we evaluate whether the approach
provides a definition for an service network. It might be a formal or informal
definition. A formal definition provides meaningful descriptions not only about
the service networks itself but also about the components and their relationships
within the service networks. In contrast, an informal definition only provides
descriptions for an service network.

4) Visualization: since internal and external relationships among network
participants might bring about hidden structures or patterns, providing a visual
of the service network is also relevant [12]. Moreover, this visualization might
be also exploited for analysis and synthesis tasks that lead to innovation based
on discovered niches.

5) Orientation: the locus of attention di↵ers from approach to approach.
Some have a process-oriented view, others focus on business-oriented issues. By
business orientation we mean that the approach takes into account economic
relationships rather than work-flow properties. It has been discussed in previous
work why business modeling is di↵erent from process modeling [39]. Briefly, an
important goal in process modeling is to reach a common understanding about
how activities should be carried out (e.g. in which order). On the contrary,
business models are centered around the notion of value, therefore it is relevant
to determine who is o↵ering what of value to whom and what expects of value
in return, i.e. economic reciprocity.

6) Tool support: this aspect describes whether the approach, design, an-
alyze or compose SVNs using standard tools. When applicable, we also specify
the tools being used.

2.1.3 ICT Support

Moreover, we have also identified six levels of ICT maturity on which all the
approaches can be positioned:

1. Design. In this level, building service networks is seen as a design task.
The network is built by manually selecting enterprises as well as the ser-
vices they o↵er or request.



2.1. BASIC CONCEPTS 15
N

et
w

or
k-

ce
nt

ri
c:

de
ce

nt
ra

lis
ed

 r
el

at
io

ns
hi

p-
dr

iv
en

 o
rg

an
is

at
io

n

Ontomat 
2004

DesignNone Analysis MatchingBundling Composition Dynamic 
Composition

E
nt

er
pr

is
e-

ce
nt

ri
c:

hi
er

ar
ch

ic
al

 p
ro

ce
ss

-d
ri

ve
n 

or
ga

ni
sa

tio
n

ICT support:

Value 
Chain
1985

BMO
2004

e3value
2002

e3service 
2009

Serviguration
2006

Value 
Networks 

2002

REA 
1982

GVP
2007

O-WSP
2006

Razo-
Zapata et 

al., 
BUSITAL, 

2010

Gordijn et 
al., 

HICCS, 
2011

Razo-
Zapata,  

BUSITAL 
2011

Wikinomics 
2008

Digital 
Capital 

2000

VBC
2006

Traverso 
2004

METEOR-S 
2005

SNN
2008

Dynami-CoS 
2011

u-Service 
2011

CPC
2008

Kohlborn
2010

Becker
2009

Service 
Architectures 
(Booth, 2004)

Blau
2009

USDL
2010

Figure 2.1: Evolution of Service Network Approaches. Three dimensions: 1)
Economic context. 2) ICT maturity. 3) Orientation: solid circles represent
business-oriented approaches, whereas dotted circles stand for process-oriented
approaches. Arrows represent influences among approaches.

2. Analysis. ICT tools allow to evaluate properties of a given service net-
work such as profitability, misalignments with business models or potential
risks.

3. Bundling. At this level ICT provides tools for combining services into
bundles, which are the starting point for generating service networks. The
generation of bundles might take into account the properties o↵ered by ser-
vices, business rules or pre-defined patterns. Indeed, this process mainly
looks at the supplier perspective, i.e. what service bundles can be gener-
ated to cover more complex customer needs.

4. Matching. ICT tools provide support such that: 1) customers provide
a formalization of their needs, and 2) the customer needs are matched
with the o↵erings coming from the supplier side, then identifying possible
solutions.
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5. Composition. It combines the previous steps, bundling and matching.
Once a customer need has been formalized and matched with a service
bundle, the next stage is to solve the bundle’s dependencies. For instance,
a bundle providing an streaming music service to the customer might re-
quire a software-protection service to work safely. Actually, this is the case
in the real-life bundle composed of Spotify 3 and Last.fm 4 which depends
on the software-protection service provided by Morpher 5. The customer
only interacts with Spotify and Last.fm, nevertheless the complete service
network also includes the Morpher service. Fixed templates can achieved
this step by providing a clear description of the services to be found.

6. Dynamic composition. at this level ICT tools perform on-the-fly com-
position. Therefore, the service networks are composed from scratch based
on a given customer need and a pool of service suppliers that can be dy-
namically combined. The challenge is to achieve self-organization among
services so they can network themselves to cover a customer need. To ad-
dress this issue approaches usually explore ideas coming from the Semantic
Web area, so services can be described by means of ontologies linked to
real-world service descriptions [74].

Fig. 2.1 shows how service network approaches fit within the economic con-
text (vertical axes) and the ICT maturity (horizontal). Moreover, Fig. 2.1 also
depicts how these approaches have been influenced by others. For instance, the
definition of a web service as defined by Booth et al. has influenced approaches
such as OntoMat, METEOR-S among others [19, 1, 95].

1. (vertically) the economic context in which service networks thrive is evolv-
ing from an hierarchical process-driven organization to a decentralized and
relationship-driven organization. This evolution is enabled by the increas-
ing social and knowledge connectivity on the Web.

2. (horizontally) the support of ICT in the di↵erent activities towards finding
the right service networks in these organizations.

2.1.4 Illustrative Example

The next section presents di↵erent approaches for either designing, analyzing
or composing service networks. Furthermore, for each approach, an analysis
is given, by means of a table, which explains whether the mentioned approach
supports the aspects previously described in Sect 2.1.2. Moreover, when appli-
cable, we also provide an example of how the given approach visually presents
a service network.

Our illustrative modeling example consists of four entities: a customer, a
service provider, a tax o�ce and an ad company. The real-world version of this
example could be more complex, e.g. including ICT facilities, a company to
deliver a given good among other entities. However, due to space constrains we
only consider these four entities. By making use of the facilities o↵ered by each
approach, we tried to model this example describing not only the entities but
also the interactions among them.

3http://www.spotify.com/
4http://www.last.fm/
5http://morpher.com/
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2.2 Approaches to Describe Service Networks

2.2.1 BMO

Osterwalder proposes the Business Modeling Ontology (BMO) to model inter-
company relationships within business models [71]. Whereas Table 2.1 presents
the aspects covered by BMO, Figure 2.2 depicts its main constructs. BMO
provides four strategic areas: product, customer interfaces, infrastructure man-
agement and financial aspects, which allow to describe the business model of
a firm. Briefly, product refers to the value propositions (products) o↵ered to
the market. The product area includes one building block: value proposition.
The customer interface not only addresses issues about how the firm deliver the
products or services to the customers but also how it builds relationships with
them. Customer interface includes three building blocks: customer segments,
distribution channel and customer relationships.

Aspect Analysis

B2C interaction The customer is partially involved

B2B relationships Inter-company relationships

Network Definition None

Visualization Graphical representation

Orientation Business oriented

Tool support Standardized tools: XML-based language.
Non-standardized: Business Model Canvas

Table 2.1: BMO analysis

Customer 
Segments

Value 
Propositions

Channels

Customer 
Relationships

Revenue StreamsCost Structure

Key 
Activities

Key
Resources

Key 
Partners

- Buyers- Personal
  assistance

- On-line delivery

- Best price
- Sell

- Goods

- Manufacturer
- Ad company

- Fixed pricing: list price- Variable costs: ads, salaries, utilities

Figure 2.2: BMO Example

Infrastructure management refers to how the company performs infrastruc-
tural or logistical issues, with whom, and as what kind of network enterprise.
Infrastructure management also includes three blocks: key resources, key activi-
ties and key partners. Finally, the financial aspects describe the revenue model,
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i.e. the cost structure and the business model’s sustainability. Financial aspects
includes two blocks: cost structure and revenue streams.

2.2.2 REA

Initially proposed as a framework for accounting systems, the Resource-Event-
Agent (REA) approach has evolved into an enterprise ontology that allows mod-
eling enterprise-wide value chains [66]. Table 2.2 describes the aspects covered
by REA, which relies on three economic concepts: resources, events and agents.
Shortly, economic agents exchange economic resources by means of economic
events. Examples of economic agents are: customers and suppliers. Exam-
ples of economic events are: exchanges and processes (Figure 2.3 shows four
economic processes: Buy, Sell, Taxing and Advertising). Finally, examples of
economic resources are: products and services, which in Figure 2.3 are depicted
as Good, Payment, VAT, Legal Compliance and Audience.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition None

Visualization Graphical representation

Orientation Business oriented

Tool support Standardized tools: ebXML and UMM meta-
models

Table 2.2: REA analysis

Advertising
Process

Buy
Process

Sell
Process

Taxing
ProcessPayment

VAT

Legal
Compliance

Resource/Service

Payment

Audience

Figure 2.3: REA Example

A central concept within the approach are REA activities which are either
exchanges, trading resources between agents; or processes, consuming input
resources and producing output resources [50, 38]. REA activities are connected
by stock flows, which represent one resource moving from one activity to the
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next. In this sense, the REA information flow across multiple companies is as
follows:

Process! StockF low ! Exchange! StockF low ! Process (2.1)

Each event on an REA supply chain knows what other events it is connected
to, via the stock flows, which gives also to agents an organizational structure
since they know which events they control. The expression in (2.1) shows how
REA focuses on supply chain’s issues i.e. how a directed sequence of activities
exchange resources. Although Figure 2.3 depicts value exchanges, the expression
in (2.1) also denotes a more process-oriented perspective, i.e. sequential steps.
Finally, we can also conclude that REA models the supply chain taking into
account only the supplier point of view which does not allow interaction with
the customer.

2.2.3 Value Network Analysis (VNA)

Verna Allee argues that value networks are like living systems experiencing
physical exchanges and interactions [4]. Table 2.3 presents the aspects covered
by VNA. Allee proposes a graphical representation to describe these phenom-
ena by means of tangible and intangible deliverables. The main argument for
building such representation is that any value interaction is supported by some
mechanism that enables it to happen i.e. exchange of deliverables.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition Formal definition

Visualization Graphical representation

Orientation Business oriented

Tool support No information provided. Although VNA
generates visuals in Microsoft PowerPoint
and Visio and reports in PDF

Table 2.3: VNA analysis

According to Verna Allee, three constructs are needed for representing value
exchanges: participants, transactions and deliverables. Participants, graphi-
cally represented as ovals, are described as real people, they are the entities
performing roles in the system. Software programs, databases or any other kind
of technology are not considered as participants since they rely on people’s de-
cisions. In Figure 2.4 the participants are the buyer, the seller, the tax o�ce
and the advertiser.

Transactions 6 are depicted by arrows that represent the direction of some-
thing that is happening among participants. Deliverables are the real “things”

6Also referred as activities by Verna Allee
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Figure 2.4: VNA Example

that are exchanged from one participant to another, deliverables can be ei-
ther tangible or intangible and are represented as labels on top of the arrows
(transactions). In Figure 2.4 transactions dealing with tangible deliverables are
depicted by solid arrows, whereas intangibles by dotted arrows. This basic rep-
resentation allows to explore complex behavior inside the value networks like
value creation, cost/risk analysis, patterns of exchange among others [4].

2.2.4 Serviguration

Baida proposes an ontological approach for service bundling called Servigura-
tion [2, 8]. Table 2.4 describes the main aspects of Serviguration. This approach
uses three types of ontologies, the first two represent the demand and supply
perspectives respectively, as a third ontology performs the composition process.
Therefore, by matching the demand and supply perspectives it is possible to
generate a set of service bundles. An additional idea is that interactions among
service suppliers can be modeled through a set of dependencies, which describe
concepts such as enhancing, supporting, exclusion, optionality, bundling among
others. In this way, services can be combined by following those dependen-
cies. Since services can be combined in di↵erent ways, this approach generates
alternative bundles for possibly matching customer needs. Serviguration is ac-
tually a guideline for combining services in a multi-supplier environment. One
of the main disadvantages of Serviguration is the need for defining all those
relationships among suppliers, especially when the number of suppliers grows.
In addition, the approach lacks a selection mechanism to prioritize one bundle
when more than one is generated.

Serviguration approach provides an idea about how service network partici-
pants can interact with each other by means of business dependencies. Besides,
it also o↵ers a visual representation of what can be a basic service network.
Figure 2.5 depicts a Serviguration bundle where three services are described:
selling, taxing and advertising. In this example the customer is supposed to
provide a payment in exchange of a good.

2.2.5 The e

3
family

In this section, we provide a short overview of the e3family of ontologies for
building SVNs. Table 2.5 presents the aspects covered by the e3family .
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Aspect Analysis

B2C interaction The customer is partially involved

B2B relationships Inter & intra company relationships

Network Definition Informal definition

Visualization Graphical representation

Orientation Business oriented

Tool support Standardized tools: RDF, e3value ontology

Table 2.4: Serviguration analysis
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OB - Optional Bundling
CE - Core Enhancing

Figure 2.5: Serviguration Example

2.2.5.1 e

3
value

The central ontology of the e3family ontologies is the e3value ontology [41]. The
e3value ontology is a design time tool for exploring, analyzing and evaluating
value networks. A value network is considered as a number of actors who ex-
change things of economic nature with each other. The ontology comes with
a graphical editor. With the same tool, it is possible to assess economic prof-
itability for all actors involved. The e3value ontology is not aware of the notion
of service, although a value object in e3value can be considered as a service
outcome, which is valued by a customer.

2.2.5.2 e

3
strategy

The e3strategy approach is used to analyze the strategic positioning of an actor
in a network of enterprises, cf. [78]. In the network suppliers can be active as
well as customers and competitors. These may exercise a force on the actor
under consideration. Questionnaires are used to determine the exercised forces.

2.2.5.3 e

3
control

For models constructed with e3value we assume a perfectly honest world; that
is no one is cheating and so is behaving honestly. In e3control we relax this
constraint of a perfectly honest world; we assume a sub-ideal world in which
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actors may misbehave. The e3control approach o↵ers constructs and method-
ologies to find misbehaving actors in a network of enterprises. Additionally,
e3control comes with a library of a patterns to address the misbehaving actors.
The patterns include solution on the e3value level, but also suggest solutions in
terms of changed business processes.

2.2.5.4 e

3
alignment

While exploring an e-business cases multiple perspectives are considered includ-
ing the strategy perspective (e3strategy ), the value perspective (e3value ), the
business process perspective and the ICT perspective. The e3alignment ap-
proach [76] ensures that all these perspectives are aligned, or detects misaligned
perspectives.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships Inter & intra company relationships

Network Definition Formal definition

Visualization Graphical representation

Orientation Business oriented

Tool support Standardized tools: RDF-S 7

Table 2.5: e3family analysis
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Figure 2.6: e3family Example

2.2.5.5 e

3
service

The e3value ontology is the foundation of the e3family of ontologies with on
top of it e3service as an ontology used for the composition of service networks,
and for relating customer needs to services outcomes as available in the the
market. The e3service ontology comprises two separate ontologies for service
modeling during design time, as well as configuration of services in bundles.
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Based on needs, a feature solution graph is constructed mapping needs or derived
constructs onto services. Then a set of bundles that can potentially covered the
given need is retrieved. The serviguration ontology, also known as the OBELIX
ontology is used o↵-line for the bundling of services [8]. Although the e3service
ontology focuses on deriving a service bundle based on a given need, e3service
does not build the complete SVN to provision the service bundle. Figure 2.6
depicts an SVN in which four actors performing di↵erent activities can jointly
work to provide what the customer needs.

2.2.6 VBC

Nakamura et.al. present the Value-Based Composition (VBC) approach [68].
Table 2.6 summarizes the aspects o↵ered by VBC which is composed of three
elements. 1) value models, 2) a value-meta model, and 3) a service broker.
The idea is to achieve composition by allowing customers to interact with a
service broker who has knowledge of service suppliers that can match customer
requests. Besides, the broker is composed of nine components. The broker has
two repositories, one for value models and one for process models. Both of
them store templates, nevertheless the authors only give examples of the first
one. The value templates are represented through value models and their Value-
based Service Description Language (VSDL) representation. At this point it is
very important to mention that the concept of value model is di↵erent from
the one specified by the e3value ontology. They conceive a value model as a
hierarchical structure in which the value of a service is described at di↵erent
levels. The broker can traverse this structure to evaluate whether the service
matches the expected values requested by the customer.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships None

Network Definition None

Visualization None

Orientation Business oriented

Tool support Standardized tools: Oracle BPEL 8

Table 2.6: VBC analysis

Customer Service
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VAT

Figure 2.7: VBC Example
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They also present an interesting idea about composing services through a
process of iteratively matching suppliers’ interfaces. Regarding the rest of the
elements within the broker, the authors do not present any example but just a
description of what is supposed to occur at each step. Moreover, the output of
their prototype shows an example where the performance of the whole process
is only specified. Therefore, it seems to be a work in progress. In this sense,
from our point of view, VBC shows two contributions: 1) the idea of a broker
composed of a set of elements for matching customer requests with services,
and 2) the iterative process for composing services. Although VBC does not
provide insights on service network modeling, it provides an automatic approach
for achieving composition [68]. Moreover, VBC also o↵ers meta models for
describing B2C interaction. Finally, Figure 2.7 depicts how an SVN might look
like under the VBC’s approach.

2.2.7 GVP

Zlatev proposes the concept of patterns to reuse knowledge and perform a semi-
automatic matching of needs, GVP [111]. Table 2.7 depicts the aspects covered
by GVP which considers a pattern as a recurrent design fragment that solves a
problem in a particular context. In this sense, Zlatev’s work focuses on designing
a library of patterns, these patterns are represented with value, process and goal
models. In this way, before starting the matching, a goal model must be defined.
This model represents what goals must be covered. Later on, parts of this goal
model are matched with the goal-model representation of the patterns, which
at the same time are linked to the value and process model representation.

Aspect Analysis

B2C interaction The customer is partially involved

B2B relationships Inter &. intra company relationships

Network Definition None

Visualization None

Orientation Business oriented

Tool support Non-standardized tools: e3value ontology

Table 2.7: GVP analysis
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Figure 2.8: GVP Example

The whole process relies on four steps. Starting with the design of a goal
model, following with the selection of patterns that match with the goal model,
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continuing with an evaluation where possible solutions are determined, and
finalizing with a synthesis step. Even though this methodology looks like a good
solution, the process requires a lot of human intervention, so there is neither
automation nor implementation of this process. In the end, GVP presents a
manual approach for service composition [111]. The main contributions of the
approach are: 1) Business orientation, and 2) the matching of customer desires
by means of goal models. Figure 2.8 depicts an GVP model, as can be observed,
GVP makes use of e3value models to represent an SVN. Nevertheless, GVP only
describes the actors involved within the SVN omitting information about the
internal activities performed by those actors.

2.2.8 Becker

Becker et.al. present a modeling language for bundling products and ser-
vices [13]. Table 2.8 summarizes the aspects covered by Becker’s approach that
takes into account four main requirements (supplier’s point of view, customer’s
point of view, bundle’s functionality & structure and bundle’s economic con-
sequences) which are addressed by a meta-model that allows to specify three
elements: the solution space, customer-specific instances from the solution space
and the economic consequences for the customer.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships Inter & intra company relationships

Network Definition Informal definition

Visualization Textual representation

Orientation Business oriented

Tool support No information provided

Table 2.8: Becker analysis
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Figure 2.9: Becker Example
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The generation of value bundles is performed based on the the three ele-
ments previously described. In this sense, three steps are required to generate a
value bundle. First, modeling value bundle types. It involves modeling possible
configurations of generic value bundles. Figure 2.9 illustrates how the bun-
dles, their internal modules (services or products) and outcomes are defined.
Second, customers configure individual value instances. The process requires
to indicate preferences about parameters like price, availability, delivery time
among others. Once the preferences are indicated, the configurator can make
recommendations about modules (services or products) to generate a bundle or
automatically generate the bundle. Finally, the computation of the economic
consequences for each bundle is performed. Based on this information, the most
adequate value bundle can be selected.

2.2.9 CPC

On the field of service bundling, Letia et.al. propose the idea of allowing Client-
Provider Collaboration (CPC) for achieving co-creation of service bundles [58].
Table 2.9 describes the aspects covered by CPS, which relies on a dialogue be-
tween the client and the supplier, such a dialogue takes the form of a persuasion
whose dynamic object is the current best composition. In order to achieve
this persuasion process, client and supplier use a common ontology for describ-
ing needs, where quality plays an important role. According to the authors, a
need has some quality requirements that can be represented by using two sub-
ontologies, one for properties and one for sacrifices. In this way in order to cover
a need, a supplier should match some quality properties while a client should
sacrifice something for getting the required quality.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships None

Network Definition None

Visualization None

Orientation Business oriented

Tool support None

Table 2.9: CPC analysis

Therefore under CPC, the best bundle is the one providing a good trade-o↵
between properties and sacrifices. The overall CPC process works as follows:
once the client submits a request, the supplier generates a possible bundle for
covering such request, giving at the same time a set of arguments supporting the
proposed bundle. Later on, the client provides either pro or counter arguments
for the given proposal. The supplier takes those arguments to either only counter
argument or provide other proposal and then counter argument. In fact there
are only two ways for finishing the dialogue, (1) the client can not counter
argument and then accepts the proposal, or (2) the supplier can not counter
attack or improve its proposal, therefore there is no acceptable bundle. Although
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CPC seems to be a good approach, all the idea lacks from a test in a real case,
therefore like with VBC the main contribution is only the idea about allowing
client-supplier collaboration for bundling services. In addition, since all the
interaction is between one client and one supplier, it is not clear if the approach
will also work in an environment where more than one supplier compete for
covering client needs.

2.2.10 Kohlborn

Kohlborn et.al. [54] propose a set of relationships for bundling services. The
aspects covered by this approach are described in Table 2.10. In this approach,
relationships are considered as connections among services. In addition, re-
lationships can play two roles (or even both) as enabler and/or constraint.
Furthermore, their approach distinguishes between two types of relationships,
generic and specific. In this sense a relationship is influenced by two dimensions,
the role it can play and its type. The main idea about defining roles is to allow
strategic reasoning when bundling services.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition None

Visualization None

Orientation Business oriented

Tool support None

Table 2.10: Kohlborn analysis

In this way when a relationship plays the role of enabler, it can help to
find services targeting the same type of needs. In contrast, as constraint a
relationship can discard among services. On the other hand, the idea behind
defining two types of relationships aims to constrain the solution space. Indeed,
the authors claim that the process of building bundles should move through
four stages. The first stage, called Possible Bundles, includes all the possible
combinations among services regarding validity or feasibility. The second stage,
Generic Bundles, contains the set of bundles that can fulfill the requirements
of generic relationships. In the same direction, the next stage, Specific Bundles,
includes the bundles that can cover the requirements of specific relationships,
such relationships are supposed to take into account a specific environment.
Finally, the last stage, Feasible Bundles, applies domain specific knowledge to
extract the set of bundles that can meet internal and external requirements. In-
ternal requirements are features as quality, risk assessment, service level among
others. External requirements deal with aspects such as customer demand, mar-
ket saturation or legislation. Although Kohlborn et.al. present an interesting
approach for bundling services, their work lacks from both case studies and ap-
plications, therefore the applicability of such approach remains more theoretical
than practical.
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2.2.11 O-WSP

One of the first attempts to achieve automatic service bundling was proposed
by Omelayenko [69]. Table 2.11 describes the main aspects of the O-WSP
approach. The author applies a Semantic Web approach called Open-World
Skeletal Planning (O-WSP). In this way the bundling problem is solved through
a planning-based reasoning which uses a skeleton to guide such process. Even
though this approach solves a bundling problem, the so-called skeletons are
process-oriented templates overseeing value aspects. In this way, the so-called
skeletons only describe the services to be performed following a description very
similar to a flow diagram. Among all the problems presented in his value models,
the most important are the inconsistency with the skeleton and the unnecessary
generation of failed plans.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition Informal definition

Visualization Graphical representation

Orientation Process oriented

Tool support Standardized tools: RDF 9. Non-
standardized tools: UPML-S [70] and
e3value [41]

Table 2.11: O-WSP analysis
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Figure 2.10: O-WSP Example

Omelayenko’s skeletons capture a basic representation of a service network [69].
Figure 2.10 shows a basic skeleton in which the activities to be performed are
depicted. As can be observed, this kind of skeleton only describes what activ-
ities must be sequentially performed missing information about the resources
exchanged among participants.

2.2.12 Traverso

Traverso and Pistore propose an approach for automatically composing Seman-
tic Web services, which can subsequently be transformed into executable pro-
cesses [104]. Table 2.12 describes the aspects covered by this approach which
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relies on several components: OWL-S process models for each service, a compo-
sition goal and a Model Based Planner (MBP). The first step requires translating
OWL-S process models into state transition systems (STSs) that describe the
dynamic interactions within services.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships Inter-company relationships

Network Definition Informal description

Visualization None

Orientation Process oriented

Tool support Standardized tools: OWL-S

Table 2.12: Traverso analysis

In the second step, a composition goal is defined. Afterwards, in the third
step the BMP generates a plan that interacts with services in such a way that
the composition goal is satisfied. Finally, the last step translates the plan to
BPEL4WS executable code. Although, the approach performs an automating
generation of plans that are supposed to deal with a specific goal, it does not say
anything about the interactions among customers and service suppliers. Finally,
the approach lacks from a visual representation that allows analyzing structural
properties of the composite service.

2.2.13 OntoMat-Service

Agarwal et al., present an approach to annotate, compose and execute Semantic
Web services [1]. The approach provides both a software piece and a four-step
framework in which suppliers and users interact to generate execution plans
where the active elements are web services. Table 2.13 summarizes the aspects
provided by OntoMat.

Aspect Analysis

B2C interaction The customer is involved

B2B relationships Inter & intra company relationships

Network Definition Informal definition

Visualization Graphical representation

Orientation Process oriented

Tool support Standardized tools: WSDL

Table 2.13: OntoMat-Service analysis

In the first step suppliers advertise their web services by means of WSDL
descriptions. The second step, which is called deep annotation, is performed by
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Figure 2.11: Onto-Mat Example

a user and it requires a mapping of rules between the WSDL-based advertised
services and concepts in a Client Ontology. Later on, the user interconnects the
desired web services based on either data-flow or control-flow driven planning
techniques. Finally, a software engine takes the plan and calls the web services
in the proper order. Figure 2.11 depicts an example of such service flow. As
can be observed, the customer is all the time involved in the composition of this
flow. The customer interact with the GUI form through which s/he has to do
the mapping of rules.

Even though this frameworks allows basic interaction between suppliers and
users, the composition process relies completely in the user side, which implies
that the user must have a good understanding of what s/he is building up.
According to Agarwal et al., OntoMat-Service does not aim at completely au-
tomating the discovery, composition and invocation of web services, but rather
the idea is to support users intelligence and guides them to add semantic infor-
mation such that only few valid paths remain to be chosen from by the user.

2.2.14 METEOR-S

Sivashanmugam et al., [95], provide the METEOR-S framework for web service
composition, which is composed of four components: the Process Builder, the
Discovery Infrastructure, XML repositories and the Process Execution Engine.
Table 2.14 describes the aspects supported by METEOR-S.

The whole idea relies on designing Semantic Process Templates (SPTs). This
is achieved by the Process Builder. Such templates are collections of activities
that can be linked by using control flow constructs. The Discovery Infrastruc-
ture allows suppliers to advertise their services by means of a so-called Reg-
istries Ontology which maintains a categorization of services according to their
domains 10. XML repositories are mainly used for managing (storing, searching,
sharing) ontologies, SPTs and WSDL service interfaces. Afterwards, once a SPT
is designed or selected from the repositories, the required services are discovered
and added to the data flow according to the required activities. Later on, an
executable process is generated based on the process template and the WSDL

10The authors claim that this categorization helps for finding the right services.
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Aspect Analysis

B2C interaction The customer is not involved

B2B relationships None

Network Definition Informal definition

Visualization None

Orientation Process oriented

Tool support Standardized tools: WSDL

Table 2.14: METEOR-S analysis

files of the participating services. Finally, the process is validated, deployed and
it is ready for invocation on the Process Execution Engine. Since all the idea is
around STPs, Sivashanmugam et al. actually aim to a framework for semantic
web process composition in which a skilled designer or a domain expert creates
templates for composite services that might be called later on.

2.2.15 Service Network Notation (SNN)

Bitsaki et al., [15, 26] present an approach for modeling service networks fo-
cusing on relationships and exchanges of software services among the involved
parties. The authors o↵er a formalism to model service networks by using
graph theory and visual constructs. The main concepts are: service o↵ering,
service description, service request, service providing, contract, service provid-
ing dependency and participant internal dependency. Table 2.15 summarizes
the aspects that are covered by SNN. Figure 2.12 depicts an SVN based on
SNN constructs. Although the approach models resource exchanges it focuses
on temporal dependencies among services and does not provide the notion of
economic reciprocity which is important for a business-oriented approach.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition Formal definition

Visualization Graphical representation

Orientation Process oriented

Tool support Standardized tools: BPMN11. Non-
standardized tools: SN4BPM

Table 2.15: SNN analysis

The authors also argue that the technology stack for enacting service net-
works consists of four elements: service network models, business processes,
service compositions and services. Consequently, they propose a modification
to the Business Process Management (BPM) life-cycle. In short, the traditional



32 SVNs: Design, Analysis and Composition

Participant

Service 
Offering

Service 
Description

Service 
Request?

Service 
Providing

Contract
Service 
Providing 
Dependency

Participant 
Internal 
Dependency

Customer

Buy service
Request ?

Pr
ov

id
in

g
G

oo
d

Sell Service
Offering

Service provider

Tax Office

Pay VAT
Request?

Providing
Legal C

.

VAT Payment
Offering

Ad
Company

Publicity
Request?

Providing
A

udience
Publicity
Offering

Contract

Contract Contract

after
before

Figure 2.12: SNN Example

life-cycle involves six steps: analysis, modeling, ICT refinement, deployment,
execution and monitoring. In this sense, the authors propose to add an extra
step called rationalization which deals with the modeling and analysis of SNNs
models. As a matter of fact, the idea is to create a bond between the SNNs
models and the abstract process models.

Once the service network is created, they map such representation to Busi-
ness Process Modeling Notation (BPMN). The resultant BPMN process specifies
the operational details to be carried on within the service network. Although
the authors o↵er a novel approach for modeling service networks, they do not
say anything about how such service networks can be influenced by customers.
Moreover, the transformation to BPMN is made by hand which constraint the
possibility for developing an automatic process. Finally, since the design of
service networks is also performed by hand, the approach is not suitable for
automatically composing such networks.

2.2.16 DynamiCoS

Da Silva et al., [25] describe the so-called DynamiCoS framework for runtime dis-
covery, selection and composition of semantic services. The framework provides
a service registry where services are semantically described by means of ontolo-
gies. Briefly a service is represented as a tuple s =< ID, I,O, P,E,G,NF >,
where ID is the service identifier, I and O stand for input and output respec-
tively, E are the service e↵ects, G the goals that can be achieved by the service,
and NF is the set of non-functional properties and constraint values. Table 2.16
summarizes the aspects covered by this approach.

Service developers publish services into the service registry following the s
representation, an end-user also sends requests following the s representation 12.
Once an end-user defines a service request, DynamiCoS discovers the services
that semantically match such request. Later on, a graph-based algorithm com-

12The authors do not mention whether ID is also part of the final request, but we assume
that is not the case.
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Aspect Analysis

B2C interaction The customer is involved

B2B relationships None

Network Definition None

Visualization None

Orientation Process oriented

Tool support Standardized tools: OWL

Table 2.16: DynamiCoS analysis

pose services to fulfill the service request. Overall DynamiCoS o↵ers a runtime
approach for composing semantic services matching user requests, nevertheless
the authors does not say anything about how a user can select one composite
service among the alternative options. Moreover, they also assume that a user
is completely aware of the services he requires to satisfy his need, which is not
always the case with users lacking of technical background. Finally, they also
claim that whenever a user request cannot be matched with the services in the
service registry, they can request the user to refine the details of his request,
nevertheless along the paper there is no explanation about how they perform
such action.

2.2.17 u-service

Lee et al., [57], describe a service bundling method which uses service com-
plementary indexes. The idea is to bundle services according to a similarity
measure. The approach relies on a Case Based Reasoning (CBR) algorithm to
determine whether user satisfaction is met or not. Whenever user satisfaction
is below a given threshold, several strategies can be followed. 1) If any individ-
ual single service can meet the requirements, according to the current context,
select the individual service with the highest similarity. If not, 2) given the user
context find a bundled service with the highest similarity and provide it to the
user. 3) If there is no an existing bundled service, then the already provided ser-
vice must be bundled with other service. The aspects covered by this approach
are described in Table 2.17.

This bundling requires both services have high complementary indexes. In
addition, once a new bundle is generated, it is added as a new case for the
current user context. To sum up, Lee et al. propose an algorithm for bundling
services based on user context and service complementary indexes.

2.2.18 Blau

Blau et al. have already proposed an approach to formalize and economically
analyze SVNs [18, 17]. They provide definitions for the SVN concept itself as
well as for their characteristics, structure and components. Roughly, they define
an SVN as smart business networks, which provide business value through the
agile and market-based composition of complex services by the use of ubiqui-
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Aspect Analysis

B2C interaction The customer is involved

B2B relationships Inter company relationships

Network Definition None

Visualization None

Orientation Process oriented

Tool support Not mentioned

Table 2.17: u-service analysis

tously accessible information technology [18]. A summary of the aspects covered
by this approach are presented in Table 2.18.

Aspect Analysis

B2C interaction The customer is not involved

B2B relationships Inter & intra company relationships

Network Definition Formal definition

Visualization Graphical representation

Orientation Process oriented

Tool support Not mentioned

Table 2.18: Blau’s SVN analysis
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Figure 2.13: Blau’s SVN Example

Moreover, they also argue that the final outcome produced by an SVN is
a sequence of modularized service o↵ers, which are arranged within a set of
candidate pools and can be provided by di↵erent service providers. In this way,
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an SVN is composed by hand and also designed as a way of template from
which so-called modularized service o↵ers can be instantiated to create the final
sequence of modularized service o↵ers, i.e. a so-called complex service.

Since the design of the SVN imposes an ordering on the the way the service
o↵ers must be performed, this approach resembles the O-WSP approach intro-
duced by Omelayenko [69]. Fig. 2.13 depicts an example of an SVN realizing
the Buyer-Seller-Tax O�ce-Ad Company example. Shortly, the complex service
composed of the Selling service, the Tax service and the Ad Service is triggered
once the buyer makes use of the selling service.

2.2.19 USDL

The Universal Service Description Language (USDL) has been recently pro-
posed aiming at describing services from a business, operational and technical
perspective [20, 10]. Since USDL is just a description language, it provides only
nine packages (Functional, Interaction, Participants, Pricing, Service, Legal,
Technical, and Service Level Module) that describe concepts and relationships
centered around the notion of service [10]. In this way, USDL-based methods
and tools to compose SVNs are yet to be developed. The main aspects covered
by USDL are summarized in Table 2.19.

Aspect Analysis

B2C interaction None

B2B relationships None

Network Definition Informal

Visualization None

Orientation Business and Process oriented

Tool support XML-based

Table 2.19: USDL analysis

As claimed by its developers, USDL aims at providing a uniform conception
of services covering several spheres such politics, economics, business, entertain-
ment among others. It is thought to become a standard to create “commercial
envelope” around a service for the so-called Internet of Services (IoS). Nonethe-
less, it lacks from aspects such as B2C interaction and B2B relationships which
are key to describe service networks and SVNs.

Finally, the community of designers and developers behind USDL is still
working on open issues regarding USDL completeness [14], manual modeling of
commercial services [96] and future requirements coming from potential users [65].

2.3 Discussion

In this chapter we have analyzed approaches to design, analyze or compose ser-
vice networks. Even though each approach models service networks for di↵erent
purposes, they also share some aspects which are described in Sect. 2.1.2. More-
over, we have also provide an illustrative example for each approach to visualize
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how these approaches model service networks. However, there were approaches
in which we could not provide a visual about the way they model a service
network. This problem relies either on the lack of tools for modeling (CPC and
Kohlborn) or the complexity to represent the service network (Becker, Traverso,
u-service and USDL). Table 2.20 summarizes the aspects covered by each ap-
proach. As can be observed it is only Blau et al., VNA and SNN the approaches
that provide a formal definition about networks. VNA provides a definition for
value networks while SNN provides a definition for service networks, however
VNA focuses on analyzing value networks and SNN on composition of service
networks(Figure 2.1). Contrary, Blau’s approach provides definition for SVNs
while also aiming at analyzing and composing SVNs.

B2C B2B Network Visualization Business Tool
int. rel. Definition Oriented Support

BMO [71]

REA [66] ⇡
Allee [4] ⇡
Serviguration [8] ⇡
e

3
family [41] ⇡

VBC [68] ⇡
GVP [111] ⇡ ⇡ ⇡
Becker [13]

CPC [58]

Kohlborn [54]

O-WSP [69] ⇡
Traverso [104] ⇡ ⇡
OntoMat-Service [1] ⇡
METEOR-S [95] ⇡
SNN [15, 26] ⇡
DynamiCoS [25] ⇡ ⇡ ⇡
u-service [57] ⇡
Blau [18]

USDL [10] ⇡

Table 2.20: Required Aspects. fully supported, ⇡ partially supported

We provide tables to analyze business and implementation aspects for each
approach (Table 2.21 and Table 2.22). Since several approaches consider the
notion of value and economic reciprocity, in Sect. 2.1.1 we have provided a
definition for SVNs that focuses on these aspects. In many approaches, value
aspects of services are ignored simply because this information is usually implicit
or not representative enough. Yet both Social Web and Semantic Web have
liberated critical amounts of linked data about people, needs, and services that
provide an actionable foundation for a Service Web to emerge from dynamic
communication within and between customer and supplier communities [62].

Indeed, currently services (like iPhone apps) are too much pushed by suppli-
ers; anticipating mainstream needs [22]. Yet as more and more customers can
express and discuss their needs freely, niches will rather pull profitable service
markets to thrive. e.g., a community of interest can use collaborative tools to ex-
press, discuss, and detail their needs and value expectations, and finally publish
a request for proposals to the self-organising service market. Service suppliers
can participate in proposing a reasonable o↵er to these needs, on which commu-
nities in turn can critique. Therefore, a dynamic interaction between customers
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B2C B2B Business
interaction relationships Oriented

Customer Dialogue Inter Intra Value Economic
Need Perspective Reciprocity

BMO [71]

REA [66]

Allee [4]

Serviguration [8]

e

3
family [41]

VBC [68]

GVP [111]

Becker [13]

CPC [58]

Kohlborn [54]

O-WSP [69]

Traverso [104]

OntoMat-Service [1]
METEOR-S [95]

SNN [15, 26]

DynamiCoS [25]

u-service [57]

Blau [18]

USDL [10]

Table 2.21: Business aspects

and suppliers is a key aspect as depicted in Sect. 2.1.2. Nevertheless, as can be
observed in Table 2.22, there are still several approaches that perform a man-
ual or meta-model based composition for service networks, i.e. they follow a
given template to perform the composition. Future e↵orts must focus also on
providing a framework to allow dynamic composition for service networks.

Approaches such as customer interaction- or user sentiment-analysis can
source now from big enough customer communities in order to give a repre-
sentable image on how service networks can anticipate and evolve towards new
expectations. Although the Wikinomics bubble in the top-left corner in Fig-
ure 2.1 is still isolated from the state of the art, Tapscott’s work may inspire
future service network composition approaches [102, 103]. Along this line, Pedri-
naci et al. introduce the notion of Linked Services that tap from Linked Data
initiatives to drive their composition [74]. Maamar et al. describe how service
engineers can capitalize on Web services’ interactions - namely, collaboration,
substitution, and competition - to build social networks for service discovery [62].

The highly variable customer needs emerging from the social Web stretch
the long tail of the market call; hence call for multi-supplier service bundles
that cannot be o↵ered by single parties. One example specifically for book re-
selling is Amazon, that also relies on many third-party book shops globally to
have such a wide o↵ering and quick delivery to its customer. This composition
problem can be partly automated, but will still involve a considerable amount
of human-driven dialogue. Key here is to model, analyze, and match divergent
perspectives on the notion of value, including needs and services, by customers
and suppliers respectively [2, 82]. In order to express this knowledge unambigu-
ously, communities agree on common semantics of vocabularies and rules [32].
Though detailed enough to prevent misinterpretation, these standards should
be as generative as possible to allow mass-scale adoption. Apart from FOAF
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Network Visualization Tool Support
Definition for Composition
I F T G M MM D

BMO [71]

REA [66]

Allee [4]

O-WSP [69]

Serviguration [8]

e

3
family [41]

VBC [68]

GVP [111]

Becker [13]

Traverso [104]

OntoMat-Service [1]

METEOR-S [95]

SNN [15, 26]

DynamiCoS [25]

u-service [57]
CPC [58]
Kohlborn [54]

Blau [18]
USDL [10]

Table 2.22: Implementation aspects. I = Informal, F = Formal, T = Textual,
G = Graphical, M = Manual, MM = Meta-model, D = Dynamic.

and SIOC - which are standards to link social data - one recent successful ex-
ample is GoodRelations13, a global initiative to leverage SMEs by publishing
e-commerce data in a standardized fashion.

2.4 Composition Issues

Since we aim at providing an answer to our research question: “How to compose
SVNs matching specific customer needs with computer-based support?”, in this
section we elaborate on the issues to be addressed as well as how they can be
solved.

Contrary to common trends in Service Science that address the service com-
position problem as a planning problem [35], the composition of SVNs can also
be addressed from a design perspective. This is mostly due to the fact that busi-
ness modeling is centered around the notion of value which requires describing
what the participants exchange with each other rather than how, i.e. there is
no need to deal with the ordering of exchanges. [39]. Furthermore, an SVN ul-
timately represents an o↵er for providing an arrangement of services to a given
customer [20].

Based on the service network criteria and the ICT support ideas described
in Sect. 2.1.2 and Sect. 2.1.3 respectively, we can also specify the aspects to be
covered by our composition framework. Table 2.23 presents the aspects of our
service network criteria and the ways they can be addressed.

In this way, to cover the aspects in table 2.23 and achieve composition of
SVNs, three issues must be addressed:

13http://purl.org/goodrelations/

http://purl.org/goodrelations/
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Aspect Solution design

B2C interaction Dialogue-based interaction.

B2B relationships e3value exchanges

Network Definition Already provided in Sect 2.1.2.

Visualization Supported by e3value models.

Orientation Business oriented.

Tool support e3value tools

Table 2.23: Aspects to be covered by our interactive framework to compose
SVNs.

Knowledge representation This issue elaborates on the need of represent-
ing customer needs and service suppliers. Whereas customer needs are required
to be represented in terms of specific requirements, services must focus on valu-
able resources that also provide specific requirements.

Reasoning To facilitate the co-creation of SVNs, customers and suppliers
must have the opportunity to express their needs and o↵erings respectively.
Moreover, in case SVNs do not fit the customer needs, customers must be able
of giving feedback to allow the composition of new SVNs that can better fulfill
their needs. Moreover, the SVNs must be composed based on the functionalities
required by a single customer or group of customers which requires generating
alternative SVNs that must meet the customer needs. Finally, once SVNs have
been composed, we must analyze the individual properties of each SVN to
determine how well each SVN fits the customer need.

Software support The last issue establish the need for supporting the com-
position of SVNs by means of software elements. The given software-based
support must provide means so that an interaction can be establish allowing
customer to take part within the composition of SVNs.

Summarizing, in this section, we have identified three composition issues
knowledge representation, reasoning and software support, which are addressed
in Chapter 3, 4 and 5 by describing the required knowledge to compose SVNs,
an interactive composition framework and a software prototype respectively.

2.5 Conclusions

To address our research question: “How to compose SVNs matching specific
customer needs with computer-based support?” we have analyzed di↵erent ap-
proaches to design, analyze, describe and compose SVNs.

Briefly, Sect. 2.1 presented some definitions as well as our comparison criteria
to analyze the di↵erent service network approaches. Later on, Sect. 2.2 described
each approach while Sect. 2.3 provided a general discussion. Finally, Sect. 2.4
described the composition issues and the ways in which they can be addressed.
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Based on the analysis performed in Section 2.2 we can conclude that al-
though several approaches are business oriented, there is not yet any approach
to compose SVNs taking care of the criteria defined in Sect 2.1.2, i.e. B2C inter-
action, B2B relationships, network definition, visualization, business orientation
and tool support.

To take care of the six aspects within the service network criteria, we have
defined three issues to be addressed: knowledge representation, reasoning and
software support. The next chapters describe our solution design: Chapters 3, 4
and 5. Chapter 3 presents ontologies to describe customer and supplier perspec-
tives, whereas Chapter 4 describe an interactive composition framework. Later
on, Chapter 5 presents a software prototype which allows to compose SVNs.
Finally, we evaluate our composition framework by means of two case studies
(Chapters 6 and 7 and numerical simulations (Chapter 8).
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Chapter 3

Knowledge Support to
Compose Service Value
Networks

This chapter presents two generic ontologies for describing Service Value Net-
works (SVNs). A customer ontology to express customer needs into specific func-
tional requirements and a supplier ontology to describe services o↵ering valuable
resources which provide several functional requirements.

The content of this chapter is based on the following publications:

• Iván S. Razo-Zapata, Pieter De Leenheer and Jaap Gordijn. Value-based
Service Bundling: a Customer-Supplier Approach. In Proc. of Service-
oriented Enterprise Architecture for Enterprise Engineering (SoEA4EE)
Scientific Workshop (EDOC 2011), 2011 [83].

• Jaap Gordijn, Pieter De Leenheer and Iván S. Razo-Zapata. Generat-
ing Service ValueWebs by Hierarchical Configuration: An IPR case. In
Proceedings of HICSS 44, 2011 [43].

• Iván S. Razo-Zapata, Pieter De Leenheer and Hans Akkermans. Ser-
vice Value Networks for Competency-Driven Educational Services: A Case
Study. In Proceedings of the 6th international BUSITAL workshop, 2011 [84].

In Chapter 2 we provided an analysis on how the composition of Service
Value Networks (SVNs) can be addressed. We highlighted the need for properly
describing the required pieces of knowledge to achieve a computer-supported
composition. In this chapter we provide the tools to describe the knowledge that
allows to compose SVNs. We present two ontologies: 1) a customer ontology
to express customer needs in terms of specific functional requirements, 2) a
supplier ontology to describe how service suppliers o↵er valuable resources that
provide functional requirements.

Since the composition of SVNs must provide a clear design of how service
suppliers can jointly provide a solution for a customer need, the customer ontol-
ogy allows to specify how a customer need can be solved by means of functional

43
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requirements and how service suppliers can o↵er valuable resources to provide
functional requirements. Moreover, in this chapter we answer our first two re-
search questions.

RQ1: How to represent (capture) customer needs in a computational feasible
way?, is answered by providing a generic customer ontology to map customer
needs onto specific functional requirements. Such ontology allows then to per-
form a computer-based representation of customer needs. The given ontology
has been previously described in [84, 83].

RQ2: How to design a computer-readable service catalogue?, is answered by
means of a generic service supplier ontology that has been previously described
in [43, 84] and focuses on value modeling. Ultimately, the ontology can be used
to design a computer-readable service catalogue.

To conclude, the contribution of this chapter is threefold. First, it describes
the integration of the e3service ontology into the e3value ontology. Second, by
using the generic service supplier ontology we can build service catalogues for
di↵erent domains. Third, it also extends the e3value ontology to allow describ-
ing SVNs that can be visualized by means of e3value models.

The rest of the chapter is organized as follows: Sect. 3.1 describes, by us-
ing a generic ontology, the concepts related to customer needs as well as their
relationships. In a similar way, Sect. 3.2 introduces a generic ontology that
represents the concepts and relationships to describe services. Finally, Sect. 3.3
summarizes the main ideas and provides also the required background for Chap-
ter 4.

3.1 Customer Needs

Customer needs are commonly described in abstract (high-level) terms that
might lead to several possible solutions [7, 61, 28]. For instance, the customer
need: How can I improve my programming skills?, can be addressed by improv-
ing skills in areas such as: 1) Web Applications Development, 2) Data Analysis
and Design or 3) Event-Driven Programming. Moreover, since a need represents
a problem statement or goal that is independent from any solution direction,
it must contain information to allow mapping the abstract terms onto specific
requirements that can be matched against services [7, 28].

Based on previous research, we address the customer needs taking into ac-
count three main concepts: Need, Consequence and Want [7, 48, 28]. A cus-Need, Consequence and

Want tomer need may be considered as the broadest and most basic physiological and
psychological requirement for a person’s well-being [7]. On the one hand, needs
represent problems (goals) which can be solved (achieved) by means of variety
of solutions [48]. On the other hand, consequences as defined by Gutman [48],
are any result (physiological or psychological) directly or indirectly received by
the customer from his/her behaviour. In this way, whereas needs represent ab-
stract problems, consequences represent the concrete means through which the
problems can be solved.

Wants are defined by Kotler as desires for specific satisfiers of customer
needs [55]. Even more, a want represents a solution currently available in the
market that contains/encapsulates the set of consequences to solve a customer
need [7, 55, 28]. Nonetheless, sometimes a single want can not solve a single
solution [55]. For example, if a person needs food, s/he might want a beefsteak
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but also a salad and wine [55]. In this case the beefsteak, the salad and the wine
are wants that jointly solve the need of getting food. Furthermore, since a need
can be solved by multiple wants, a need can also require multiple consequences.
To deal with this diversity, previous research has designed the so-called e3service
customer ontology which is explained in the following paragraphs [28].

3.1.1 An Ontology for Customer Needs

To represent customer needs in a computational way, we make use of the generic
e3service customer ontology previously developed by De Kinderen et al. [28]. e3service
The e3service customer ontology is based on concepts from established customer
behavior and marketing literature [47, 7, 28, 55, 92]. Although the ontology
originally contains six concepts (Need, Consequence, Want, Functional Conse-
quence, Quality Consequence and Scale), we have reused only four of them to
address the composition of SVNs.

Since the composition of SVNs must focus on what network participants
(customer and services) exchange with each other [11], i.e. functionalities o↵ered
by tangible or intangible resources, we ignore the concept Quality Consequence
(QC) and the concept Scale which is only related to QC.

The Figure 3.1 depicts the concepts that we have reused as well as the
relationships among them.

Need A need is a basic human requirement that can be specified (concretized)
by means of one or more consequences [7, 55, 28].

Example: Get food, Travel to another city, Improve programming skills.

Consequence

Need

Want

Specified by    1...*

Consists of Depends on
0...* 0...*

Has    1...*

Contained in   0...*

Functional
consequence

Figure 3.1: The e3service customer ontology [28].

Consequence A consequence is any kind of result (physiological or psycho-
logical) acquired by consuming a valuable resource (tangible or intangi-
ble) [47, 28].

• Functional Consequence [28] represents the functional goal that can be
achieved through consumption of a valuable resource, i.e. a service out-
come that has a certain valuable property.

There is also a set of relationships that was designed in previous work to
allow the mapping from needs onto specific consequences [28].

• specified by - a customer need is specified by one or more consequences.
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• depends on - a consequence can depend on oner or more consequences, i.e.
one consequence cannot be acquired without another consequence.

• consists of - a consequence might consist of other consequences, i.e. high-
level (abstract) consequences can be decomposed into more concrete con-
sequences.

Example: Low Fat, Gluten Free (Get Food), Flexible schedule for up to 10
days, Wi-Fi access (Travel to another city), Design and Developing a Web Site,
Website Management (Improve programming skills).

Want A want is a solution that is commercially feasible to be provisioned on
its own [55, 28] . As a want indicates a solution available in the market,
at least one supplier should be willing to provide the solution.

Example: A Salad, A Train Ticket, A Web Developing Course.
This section has introduced an ontology containing the concepts and re-

lationships required to refine customer needs in terms of specific Functional
Consequences (FCs). By using this ontology, a customer catalogue can be de-
signed to represent customer needs focusing on specific FCs. The required tool
support to achieve this computer-based representation is explained in Chap-
ter 5, whereas the design of a customer catalogue is explained for di↵erent case
studies in Chapters 6 and 7. Finally, this customer ontology provides an answer
to the research question RQ1: How to represent (capture) customer needs in a
computational feasible way?.

The next section explains how service suppliers can also be described using
an ontology that focuses on valuable resources o↵ered by these suppliers and
Functional Consequences (FCs) related to resource’s consumption.

3.2 Service Suppliers

Since the notion of commercial service has a background in marketing andCommercial service
social studies [40, 8, 28, 61], they cannot be equally described as the so-called
web services [19, 35], which are mostly pieces of software described in terms
of IOPEs 1. Nonetheless, we recognize that some functions of a commercial
service might be partly supported by web services such as, e.g., billing facilities.
To automatically compose SVNs, however, a computer-readable description of
commercial services is still required. Rather than describing commercial services
based on IOPEs properties (as done by web services), we describe commercial
services in terms of marketing-oriented concepts such as value transfer, value
activity, value o↵ering and consequence [7, 55, 40, 28, 61].

To this aim, as a tangible contribution, we have aligned two ontologies:
e3value [40] and e3service [28]. Whereas the e3value ontology o↵ers not onlye3value and e3service
business-oriented concepts but also maturity (it has been used in di↵erent in-
dustries such as aviation, electricity, health care, music and telecom industry 2)
and tool support, the e3service ontology o↵ers service-oriented concepts as well
as initial experimentation showing the potential for describing services from a
value-oriented perspective [28].

In this section we provide an example of how a service can be describedExample

1IOPE: Input, Output, Pre-conditions and E↵ects.
2http://e3value.few.vu.nl/research/
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(in this case an educational service) by means of the generic service supplier
ontology explained in Sect. 3.2.2 and Sect. 3.2.3. We have harvested a pub-
licly available database of educational services and selected only one service
to exemplify how the supplier ontology is used. The database is available at
http://register.ofqual.gov.uk/, the website of the National Database of Accred-
ited Qualifications (NDAQ) containing details of recognized awarding organiza-
tions and regulated qualifications in England, Wales and Northern Ireland.
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Figure 3.2: Example of a service profile.

Fig. 3.2 depicts how The City and Guilds of London Institute (actor) per-
forms a value activity (service element - Teaching Course 500/3474/1) that
o↵ers a Diploma in ICT (value object) through the value port P1 in the value
interface VI1. As can be observed, Value Interface Instances are depicted as A service
rows, Value Port Instances are part of Value Interface Instances and Attribute
Instances are depicted as cells being part of Value Port Instances. In this ex-
ample we represent that the Diploma in ICT can have specific attributes such
as ID and Assessment (A or B 3). Moreover, depending on the values of the at-
tributes, The City and Guilds of London Institute can require di↵erent amounts
of money for the Diploma being o↵ered, which is depicted in the instances of
the value port P2.

Furthermore, as elaborated in Sect. 3.2.3, value interface instances can have
dependencies with other interface instances. The idea is that, because value
objects such as the Diploma in ICT can have very specific attributes, other
value objects also with specific attributes can be required. In this case, the
value interface instance with attribute ID 222 depends on the value interface
instance with attribute ID 701. This kind of dependencies allows services to
focus on their core business (in this case the course 500/3474/1) and delegate

3A = E-assessment, and B = Practical Demonstration/Assignment
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non-core activities to service enablers (i.e. since a help desk is not a core business
for an educational service, it can be delegated to a service enabler).

Finally, the o↵ered Diploma has two Functional Consequences: FC1 (Database
Software Use) and FC2 (Data Analysis and Data Structure Design) that are the
result of consuming the value object Diploma in ICT. Moreover, these are con-
crete means in which a customer need can be satisfied.

3.2.1 An Ontology for Service Suppliers

The Figure 3.3 depicts the concepts used to describe services. The concepts com-
ing from e3value are in white, whereas the concepts coming from the e3service
supplier ontology are in dotted boxes. Furthermore, new concepts required to
achieve composition are in light gray.
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Figure 3.3: The e3service [28] supplier ontology aligned to the e3value [40]
ontology.

Briefly, we consider service suppliers as actors performing activities (value
activities) that produce service outcomes (value objects) which can be o↵ered to
customers. In addition, as a result of its use or consumption, a value object has
functional consequences. Finally, a service bundle consists of service elementsService bundle
which are special types of value activities [40, 28]. All the concepts and their
relationships are described in the sections 3.2.2 and 3.2.3. First, we explain all
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the concepts coming from the e3value and the e3service ontologies (Sect. 3.2.2).
Second, the relationships among the concepts are explained (Sect. 3.2.3).

3.2.2 Concepts

Actor An actor is any enterprise, organization or individual that performs an
economic activity [40, 28, 82, 86].

Example: An educational institution performs activities such as teaching,
training or tutoring (see Fig. 3.2). In the same way, a citizen can perform
activities like shopping, working out or repairing goods, e.g. a shoe repairer.

Value Activity A Value Activity is an economic activity leading to a profit or
an increase of value for the performing actor [40].

Example: Educational institutions increase their value (most of the time in
terms of the money they get from fees) by performing activities like teaching
(see Fig. 3.2).

• Related concepts

Service Element - since we consider both services and value activities
as commercial activities, a service element is also considered as a type
of value activity [84].

Service Bundle - because a service bundle consists of at least one ser-
vice element, it is an special type of value activity that can be per-
formed by more than one actor (in the case the service bundle consists
of more than one value activity). Furthermore, service elements can
be part of zero or more service bundles. In this way, a service element
can be o↵ered on its own or as a part of a service bundle [8, 28, 82].

Value Object A Value Object is any tangible or intangible valuable element
that is exchanged among services [40, 61, 84].

Example: As depicted in Fig. 3.2, an educational service can exchange a
Diploma in ICT (tangible) for a given course with a customer that gives in
return Money perhaps by means of an electronic payment (intangible).

Value Port A Value Port is a construct used by actors to indicate that they
want to o↵er/request value objects to/from the environment (which is
composed of other actors) [40, 84]. Moreover, value ports also allow to
interconnect actors exchanging value objects [40, 84]. Furthermore, value
ports have a property called direction. Depending on whether a value port
o↵ers or request a value object, the direction can be in or out respectively.

Example: In Fig. 3.2, value ports P1 and P2 are used to indicate that the
actor (The City and Guilds of London Institute) wants to o↵er a Diploma in
ICT and request Money. Similarly, value ports P3 and P4 are used to indicate
that the same actor wants to o↵er Money and request a Help Desk.

Value Transfer A Value Transfer represents the trading of value objects be-
tween the value ports, i.e. what value objects are exchanged [40]. Since a
value transfer connects two value ports, four types of value transfers are
possible (Which are also defined in the original e3value ontology [40]):
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• Actor-to-Actor connects two opposite directed ports in value interfaces
of di↵erent actors.

• Actor-to-Bundle connects two equally directed ports in value interfaces
of an actor and a service bundle.

• Actor-to-Activity connects two equally directed ports, where the first
port is in a value interface of an actor, and the second port is in a value
interface of a value activity which is performed by that actor.

• Activity-to-Activity connects two opposite directed ports in value in-
terfaces of di↵erent value activities, which are both performed by the same
actor.

Example: Value transfers are depicted as lines connecting value ports in
Fig. 3.2.

Value O↵ering A Value O↵ering is a set of equally directed value ports in-
dicating what value objects an actor is willing to exchange within the
environment [40].

There are two types of o↵erings: out-going o↵ering and in-going o↵ering.
Whereas the first one indicates that an actor o↵ers one or more value objects to
the environment, the second type is used to denote that an actor requests one
or more value objects from the environment.

Example: Although a value o↵ering does not have a graphical representation,
in Fig. 3.2 the value port P1 is in an out-going o↵ering, whereas the value port
P2 is in an in-going o↵ering.

Value Interface A Value Interface is a construct that allows to group value
ports in reciprocal value o↵erings [40]. Furthermore, a value interface also
relates to the notion of economic reciprocity which assumes that actorsEconomic reciprocity
only o↵er value objects to other actors if they receive their requested value
objects in return [40]. A value o↵ering models one side of the reciprocity,
what it is being either o↵ered or requested, whereas a value interface mod-
els the whole notion of economic reciprocity. For instance, an educational
institution can o↵er on-line tutoring plus a diploma (out-going o↵ering)
in exchange for a given fee (in-going o↵ering).

Although a value interface might consist of only one o↵ering, aligned with
the notion of economic reciprocity, most of the time a value interface consists of
one in-going value o↵ering and one out-going value o↵ering. Actors and value
activities can have one or more value interfaces grouping value ports by means
of value o↵erings.

Example: Value Interface can be observed in Fig. 3.2 grouping value ports
P1,P2 and P3,P4.

Consequence A consequence, as already defined in Sect. 3.1, is any kind of
result (physiological or psychological) acquired by consuming a value ob-
ject [47, 28]. A Functional Consequence, also defined in Sect. 3.1, repre-
sents the functional goal that can be achieved through consumption of a
valuable resource [28].
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Example: In Fig. 3.2 the value object Diploma in ICT consists of the Func-
tional Consequences: FC1 (Database Software Use) and FC2 (Data Analysis
and Data Structure Design).

Attribute An Attribute indicates supplier specific properties for a given value
object [43].

Example: A certificate o↵ered by an educational service can have attributes
such as ID, assessment method, level, study hours per week, number of units,
or credits.

Comparison A Comparison operator allows to compare two attributes from
two di↵erent value ports in di↵erent value o↵erings [43].

Since a value object being o↵ered through a value port is constrained by
specific attributed associated to the given value port, a comparison operator Comparison operator
is needed to distinguish among alternative attributes associated to other value
ports.

Example: A given certificate is constrained by attributes such as number
of credits, which is an specific number of credits that can be provided by an
actor, i.e. it is an specific attribute associated to the actor’s value port. Using
a comparison operator, it can be assured that the number of credits is equal to
(or greater than) the number of credits required by a customer, i.e. operators
like = or � must be defined.

Furthermore, in order to generate SVNs with concrete actors, we have to
represent the concrete services (refine them) in terms of specific value objects.
For instance, it might be required to specify the specific amount of money or
the ID of a given object (e.g. an ISBN code for a book). Therefore, we have
to provide the possibility of representing concrete instances. The new concepts
allowing this more detailed representation of services are depicted at Fig. 3.3 in
light gray [43].

A further level of detail requires to indicate real-world values for the at-
tributes since service suppliers can actually o↵er value objects with the same
attributes but with di↵erent values for each attribute. For instance, a certificate
o↵ered by a course can have attributes such as number of credits, study hours
per week among others. Depending on whether the course is intensive or not,
the study hours per week can be di↵erent. To deal with such issue, we have
included the possibility of creating instances for value interfaces, value ports
and attributes.

Value Interface Instance AValue Interface Instance represents supplier-specific
information about its value ports through which value objects are o↵ered
and requested [43].

Example: Value interface instances are depicted as rows within tables in
Fig. 3.2.

Value Port Instance AValue Port Instance denotes supplier-specific attributes
for the value objects being traded [43].

Example: Value port instances are depicted as groups of cells belonging to
a value interface instance in Fig. 3.2.
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Attribute Instance An Attribute Instance defines supplier-specific values for
the attributes contained in value object [43].

Example: Attribute Instances are depicted as cells within the tables in
Fig. 3.2.

This subsection has introduced the concepts related to the service supplier
ontology which is the result of aligning the e3service supplier ontology [28] and
the e3value ontology [40] .

3.2.3 Relationships

This subsection elaborates on the relationships among the service-supplier con-
cepts, it provides an explanation regarding each kind of relationship and when
possible also a visual.

Actor As already defined, an actor is any enterprise, organization or individ-
ual that performs an econonic activity [40, 28, 82, 86].

• performs - actors perform one or more economic activities that yield profit
or increase economic value for the performing actor, i.e. value activi-
ties [40](see Fig. 3.4).

• with assigned - actors are provided with one or more value interfaces
through which they can o↵er valuable resources produced/generated by
the activities that they perform [40](see Fig. 3.4).

Value Activity Since any activity that leads to a profit or increase in value
is considered as a value activity (economic activity), there must be at least one
actor willing to perform such activity.

• performed by - a value activity is performed by one and only one ac-
tor [40](see Fig. 3.4).

• with assigned - a value activity as well as an actor can be provided with
one or more value interfaces [40](see Fig. 3.4).

Value Object By performing value activities, actors can o↵er value objects
with specific FCs that are valuable to other actors. Moreover, the value objects
are exchanged among actors through value ports.

• o↵ered-requested by - value objects are o↵ered and requested by value
ports that facilitate their transfer [40](see Fig. 3.4).

• has - a value object has consequences that are triggered as a result of its
use or consumption [40](see Fig. 3.4).



3.2. SERVICE SUPPLIERS 53

Value
Activity 1

Actor 1

Actor

Value
Activity

Value
Interface

Value
Port

Legend

Functional 
Consequence

Value 
Object 1

Value Port 1 Value Port 2

Value Interface 1
Value Interface 2

Offers Requests

Has Value 
Object 2

FC3
FC2FC1

Value 
Object

Performs
Performed by

With assigned
With assigned

Figure 3.4: Example of relationships among Actors, Value Activities, Value
Interfaces, Value Ports, Value Objects and Consequences.

Value Transfer Depending on the type of value transfer [40] (see Sect. 3.2.2),
di↵erent types of relationships are used. For the types Actor-to-Actor and
Activity-to-Activity, the relationships between in and between out must be used.
For the types Actor-to-Bundle and Actor-to-Activity, the relationships has first
and has second must be used (see Fig. 3.5).

• has first - a value transfer has a first value port.

• has second - a value transfer has a second value port.

• between in - a value transfer is between an in-going value port.

• between out - a value transfer is between an out-going value port.

Value Port Similarly to value transfers, value ports [40] use di↵erent rela-
tionships depending on the type of value transfer in which they are connected
as well as their direction. In this way, a value port can either use the relation-
ship in to or the relationship out to, but not both. The same holds for the the
relationships first connects and second connects.

• o↵ers requests - a value port either o↵ers or requests one value object to
or from the environment (see Fig. 3.4).

• in - value ports are in value o↵erings coming from an actor through value
interfaces.

• in to - a value port with in-going direction is connected to a value transfer.

• out to - a value port with out-going direction is connected to a value
transfer.

• first connects - a value port is the first value port within a value transfer.

• second connects - a value port is the second value port within a value
transfer.
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• has - a value port has zero or more instance.

• has attribute - a value port has also zero or more attributes.

Value Interface As depicted in Fig. 3.2, the value ports are graphically
grouped into value interfaces that emphasize the notion of economic reciprocity,
i.e. a value object is requested in exchange for a value object being o↵ered.

• assigned to a - a value interface is assigned to zero or one actor [40].

• assigned to va - in the same way, a value interface can also be assigned to
zero or one value activity [40].

• consists of - value interface consist of one or two value o↵erings, one in-
going and one out-going o↵ering [40].

• has - a value interface has zero or more instances [40].

Value O↵ering Whereas value interfaces graphically group both in-going and
out-going value ports, value o↵erings conceptually group either in-going or out-
going value ports. In this way, actor can o↵er or request more than one value
object per value o↵ering.

• in - a value o↵ering is in a value interface [40].

• consists of - value o↵erings consist of value ports (equally directed) [40].
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Figure 3.5: Example of relationships between Value Transfers and Value Ports.
Actor 2 has been over simplified by only showing one of its Value Interfaces.

Consequence The consumption of any value object brings about specific con-
sequences that are valuable to di↵erent actors.

• realized by - a consequence is realized by zero or more value objects, i.e.
a consequence can be realized by alternative value objects [28].
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Attribute Service supplier specific features for the value objects being o↵ered
by an actor can be expressed by means of the concept attribute.

• of - an attribute is part of one single value port [43].

• has - an attribute has also zero or more instances [43].

• has comparison - an attribute has only one way to be compared [43].

Comparison To distinguish between supplier-specific attributes, comparison
operators for these attributes must be defined.

• of - a comparison operator is part of one single attribute [43].

Value Interface Instance As depicted in Fig. 3.2, value interface instances
allow to represent supplier-specific information about value port’s attributes.

• of - a value interface instance is an instance of one value interface [43].

• has - a value interface instance has zero or more value port instances [43].

• depends on - a value interface instance depends on zero or more value
interface instances [43]. As depicted in Fig. 3.2, this relationship denotes
that when an actor or value activity o↵ers a value object through a given
value interface, to actually produce such value object, other value objects
must be also acquired.

Value Port Instance Value interface instances group value port instances
that describe supplier-specific attributes for a value object being o↵ered or re-
quested.

• of - a value port instance is an instance of one value port [43].

• of interface - a value port instance is also part of only one value inter-
face [43].

• has - a value port instance has zero or more attribute instances [43].

Attribute Instance The supplier-specific values for the attributes of a given
value port instance are represented by means of attribute instances. They are
depicted as cells in Fig. 3.2.

• of - an attribute instance is an instance of one attribute [43].

• of port - an attribute instance is also part of only one value port in-
stance [43].

To sum up, in this section we have introduced an ontology to describe service
suppliers from a value-oriented perspective. Fig. 3.3 shows the main concepts of
this ontology which is the result of aligning the e3service supplier ontology [28]
with the e3value ontology [40], plus extra concepts to allow SVN composition.

The supplier ontology provides an answer to the research question RQ2:
How to design a computer-readable service catalogue? The service ontology
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helps to design a service catalogue in which the graphical representation of
the services is aligned with the e3value ontology as depicted in Fig. 3.2. Later
on, the service catalogue can be used to compose SVNs matching customer
needs expressed by means of the customer ontology in Sect. 3.1. The required
reasoning to achieve this composition is explained in Chapter 4 while the tool
support is described in Chapter 5. Finally, the design of service catalogues is
explained for di↵erent case studies in Chapters 6, 7 and 8.

3.3 Conclusions

Chapter 2 introduced the basic concepts related to Service Value Networks
as well as the main challenges to achieve computer-based composition of such
networks, i.e. knowledge representation, reasoning and software tool support.
In this chapter we address the knowledge representation challenge by providing
the customer and service supplier ontologies.

The customer ontology, adapted from previous research [28], focuses on the
description of customer needs in terms of specific functional consequences (FCs).
A customer need can be realized by one or more FCs which are usually contained
in wants (a solution that is commercially feasible to be provided).

The supplier ontology allows to describe how a commercial service can o↵er
valuable resources (value objects) that have specific FCs. An important contri-
bution in this matter, is the alignment of the e3service supplier ontology [28]
with the e3value ontology [40]. Such alignment not only helps to visualize com-
mercial services by means of e3value models but also defines new concepts that
are required to achieve the composition of SVNs.

Furthermore, the Chapter also provides answers for our two research ques-
tions. RQ1: How to represent (capture) customer needs in a computational
feasible way?, has been answered in Sect.3.1, which is based on [84, 83], by
explaining how customer needs can be mapped onto specific functional require-
ments making use of a customer ontology. The required tool support to achieve
computer-based representation is explained in Chapter 5. In the same vein, the
design of customer catalogues based on the customer ontology is explained for
di↵erent cases studies in Chapters 6 and 7.

RQ2: How to design a computer-readable service catalogue?, has been an-
swered in Sect. 3.2, based on [43, 84], describing a service ontology that can
be used to design service catalogues based on a computer-readable standard.
The tool support to design such catalogues is provided in Chapter 5, whereas
the design of catalogues for di↵erent case studies is explained in Chapters 6, 7
and 8.

Summarizing, this chapter has provided the generic ontology-based support
to describe customer needs and services. Such ontologies can be used to design
both customer and service catalogues that provide the required input knowl-
edge to compose SVNs. The required reasoning to achieve this composition is
explained in Chapter 4.



Chapter 4

Interactive Composition of
Service Value Networks

This chapter introduces a framework to compose service value networks (SVNs)
based on a so-called propose-verify-critique-modify (PVCM) problem solving method.
Such framework applies the required reasoning process to achieve SVN compo-
sition making use of the input knowledge coming from catalogues describing
customer needs and services.

The content of this chapter is based on the following publications:

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In 24th International
Conference on Advanced Information Systems Engineering (CAiSE’12),
2012 [85].

• Iván S. Razo-Zapata, Jaap Gordijn, Pieter De Leenheer and Hans Akker-
mans. Dynamic Cluster-based Service Bundling: A value-oriented frame-
work. In Commerce and Enterprise Computing (CEC), 2011 IEEE 13th
Conference on, 2011 [82].

Chapter 2 has explained how the composition of Service Value Networks
(SVNs) can be addressed as a design task and also stated the three main chal-
lenges for a computer-based composition: knowledge representation, reasoning
and tool support. In this Chapter, the required reasoning is introduced by means
of an interactive framework based on a so-called propose-verify-critique-modify
(PVCM) problem solving method. The framework makes use of the knowledge
about customer needs and services which both are described by means of the
ontologies provided in Chapter 3

The composed SVNs can be visualized by means of e3value models that
show the participants as well as the activities they perform and the valuable
resources they exchange with each other. In this way, Business to Customer
(B2C) relationships are represented by exchanges between customers and service
suppliers, whereas Business to Business (B2B) relationships are represented by
exchanges between service suppliers and service enablers.

Furthermore, this chapter also answers our last two research question. RQ3:
How to automatically compose an SVN, given specific customer requirements,

57
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and a service catalogue?, is answered by providing a framework that allows to
automatically compose alternative SVNs taking as inputs 1) a customer need
expressed in terms of specific functional consequences (FCs), and 2) a catalogue
of services o↵ering di↵erent (FCs). The given framework has been already
described in [82, 85] and is based on a PVCM problem solving method [21] that
produces designs of SVNs matching the customer-required (FCs).

RQ4: How to choose among alternative SVNs?, is answered by means of
a verification subtask introduced in [85]. The given verification not only de-
termines how well SVNs fit the functional consequences (FCs) required by the
customer but also ranks the composed SVNs helping the customer to choose
among all the alternatives.

To sum up, in this chapter we describe an interactive framework to compose
SVNs matching customer needs with services from suppliers. Whereas customer
needs can be refined into specific functional consequences (FCs), the services
can provide resources matching such FCs. A composed SVN depicts not only
the valuable resources being exchanged by a customer and service suppliers,
i.e. the B2C relationships, but also the valuable resources exchanged between
service suppliers and service enablers i.e. the B2B relationships. Consequently,
an SVN is ultimately the design of what is exchanged among customers, service
suppliers and service enablers.

The contribution of this chapter is fourfold. First, it presents a novel algo-
rithm to automatically generate service bundles within a multi-supplier setting.
Second, the interactive framework is able to compose complete SVN, which de-
pict by means of value transfers not only the interaction between customer and
service suppliers (B2C relationships) but also the interaction between service
suppliers and service enablers (B2B relationships). Third, it presents a fuzzy
method to verify whether SVNs meet customer requirements. Finally, it pro-
vides an interactive dialogue through which a customer can take part of the
composition task.

The chapter is organized as follows: The interactive framework for compo-
sition of SVNs is presented in Sect. 4.1 while Sect. 4.2 not only summarizes the
main aspects introduced in this chapter but also discusses the main contribu-
tions and open issues.

4.1 SVN Composition

Since the composition of SVNs can be addressed as a design task, as explained in
Sect. 2.4, we have used the propose-critique-modify (PCM) [21] problem solving
method to produce a new problem solving method called propose-verify-critique-
modify (PVCM). PCM allows to design artifacts, whereas our PCVM is usedPVCM
to design SVNs.

Although PCM is composed of four subtasks: propose, verify, critique and
modify, it gives more importance to the propose, critique and modify subtasks
(that is why it is just abbreviated as PCM). Contrary to the traditional PCM
method, our PVCM method considers equally important each one of the four
subtasks.

The Figure 4.1 depicts the main idea behind our PVCM method. We use
a CommonKADS [89] inference model to describe not only the required knowl-
edge but also the inferences that are needed to produce new knowledge as well asKnowledge
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Figure 4.1: The SVN Composition Framework.

the interactions among them. Inferences carry out reasoning processes, whereas Inferences
dynamic knowledge roles are the run-time inputs and outputs of inferences [89].
Because supply and demand are always evolving, they are described as dynamic
knowledge roles. As can be observed in Figure 4.1, due to the application of in-
ferences, the rest of the knowledge components are also dynamically produced.
Finally, whereas the propose, verify and modify subtasks must be perform by
a computer (broker); the critique subtask must be perform by a human (cus- Broker
tomer). In this way, the interaction between the customer and a broker provides Customer
also a dialogue in which the customer can influence the composition of SVNs
by providing feedback. The elements of this dialogue-based interaction (i.e the
propose, verify, critique and modify subtasks) are explained in the following
paragraphs.

4.1.1 Propose

According to Chandrasekaran, given a design goal, the propose subtask gen-
erates a solution [21]. In our case, the goal is to compose a SVN to cover a
given customer need. The next paragraphs provide a detailed explanation of the
inferences related to this subtask, i.e. O↵ering, Laddering, Matching, Bundling
and B2B Linking.

4.1.1.1 O↵ering

Input Output

OfferingService
Profiles

Offered
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Before composing any SVN, a description of the o↵erings of services suppliers
and enablers is required. Such description must allow the creation of B2C and
B2B relationships, i.e. what can be exchanged not only between customers and
suppliers but also between suppliers and enablers.

By making use of the supplier ontology described in Sect. 3.2.1, service sup-
pliers and enablers (actors) can describe their o↵erings in terms of functional
consequences (FCs), i.e. what functionalities they can o↵er to the customers.
This is an o↵-line inference since the service catalogue must be previously de-
signed. In this way, when the composition starts, the service o↵erings can beService catalogue
retrieved from a service catalogue.
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Figure 4.2: A service catalogue designed with the ontology in Fig. 3.3.

The Fig. 4.2 depicts a sample of a service catalogue in which both service
suppliers and enablers represent what they can o↵er to customers and service
supplier respectively. The set of service suppliers and enablers is denoted by
SC, and its cardinality is given by S = |SC| .Defining SC and S

4.1.1.2 Laddering

Input Output

LadderingCustomer
Need

Requested
FCs

As we already explained in Sect. 3.1, since a customer need is usually ex-
pressed in abstract terms that might lead to di↵erent solutions, it is necessary
to perform a mapping from those abstract terms onto specific requirements to
facilitate the construction of a possible solution. Within marketing literature,
the notion of laddering has been widely used to represent how customers link
specific product attributes to high-level values [55, 28]. In our case, by making
use of a customer catalogue (e.g. Fig. 4.3) built with the e3service customer
ontology in Sect. 3.1, we can apply laddering to refine customer needs into FCs.

This reasoning step is performed by a human user who is guided by the
customer catalogue in Fig. 4.3 and the relationships defined in the e3serviceCustomer catalogue
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ontology in Fig. 3.1. For instance, in Fig. 4.3, the customer need “How can I
improve my programming skills?” can be refined into the FCs : Web Application Customer need
Development, Event Driven Programming and Data Analysis and Design, which
can be refined into more detailed FCs that better describe a customer need
in terms of specific requirements [28, 82, 85]. In this case, if the customer
chooses Web Application Developments, it can be refined into three specific
FCs : Designing and developing a web site (FC1), website management (FC2)
and web server scripting (FC3), as depicted in Fig. 4.3.

How can improve
my programming skills?

Consequence

Want

Need

Functional

EVENT PROGRAMING
COURSE

Event Driven

Designing and developing
event-driven

Programming
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Creating an
event driven
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Development

Website
Management

Web Server
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DATA
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Data structures
and algorithms

and Design

Data Analysis
and Data Structure

Design

Data Representation
and Manipulation for IT

specified
by

consists
of

consists
of

consists
of

Figure 4.3: Customer catalogue designed with the ontology in Fig. 3.1.

The set of requested FCs is denoted by F while its cardinality is denoted
by M = |F|. In this way, F = {FC1, FC2, . . . , FC

M

} which is reckon by the Defining F and M
customer through the laddering step, and M is the the number of specific FCs
being requested.

4.1.1.3 Matching

Input Output

Matching Matching
Pool (MP)Requested

FCs

Offered
FCs

Once a service catalogue has been defined and a customer need has been
mapped onto FCs, the next step requires to match the customer requested FCs
(F) with all the services in the service catalogue that can completely or partially
o↵er the FCs as required by the customer [82, 85]. The matched services, i.e.
the services that can o↵er all or some FCs, are then grouped into a matching
pool (MP). Matching pool

Fig. 4.4 represents graphically the matching process. The lines matching
functional consequences on both sides are a graphical representation of a string
matching process in which customer requested FCs retrieve supplier o↵ered FCs. String matching
In the example, we can see that for the requested F = {FC1, FC3, FC5}, the
MP contains the services A,B,C,D and E since A o↵ers FC1, B o↵ers FC3,
C o↵ers FC1, D o↵ers FC3 and E o↵ers FC5.
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Figure 4.4: Matching FCs.

The MP is actually a subset of SC, i.e. MP ✓ SC, where SC represents all
the services stored in the service catalogue as defined in Sect. 4.1.1.1. Once theDefining MP
MP has been computed, the next step is to find the combinations of services
(i.e. service bundles) that can jointly satisfy a customer need by providing the
requested FCs.

4.1.1.4 Bundling

Input Output

BundlingMatching
Pool

Service
Bundles

As observed in the matching step, because sometimes a single service can
not provide all the required FCs, it is necessary to combine two or more services
to provide a solution (in terms of FCs) for the customer need. In this step
(bundling), therefore, the objective is to find groups of services that jointly
o↵er a solution for the customer. These groups of services working together are
known as service bundles .

Furthermore, since the generation of such bundles is similar to combinato-
rial optimization problems where exhaustive search is not feasible, heuristics to
tackle this issue are required [24, 82], In previous research [28], it was assumed
that the service bundles were already present within the environment. A keyAutomatically bundling

services contribution of this research is that we remove that assumption and present a
new algorithm to automatically generate service bundles.

Although a complete solution for a customer need is a service bundle o↵ering
all the required FCs, most of the time it is not possible to find such solution
because of two reasons: 1) Incomplete Solution Space - there are no candidate
services for the required FCs, i.e. customer requested FCs can not be found
on the supplier side, and 2) Overlapping - there is no service bundle in which
the service suppliers do not overlap in term of FCs. This issue is related to theComplete and incomplete

solutions
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assumption that, although two service suppliers can o↵er di↵erent value objects,
they can not be part of the same service bundle if the value objects provide at
least one similar FC, i.e. there is one FC overlapping.

For instance, consider two educational services. The first service o↵ering
a Diploma in ICT 1 that provides FCs such as Testing ICT Systems (FC1),
Object Oriented Programing (FC2) and Database Software Use (FC3). The
second one o↵ering a Certificate in ICT Skills 2 that provides the following
FCs : Data analysis and data structure design (FC4), and Database Software
Use (FC3). As can be observed, it would be meaningless to o↵er both services Services overlapping
in the same bundle since they both provide Database Software Use.

Furthermore, if the customer need requires FC1 and FC4, two incomplete
solutions must be presented to the customer, i.e. two bundles composed of one
service each: the first bundle composed of the service o↵ering the Diploma in
ICT and the second bundle composed of the service o↵ering the Certificate in
ICT Skills.

�
Service ID FC1 FC2 FC3 FC4

S17 1 1 1 0
S16 1 1 0 1
S15 1 0 1 1
S14 1 0 1 1
S13 1 0 0 1
S12 1 0 0 0
S11 1 0 0 0
S10 0 1 1 1
S9 0 1 0 1
S8 0 1 0 1
S7 0 1 0 0
S6 0 0 1 1
S5 0 0 1 0
S4 0 0 1 0
S3 0 0 0 1
S2 0 0 0 1
S1 0 0 0 1

Table 4.1: Matrix representation for a matching pool (MP). S15 and S14 are
services, that might be provided by di↵erent suppliers, o↵ering exactly the
same requested FCs. The same holds for S11�12, S8�9, S4�5, S1�3.

In this step we present a bundling algorithm that takes into account the two
issues described above (Incomplete Search Space and Overlapping) and gener-
ates service bundles for the requested FCs (again service bundles can provide
complete or incomplete solutions depending on the FCs being requested). The
given algorithm is composed of four steps: 1) Cluster generation, 2) Cluster
combination, 3) Cluster solution and 4) Cluster expansion.

1O↵ered by The City and Guilds of London Institute with the Qualification Number
500/3474/1

2O↵ered by ABC Awards with the Qualification Number 100/6398/5
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1) Cluster generation Since FCs are the matching point between the cus-
tomer and supplier ontologies, it is meaningful to represent a service by means
of its FCs. For instance, if the required consequences are: FC1, FC2, FC3

and FC4, a service providing FC1, FC2 and FC3 can be represented through
a binary vector � = [1110], where the first three 1s stand for the FCs o↵ered
by the service, and the last 0 means that the service does not provide FC4.
Moreover, we highlight that this sorting does not imply any preference about
FCs, i.e. all the FCs might be equally important. Later in this chapter we
explain how customer preferences over FCs are addressed (Sect. 4.1.2).

In this way, a matching pool (MP ) of services can be described as depicted in
Table 4.1. Moreover, based on its � vector, services can be clustered, i.e. services
are assigned to the same cluster if they o↵er exactly the same FCs. The purpose
of a cluster is to group services o↵ering exactly the same FCs as well as to focus
the searching of possible bundles on the clusters , i.e. explore combinations ofSearching focus on clusters
clusters rather than combinations of a huge number of individual services. In
addition, since a cluster contains one or more services, it can be seen as a set of
partial solutions for a customer need.

We identify two types of clusters, upper and lower clusters. The Table 4.2
depicts the set of upper clusters. As can be observed, because all the upper
clusters provide FC1, i.e. they are overlapped in FC1, they cannot be combined
with each other. The name upper cluster comes from FC1 being the most
significant bit (msb) in the vector �, i.e. they have the highest � values.

Cluster ID Elements Cluster.� Cluster.msb

C14 {S17} [1110] 8
C13 {S16} [1101] 8
C11 {S14, S15} [1011] 8
C9 {S13} [1001] 8
C8 {S11, S12} [1000] 8

Table 4.2: Upper Clusters.

2) Cluster combination Contrary to the upper clusters, some of the lower
clusters can be combined with each other. Two lower clusters (see Table 4.3) can
be combined if, and only if, their FCs do not overlap. E.g., since C1.� = [0001]
and C2.� = [0010] do not overlap, C1 and C2 can be combined and added to
C3’s elements (C3 becoming a merging cluster, see Table 4.6 for the final result).

Cluster ID Elements Cluster.� Cluster.msb

C7 {S10} [0111] 4
C5 {S8, S9} [0101] 4
C4 {S7} [0100] 4
C3 {S6} [0011] 2
C2 {S4, S5} [0010] 2
C1 {S1, S2, S3} [0001] 1

Table 4.3: Lower Clusters.
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We use the C1 � C2 expression to denote that the services inside C1 can be
combined with the services within C2 . In simple words, it means that three � to denote a combination

of clusterssteps are performed. 1) take an element from C1, 2) take an element from C2,
and 3) combine the two elements. Consequently, based on Table 4.3, C1 � C2

produces the following combinations: {S1, S4} , {S1, S5}, {S2, S4}, {S2, S5},
{S3, S4}, {S3, S5}.

To combine lower and upper clusters we follow a heuristic called push one
level up. The idea is that clusters can push their elements (services) to a cluster Push one level up
with higher msb. Moreover, we apply a bottom-up approach starting at the
cluster with the lowest msb and sequentially moving up until reaching the lower
cluster with the highest msb. In short, the heuristic is that the elements of a
cluster (services and other clusters) only need to be pushed one level up (into
clusters with higher msb) since at some point they will be combined with upper
clusters that provide the FCs that they are missing, i.e. generating solutions
providing more FCs, in the end, it would be possible to generate complete
solutions. Moreover, the decision of pushing clusters just one level up obeys
also to a save-computation-time strategy.

In this way, a cluster C
x

can only be combined with clusters C
Y

that meet
the following conditions:

1. C
Y

.msb is equal to (C
x

.msb) ⇤ 2, and

2. C
Y

.� does not overlap with C
x

.�, i.e. they do not provide the same FCs.

For instance, C2 can be combined with C4 and C5 since

1. C4.msb = C5.msb = (C2.msb) ⇤ 2 = 4, and

2. C4.� and C5.� do not overlap with C2.�.

The Table 4.4 depicts all the operations that are performed following the
heuristic push one level up. As can be observed, when combining clusters, new
clusters can be generated . For instance, the operation C2 � C4 generates the Generating new clusters
new cluster C6 (see Table 4.6 for the final result). In addition, the new generated
clusters can also push their elements levels up since the pushing process starts
with the lowest bundles, e.g. C6 is later combined with C8 and C9. Moreover,
it is also possible not only to generate new clusters but also to generate new
clusters that provide all the FCs, e.g. C6 � C9 and C7 � C8 both push their
elements into the new generated cluster C15.

The Tables 4.5 and Table 4.6 show respectively the upper and lower clusters
after applying the heuristic push one level up. To facilitate the reading, we use
the operation C

x

�C
y

to indicate which clusters are combined within a merging
cluster. For example, C14 (a merging cluster) contains the service s17 as well as
the combinations of services produced by the operation C6 � C8.

3) Cluster solution Once the upper and lower clusters have been repro-
cessed (using the push one level up heuristic), the next step is to generate the
pool of solution clusters. A solution cluster might contain single services or a
combination of clusters such that their FCs: 1) do not overlap, and 2) match
all the required consequences. E.g., if we combine C14 with C1, we can ob-
serve that C14.� does not overlap with C1.�, besides C14 � C1 provide all the
required consequences, i.e. C14.� = [1110] together with C1.� = [0001] provide
, FC1, FC2, FC3 and FC4. Therefore, C14 � C1 is a solution cluster.
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Clusters to be combined Merging Cluster

C1 � C2 ! C3

C2 � C4 ! C6

C2 � C5 ! C7

C3 � C4 ! C7

C4 � C8 ! C12

C4 � C9 ! C13

C5 � C8 ! C13

C6 � C8 ! C14

C6 � C9 ! C15

C7 � C8 ! C15

Table 4.4: Operations.

C. ID Elements Cluster.� Cluster.msb

C15 {C6 � C9, C7 � C8} [1111] 8
C14 {S17, C6 � C8} [1110] 8
C13 {S16, C4 � C9, C5 � C8} [1101] 8
C12 {C4 � C8} [1100] 8
C11 {S14, S15} [1011] 8
C9 {S13} [1001] 8
C8 {S11, S12} [1000] 8

Table 4.5: Upper Clusters - after merging.

C. ID Elements Cluster.� Cluster.msb

C7 {S10, C2 � C5, C3 � C4} [0111] 4
C6 {C2 � C4} [0110] 4
C5 {S8, S9} [0101] 4
C4 {S7} [0100] 4
C3 {S6, C1 � C2} [0011] 2
C2 {S4, S5} [0010] 2
C1 {S1, S2, S3} [0001] 1

Table 4.6: Lower Clusters - after merging.

4) Cluster expansion Finally, we must expand the solution clusters to get
a pool of solution bundles. The Table 4.7 depicts the pool of solution clusters
together with the pool of solution bundles. As can be observed, all the solution
bundles provide all the required FCs. E.g. the bundle composed of the services
S4, S7 and S13 is a complete solution since S4 provides FC3, S7 provides FC2

and S13 provides FC1 and FC4.
The Algorithm 1 depicts the pseudo code of our proposed bundling algo-

rithm, which takes as inputs the set of required consequences (F) and the
matching pool (MP ). As can be observed, there are four main steps, where
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Solution Clusters Solution Bundles

C6 � C9 {C2 � C4}� C9

C7 � C8 {{S10}, {C3 � C4}, {C2 � C5}}� C8

C6 � C9 {{S4, S7}, {S5, S7}}� S13

C7 � C8 {{S10}, {S1, S4, S7}, {S1, S5, S7},
{S2, S4, S7}, {S2, S5, S7},
{S3, S4, S7}, {S3, S5, S7},
{S4, S8}, {S4, S9},
{S5, S8}, {S5, S9}}� {S11, S12}

C6 � C9 {S4, S7, S13}, {S5, S7, S13}
C7 � C8 {S10, S11}, {S10, S12},

{S1, S4, S7, S11}, {S1, S5, S7, S11},
{S2, S4, S7, S11}, {S2, S5, S7, S11},
{S3, S4, S7, S11}, {S3, S5, S7, S11},
{S4, S8, S11}, {S4, S8, S12},
{S4, S9, S11}, {S4, S9, S12}, {S5, S8, S11},
{S5, S8, S12}, {S5, S9, S11}, {S5, S9, S12}

Table 4.7: The pools of solution clusters and bundles.

the first three steps are mainly driven by M , which is the cardinality of F , i.e.
the number of requested FCs.

Quick review The four steps are performed as follows. First, the services
are clustered based on a binary vector � which represents the FCs o↵ered by
each one of the services within the cluster. Second, the so-called lower clus-
ters are combined with each other. As already mentioned, the clusters can be
combined if, and only if, their FCs do not overlap. In this way we assure
that a cluster keeps the property of being a pool of non-overlapping services.
Third, it generates the solution clusters by combining the upper clusters with
the lower clusters. Finally, the algorithm expands the pool of solution clusters
and generates the pool of solution bundles.

To finalize, since our bundling algorithm is based on heuristic reasoning,
neither all the possible service bundles nor the optimal bundles are guaranteed
to be generated. Nonetheless, the bundling algorithm o↵ers a tractable way to
generate service bundles matching customer requirements.

Algorithm 1 Bundling algorithm - General view.
1: procedure Bundling(F ,MP ) . F = required consequences, MP = matching pool
2: n |MP | . number of services o↵ering at least one required FC

3: M  |F| . number of required consequences
4: C  Generate clusters(n,M)
5: Combine lower clusters(C,M)
6: SolC  Get solution clusters(C,M)
7: solutions Expand solution clusters(SolC)
8: return solutions

9: end procedure
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Figure 4.5: Alternative Service Bundles.

4.1.1.5 B2B Linking
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The Fig. 4.5 depicts two service bundles composed of three services o↵er-
ing three value objects and performed by two actors (educational institutions).
Assuming that the laddering comes up with the FCs : Data structures and al-
gorithms (FC1), Data Analysis and Data Structure Design (FC2), and Data
Representation and Manipulation for IT (FC3), these bundles represent two
alternatives to solve the customer need depicted in Fig. 4.3.

Moreover, as explained in Sect. 3.2, since service suppliers can delegate non-
core-business activities to other entities, the suppliers within a bundle can also
have dependencies with service enablers, i.e. services that support the function-Service enablers
ing of a service supplier.

At this step, we solve the B2B dependencies that service suppliers withinB2B dependencies
bundles might have [43, 84, 85]. To this aim, we make use of the service profiles
of each service supplier, gathering information about not only what value objects
they request but also what kind of dependencies they have based on their value
interface instances (see Fig. 3.2). The process consists of looking for services
within the service catalogue that can provide the resources required by a supplier
taking care of the constraints that might be imposed by the value interface
instances, i.e. matching services that o↵er value objects with specific attributes.

For instance, within a bundle, an educational service o↵ering a given course
to the customer side might rely on a service such as a digital library that allows
students to access reading material. Although the end customer only cares
about the B2C relationships with the service bundle, the educational service
needs to solve its dependencies with other service enablers to allow the service
bundle being sustainable. The Fig. 4.6 depicts an SVN generated based on
solving the B2B dependencies of the Service Bundle in Fig. 4.5.

The Propose subsection (See 4.1.1) has explained how the first subtask of
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Figure 4.6: e3value model of a SVN for a specific customer need requiring: Data
structures and algorithms (FC1), Data Analysis and Data Structure Design
(FC2), and Data Representation and Manipulation for IT (FC3).

the propose-verify-critique-modify (PVCM) methods is addressed. Briefly, the
Propose subtask is composed of five inferences which can be summarized as
follows:

• Laddering: maps a customer need onto specific Functional Consequences
(FCs),

• O↵ering: describe the service o↵erings in term of FCs,

• Matching: takes as input a customer need expressed in terms of FCs and
finds the pool of services that can partially or completelly provide the FCs
required by the customer,

• Bundling: having a pool of services that plausibly can provide the customer-
required FCs, this inference generates the combinations of one or more
services (service bundles) that can jointly o↵er a solution to a customer
need,

• B2B Linking: in case the service bundles might contain dependencies with
other services, this inference finds the service enablers that support the
functioning of the services within the bundles (i.e. the service suppliers).

The outcome of the propose subtask (i.e. also the outcome of the five in-
ferences) is a pool of alternative SVNs that can plausibly provide a solution
for a customer need. Once the alternative SVNs have been composed, the next
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subtask (Verify) must, for each altenative SVN, determine how well the SVN
meets the customer required FCs and also asigned to it a score, i.e. the SVNs
can be ranked allowing the customer to select among them. The next subsection
(4.1.2) describes how the verify subtask is performed.

4.1.2 Verify

Input Output

Verify Ranked
SVNsCustomer

Preferences

SVNs
Requested

FCs

Inference
Rules

Also described as verification by Chandrasekaran, verify refers to the process
of checking whether the design satisfies functional and non-functional specifi-
cations [21]. In our framework, however, we only deal with functional require-
ments. Once the SVNs have been composed, the verification subtask determines
not only if the generated SVNs o↵ers the required FCs but also how they fit
the customer preferences. Since service bundles might not generate complete
solutions for a customer need (i.e. they miss some required FCs), the resulting
SVNs also miss those FCs. Consequently, to determine how well a SVN fits a
given customer need, three aspects must be analyzed: the amount of provided,
the amount of missing and the amount of non-required FCs (i.e. FCs that are
not required but are o↵ered by the SVN ). These issues arise because FCs are
packed within indivisible value objects so the customers cannot get individual
FCs but a full packet, consequently in some cases more FCs are o↵ered than
requested (resulting in non-required FCs), in other cases less FCs are o↵ered
than requested (resulting in missing FCs).

In this way, heuristic reasoning will suggest that a good SVN must have
many provided, few missing and few non-required FCs. Moreover, since cus-
tomers may have di↵erent preferences for each FC, we must consider not only
whether the SVNs o↵er the required FCs but also the importance of each FCs.
Consequently, what is required is: an automatic way to 1) verify how well theVerify and rank
composed SVNs fit the customer needs, i.e. how good is the match between
the requested functional consequences and the functional consequences o↵ered
by the composed SVNs and 2) rank the SVNs so the customer does not get
lost with many alternatives. E.g., just in UK, Ofqual has registered around 180
institutions with more than 10,000 services o↵ering di↵erent types of qualifica-
tions 3. This generates a very large solution space from which many alternative
SVNs can be composed.

In previous research, De Kinderen [28] proposed the use of a Rank-Order
Centroid (ROC) method to rank service bundles based on customer preferences
about the FCs o↵ered by service bundles. Although the ROC approach allows
to easily rank service bundles, it only considers the FCs provided by the service
bundles overseeing the e↵ect of missing and non-required FCs.

To achieve our goal, verify and rank SVNs , we apply a Fuzzy Inference
System (FIS) that can deal with two kind of issues 1) uncertainty: situations inFuzzy Inference System

3http://www.ofqual.gov.uk/
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which statements cannot be expressed as false or true but partially true or false,
e.g. whether a SVN hasmany provided, few missing and few non-required FCs,
2) computing with words: working with concepts that can be easily understood
by human beings and still processable by computers, e.g. by making use of
simple rules we can indicate how the SVNs must be verified [110].

Fuzzification DefuzzificationAnalysis

Inference

Figure 4.7: Fuzzy Inference System (FIS).

As depicted in Fig. 4.7, our FIS takes as input the required FCs, customer
preferences for each FC, the FCs o↵ered by each SVN and a set of inference
rules that allow to determine how good the SVNs are. The output is a pool
of SVNs that are ranked based on their fitness. The next paragraphs describe
each one of the inferences, i.e. Fuzzification, Analysis and Defuzzification.

4.1.2.1 Fuzzification

To determine the amount of provided, missing and non-required FCs for each
SVN, we perform three steps: 1) Computing weights (customer preferences for
each FC), 2) Computing Fractions (the fractions of provided, missing and non-
required FCs), and 3) Fuzzification.

1) Computing weights: To take into account the customer preferences for
FCs when analyzing how good SVNs match these preferences, it is necessary to
compute preferences for provided, missing and non-required FCs within SVNs.
Since customer needs are expressed in terms of functional consequences (FCs)
that can be denoted as FC

Customer

, the composed SVNs can also be described
in terms of FCs highlighting three aspects: 1) FC

P

the functional consequences
that are provided as required by the customer, 2) FC

M

the functional conse-
quences that are not o↵ered as required by the customer, i.e. missing FCs, and
3) FC

N

the functional consequences that are o↵ered by the SVN but are not re-
quired by the customer. Therefore, in terms of FCs, a SVN can be represented
as follows:

FC
SV N

= FC
P

[ FC
M

[ FC
N

(4.1)

We define two ways to express preferences for a given FC: w
c

and w
a

which
are defined by:
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w
c

: fc! [0, 1], w
a

: fc! {0.5} (4.2)

where w
c

is the weight that a customer assigns to a FC and w
a

is a predefinedWeights
weight assigned to a given FC. We have chosen a 0.5 value assuming that non-
required FCs have a moderate influence in the fitness of a SVN. Nonetheless,
this value can be adapted to the composition context or even gathered through
crowd-sourcing, i.e. through web-based platforms, customer preferences for FC
can be obtained. Later on, we can compute the total weights (preferences) for
FC

Customer

and FC
SV N

in the following way:

TW
C

=
X

fc

i

2FC

Customer

w
c

(fc
i

), TW
SV N

= W
P

+W
M

+W
N

(4.3)

where TW
C

is the total weight for the FCs as requested by the customer and
TW

SV N

is the total weight of all FCs in a SVN. The values for W
P

, W
M

and
W

N

are computed as follows:
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where W

P

is the sum of the weights w
c

(fc
i

) for the functional consequences
FCs that are provided as required by the customer in a SVN. Similarly, W

M

is
the sum of the weights for FCs that are missing in a SVN, and W

N

is the sum
of the weights for the FCs that are non-required in a SVN.

2) Computing Fractions: Although the computed weights (W
P

,W
M

and
W

N

) provide basic information to what extend SVNs match the customer pref-
erences for FCs, it is still necessary to have a better description in term of the
proportion of FCs that are provided, missing and non-required within SVNs.
To this aim, for each SVN we compute three fractions: 1) F

P

the fraction ofFractions
the provided FCs to the total FCs as requested by the customer. 2) F

M

the
fraction of the missing FCs to the total FCs as requested by the customer.
3) F

N

the fraction of the non-required FCs to the total FCs in a SVN. These
fractions are computed by Eq.4.5:

F
P

=
W

P

TW
C

, F
M

=
W

M

TW
C

, F
N

=
W

N

TW
SV N

(4.5)
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Figure 4.8: Fuzzification Functions.
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3) Fuzzification: The computed fractions F
P

, F
M

and F
N

give a numeric
representation on the proportion of (provided, missing and non-required) FCs
within SVNs. Nonetheless, to allow natural-language based reasoning about the
fitness of the SVNs, it is required to map the F

P

, F
M

and F
N

fractions onto
human-understandable concepts. The main advantages of such reasoning are:
1) concepts are understandable (processable) for both, humans and machines,
and 2) the rules to determine the fitness of SVNs can also be represented in
natural language, which makes it easy to understand also for a non-technical
audience such as business or marketing experts. For instance, rules can be
defined using basic concepts like: IF the fraction of provided FCs is many and
the fraction of missing FCs is few and the fraction of non-required FCs is also
few, then the fitness of the SVN is Perfect. The main issue, however, is the
imprecision that might arise due to assumptions such as predefined preferences
for non-required FCs or inaccuracy when mapping numerical values onto words.
Fuzzy Logic techniques are good candidates to deal with this kind of issues since
they o↵er tolerance for imprecision, whereas still achieving robustness, low cost
computation and a good rapport with reality [110].

In this way, at this step, we determine the amount of provided (P ), missing
(M) and non-required (N) functional consequences for each SVN in terms of
three linguistic labels: few, some and many. To this aim, we compute the
membership degree of the fractions F

P

, F
M

and F
N

to the functions in Fig. 4.8
(also known as Fuzzy Sets) [110]. The membership degree (also known as degree
of truth) of a fraction in a fuzzy set allows to determine how true is the fact that
the analyzed fraction is few, some or many. The degree of truth of a fraction is
determined by the following distribution function [110]:

Fuzzification(x) = µ(x) =
1p
2⇡�2

e�↵

(x�c)2

�

2 (4.6)

where x = {F
P

, F
M

, F
N

}, �2 is the variance, ↵ is a parameter that deter-
mines how width the fuzzy set is and c is the location of the fuzzy set, i.e.
the highest point of the fuzzy set. For all the fuzzy sets ↵ = 2.0, �2 = 0.16.
The values for c are 0.0, 0.5 and 1.0 for the fuzzy sets few, some and many
respectively. The values for ↵, �2, c were chosen to cover the fraction values
F
P

, F
M

and F
N

within the range [0, 1] [110]. At the end, for each SVN we have
di↵erent degrees of truth for P , M and N . E.g. a SVN with a fraction value
F
P

= 0.8 has the following degrees of truth for P : few (0.0), some (0.32) and
many (0.60), which means that P simultaneously belongs to the fuzzy sets some
and many but with di↵erent degrees of truth. i.e. it is not only true (with a
0.32 value) that the SVN provides some FCs but also true (with a 0.60 value)
that the SVN provides many FCs as required by the customer.

4.1.2.2 Analysis

Inference rules Once we have computed the degrees of truth of P , M and
NR for each SVN, we can then analyze how good they are by making use of
a set of inference rules that we designed following common sense criteria and
depicted in Fig. 4.9. E.g., a SVN with P = some, M = few and N = few is
an Average SVN. Since in the fuzzification step P,M and N may have di↵erent
degrees of truth for each linguistic label (membership function), more than one
rule can apply when analyzing a given SVN. E.g., as explained before, P can
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simultaneously be some and many, consequently the rules in which P is not
only some but also many have to be applied, the same holds for M and N .

1: IF P is many AND M is few AND NR is few THEN Perfect
2: IF P is many AND M is few AND NR is some THEN Good
3: IF P is many AND M is some AND NR is few THEN Good
4: IF P is many AND M is some AND NR is some THEN Good
5: IF P is some AND M is few AND NR is few THEN Average
6: IF P is some AND M is few AND NR is some THEN Average
7: IF P is some AND M is some AND NR is few THEN Poor
8: IF P is some AND M is some AND NR is some THEN Poor
... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
N: IF P is few AND M is many AND NR is many THEN Bad

Figure 4.9: Inference rules.

To apply the inference rules another observation is important. Since the
degrees of truth are expressed in values within the range [0, 1], the traditional
boolean AND operation does not work here, i.e. after applying the rule (1) asAND operation
depicted in Fig. 4.9, IF P is many AND M is few AND N is few the value
cannot be 0 or 1 but a value that reflects the degrees of truth of P , M and N .
The AND operator in fuzzy logic is usually replaced by the min function [110],
i.e. the output of the rule is the minimum degree of truth among P , M and N .
E.g. for the rule (1), if P = 0.6, M = 0.4 and N = 0.6, the output is Perfect
with a degree of truth 0.4.

Aggregation Once the inference rules has been applied, their outputs must be
aggregated into a new fuzzy set. Several aggregation methods can be used at this
point, in our case we sum up the outcomes for each applied rule and combine
them into a fuzzy set given by the membership functions in Fig. 4.10. The
process is analogous to fill a set of silos based on the outcomes of the applied rules
(the shape of the silos is given by the functions in Fig. 4.10). E.g. If the rules 2,Defuzzification functions
4 and 6 (as depicted in Fig. 4.9) are applied during the analysis and their value
outcomes are respectively Good = 0.2, Good 0.4, Average 0.3, at the end we have
a fuzzy set which is the combination of the fuzzy sets Good and Average but with
maximum degrees of truth of 0.6 and 0.3 respectively. The set of membership
functions in Fig. 4.10 is also defined by means of Eq. 4.10, nonetheless this time
the values are ↵ = 1/8, �2 = 0.16 and c = {0.0, 2.5, 5.0, 7.5, 10.0}.

μ (

0.8
0.6
0.4
0.2
0.0

0 2 6 8 10y

1.0

4

y) Bad Good

PerfectAverage
Poor

Figure 4.10: Defuzzification Functions.
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4.1.2.3 Defuzzification

Based on the fuzzy set generated during the analysis, for each SVN we compute
a value that is the final score of the SVN. This defuzzification process can be
performed in many di↵erent ways. Due to its simplicity, we have used a discrete
version of the so-called center of gravity (COG) method that easily computes a Center of gravity (COG)
score and uses the following equation [105]:

Defuzzification(A) = D(A) =

P
y

max

y

min

y ⇤A(y)
P

y

max

y

min

A(y)
(4.7)

where A is the fuzzy set computed during the analysis and Y is the set of ele-
ments for which we want to determine a degree of truth with respect to A. Since
we want to give scores within the range [0, 10], Y = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
To clarify the three steps previously described we present an hypothetical ex-
ample generated based on the information gathered from the NDAQ database.

4.1.2.4 Example

Fig. 4.11 depicts a setting in which three SVNs o↵er di↵erent FCs 4. SV N1

can fully o↵er the required FCs, whereas SV N2 and SV N3 are networks that
can partially cover the customer need. For instance, SV N3 not only o↵ers FC2

and FC3 which are required FCs but also misses FC1 and o↵ers FC
w

that is
not required by the customer. Assuming the customer weights in Fig. 4.11 and Computing weights
applying Eqs. 4.2, 4.3, and 4.4, we obtain the following fractions for SV N3:

F
P

=
0.8 + 1.0

0.6 + 0.8 + 1.0
=

1.8

2.4
= 0.75 (4.8)

F
M

=
0.6

0.6 + 0.8 + 1.0
=

0.6

2.4
= 0.25 (4.9)

F
N

=
0.5

0.6 + 0.8 + 1.0 + 0.5
=

0.5

2.9
= 0.17 (4.10)

Afterwards, by making use of the membership functions in Fig. 4.8, we can Fuzzification
compute the values for P , M and N . Since, P is some (0.45) and many (0.45),
M is few (0.45) and some (0.45) and N is few (0.70) and some (0.25), during
the analysis step the rules 1 to 8 are applied as depicted in Fig. 4.13. As can be Inference rules
observed, the AND operator is replaced by themin function and the aggregation Aggregation
stage simply sums up the rules’ outcomes.

Once the rules’ outcomes have been aggregated, the defuzzification step com- Defuzzification
putes the COG to produce the final score for SV N3 by means of Eq. 4.7, with
A as depicted in Fig. 4.13.c, Y = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}. In Eq. 4.11 we de-
pict how the computation was carried out which can also be visually verified in
Fig. 4.13.c.

D(A) =
1 ⇤ 0.17 + 2 ⇤ 0.70 + 3 ⇤ 0.70 + 4 ⇤ 0.45 + 5 ⇤ 0.70

0.17 + 0.70 + 0.70 + 0.45 + 0.70 + 0.45 + 0.80 + 0.80 + 0.45 + 0.45
+

6 ⇤ 0.45 + 7 ⇤ 0.80 + 8 ⇤ 0.80 + 9 ⇤ 0.45 + 10 ⇤ 0.45
0.17 + 0.70 + 0.70 + 0.45 + 0.70 + 0.45 + 0.80 + 0.80 + 0.45 + 0.45

= 5.68 (4.11)

4For simplicity we only depict the FCs o↵ered by each SVN omiting the overall structure
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Figure 4.11: SVNs o↵ering di↵erent FCs. Customer requirements are given by
FC1, FC2 and FC3. Although SV N1 o↵ers the requested FCs, it also o↵ers
a non-required FC. Moreover, SV N2 and SV N3 both only o↵er two of the
requested FCs.

SV N1 SV N2 SV N3

P Many (1.0) Some (0.90), Many (0.10) Some (0.45), Many (0.45)
M Few (1.0) Few (0.10), Some (0.90) Few (0.45), Some (0.45)
N Few (0.70), Some (0.25) Few (1.0) Few (0.70), Some (0.25)
Applied rules 1,2 1,3,5,7 1-8
Aggregation Perfect(0.7),Good(0.25) Perfect (0.1), Good(0.1), Perfect(0.45), Good(0.95)

Average(0.1), Poor(0.9) Average(0.7), Poor(0.7)

Score 8.69 3.66 5.68

Table 4.8: Important measures in the verification process for each SVN.

Fig. 4.13 illustrates how the defuzzification is performed for SV N1, SV N2

and SV N3. Finally, Table 4.8 summarizes some of the important results that
allow computing the final scores for SV N1 , SV N2 and SV N3. As can be
observed, for SV N1 only the rules 1 and 2 are applied, whereas for SV N2 the
rules 1,3,5 and 7 are applied.

To sum up, in this subsection a Fuzzy Inference System (FIS) has been in-
troduced to verify how well the SVNs composed by the propose subtask meet
the customer requirements. For each SVN, the FIS determines a score that
reflects whether the composed SVN provides the FCs as required by the cus-
tomer. Based on this score the SVNs can be ranked so the customer has a better
understanding on which alternative SVN represents a good solution. Once the
SVNs have been ranked, the customer can select one SVN (most lilkely the best
ranked) and then (s)he has two options: i) to agree on the design of the selected
SVN and then take it as a solution, or ii) to provide scores for the FCs that
are provided and non-required by the given SVN, with this information other
SVNs can be composed to better match the customer requirements. The next
subsection (4.1.3) elaborates more on these issues.

4.1.3 Critique

According to Chandrasekaran, if the design task has been unsuccessful, the
critique step identify the source of failure within a design [21]. Furthermore, theSources of failure
main goal at this stage is mostly about finding ways to improve the design [89].
In our case, if a customer is not satisfied by any composed SVN, (s)he will
identify the sources of failure for a selected SVN, otherwise (s)he will select
a SVN to satisfy her/his need (Fig. 4.1). More specifically, since SVNs might
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Figure 4.12: Applying the first eight inference rules to SV N3.

miss FCs and/or o↵er non-required FCs, the customers trade o↵ the FCs within Customer feedback
the selected SVN. On the one hand, the customers identify the FCs that are
not interesting and cause failures to the SVN. On the other hand, they can
also identify FCs that were not required but might be interesting to them.
Consequently, in order to achieve this task, two subtasks are required: Select
and Trade o↵.
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Figure 4.13: Defuzzification process for: a) SV N1, b) SV N2, and c) SV N3.

Input Output

SelectRanked
SVNs

Basis
SVN

4.1.3.1 Select

Based on the ranking computed by the verification step, the customer can select
a SVN either to acquire its services or critique its FCs. If the customer decides
to acquire a composed SVN, the goal of the PVCM method has been reached.
Otherwise, the customer must perform a trade o↵ for the FCs o↵ered by the
SVNs.

4.1.3.2 Trade o↵

Once the customer has selected a SVN to be critiqued, (s)he must give scores for
the FCs o↵ered by the SVN. The customer is only required to give scores for the
FCs that were not required, however, (s)he also has the opportunity to change
her/his preferences for the previously required FCs. With this information, it
is possible now to modify the customer requirements and propose new SVNs to
the customer.

Input Output

Trade-offBasis
SVN

Scored
FCs

In the critique subtask the customer has the opportunity to score (trade o↵)
the FCs within the selected SVN. Later on, the scores given by the customer
can be used to trigger the composition of new SVNs that better fit the customer
requirements. This step is performed by the last subtask called modify which is
explained in the following subsection (4.1.4).

4.1.4 Modify

Chandrasekaran defines this subtask as the process of taking as input informa-
tion about the failures of a solution design and then changing the design to getNew SVNs
closer to the specifications, which involves proposing a new solution design and
going again through the verify and critique subtasks [21]. In our framework, we
take as input the customer’s feedback to update her/his preferences and propose
a new pool of SVNs that possibly fit better the customer requirements. Before
proposing new SVNs two steps must be performed: Adaptation and Update.
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Input Output

AdaptScored
FCs

New
FCs

4.1.4.1 Adapt

Based on the scores given by the customer, this subtask can automatically
recalculate a new set of FCs. The FCs with scores greater than zero (0) are
part of the new set of required FCs, otherwise they are ignored.

4.1.4.2 Update

Finally, this subtask replaces the old set of required FCs by the new set com-
puted in the previous subtask (Adapt). In this way, the composition of new
SVNs is triggered again, i.e. we go back through all the PVCM cycle.

Input Output

UpdateNew
FCs

Required
FCs

Summarizing, the modify subtask takes as input the feedback provided by
the customer (the scores for the FCs provided and non-required by a selected
SVN ), to later on adapt and update a new set of customer required FCs that
trigger a new propose subtask, i.e. closing the customer-supplier loop. The
PVCM cycle (i.e. the four subtasks: propose, verify, critique and modify) can
be repeated until the customer finds an SVN meeting her/his requirements.

The interactive composition framework has been explained in Sect. 4.1. The
given framework is based on the propose-verify-critique-modify (PVCM) solving
method and takes as inputs the knowledge provided by a catalogue of customer
needs and a catalogue of services. Whereas the customer and service catalogues
provide the required knowledge to compose SVNs, the composition framework
provide the required reasoning to make use of such knowledge and ultimately
achieve the composition of SVNs.

4.2 Conclusions

In this chapter we have presented an interactive framework to compose SVNs
based on the propose-verify-critique-modify (PVCM) problem solving method.
Since the composition of SVNs is addressed as a design task, the framework
relies on four subtasks to achieve such composition: propose, verify, critique
and modify. Moreover, the given framework represents the required reasoning
to automate the composition of SVNs taking as input the knowledge provided by
the customer and service catalogues, which are designed based on the ontologies
provided in Chapter 3.

Briefly, the four subtasks work as follows. Given a customer need expressed
in terms of specific FCs, the propose subtask can automatically compose and
rank alternative SVNs matching the required FCs. Furthermore the Propose
subtask relies on several methods: O↵ering, Laddering, Matching, Bundling,
B2B Linking. Whereas o↵ering and laddering are in charge of pushing service
o↵erings and pulling customer needs respectively, the matching method actually
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performs a searching process to allow both perspectives (customer and supplier)
to meet. The bundling method relies on a heuristic algorithm that generates
service bundles (groups of one or more services) providing solutions to a cus-
tomer need. The B2B linking solves the dependencies of services within the
bundles and also generates SVNs which are the final alternative solutions for a
customer need.

The verify subtask is based on a Fuzzy Inference System that verifies the
fitness of the alternative SVNs given a customer need and also ranks such SVNs
taking into account the fitness of each SVN.

The critique subtask allows the customer to 1) select a SVN based on the
ranking generated in the verify subtask and, 2) keep it as a final solution or 3)
trade-o↵ the FCs provided by a selected SVN, i.e. s/he can give scores for the
FCs provided by the selected SVN.

Based on the given scores for the provided FCs, the modify subtask can
automatically adapt (adding new FCs in case it is required) and update the
required FCs such as the design of new SVNs can be triggered, i.e. the PVCM
cycle starts again.

Furthermore, by means of this interactive framework we also provide an-
swers to our last research questions. RQ3: How to automatically compose an
SVN, given specific customer requirements, and a service catalogue?, has been
answered by providing the interactive framework that composes SVNs taking
as inputs 1) a customer need expressed in terms of specific functional conse-
quences (FCs), and 2) a catalogue of services o↵ering di↵erent (FCs). The
given framework has been already described in [82, 85].

RQ4: How to choose among alternative SVNs?, has been answered by means
of a verification subtask introduced in [85]. The given verification not only
determines how well SVNs fit the functional consequences (FCs) required by
the customer but also ranks the composed SVNs helping the customer to choose
among all the alternatives.

To conclude, while propose, verify and modify subtasks are performed by
a broker; the critique subtask requires human intervention. The software sup-
port required to implement the framework is described in Chapter 5 while its
behaviour is explored for di↵erent case studies in Chapters 6, 7 and 8.



Chapter 5

Software Support to
Compose Service Value
Networks

This chapter describes a software prototype to compose Service Value Networks
(SVNs) based on customer and service catalogues as well as on a Propose Verify
Critique Modify (PVCM) problem solving method.

The content of this chapter is partially based on the following publications:

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In 24th International
Conference on Advanced Information Systems Engineering (CAiSE’12),
2012 [85].

• Iván S. Razo-Zapata, Jaap Gordijn, Pieter De Leenheer and Hans Akker-
mans. Dynamic Cluster-based Service Bundling: A value-oriented frame-
work. In Commerce and Enterprise Computing (CEC), 2011 IEEE 13th
Conference on, 2011 [82].

This chapter presents a software prototype that implements the composition
framework described in Chapter 4 and makes use of customer and service cat-
alogues as described in Chapter 3. Briefly, the prototype has been developed
in Java1 making use of the Jena framework for building Semantic Web applica-
tions2. Whereas Java and Jena o↵er the required software-supported reasoning
to compose SVNs, RDF3 provides an standardized way to define files describ-
ing the resources within the customer and service catalogues. Furthermore, the
composed SVNs can be visualized on the e3value editor.

The software prototype partially automates the PVCM problem solving
method since human intervention is still required to compose SVNs, i.e. the
customer must not only specify her/his needs but also select a desired SVNs

1http://www.oracle.com/technetwork/java/javase/downloads/index.html
2http://jena.apache.org/
3http://www.w3.org/RDF/
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and provide feedback if it is required. In the end, a dialogue between a cus-
tomer and a broker is established to compose SVNs matching customer needs.

The rest of the chapter is organized as follows. Sect. 5.1 describes the soft-
ware requirements to be met while designing our prototype. Later on, Sect. 5.2
presents a three-tier architecture describing our software prototype. Sect. 5.3
explains how the customer and service catalogues are designed based on RDF
and the ontologies presented in Chapter 3, whereas Sect. 5.4 presents the design
of the composition framework following the ideas presented in Chapter 4. Af-
terwards, Sect. 5.5 shows a demo explaining how to use our software prototype
to compose SVNs. Finally, Sect. 5.6 gives the general conclusion.

5.1 Implementation Requirements

This section describes the implementation requirements being imposed by the
solution designs presented in Chapters 3 and 4. Moreover, we can clearly dis-
tinguish between requirements dealing with knowledge representation and re-
quirements due to the composition framework’s reasoning. The following list
describes these requirements where the first three requirements are imposed by
the knowledge representation while the remaining two deal with the framework’s
reasoning.

Req 1. The catalogues must be computer readable.

Req 2. The catalogues must have an standardized representation.

Req. 3 The composition framework must allow a dialogue between a customer
and a broker. Such dialogue must o↵er input options to specify needs
and provide preferences for the FCs as well as an option to browse all the
composed SVNs, select one and provide feedback for the chosen SVN.

Req. 4 The composition framework must use only the knowledge coming from
the customer (preferences about FCs) and the knowledge already de-
scribed in the catalogues .

To deal with the first two requirements we have decided to apply an RDF-
based representation, which provides a computer-readable and standardized way
to describe resources (i.e. the elements of our catalogues) . Moreover, RDF canRDF representation
also be extended to add semantic descriptions by means of RDF Schema4, which
allows to reason about the resources within the catalogues.

The last two requirements are addressed in the following way. For the third
requirement, we have chosen a GUI over a prompt-based interface because the
first one provides better readability specially when browsing several SVNs . Fi-GUI and Java
nally, to address the last requirement, we decided to implement the composition
framework making use of the Java programming language and the Jena frame-
work for building Semantic Web applications since by combining both, Java
and Jena, the software prototype can manipulate RDF files, which in this case
contain the knowledge described in the customer and service catalogues.

In this section, we have described the implementation requirements as well
as the way they have been addressed. The next section presents the design of

4http://www.w3.org/TR/rdf-schema/
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our software prototype which implements the composition framework designed
in Chapter 4.

5.2 Design

Fig. 5.1 shows a three-tier architecture depicting the elements being part of
our software prototype. The Data tier is composed of both the customer and Data tier
the service catalogues, which are stored in RDF files. The customer catalogue
contains information about needs, functional consequences (FCs) and wants
(see Chapter 3), whereas the service catalogue contains information regarding
services that can be o↵ered by suppliers and enablers as well as the value objects
and the functional consequences FCs related to them.

Broker

Service
Catalogue

RDF 
Schema

Laddering -
Get required
FCs

Service 1
Service 2
Service 3
Service 4Data tier

Presentation tier

Logic tier

Customer
Catalogue

Matching

Bundling
B2B LInking
Verify

Alternative
SVNs

SVN 1
SVN 2
SVN 3
SVN 4

Critique

Propose
Verify
Modify

Figure 5.1: A three-tier architecture of our software prototype.

The Logic tier relies on the composition framework described in Chapter 4 Logic tier
which consists of four subtasks: propose, verify, critique and modify. While the
propose subtask requires interaction between the customer and the broker, the
verify and modify subtasks can be automatically performed by the broker on
its own. Furthermore, the critique subtask completely relies on human inter-
vention, i.e. the customer must provide feedback about the composed SVNs.
In this way, the Java-and-Jena-based prototype partially automates the propose
subtask (laddering is partially supported; whereas matching, bundling and B2B
linking are fully automated) and completely automates the verify and modify
subtasks.

The Presentation tier allows interaction between a customer and a broker Presentation tier
by means of GUI. In this way, while the customer communicates a need to be
solved, the broker responds with alternative SVNs that can provide solutions
for the given need.

To conclude, the prototype depicted in Fig. 5.1 has been implemented in
a centralized way making use of a Unix-based system (CPU 2.8 GHz, 8GB
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RAM) as well as the Java programming language, the Jena framework and
RDF technology to describe the customer and service catalogues.

The next sections elaborate in detail about each one of the tiers presented
in our architecture. Sect. 5.3 describes how both the customer and service
catalogues are stored in RDF files, one for each catalogue respectively. Later
on, Sect. 5.4 explains how the logic is implemented based on the composition
framework presented in Chapter 4 while Sect. 5.5 explains how the presentation
tier works by means of a demo.

5.3 Data tier

This section describes how the required knowledge (customer and service cat-
alogues) to compose SVNs is represented in a computer-readable manner by
means of RDF files, which allow representing the concepts and relationships of
the customer and service ontologies making use of so-called triples.

Briefly, a triple is a construct composed of three elements: a subject, aA triple
predicate and an object. Such triples denote relationships between subjects and
objects by means of predicates. For instance, the idea that a need is specified
by a functional consequence (FC ), can be represented with an RDF triple as:
a subject denoting the need, a predicate denoting specified by, and an object
denoting a given FC. Although both the customer and service catalogues are
represented in RDF, the customer catalogue is designed by hand; whereas the
service catalogue is automatically generated using a script that takes informa-
tion about services contained in text files and maps it onto an RDF file based
on the service ontology described in Sect. 3.2.1.

Because RDF only allows to describe resources without making assumptions
neither about the application domain nor the semantics of any domain, it is still
necessary to take care of theses issues using RDF Schema (RDFS) [6] . Briefly,RDFS
RDFS provides the means to describe application-specific and semantically-
meaningful classes and properties.In this way, Sections 5.3.1 and 5.3.2 present
not only the RDFS representation of the concepts within our catalogues (i.e.
how concepts like need, consequence and so on are described in RDFS) but also
an small example of how the content of such catalogues is described. Conse-
quently, the RDFS representation can be seen as the class level; whereas the
provided example can been considered as the instance level. Furthermore, to
make more clear how both catalogues are represented in RDF, four our exam-
ples, we have filled both catalogues based on the information contained in the
publicly available NDAQ database.

5.3.1 Customer catalogue

Fig 5.2 presents a sample of the RDFS version for the concepts and relationships
within the customer ontology described in Sect. 3.1. More specifically, it depicts
how the concept need is defined as a type of Class while the relationship specified
by is defined as a type of Property [6]. In this manner, the concepts and the
relationships within the customer ontology are defined as Classes and Properties
respectively.

Fig. 5.3 presents a sample of a customer catalogue where the main concepts
are shown, i.e. need, want and functional consequence (FC ). Such catalogue
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<rdf:Description rdf:about=’http://www.cs.vu.nl/~gordijn/e3value#need’>
<rdf:type rdf:resource=’http://www.w3.org/2000/01/rdf-schema#Class’/>
<rdfs:label xml:lang=’en’>http://www.cs.vu.nl/~gordijn/e3value#need</rdfs:label>
<rdfs:subClassOf rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#model-concept’/>

</rdf:Description>
<rdf:Description rdf:about=’http://www.cs.vu.nl/~gordijn/e3value#specify_by’>

<rdf:type rdf:resource=’http://www.w3.org/1999/02/22-rdf-syntax-ns#Property’/>
<rdfs:label xml:lang=’en’>http://www.cs.vu.nl/~gordijn/e3value#specify_by</rdfs:label>
<rdfs:subPropertyOf
rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#DEFAULT_ROOT_RELATION’/>

<rdfs:domain rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#need’/>
<rdfs:range rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#consequence’/>

</rdf:Description>

Figure 5.2: RDF Schema of the customer catalogue. The concepts and relation-
ships within the customer ontology are defined as RDFS Classes and Properties
respectively.

has been designed based on the ontology introduced in Sect. 3.1.1. In addition,
the catalogue has been designed based also on the information contained in the
NDAQ database by grouping the FCs not only to possible courses (wants) in
which they can be o↵ered but also to customer needs that they can also solved.

<rdf:RDF xmlns:rdf="&rdf;"
xmlns:a="&a;"
xmlns:rdfs="&rdfs;">

<a:need rdf:about="http://www.cs.vu.nl/~gordijn/e3value#Need_Multimedia_Creator"
a:e3_has_name="As a multimedia creator, how can I improve my competencies?">
<a:specified_by rdf:resource="&a;FC_Animation_Techniques_10"/>
<a:specified_by rdf:resource="&a;FC_Image_Edition_20"/>
<a:specified_by rdf:resource="&a;FC_Audio_Edition_30"/>

</a:need>
<a:functional_consequence rdf:about="&a;FC_Animation_Techniques_10"

a:e3_has_name="Animation Techniques">
<a:consists_of rdf:resource="&a;FC_Principles_of_Animation_11"/>
<a:consists_of rdf:resource="&a;FC_Digital_Animation_11"/>

</a:functional_consequence>
<a:functional_consequence rdf:about="&a;FC_Principles_of_Animation_11"

a:e3_has_name="Principles of Animation"
rdfs:label="Principles of Animation">

<a:contained_in rdf:resource="&a;Want_Basic_Animation_Course_100"/>
</a:functional_consequence>
<a:want rdf:about="&a;Want_Basic_Animation_Course_100"

a:e3_has_name="Basic Animation">
<a:has rdf:resource="&a;FC_Principles_of_Animation_11"/>
<a:has rdf:resource="&a;FC_Stopmotion_Animation_12"/>
<a:has rdf:resource="&a;FC_2D_Traditional_Animation_13"/>

</a:want>
</rdf:RDF>

Figure 5.3: Customer need represented in RDF. A need can be specified by
di↵erent FCs which might be contained in wants.

For instance, as depicted in Fig. 5.3, the customer need with name “As a Customer need
multimedia creator, how can I improve my competencies?” can be specified by
three di↵erent FCs : Animation techniques, image edition or audio edition. In
the same vein, the FC animation techniques can be further detailed since it
consists of two more specific FCs : Principles of animation and digital anima-
tion. Finally, the FC principles of animation is also contained in the want Basic
animation course, which has two more FCs: Stopmotion animation and 2D tra-
ditional animation. Summarizing, by using RDF triples, a customer catalogue
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can be defined based on the concepts need, want and functional consequence,
which are part of the customer ontology introduced in Sect. 3.1.1.

5.3.2 Service catalogue

Similar to the customer catalogue defined in the previous section, we have
also represented the concepts and relationships within the service ontology
(Sect. 3.2.1) as RDFS Classes and Properties respectively [6]. Fig. 5.4 presents
the RDFS version of some of the concepts and relationships in the service on-
tology. In short, it shows how the concept value activity and the relationship
va-performed-by-el are defined as a type of Class and a type of Property respec-
tively.

<rdf:Description rdf:about=’http://www.cs.vu.nl/~gordijn/e3value#value-activity’>
<rdf:type rdf:resource=’http://www.w3.org/2000/01/rdf-schema#Class’/>
<rdfs:label xml:lang=’en’>http://www.cs.vu.nl/~gordijn/e3value#value-activity</rdfs:label>
<rdfs:subClassOf rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#model-concept’/>

</rdf:Description>
<rdf:Description rdf:about=’http://www.cs.vu.nl/~gordijn/e3value#va-performed-by-el’>

<rdf:type rdf:resource=’http://www.w3.org/1999/02/22-rdf-syntax-ns#Property’/>
<rdfs:label xml:lang=’en’>

http://www.cs.vu.nl/~gordijn/e3value#va-performed-by-el</rdfs:label>
<rdfs:subPropertyOf

rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#DEFAULT_ROOT_RELATION’/>
<rdfs:domain rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#value-activity’/>
<rdfs:range rdf:resource=’http://www.cs.vu.nl/~gordijn/e3value#elementary-actor’/>

</rdf:Description>

Figure 5.4: RDF Schema of the service catalogue. The concepts and relation-
ships within the service ontology are defined as RDFS Classes and Properties
respectively.

Fig. 5.5 shows a sample of a customer catalogue that has been generated
based on the NDAQ database. We have designed a script that maps respectively
the NDAQ’s concepts o↵ering organization, diplomas (awards, certificates) and
units onto the concepts actors, value objects and FCs.

In short, Fig. 5.5 shows how the University of the Arts London (actor)
performs the value activity 500/9674/6 with assigned value interface vi3531.
Moreover, the given value interface consists of the value o↵ering 3532, which
also consists of the value port 3534. In a similar vein, the value port o↵ers
the value object “UAL Award in Animation (QCF)” which has the functional
consequence “Principles of Animation”.

Based on this mapping, we have created a computer script that automati-
cally generates an RDF-based service catalogue based on the service ontology
in Sect. 3.2.1 and the information contained in text files. E.g. such as those
obtained from the NDAQ’s database.

To sum up, this section has described how both the customer and service
catalogues have been represented by means of RDF files. Furthermore, the cus-
tomer catalogue is designed by hand; whereas the customer catalogue is auto-
matically generated based on the information contained in the text files. Finally,
since both catalogues are computer-readable, they can be used to automate the
composition of SVNs, which is explained in the next section.
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<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:a="http://www.cs.vu.nl/~gordijn/e3value#" >

<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#3259">
<a:e3_has_name>University of the Arts London </a:e3_has_name>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#elementary_actor"/>
<a:ac_has_vi rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3386"/>
<a:e3_has_uid>3259</a:e3_has_uid>
<a:el_performs_va rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3530"/>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#3530">

<a:e3_has_name>500/9674/6</a:e3_has_name>
<a:va_performed_by_el rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3259"/>
<a:e3_has_uid>3530</a:e3_has_uid>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#value_activity"/>
<a:va_with_assigned_vi rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3531"/>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#3531">

<a:vi_consists_of_of rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3532"/>
<a:vi_assigned_to_va rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3530"/>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#value_interface"/>
<a:e3_has_uid>3531</a:e3_has_uid>
<a:e3_has_name>vi3531</a:e3_has_name>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#3532">

<a:vo_consists_of_vp rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3534"/>
<a:vo_in_vi rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3531"/>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#value_offering"/>
<a:e3_has_uid>3532</a:e3_has_uid>
<a:e3_has_name>out</a:e3_has_name>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#3534">

<a:vp_requests_offers_vo
rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#500/9674/6"/>
<a:vp_in_vo rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3532"/>
<a:vp_has_dir>true</a:vp_has_dir>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#value_port"/>
<a:e3_has_uid>3534</a:e3_has_uid>
<a:e3_has_name>vp3534</a:e3_has_name>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#500/9674/6">

<a:resource_has_consequence
rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#R/601/8354"/>
<a:e3_has_uid>3529</a:e3_has_uid>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#value_object"/>
<a:e3_has_name>UAL Award in Animation (QCF)</a:e3_has_name>
<a:vo_offered_requested_by_vp
rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#3534"/>

</rdf:Description>
<rdf:Description rdf:about="http://www.cs.vu.nl/~gordijn/BusinessCase01#R/601/8354">

<a:consequence_has_resource
rdf:resource="http://www.cs.vu.nl/~gordijn/BusinessCase01#500/9674/6"/>
<rdf:type rdf:resource="http://www.cs.vu.nl/~gordijn/e3value#functional_consequence"/>
<a:e3_has_uid>R/601/8354</a:e3_has_uid>
<a:e3_has_name>Principles of Animation</a:e3_has_name>

</rdf:Description>
</rdf:RDF>

Figure 5.5: Service catalogue represented in RDF. It shows how the University
of the Arts London (actor) performs the value activity 500/9674/6 providing
(through the concepts value interface, value o↵ering and value port) the value
object “UAL Award in Animation (QCF)” which has the functional consequence
“Principles of Animation”.
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5.4 Logic tier

This section describes the design of the prototype presented in Fig. 5.1. We
describe the static view using a UML class diagram (Sect. 5.4.1) while the
dynamic view is described by means of an activity diagram (Sect. 5.4.2) .

5.4.1 Static view

5.4.1.1 Class diagram

Fig. 5.6 shows the UML class diagram for the prototype presented in Fig. 5.1,
which consists of six classes: B2B, Bundle, Cluster, FIS, JAppletService and
RDF Utilities. Besides showing the classes part of the prototype, Fig. 5.6 also
shows, when applicable, in which subtasks the classes are involved. In short,
the classes B2B, Bundle, and Cluster provide routined to deal with the propose
and modify subtasks; whereas the class FIS only contains routines to deal with
the verify subtask and the class JAppletService actually provides routined to
deal with the propose, verify and modify subtasks.

Prototype

B2B

consists
of

Bundle Cluster FISJAppletService RDF_Utilities
Propose,
modify

Propose,
modify

Propose,
modify

VerifyPropose, verify
modify

Figure 5.6: UML class diagram of our prototype. The B2B, Bundle and Cluster
classes provide routines to deal with the propose and modify subtasks. The
FIS class contain routines dealing with the verify subtask. The JAppletService
provides routines to deal with the propose, verify and modify subtasks while the
RDF utilities class provides routines to manipulate RDF files.

JAppletService is the core class in the prototype since it contains not only
the routines dealing with the reasoning required to compose SVNs, i.e.
the reasoning behind the composition framework described in Chapter 4,
but also the Graphic User Interface (GUI) that allows the interaction
with a human customer. In this way, the JAppletService class partially
automate the propose subtask since it requires human intervention and
fully automates the verify and modify subtasks. Such class, however, also
relies on the other five classes.

Cluster deals with the bundling inference described in Sect. 4.1.1.4.

Bundle because the bundling inference generates service bundles based on a
heuristic requiring to compute “clusters” and bundles, the Cluster and
Bundle classes deal with such computation respectively.

B2B contains routines dealing not only with the B2B linking inference but also
with the generation of resources based on the concepts and relationships
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of the service ontology (see Sect. 3.2), which allows the composition of
complete SVNs.

FIS contains the required routines to implement the Fuzzy Inference System
described in Sect. 4.1.2, which determines whether the composed SVNs
meet the customer needs. Consequently, the class implements routines for
fuzzification, analysis and defuzzification of the FCs within the composed
SVNs.

RDF utilities contains routines to read, manipulate and create RDF files
(some of them provided by the Jena framework), which are needed to
compose SVNs that can be read using the e3value tools.

Summarizing, since the propose subtask can be partially automated and the
verify and modify subtasks can be fully automated, our classes deal with the Propose, verify and mod-

ifyinferences within each subtask in the following way: JAppletService takes care
of the o↵ering, laddering, matching, adapt and update inferences (i.e. partially
the propose subtask and completely the modify subtask); whereas the cluster
and bundle classes take care of the bundling inference. In a similar way, the B2B
class completes the propose subtask by taking care of the B2B linking inference,
which generates the complete SVNs. Finally, the FIS class deals with the verify
subtask (fuzzification, analysis and defuzzification inferences) that is based on
a Fuzzy Inference System.

The next section describes the dynamic view of our prototype by presenting
an activity diagram, which depicts how the composition of SVNs is performed
as well as how the customer and the broker interact with each other.

5.4.2 Dynamic view

5.4.2.1 Activity diagram

Fig. 5.7 shows the activity diagram that reflects the way in which the composi-
tion of SVNs is performed based on customer-broker interaction. The customer
and the broker are in charge of carrying on six activities: specify customer need,
compose SVNs, rank SVNs, select an SVN, critique selected SVN and change
required FCs.

Briefly, once a customer specifies a need, the broker automatically composes
and ranks SVNs to provide alternative SVNs as ways to solve the customer need.
Later on, the customer must select an SVN, perhaps the highest in the rank. If Customer-broker interac-

tionthe customer is satisfied with the selected SVN, the composition process ends
delivering a complete SVN that can solve the customer need. Otherwise, the
customer must critique the selected SVN which leads to changing the required
FCs and re-starting the composition of SVNs based on the new FCs being
required.

To sum up, this section has presented the static and dynamic views of the
prototype depicted in Fig. 5.1. The static view (Sect. 5.4.1) presents a class
diagram of the classes contained in the prototype, which deal not only with
the composition of SVNs but also with the manipulation of RDF files. The
dynamic view (Sect. 5.4.2) presents an activity diagram. The first one mainly
presents the activities to be performed in order to compose SVNs. The second
diagram explains the relationships among the activities as well as the rich order
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Specify Customer Need Compose SVNs

Rank SVNs

[Satisfied]

Critique selected SVN

Select an SVN

SVN composition

Change required FCs

[Unsatisfied]

Customer Broker

Figure 5.7: Activity diagram showing the interaction between a customer and
a broker as well as the required activities to compose SVNs.

of execution. The next section explains how the prototype can be used to
compose SVNs by means of a GUI.

5.5 Demo

This section explains how the Java-and-Jena based prototype can be used to
compose SVNs matching specific customer needs. Fig. 5.8 shows the prototype’s
Graphic User Interface to be used during the composition of SVNs. The GUI
has two main spaces which help to specify a customer need and check informa-
tion regarding the composed SVNs respectively. Roughly, the space to specify
customer needs not only provides the required elements to map a customer need
onto specific FCs but also allows a customer to give preferences for the requested
FCs. Once the SVNs matching a customer need have been composed, the space
to check composed SVNs gives information about the fitness and number of ser-
vices within the service bundles for each composed SVN. Moreover, this space
also allows a customer to critique a selected SVN so that the composition of
new SVNs can be restarted.

The following paragraphs provide a sort of quick reference to use the proto-
type based on the activity diagram presented in Sect. 5.4.2. Briefly, Sect. 5.5.1
explains how a customer need can be specified, whereas Sect. 5.5.2 describes
where the composed SVNs can be ranked and checked. Afterwards, Sect. 5.5.3
explains how a given SVN can be selected and criticized by the customer. Fi-
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Space to specify
customer needs

Space to check
composed SVNs

Figure 5.8: Prototype’s graphic user interface showing the space to specify needs
and the space to check the composed SVNs.

nally, Sect. 5.5.4 show how new SVNs can be composed to match new required
FCs.

5.5.1 Defining a customer need

This subsection explains how the activity “Specify customer need” depicted in
Fig. 5.7 can be performed by mapping a customer need onto specific FCs and
providing preferences for each specific FC. Fig. 5.9 shows the graphical space
to perform the so-called laddering inference, i.e. to map a customer need onto
FCs, whereas Fig. 5.10 shows a graphical space to provide preferences for these
FCs.

By using the space depicted in Fig. 5.9, a customer can perform the laddering
inference. The first step is to choose a customer need from the first combo box, Laddering
e.g. “As a multimedia creator, how can I improve my competencies?”. Later
on, by selecting a high-level FC from the second combo box, the customer
can visualize a list of specific FCs within a table. In this case, for instance,
the customer has selected the high-level FC “Image Edition”, which is further
refined into the specific FCs : Studio photography, digital image manipulation,
presenting photo images, photo image capture and principles of photo image
capture. Such list of FCs represent the way in which the customer can deal
with her/his current need. Moreover, although the customer ontology allows to
recursively refine FCs, we have restricted this process to only refine a FC once,
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Figure 5.9: Laddering. Mapping the customer need “As a multimedia creator,
how can I improve my competencies?” onto specific FCs via the high-level FC
Image edition.

i.e. mapping from one high level FC to one or more specific FCs, which can
bee seen as a one-level laddering.

Figure 5.10: Providing preferences for each FC.

Afterwards, the customer can provide preferences for each specific FC withinCustomer preferences
the table. Fig. 5.10 shows the way in which the customer provides her/his prefer-
ences. Once the customer has provided preference for each FC, the composition
of SVNs can be started by pressing the button with the label “Find Solutions”.
The remaining steps are explained in the following paragraphs.

5.5.2 Composing and ranking SVNs

After a customer has specified a need, the broker can perform the activities
Compose SVNs and Rank SVNs as depicted in Fig. 5.7. The result of these
activities, i.e. the composed SVNs, is depicted within the bottom table in
Fig. 5.11. Such table contains all the composed SVNs and provides also in-
formation for each composed SVN regarding the SVN’s fitness as well as the
number of services contained in each service bundle, i.e. the services to be
acquired by the customer.

The composition and ranking of the SVNs has been performed based on
the content presented in Chapter 4, more specifically the algorithms presented
within the sections 4.1.1 and 4.1.2 which deal with the propose and verify sub-
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Figure 5.11: There are 55 automatically composed and ranked SVNs. The top
three SVNs having a score above 8.7.

tasks respectively . Furthermore, for each composed SVN, the bottom table Propose and verify
in Fig. 5.11 only provides information about the number of services contained
within the service bundles rather than the whole SVN since the B2C relation-
ships only involve customers and service suppliers. Consequently, the customer
must establish relationships only with service suppliers, which are contained
within the service bundles.

In the example, the broker has composed 55 SVNs to provide the requested
FCs, i.e. matching the original customer need. Moreover, the SVNs are auto-
matically composed and ranked as shown at the bottom table in Fig. 5.11. E.g.
the SVN 287 has a fitness of 8.94, whereas the SVNs 21, 154, 161 and 294 have
a fitness of 8.78. Even though the top five composed SVNs are visualized, the
rest of the composed SVNs can be visualized by scrolling down the table. The
following paragraphs elaborate on how more properties of the composed SVNs
can be visualized helping the customer to make a more informed selection.

5.5.3 Selecting and criticizing the composed SVNs

Once the SVNs have been composed and ranked, a customer must select a
given SVN to either acquire it or critique it. This subsection explains how
the activities Select an SVN and Critique selected SVN are performed by the
customer as illustrated in Fig. 5.7.

To select a composed SVN, the customer must perform two steps. First,
s/he has to highlight the desired SVN from the table containing all the SVNs.
Second, the customer has to press the select button located next to such table Selecting an SVN
and below the fitness button. After selecting an SVN, more information about
the selected SVN is presented in the table at the bottom of Fig. 5.12. Briefly,
the table presents information about the services contained in the service bundle
and the FCs provided by the selected SVN. E.g. the selected SVN 161 has a



94 Software Support to Compose SVNs

Figure 5.12: Once an SVN has been selected, the customer can trade-o↵ the
FCs provided by the selected SVN.

service bundle containing the services 500/6955/X, 500/6946/9 and 500/6878/7
performed by the City and Guilds of London Institute. Moreover, the selected
SVN provides eight FCs as a result of combining the three services.

After checking the details of the selected SVN, the customer can decide
whether s/he is satisfied with the SVN or not. If the customer is satisfied s/he
can press the OK button which generates an RDF file containing such SVN.
The generated RDF file can be later visualized as an e3value model by usingCritizicing
the e3value editor 5. In case the customer is not satisfied, s/he must provide
preferences for the FCs that s/he does not like. Afterwards, such feedback
can be used to trigger a new composition of SVNs aiming at delivering better
SVNs (with better fitness). The table at the bottom of Fig. 5.12 shows how the
customer can provide preferences for the FCs provided by the SVN 161. The
next paragraphs elaborate on how the customer feedback can be used to trigger
a new composition task.

5.5.4 Composing new SVNs

After a customer has critiqued a given SVN, the broker requires to perform the
activity Change required FCs as presented in Fig. 5.7. To perform such activityModify
the broker takes as input the FCs for which the customer provided a score higher
than zero, which generates a new list of required FCs. For instance, Fig. 5.13

5http://e3value.few.vu.nl/
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depicts how a new entry for high-level FCs has been added to the initial way of
dealing with the customer need. Such high-level entry is actually linked to the
new list of required FCs. Consequently, the high-level entry can be refined into
detailed FCs.

Figure 5.13: After the critique subtask has been performed by the customer,
there is a list of new required FCs.

Fig. 5.14 presents the complete prototype’s GUI showing how the customer
can repeat the complete composition task to hopefully find better solutions. In
this example, for instance, there are new SVNs having better fitness. The top
four SVNs have now a value of 8.91, whereas the fifth SVN has a value of 8.73.
The propose, verify, critique andmodify subtasks can be continuously performed
until the customer decides to stop the composition of SVNs by selecting the SVN
that s/he likes.

Figure 5.14: At the end of the modify subtask, there are new composed SVNs.
This time, the top three SVNs have a score above 8.9.

This section has presented how the Java-and-Jena based prototype can be
used to compose SVNs. The prototype has been implemented based on the
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composition framework presented in Chapter 4 as well as the designs described
in the Sections 5.3 and 5.4. The composed SVNs are stored in RDF files which
can be visualized as e3value models using the e3value editor.

5.6 Conclusion

This chapter has described the software prototype to compose SVNs based on
the knowledge support and the composition framework presented in Chapters 3
and 4 respectively. Briefly, the given prototype implements a propose-critique-
modify (PCM) and makes use of catalogues describing customer needs and ser-
vices. In addition, the composed SVNs can be visualized as e3value models
using the e3value editor.

Sect. 5.1 described the implementation requirements as well as the way in
which they have been addressed. Since the prototype must implement the ideas
described in Chapters 3 and 4; requirements dealing with knowledge repre-
sentation are addressed by representing the framework’s inputs (customer and
service catalogues) and outputs by means of RDF files, whereas requirements
due to the composition framework are addressed through the implementation
of a Java-and-Jena-based software prototype.

Later on, Sect. 5.2 presented a three-tier architecture for the software proto-
type that shows how the composition framework can be implemented by defining
a Data, a Logic and a Presentation tier. In this way, Sect. 5.3 explained how the
customer and service catalogues are represented by means of RDF files within
the Data tier.

In the same manner, Sect. 5.4 described how, within the Logic tier, the
composition framework has been implemented based on Chapter 4 making use
of Java and Jena tools.

Afterwards, Sect. 5.5 described how the software prototype can be used to
compose SVNs through the Presentation tier which implements a GUI that
allows to specify needs and browse the composed SVNs so that a customer can
select a composed SVN among several alternatives.

The requirements described in Sect. 5.1 have been covered by each tier in
our software prototype in the following way. The Data tier deals with the first
two requirements by representing both the customer and the service catalogues
with RDFS. The Presentation tier takes care of the third requirement through a
GUI that enables an interactive dialogue between a customer and a broker. The
last requirement is covered by the logic tier which uses the knowledge coming
from the customer and the service catalogues as well as customer preferences
provided through the presentation tier. In this sense, the logic tier interconnect
the Presentation tier and the Data tier. Finally, the Logic tier implements the
subtasks propose, verify and modify as described in Chapter 4.

By using this prototype, the main facilitates o↵ered to customers, brokers,
service suppliers and enablers are as follows:

Customers not only take part in the composition task by specifing their needs
in terms of specific FCs and indicating preferences for each requested FCs
but also can provide feedback by criticizing the composed SVNs, which
might lead to solutions better fitting their needs.
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Brokers can interact with customer to better match customer needs. More-
over, they can also automate the composition and ranking of SVNs once
a customer need has been mapped onto specific FCs.

Service suppliers and enablers can o↵er their services in a o↵-line way by
means of the service catalogue.

Regarding the limitation of the prototype we can mention:

One-level laddering as described in Sect. 5.5.1, our prototype only allows to
map the so-called high-level FCs onto specific FCs, i.e. it does not o↵er
a recursive procedure to further refine FCs.

New compositions once a given SVN has been composed and also criticized
by the customer, the modify subtask composes new SVNs from scratch
based on the customer feedback but without taking into account the so-
lutions already found, i.e. it would be possible to reuse and tailor some
of the composed SVNs.

Summarizing, in this chapter we have presented a software prototype to
compose SVNs based on the ideas presented in Chapters 3 and 4. Later on, as
explained in Chapters 6 and 7, the given prototype is used to compose SVNs
in the Music Industry and the Education Sector respectively. Finally the pro-
totype’s performance under a real-world scenario is also analyzed and forecast
in Chapter 8.
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In Part II we have described a descriptive and computational framework to
compose SVNs. Chapters 3 presented two generic ontologies, which can be used
to generate catalogues for customer needs and services. Later on, Chapter 4
presented a framework to compose SVNs based on a so-called Propose-Verify-
Critique-Modify (PVCM) problem solving method. Afterwards, Chapter 5 pre-
sented a software prototype that allows to automate the composition of SVNs.

In this part we test and validate the composition framework by means of two
case studies and a numerical simulation. Chapter 6 presents a case study in the
music industry where the composition of SVNs can provide the basis to clear
tracks. The so-called clearing of tracks deals with Intellectual Property Rights
(IPRs) and requires collecting and distributing fees for publicly making use of
music. This collection-distribution process involves IPR users, IPR societies
and IPR owners. While IPR users are considered as customers, IPR societies
and owners are modeled as service suppliers and enablers respectively. The
composition of this kind of SVNs is centered around a pay-per-play scenario in
which a single track must be cleared once it is played by a customer. We present
how SVNs are composed as well as how the music industry can take advantage
of the composition of SVNs to improve the clearing process.

Chapter 7 presents a case study within the education sector. In this case,
customers are people trying to improve their CVs by acquiring specific compe-
tencies. Service supplier and enablers are educational services providing qualifi-
cations, certificates, and diplomas, which o↵er competencies. In this manner, a
person (customer) can acquire her/his required competencies from SVNs com-
posed of educational services o↵ering such competencies. We describe how the
SVNs can be composed and also refined until they meet the customer requested
competencies based on a dialogue in which customers provide feedback. Fi-
nally, we explain how the education sector and the employment market can
take advantage of the composition of SVNs to bridge the gap between employ-
ers looking for qualified employes and candidates failing to get a job because of
lack of competencies.

Chapter 8 presents a numerical simulation about the composition of SVNs
under real-world scenarios. It provides an analyzes on the required time to
compose SVNs, the average number of alternative SVNs being composed for
a composition task and the average fitness of SVNs with respect to customer
needs. We analyze the impact of the number of requested consequences and the
size of the service catalogue (i.e. the number of services), which provide us an
estimation on the performance of the composition framework under real-world
scenarios.
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Chapter 6

Service Value Networks in
the Music Industry

This chapter presents a case-based evaluation of the composition framework.
The case study is situated within the music industry in which the distribution of
fees paid by music users must allow to reach not only music providers but also
intellectual property right owners.

The content of this chapter is based on the following publications:

• Jaap Gordijn, Pieter De Leenheer and Iván S. Razo-Zapata. Generat-
ing Service ValueWebs by Hierarchical Configuration: An IPR case. In
Proceedings of HICSS 44, 2011 [43].

• Iván S. Razo-Zapata, Ania Chmielowiec, Jaap Gordijn, Maarten Van
Steen and Pieter De Leenheer. Generating Value Models using Skele-
tal Design Techniques. In Proceedings of the 5th international BUSITAL
workshop, 2010 [80].

Chapter 3 and Chapter 4 provide respectively the required knowledge and
reasoning to achieve composition of SVNs, whereas Chapter 5 has described the
software support to actually automate such composition. This Chapter presents
a case-based evaluation for the ideas expressed in Chapters 3, 4 and 5.

The case study is located within the music industry in which the collection
and distribution of fees due to publicly playing music requires several partici-
pants to be part of SVNs. Briefly, the participants of this type of SVNs are
music users (businesses publicly playing music), music providers (radio stations
or specialized streaming companies), Intellectual Property Right societies tak-
ing care of so-called neighboring rights and right owners (artists, producers,
lyricists among others).

The chapter explains how the framework to compose SVNs can be applied
in this case study to actually compose SVNs depicting not only the participants
but also the services they o↵er and the valuable resources they must exchange
to collect and distribute fees among them.

The rest of the chapter is organized as follows. Sect. 6.1 gives an explanation
about the case study in the music industry. Later on, Sect. 6.2 explains how the
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customer needs and the services are modeled while Sect. 6.3 describes how the
composition of SVNs is achieved. Afterwards, Sect. 6.4 provides some discussion
regarding the outcomes of the composition task. Finally, Sect. 6.5 presents the
final conclusions about the case study.

6.1 Case Study Description

In the music industry, Intellectual Property Rights (IPR) are an important con-
cept [87]. Neighboring rights are a kind of IPR, which have to be paid by users
if they earn money by playing music, or in other words, if they make music
public [73]. Taking care of such neighboring rights involves two steps: collecting
fees from IPR users, i.e. radio stations, bars, discotheques and others, and dis-
tributing these fees to Right Owners, i.e. artists, song writers, producers. This
process is usually performed by IPR societies and is called clearing tracks [73].

Some results for modeling this case study have been already provided [46],
however these results only address one of the multiple scenarios that can emerge
in the music industry, such as new actors performing less or more activities
because of market liberalization and new trends in the way of delivering mu-
sic [79, 100]. One such a trend is that IPR societies, instead of clearing tracks
in the traditional way which is based on play lists of the top 30 radio stations
(estimation), they can clear tracks based on the actual usage, a so-calledpay-per-
play scenario. Another trend is to increase competition amongst IPR societies.
Nowadays, a right owner can not select the right society that represents him.
Rather, the artist will be represented by the society operating for his country.
In this manner, right owners can select their society of choice.

Taking into account the pay-per-play scenario as well as the desire to increase
competition amongst IPR societies, the challenge is then how to provide a pay-
per-play scenario dealing with two issues: i) IPR users having a need to play
music must pay not only for the track being played (which can get from a music
provider) but also for the rights to play such track (provided by IPR societies),
and ii) a clear distribution of fees among the track’s right owners which can
be represented for di↵erent IPR societies. As a result, for each single track
being played by an IPR user, an SVN must be composed which is capable of
clearing the intellectual property rights of that track, and which can pay the
right owners the fees they are entitled to, i.e. the SVN must contain information
not only about participants but also the activities they perform and the valuable
resources they exchange (tracks, rights, fees among other valuable resources).

As described by Premkumar [79] and Swatman [100], there is already a
newly-competitive environment in which telcos or technology providers can ac-
tually o↵er several kinds of intertenet-based music services that can provide
tracks making use of a single stream. Having in mind that a track can be made
public by specialized stream-based music providers, we can model the pay-per-
play scenario by means of an e3value model as depicted in Fig. 6.1. In the given
e3value model, IPR users are the starting point, as they require to broadcast
background music which is provided by background music providers (BMP). A
BMP can provide background music in di↵erent ways, one of those is streaming
a track (Value Transfer A). When providing the track, the BMP must pay to
IPR Societies which collect fees related to the right to make a track available
to the public, i.e. Right to make a track public as depicted by value transfers D
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and E. Here, the public refers to IPR users.
IPR users have to pay IPR Societies too, as they make public the music

also to their customers (value transfers B-C). Although the BMP and IPR users
pay to IPR1 and IPR2, it does not mean they pay twice for the same thing.
Paying IPR2 is because of the right that the composers, publishers and lyricists
hold (value transfer C); whereas paying IPR1 is related to the rights of the
performing artists and producers (value transfer B). Actually, value transfers
A-E are constraints imposed by law, since IPR societies are the responsible
entities for collecting fees on behalf of IPR owners

 [Track]  [MONEY]

 [Right to make a track public]  [MONEY]

 [Right to collect fees]  [MONEY]

 [MONEY] [Right to clear a track]

 [MONEY] [Right to clear a track]

 [MONEY] [Right to collect fees]

 [Right to make a track public]
 [MONEY]

 [Right to clear a track]  [MONEY]

 [Right to clear a track]  [MONEY]

 [Right to clear a track]
 [MONEY]

 [Right to make

 [MONEY]

 [Right to make a track public]

 [MONEY]

IPR User (e.g. supermarket)

 a track public]

IPR Society
IPR 1

IPR Society
IPR 2

VT (K)

VT (D)
VT (E)

Value Transfer (A)

Value Transfer (B)

Value Transfer (C)

Playing
background music

Streaming music

Figure 6.1: e3value model for the pay-per-play scenario.

Fig. 6.1 depicts an scenario in which two market segments IPR1 and IPR2
are in charge of clearing tracks. We assume that there exist two relevant societies
concerning the right to make a track public. These two societies both collect
money from IPR users and pay the money to right owners but di↵er in the
type of right owner they are working for; IPR2 clears rights for publishers, com-
posers, and lyricists; whereas IPR1 clears rights for the artists and producers.
In most European countries such a situation exists, but with di↵erent societies
operating for di↵erent right owners. Consequently, as we described before, mar-
ket liberalization will require a more flexible scheme to assign value activities to
di↵erent enterprises, e.g. the activities “Collect Fees” and “Repartition Fees”
can be performed by di↵erent actors rather than one actor.

Once IPR societies got IPR-user fees, they retain a small percentage of
these fees and the next step is to repartition the rest of the fees among Right
Owners which is done by the value transfers K and L. The value objects being
exchanged are money and the Right to collect fees provided by the activity
Repartition Fees. Although the value activities Repartition Fees are performed
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by the same market segments collecting fees, this situation might be di↵erent
because of market liberalization which will allow more actors performing these
activities. To finally clear a track, the collected fees must be repartitioned
among the Right Owners which are usually composed of Artists, Producers,
Music Publishers, Composers and Lyricists.

While IPR1 only repartitions fees to Artists and Producers (value transfers
F-G), IPR2 does the same for Publishers, Composers and Lyricists (value trans-
fers H-J). This time the value objects being exchanged are money and the Right
to clear a track. Due to the fact that tracks are usually performed by more
than one artist, IPR1 must transfer the collected fees to each artist involved,
consequently the value transfer F will occur more than one time per consumer
need.

In Fig. 6.1 all the participants (IPR Users, BMPs, IPR Societies and five
types of Right Owners) are modeled as market segments since there is a plethora
of actors capable of performing the given value activities. For example, in the
current music industry, there are several IPR users, several BMPs and several
artist, producers [100].

Summarizing, given an IPR user (customer) with the need to publicly play
music based on a pay-per-play scenario, the following issues must be addressed:
provide and clear the required track. To provide the track an stream-based
solution is proposed, whereas to clear the track an SVN must be composed
containing information about not only the participants but also the activities
they perform as well as the valuable resources being exchanged.

The following sections explain how customer needs and services are described
(Sect. 6.2) as well as how the composition of SVN for specific tracks is done
(Sect. 6.3). Finally Sect.6.4 and Sect. 6.5 provide respectively some discussion
and conclusions.

6.2 Knowledge support

This section describes how customer needs and services can be described by
making use of the ontologies described in Chapter 3. While the use of the
customer ontology (3.1.1) is explained in 6.2.1, the use of the service ontology
(3.2.1) is explained in 6.2.2.

6.2.1 Customer needs

As explained in Sect. 6.1, IPR users have the need to play background music on
their premises. Starting with such general description of a customer need, we
can make use of the ontology in Sect. 3.1.1 to refine it into specific Functional
Consequences (FCs). Fig. 6.2 shows a customer catalogue mapping IPR users’
needs onto FCs. Moreover, as can be observed, a customer need (playing back-
ground music) can be specified by di↵erent consequences which are contained in
di↵erent wants.

The given customer catalogue expresses the specific FCs that must be ac-
quired to provide a solution for the customer need. In this way, to play back-
ground music in a pay-per-play scenario, the track to be played as well as the
proper rights must be acquired. Although in this case the functional conse-
quence Availability to play music consists of five IPR rights, these dependencies
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Figure 6.2: Customer catalogue for IPR Users.

might be adapted depending on the country’s regulations. We foresee at least
six FCs being requested by a customer need, i.e. M � 6 1 the functional
consequence On line delivery plus the functional consequences related to right
owners.

Furthermore, in Fig. 6.2 it is expressed that the Availability to play music
also consists of the functional consequence On line delivery contained in the
want digital track which would be the track a customer is willing to play publicly.
The required digital track can be delivered by all type of providers since a want
represents a current solution available in the market that can be o↵ered by
di↵erent service suppliers. The same assumption holds for the wants containing
the rights of the owners, nonetheless the number of right owners depends on the
track being played.

Summarizing, the Fig. 6.2 shows a customer catalogue that allows to map a
customer need onto specific functional consequences contained in wants which
can provided by di↵erent service suppliers. The so-called customer catalogue
has been designed making use of the customer ontology explained in Sect. 3.1.1.
The next paragraphs elaborate on how service suppliers can be described in
terms of the valuable resources they o↵er, the latter providing the FCs required
by a customer need.

6.2.2 Services

In this subsection, it is explained how service suppliers can be described focusing
on the value objects they o↵er and the FCs provided by such value objects. The
next section (6.3) deals with the composition task of SVNs.

In Sect. 6.1 it has been described the case study in which an SVN must be
composed to allow IPR users to publicly play a track and obtain the required
rights. Moreover, Sect. 6.2.1 explains how a customer need like playing back-
ground music can be mapped onto specific FCs by using a customer catalogue,
i.e. it is clear what a customer must obtain to satisfy her/his need in terms of
FCs.

Once it is clear what FCs are required to satisfy a customer need, the next
step is to find services o↵ering valuable resources that can provide the required

1
M = |F| as explained in Sect. 4.1.1.2
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FCs. By considering services to provide the required FCs, it is possible not only
to solve perhaps more complex customer needs but also to motivate competition
among IPR societies since their activities can be delegated to services o↵ered
by di↵erent kind of suppliers [79, 100].
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Figure 6.3: Sample of the service catalogue.

Fig. 6.3 depicts an snapshot of a service catalogue that has been designed
by using the service ontology introduced in Chapter 3 (Sect. 3.2.1). Since we
only gathered samples to clear three music tracks, the complete catalogue is
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composed of 18 services performed by one BMPs, 15 right owners and two IPR
societies, i.e. S = 18 2. Within real world scenarios, the number of right owners
would be always greater than the number of BMP and IPR societies. As an
example, in The Netherlands two IPR societies (SENA 3 and BUMA 4) take
care of more than 1000 registered right owners.

Fig. 6.3 only shows two service suppliers performing three value activities.
Background music provider 1 performs the value activity called Streaming while
IPR 1 performs two value activities, i.e. the services related to collecting and
repartitioning fees. As can be observed, BMP1 o↵ers through the value port
P1 a track (value object) that has two functional consequences FC1 and FC2

which are respectively “On line delivery” and “Non storable”. Moreover, the
value interface VI1 in BMP1 has several value interface instances which are
depicted as a table with information about specific value objects. For instance,
although the value object track is very generic, it can be instantiated into very
specific tracks such as “De Waarheid”, “Natty Dread” or “No Water”.

The specific value objects are o↵ered through value port instances which also
have specific attributes. The track “De Waarheid” is related to a value port
with the attributes ISRC 5 and Name. The attributes can also be instantiated
to provide a richer description about the value object being o↵ered. In this way,
the track “De Waarheid” is o↵ered through a value port instance with values
22 and “De Waarheid” for the value attributes ISRC and Name respectively. In
the same vein, the value object Money can also be instantiated to denote an
specific amount of money to be exchanged by a given track. In the example, the
tracks are charged the same amount of money, nonetheless, it can be di↵erent
for each track.

Fig. 6.3 shows also how specific tracks (value objects) depend on the rights
for being played. For instance, to be publicly played, the track “De Waarheid”
with ISRC 22 depends on the right to make it public (RIGHT MP) associated
to artists and producers. With such dependency relationship it is indicated how
many rights and from whom the rights must be acquired to publicly played a
track, i.e. to publicly play “De Waarheid”, it is also needed to get RIGHT MP
from artists and producers.

IPR 1 represents an IPR society performing two services to actually clear a
given track. In this manner, IPR 1 can o↵er RIGHT MP on behalf of artists
and producers because FC3 = Artists’ Permission and FC4 = Producers’ Per-
mission are contained in RIGHT MP. In addition, since IPR 1 also performs the
service of repartitioning fees among right owners, it needs to obtain RIGHT CT
(Right to clear a track) from the right owners. As explained before, between
collecting and repartitioning fees there are also two value objects being ex-
changed: RIGHT CL (Right to collect fees) and money. Consequently, collect-
ing fees must get RIGHT CL to provide RIGHT MP, whereas repartitioning fees
must get RIGHT CT to provide RIGHT CL. To get the proper RIGHT CL and
RIGHT CT, the attributes ISRC and Owner indicates respectively who must
provide the proper rights. For instance, when “De Waarheid” is played, its ISRC
is linked to the ISRC of RIGHT MP which at the same time is linked to the

2
S = |SC| where SC is the set of all the services stored in the service catalogue as defined

in Sect. 4.1.1.1
3www.sena.nl
4http://www.bumastemra.nl/
5International Standard Recording Code
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ISRC of RIGHT CL. Finally, the ISRC of RIGHT CL is linked to RIGHT CT
three times since the artists involved in this track are three.

To sum up, in this subsection we have described how a service catalogue can
be designed by making use of the service ontology in Chapter 3 (Sect. 3.2.1).
The Fig. 6.3 shows an snapshot of such catalogue in which the emphasis is
on services performed by actor who provide value objects containing specific
functional consequences (FCs).

The next paragraphs explain how the customer catalogue presented in Fig. 6.2
and the service catalogue depicted in Fig. 6.3 can be used to compose SVN mak-
ing use of the composition framework presented in Chapter 4.

6.3 Composition

This section describes how the composition framework presented in Chapter 4
can be used to compose SVNs that can clear an specific track. To this aim, the
customer and the service catalogues described in 6.2.1 and 6.2.2 are used as input
knowledge. Briefly, once the customer need is expressed in terms of FCs, an SVN
can be composed to provide the required FCs since services o↵er resources
containing specific FCs. The next paragraphs elaborate on this composition
task.

As described in Chapter 4 the composition framework is based on a propose-
critique-modify (PCM) problem-solving method composed of four subtasks:
propose, verify, critique and modify. In this Chapter, however, we only ex-
plore the propose subtask giving a complete picture of the four subtasks in the
next chapter (Chapter 7).

6.3.1 Propose

Since the aim of the propose subtask is to generate a solution for a given design
goal, in this case, the framework generates an SVN for clearing an specific track,
being designing an SVN to clear a track the pursued goal.

The propose subtask is composed of five inferences: Laddering, O↵ering,
Matching, Bundling and B2B Linking. The next paragraphs explain how each
inference has been applied to achieve the composition task.

6.3.1.1 Laddering

Within marketing literature, the notion of laddering has been widely used to rep-
resent how customers link specific product attributes to high-level values [55, 28].
In this case, by making use of the customer catalogue introduced in Sect. 6.2.1,
the laddering is applied to map a customer need onto specific FCs. More pre-
cisely, for the pay-per-play scenario which is based on streaming tracks, the
need to play background music is specified by the availability to play music
which consists of the functional consequences: on line delivery, artists’ permis-
sion, producers’ permission, publishers’ permission, composers’ permission and
lyricists’ permission.

Although the customer catalogue indicates that the need “playing back-
ground music” can be mapped onto five FCs regarding right owners, for sim-
plicity in the rest of the text we only concentrate on artists’ and lyricist’s per-
mission since the clearing process is similar for all kind of right owners. Once
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the customer need has been mapped onto FCs, i.e. “playing background music”
is mapped onto: on line delivery, artists’ permission and lyricists’ permission,
the next step is to find the services that can completely or partially provide the
value objects containing the required FCs.

6.3.1.2 O↵ering

In order to find the services that provide value objects with specific FCs, a
description of the o↵erings of services in terms of FCs must be defined. The
Fig. 6.3 depicts a sample of the service catalogue that has been designed for the
case study, such catalogue allows services to represent what they can o↵er to
customers and other services in terms of value objects containing specific FCs.
In this way, by making use of the service catalogue, the service o↵erings can be
retrieved focusing on the FCs. Once the o↵erings of the di↵erent services have
been exposed in terms of FCs, the next step is to match these FCs with the
FCs required by the customer.

6.3.1.3 Matching

Once it is known what the FCs requested by the customer are, the matching
inference finds the FCs that are o↵ered by the service catalogue. In this case,
the matching inference will retrieve FC1 and FC3 from the service catalogue in
Fig. 6.3. More FCs linked to other services are actually retrieved, however the
services o↵ering such FCs are not depicted in Fig. 6.3 to allow readability.

As explained in Chapter 4, this inference is based on a string-matching pro-
cess that generates a so-called matching pool (MP) of services that can partially
or completely provide value objects containing the requested FCs. Consequently,
after generating such MP, the next step is to find combinations of services, ser-
vice bundles, to jointly provide the requested FCs.

6.3.1.4 Bundling

This inference generates combinations of services providing value objects that
can jointly o↵er the set of requested FCs. In this case, the generated bundles
contain mainly services regarding streaming music and collecting fees since these
services provide value objects (track and RIGHT MP respectively) o↵ering some
of the requested FCs, i.e. on line delivery, artists’ permission and lyricists’
permission.

Fig. 6.4 shows two alternative service bundles composed of three services
performed by three actors. The services within the bundles provide three value
objects that jointly o↵er the requested FCs. For instance, the Service Bun-
dle 2 composed of IPR 1, IPR 2 and Provider Z provides the value objects
RIGHT MP ARTISTS, RIGHT MP LYRICISTS and TRACK which jointly of-
fer the FCs : on line delivery, artists’ permission and lyricists’ permission.

The generated bundles deal with a customer need by means of the value
objects containing specific FCs. Furthermore, the bundles establish business-
to-customer (B2C) relationships through the value objects being exchanged. For
instance, the customer provides money in exchange for the track to be played
plus the required IPRs.

As explained in Sect. 6.1 to clear a track, collecting fees for the track being
played and repartitioning these fees among the right owners are two necessary
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 [RIGHT_MP_ARTISTS] [MONEY_MP_LYRICISTS]

 [RIGHT_MP_LYRICISTS]

 [MONEY]

Customer - Supermarket X
Play background

music

 [TRACK]  [MONEY_MP_ARTISTS]

 [RIGHT_MP_ARTISTS] [MONEY_MP_LYRICISTS]

 [RIGHT_MP_LYRICISTS]

 [MONEY]

Customer - Supermarket X
Play background

music

 [TRACK]  [MONEY_MP_ARTISTS]

Service Bundle 1 Service Bundle 2

PROVIDER Y PROVIDER Z

Figure 6.4: e3value models of two service bundles.

steps. The bundles only contain the services to collect fees, therefore the repar-
titioning fees step must be included. This issue is solved in the next step which
is in charge of business-to-business (B2B) relationships between the services
within the bundles an service enablers to support their functioning. For in-
stance, in this case the services taking care of collecting fees depend on other
services (enablers) to repartitioning the fees.

6.3.1.5 B2B Linking

In this step the dependencies of services within the bundles are solved as well
as the dependencies that some service enablers might have with other service
enablers. Briefly, at this step the complete SVN capable of clear a track is
composed.

The Fig. 6.5 shows a complete SVN based on the Service Bundle 1 (Fig. 6.4)
where the dependencies of the services regarding collecting fees have been solved
by establishing value exchanges (B2B relationships) with services taking care
of repartitioning fees. In the same way, the dependencies of the streaming
service have been also solved by exchanging value objects with the collecting
fees services. Contrary to the collecting fees on behalf of lyricists service, the
streaming service and the collecting fees on behalf of artists service solve their
dependencies by exchanging value objects with services performed by actors
already included in the bundle. In contrast, the collecting fees on behalf of
lyricists service requires a service performed by an actor that is not part of the
bundle.

Provider Y gives money in exchange for Lyricists’ and Artists’ rights. More-
over, Provider Y gets the required rights from IPR 1 and IPR 2 who are actors
that are already part of the service bundle since they also provide the rights
to the customer (Supermarket X). IPR 1, however, solves its dependencies by
establishing B2B relationships with a service provided by itself, i.e. IPR 1
performs both services Collecting Fees and Repartitioning Fees.

Contrary to IPR 1, IPR 2 relies on another actor performing the service of
Repartitioning Fees since IPR 2 only performs part of the clearing process, i.e.
only collects fees. In this way, IPR 2 gives money in exchange for RIGHT CL
which is the right to collect fees from IPR users. This situation; IPR 1 perform-
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Figure 6.5: e3value model of a SVN for clearing a track.

ing collecting and repartitioning fees, whereas IPR 2 only performs collecting
fees; shows how competition among IPR societies can be increased by allow-
ing other actors performing services that were traditionally performed by few
players.

This section has presented how the composition of an SVN to clear tracks
can be achieved. The composition task makes use of a customer catalogue and
a service catalogue. The customer catalogue allows to map a need for playing
background music onto specific functional consequences (FCs) while the service
catalogue describes services providing value objects with specific FCs that can
match the customer-requested FCs.

To conclude, the SVN in Fig. 6.5 shows not only the actors but also the
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services they perform and the value objects being exchanged that are needed
to provide and clear a track. Although, for readability, the figure only depicts
the clearing of a track by taking care of artists and lyricists rights, the SVNs
can easily be composed to cover less or more right owners. Finally, the given
SVN can be visualized as an e3value model since it is based on the customer
ontology introduced in Sect. 3.2.

The next section provides some discussion on the aspects observed during the
design of the customer and service catalogues, the application of the composition
framework and some issues regarding the case study.

6.4 Discussion

Section 6.3 has described how the composition of an SVN to clear a track can
be achieved. Such composition relies on the customer and supplier catalogues
previously defined in Sect. 6.2. Although the design of the catalogues is based
on the customer and supplier ontologies introduced in Chapter 3, there are some
assumptions to be highlighted.

The customer catalogue has been designed based on the customer ontol-
ogy following also the advice provided by marketing literature [48, 47, 7, 92].
Gutman [48] provides the main foundations to consider as a consequence any-
thing that comes as a result of consuming/acquiring a resource. In our case,
for example, we use this idea to model as consequences the right owners’ per-
missions since they are the result of acquiring IPR. Because IPR have specific
consequences like granting permissions and can also be provided by an actor,
they are considered as wants. Furthermore, the linking between the customer
need (playing background music) and the specific consequences is also driven
by the regulations imposed by IPR societies. In this way, we have foreseen that
customer needs might usually require at least six FCs, i.e. M � 6 as explained
in Sect. 6.2.1.

The service catalogue has been modeled gathering information about the
activities performed by IPR societies and music tracks. Information regarding
specific tracks’ attributes such as ISRC codes and amount of money per track
has been assumed during the design. The process of defining functional conse-
quences for each value object has followed the same strategy as in the customer
catalogue.

Although the composition framework relies on the subtasks propose, verify,
critique and modify, in this chapter we have only applied completely the propose
subtask. The reason behind this decision obeys to the fact that the service
catalogue is very limited to test the other three subtasks. As mentioned before,
basically, the service catalogue contains 18 services related to clearing three
music tracks (SC = 18).

Regarding new trends within the music industry, pay-per-play is a relevant
and fragile scenario for main players such as music companies and IPR soci-
eties since they would probably loose their core position within the distribution
channel. Consequently, they would have to cooperate with other participants
to deliver music-based services [79, 100].
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6.5 Conclusions

Chapter 3, 4 and 5 represent a solution to our main research question: How to
compose SVNs matching specific customer needs with computer-based support?.
In this way, Chapter 3 presented the required knowledge support to model cus-
tomer needs and services while Chapter 4 introduced a composition framework
for SVNs. Chapter 5 presented the required software support to automate the
composition of SVNs.

This chapter provided a case-based validation for the proposed solution in
which the composition of SVNs can be used to deal with Intellectual Property
Rights (IPR) within the music industry. Sect. 6.1 described the main issues
regarding the so-called clearing track process that requires collecting fees from
IPR users and repartitioning these fees amongst IPR owners. To clear a track,
an SVN can be composed to represent not only the actors but also the services
they perform as well as the value objects being exchanged among them.

Sect. 6.2 explained how a customer catalogue can be designed to map a
need such as “playing background music” onto specific functional consequences
(FCs). The same section also explained how the main actors involved in the
clearing track process can be described as services that provide value objects
containing specific FCs.

Later on, Sect. 6.3 elaborated on the application of the composition frame-
work to generate SVNs to provide and clear tracks. Although the given frame-
work is composed of the subtasks propose, verify, critique and modify, only
the propose subtask has been thoroughly applied. The remaining subtasks are
completely applied for the case study in Chapter 7.

Finally, Sect. 6.4 provided some discussion about the main assumption re-
garding the design of the customer and service catalogue as well as the applica-
tion of the composition framework for the given case study.

Chapter 7 provides a second case study related to educational services where
the application of the framework is again tested providing SVNs to deal with
customer needs regarding skills acquisition.
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Chapter 7

Service Value Networks in
the Education Sector

This chapter provides a second evaluation of the composition framework based
on a case study related to educational services. The composition of SVNs is
driven by a customer need requiring specific competencies that can be provided
by means of educational services.

The content of this chapter is based on the following publications:

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In 24th International
Conference on Advanced Information Systems Engineering (CAiSE’12),
2012 [85].

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn, and Hans Akker-
mans. Service Value Networks for Competency-Driven Educational Ser-
vices: A Case Study. In Proceedings of the 6th international BUSITAL
workshop, 2011 [84].

Chapter 3 and Chapter 4 have described respectively the required knowledge
and reasoning to compose SVNs. Chapter 5 has presented the software support
that allows to automate such composition task. This chapter presents a second
case-based evaluation of the composition framework. The case study deals with
the issue of composing SVNs that provide the required competencies for a given
customer by means of educational services.

The knowledge support is evaluated through the design of customer and
service catalogues that assure the matching between customers’ and suppliers’
perspectives. In this manner, customer needs requiring specific functional conse-
quences (FCs) can be satisfied by services that provide value objects containing
FCs. More specifically, customer needs requiring specific competencies can be
solved by means of educational services providing courses that match the re-
quired competencies.

The interactive composition framework together with the software support
are evaluated by actually composing SVNs to answer customer needs requiring
specific competencies. The composed SVNs are visualized by means of e3value
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models representing the actors involved, the services they perform as well as the
value objects they exchange with each other.

The rest of the chapter is organized as follows. Sect. 7.1 describes the case
study as well as the the important issues to be solved, whereas Sect. 7.2 presents
the way in which the customer and service catalogues have been designed. Af-
terwards, Sect. 7.3 describes how the composition framework has been applied
and how the composed SVNs are represented by means of e3value models. Later
on, Sect. 7.4 provides a discussion regarding assumptions as well as the main
findings. Finally, Sect. 7.5 ends the chapter providing general conclusions.

7.1 Case Study Description

The European employment market is characterized by a contradictory situation:
“a very large number of candidates fail to find a job; and many employers are
unsuccessful in locating appropriate candidates for their vocations”. Given a
Vocational Competency Ontology (VCO) (collaboratively developed in previous
work [33]), a gap analysis can overcome the mismatch between candidate and
market profiles, and captures a candidate’s missing competencies. Stakeholders
include educational institutes, public employment organizations, and industry
partners from di↵erent European countries.

Assuming that candidate’s needs have been already identified during a gap
analysis, the next step is to generate a solution to provide the candidate’s miss-
ing competencies. SVNs can be automatically composed to generate such solu-
tion matching customer (candidate) and service (educational services) perspec-
tives.

Central actor driving the evolution of the educational e-service web are the
enterprises within the job market. Once set out the goals and strategy of the
company, di↵erent supporting business processes are lined out, involving the
creation of (new) functions and tasks. Each of them require human performance,
which in turn require certain competencies. From this feedback loop, relations
between Functions and Competencies emerge. To describe competencies, there
is a widely used HR-XML-standard called Reusable Competency Definitions
(RCDs).

To describe the relationship between functions and competencies enterprises
define function profiles, which usually contain the following essential parts 1:
a competency map (or tree) that references RCDs and proficiency levels for
Competencies. We consider that the required Competencies can be treated as
the functional consequences (FCs) to be performed by a job candidate.

For instance, in the automotive industry functions are categorized along the
car manufacturing process: going from press shop, to the body shop and paint
shop, to finally end at the assembly shop2. In order to perform each of those
functions, human operators with specialized competencies are required.

The candidate’s search is equally driven by populating its CV by RCDs he
collects through experience and education. If its current CV shows gaps to
fulfill a certain function profile, a need for education emerges that has to be
answered by the e-service web. Summarizing, whereas service suppliers can

1http://www.ostyn.com/standardswork/competency/ReusableCompMapProp.pdf
2cf. http://www.nedcar.nl/content/view/44/49/lang,en/
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Value Transfer (A)

Value Transfer (B)

Teaching / Instructing

[MONEY]

[AWARD/CERTIFICATE]

[MONEY]

[SUPPORTING RESOURCE]

Educational services

Educational
Service enablers

Improve job-related
competencies

Figure 7.1: e3value model showing the main market segments in the education
sector being analyzed.

provide competencies by means of FCs, the candidates search for SVNs o↵ering
the competencies they lack for a given job.

Currently the stakeholder community is simplified for the sake of illustra-
tion. In reality there are additional parties that are responsible for identify-
ing large gaps in the candidate pools and predicting future needs in educa-
tion. Fig. 7.1 shows only three market segments taking part in the process of
providing the candidate’s missing competencies by means of educational ser-
vices. The customer segment contains the candidates looking for a job, whereas
the educational service segment contains the services than can potentially of-
fer awards/certificates providing specific competencies. The educational service
enablers segment contains the services that provide support to the educational
services. For instance; an educational service can provide a given course to a
customer, whereas relying on a service enabler that takes care of maintaining a
learning repository, which in this case can be seen as an outsourced activity.

Furthermore, Fig. 7.1 also depicts two types of value transfers. The customer
segment and the e-service segment reciprocally transfer money and awards or
certificates (Value transfer A), which originates business to customer (B2C) re-
lationships. The e-service segment and the support segment transfer money and
supporting resources that give birth to business to business (B2B) relationships.

To sum up, the idea here is to compose SVNs for customers that need to
improve their job profile by acquiring new competencies through some qualifica-
tions, certificates or awards o↵ered by educational services. The main motiva-
tion is that people looking for a job might have more success by having a better
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job profile. Furthermore, the competencies can be considered as functional
consequences (FCs) that are o↵ered by educational services (courses) [82, 84].
For this case study we harvested the National Database of Accredited Qualifi-
cations3 (NDAQ), which contains details of recognized awarding organizations
and regulated qualifications in England, Wales and Northern Ireland.

The next sections explain how the customer and service perspectives can be
modeled to allow the composition of SVNs. More specifically, Sect. 7.2 presents
a customer catalogue to map customer needs onto specific FCs (competencies)
as well as a service catalogue to describe educational services focusing on the
value objects (awards/certificates) and the FCs that they provide. Sect. 7.3
describes how the composition of SVNs is achieved by applying the composition
framework presented in Chapter 4.

7.2 Knowledge support

This section presents the required knowledge to support the composition of
SVNs. On the one hand, a customer catalogue is designed to map customer
needs onto specific functional consequences (FCs). In this way, a candidate need
can be mapped onto the specific competencies that improve her/his CV, which
allows her/him to get a job (see 7.2.1). On the other hand, a service catalogue
describes educational services focusing on the awards/certificates (value objects)
they o↵er which can actually provide specific competencies (see 7.2.2).

7.2.1 Customer needs

As already explained, customer needs are related to candidates willing to acquire
specific competencies. Based on the ontology presented in Chapter 3 (see 3.1.1),
a customer catalogue can be designed focusing on how a candidate need can be
translated onto required competencies (FCs).

We have designed a customer catalogue (Fig. 7.2) based on the NDAQ
database, by grouping consequences according to possible courses in which they
can be o↵ered. Later on, these consequences are linked to customer needs via
high-level consequences. Fig. 7.2 shows a sample of a customer catalogue deal-
ing with a candidate’s need about acquiring new competencies for a multimedia
creator. The given need can be specified by three alternative FCs which consist
of more detailed FCs. For instance, the need “As a multimedia creator, How can
I improve my competencies?” can be specified by either Audio edition, Image
edition or Animation techniques, which can further be decomposed into more
FCs contained in three wants, i.e. Audio edition course, Image edition course
and animation course.

Because wants represent solutions available in the market, the catalogue
represents di↵erent courses as wants containing di↵erent competencies (FCs).
The idea is that a candidate can acquire her/his missing competencies through
courses available within the market. For instance, when a candidate decides to
specify her/his need by the FC “Audio edition”, the catalogue indicates that
the candidate must acquire the FCs (competencies): “Audio production” and
“Digital sound editing”.

3http://register.ofqual.gov.uk/
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Figure 7.2: Customer catalogue.

To determine how and how many FCs (competencies) can be specified by
a given need, the use of taxonomies for learning, teaching or assessing can be
applied [51]. Rex Heer has proposed how learning objectives can be defined to
provide the knowledge and skills (competencies) being required by learners [51].
Rex proposes a knowledge dimension and a cognitive process dimension that are
combined to generate 24 learning objectives, which provide the competencies
required by a learner. A learning objective contains a verb and an object, while
the first one refers to actions associated with the intended cognitive process, the
last one describes the knowledge students are expected to acquire or construct.

In this sense, Rex’s work suggest that a learner (customer) might request
up to 24 learning objectives (i.e. M  24 4) to acquire desired competencies.
Nonetheless, such an extreme case assumes the learned poses no competencies
at all, i.e. all knowledge is acquired from scratch, which is unlikely to happen.
Furthermore, learners usually require a lower number of FCs since they have
already a minimal preparation [84].

To sum up, the Fig. 7.2 depicts a customer catalogue that we have designed

4Where M = |F|
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from scratch based on the customer ontology presented in Chapter 3 (see 3.1.1).
The given catalogue makes use of knowledge gathered from a publicly avail-
able database of accredited qualifications. Moreover, the catalogue represents
the customer perspective which is one of two knowledge inputs for the SVN
composition task. The second knowledge input is given by the service supplier
perspective which is presented in the next subsection.

7.2.2 Services

In 7.2.1 we have presented the required knowledge to describe customer needs
into specific functional consequences (FCs). This subsection presents the re-
quired knowledge to represent services focusing on the value objects they o↵er
as well as the FCs related to those value objects. In this way, customer-required
FCs can be matched with the service-o↵ered FCs to actually compose SVNs
providing the final solution to a customer. To this aim, we have designed a ser-
vice catalogue based on the NDAQ database and the service ontology described
in Chapter 3 (see 3.2).
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Figure 7.3: Service catalogue.
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Fig. 7.3 shows a sample of the service catalogue in which two educational
institutions perform five educational services. Education Development Interna-
tional (EDI) performs two services (Teaching 501/1686/1 and Teaching 500/8008/8)
while The City and Guilds of London Institute performs three services (Teach-
ing 500/3474/1, Teaching 501/3475/3 and Teaching 501/1671/X). Although the
certificates, diplomas and awards being o↵ered by these two educational insti-
tutions are all related to ICT, they di↵er in the provided FCs. For instance,
the Diploma in ICT Professional Competence o↵ered by The City and Guilds of
London Institute contains the competencies “Data analysis and data structure
design” and “Database Software”; whereas the Certificate in ICT Professional
Competence o↵ered by EDI contains “Data Modeling” and “Data Structures
and algorithms”. Moreover, some of the given courses can also overlap with
each other in terms of the FCs they provide. E.g. Similarly to the Diploma in
ICT Professional Competence o↵ered by The City and Guilds of London Insti-
tute, the EDI Diploma in ICT Professional Competence also contains the FC
“Database Software ”.

Besides describing the educational services providing specific FCs (compe-
tencies), the service catalogue also describes service enablers that support the
functioning of the educational services. For instance, to operate the service
“Teaching 500/3474/1” depends on a Learning Repository that can be provided
by any service enabler, which for the sample depicted in Fig. 7.3 can be the
so-called Enabler 2. Nonetheless, any other service providing a Learning Repos-
itory should be able to support the educational service “Teaching 500/3474/1”.

Even though Fig. 7.3 depicts four actors performing seven services, the com-
plete catalogue contains 16 actors performing 113 services which in total provide
813 FCs (competencies). In this way, S = |SC| = 113 as defined in Sect. 4.1.1.1.
Moreover, 10 out of the 113 service are service enablers, whereas the 103 left
are educational services which provide on average eight FCs.

Summarizing, Fig. 7.3 shows a sample of a service catalogue that has been
designed based on the NDAQ database and the service ontology described in
Chapter 3 (see 3.2). The catalogue describes educational services providing
value objects (certificates, awards or diplomas) containing specific FCs (com-
petencies) that can actually match the customer-required FCs. In this way,
the service catalogue represents the second input knowledge that is required to
achieve composition of SVNs.

This section has introduced the required knowledge support to achieve SVN
composition. The next section (Sect. 7.3) explains how the framework intro-
duced in Chapter 4 can be applied to compose SVNs matching customer needs
in the education sector.

7.3 Composition

This section explains how the interactive framework introduced in Chapter 4
can be applied to compose SVNs that match customer needs expressed in terms
of specific functional consequences FCs (competencies).



124 SVNs in the Education Sector

7.3.1 Propose

According to Chandrasekaran, given a design goal, the propose subtask gen-
erates a solution [21]. In our case, the goal is to compose a SVN to provide
specific competencies required by a customer (candidate). Moreover, the pro-
pose subtask is composed of five inference steps which are described in the next
paragraphs.

7.3.1.1 Laddering

The use of laddering within marketing helps to link specific product attributes
to high-level values. In our framework, we apply laddering to link specific func-
tional consequences (FCs) to the need(s) they can solve. To this aim, the
customer catalogue in Fig. 7.2 is used to refine a customer need in terms of a
set of specific FCs (competencies).

For instance, the need “As a multimedia creator, How can I improve my
competencies” can be specified by three alternative FCs (Audio edition, image
edition or animation techniques) which consist of more specific FCs. In this
way, if a candidate decides to specify her/his need by means of the FC “Image
edition”, the catalogue indicates that the given FC consists of the FCs “Stu-
dio photography” and “Digital image manipulation” which are contained in the
want “Image edition course”. Furthermore, since the FCs “Presenting photo im-
ages”, “Photo image capture” and “Principles of photo image capture” are also
in the want Image edition course, the final set of required FCs (competencies)
is composed of: FC1 (Studio photography), FC2 (Digital image manipulation),
FC3 (Presenting photo images), FC4 (Photo image capture) and FC5 (Princi-
ples of photo image capture).

The idea of enriching the set of required competencies by adding FCs con-
tained in a want obeys to the fact that wants can also contain FCs that can
be interesting for a specific candidate although they are not initially related to
her/his given need. Later on, the customer can provide preferences about the
FCs the she/he likes the most. Summarizing, this inference allows to map a
candidate need onto specific competencies.

7.3.1.2 O↵ering

By making use of a service catalogue, service suppliers can express what value
objects they o↵er as well as the FCs contained in these objects. As depicted in
Fig. 7.3, the educational services expose the courses they o↵er and the compe-
tencies that can be acquired with each course. In this way, the competencies
provided by the educational services can be retrieved to initiate the composition
of SVNs matching the customer-required competencies.

7.3.1.3 Matching

Because laddering maps customer needs onto FCs and service o↵erings are also
described in terms of FCs, we can retrieve and include into a so-called matching
pool (MP) all the services that completely or partially o↵er the FCs as required
by the customer.

For instance, given the required FCs obtained after laddering (FC1 (Stu-
dio photography), FC2 (Digital image manipulation), FC3 (Presenting photo
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images), FC4 (Photo image capture) and FC5 (Principles of photo image cap-
ture)) and the service catalogue in Fig. 7.3, the matching inference retrieves
and includes into the MP the services “Teaching 501/1686/1” from EDI, and
the services “Teaching 500/6936/6” and “Teaching 500/7287/0” from The City
and Guilds of London Institute. In this way, “Teaching 501/1686/1” provides
FC1 and FC2, “Teaching 500/6936/6” provides FC3 and FC4 and “Teaching
500/7287/0” provides FC5.

Since the service catalogue in Fig. 7.3 only depicts a sample of the complete
service catalogue, more services are actually part of the MP but they are not
shown to preserve readibility. Once the services are included into the MP, the
next step is to generate meaningful combinations with the services within the
MP, in such a way that they can jointly provide the required competencies. This
step called bundling is explained in the next paragraphs.

7.3.1.4 Bundling

Because the output of the matching step is a matching pool (MP) containing
service suppliers, at this step the framework generates meaningful combinations
(bundles) of services that can jointly o↵er an answer to the end customer. The
output is a pool of service bundles that describe business to customer (B2C)
relationships in terms of value transfers.

Diploma in Multimedia 
Professional Competence

Award in Digital 
Manipulation for Apprentices

Certificate in
Multimedia Edition

Diploma in Multimedia
Edition for Professionals

Presenting photo
images
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manipulation
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Location
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Figure 7.4: Service bundles.

Fig. 7.4 shows two alternative bundles that have been generate by the
bundling algorithm introduced in Chapter 4 (see 4.1.1.4). More service bun-
dles are actually generated, nonetheless for readability we only depict two of
them. As can be observed, both bundles are composed of two actors performing
three services. Moreover, both bundles are very similar and only di↵er in one
service. Service Bundle 1 contains the EDI actor which performs the “Teaching
501/1686/1” service, whereas Service Bundle 2 contains EDEXCEL performing
the “Teaching 501/1291/0” service. Furthermore, both bundles provide al the
competencies (FCs) required by the candidate (customer).

Once the service bundles have been generated, the next step solves the de-
pendencies that the services within the bundles might have with other services.
This step is explained in the following paragraphs.
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7.3.1.5 B2B Linking

At this step the framework solves the business to business (B2B) dependencies
that service bundles might have. For instance, within a bundle, an educational
service o↵ering a given course to the customer might rely on a service such as
a digital library that allows students to access reading material. Although the
end customer only cares about the B2C with the service bundle, the educational
service needs to solve its dependencies with other service enablers.
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Figure 7.5: e3value model of a SVN for a specific customer need requiring
FC1 (Studio photography), FC2 (Digital image manipulation), FC3 (Presenting
photo images), FC4 (Photo image capture) and FC5 (Principles of photo image
capture).

After all the dependencies have been solved, a complete SVN is composed
depicting not only the service supplier and enablers but also the B2C and B2B
relationships by means of value exchanges.

Fig. 7.5 shows a complete SVN that is composed taking as a basis the service
bundle 1 depicted in Fig. 7.4. As can be observed, the dependencies of the ser-
vices within the service bundle have been solved by establishing value transfers
with service enablers, i.e. B2B relationships. The idea behind the B2B rela-
tionships is that educational services can focus on their core business (teaching)
while delegating (outsourcing) non-core activities. For instance, the service
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“Teaching 500/6936/6” outsources an activity requiring a learning repository
which can be provided by any service enabler, in this case B Inc. Furthermore,
since the SVNs have been composed making use the service ontology described
in Chapter 3 (see 3.2.1), such SVNs can also be visualized as e3value models.

This section has described how the propose subtask can be achieved based on
five inference steps: laddering, o↵ering, matching, bundling and B2B linking.
Laddering allows to map candidate needs onto specific competences, whereas
o↵ering describes services o↵ering value objects (certificates/diplomas/awards)
containing specific competences. The matching inference not only matches com-
petences o↵ered by services with customer-required competences but also gen-
erates a matching pool containing the services that can provide the required
competences. Afterwards, the bundling inference generates combinations of ser-
vices (bundles) taking as an input the so-called matching pool. Finally, the B2B
linking solves dependencies among services included in the generated bundles.
This last inference actually composes a complete SVN containing not only the
candidate and the educational services providing the required competences but
also the service enablers supporting the functioning of the educational services.

Once the SVNs have been composed, the next step involves to determine
whether they fit the customer-required competences and also rank the composed
SVNs so the customer can select the best one according to her/his criteria.

7.3.2 Verify

Since verify refers to the process of checking whether the designs (the composed
SVNs) satisfy the functional specifications, in this section, the fuzzy inference
system (FIS) described in Chapter 4 (see 4.1.2) is applied to this aim.

As described in Chapter 4, the verify subtask requires four knowledge inputs:
the composed SVNs, the customer-requested FCs, the customer preferences for
each requested FCs and the set of inference rules to check how well the SVNs
meet the customer preferences.

The composed SVNs are generated during the propose subtask described
in 7.3.1. The customer-requested FCs are already known after the laddering
inference (see 7.3.1.1) while the customer provide preferences for the FCs once
the laddering provides the required FCs. The inference rules are actually de-
fined a priori. Moreover, to actually perform such verification process, the FIS
performs three inferences: fuzzification, analysis and defuzzification.

7.3.2.1 Fuzzification

Briefly, in Chapter 4 it was explained that a composed SVN can be characterized
by three aspects: the FCs that are provided (P) as required by the customer,
the missing (M) FCs (i.e. the FCs that are not provided as required by the
customer) and the non-required (NR) FCs (i.e. the FCs that are o↵ered by the
SVN but are not required by the customer). During the fuzzification inference it
is determined the amount of provided (P), missing (M) and non-required (NR)
FCs contained within each composed SVN.

Membership functions are defined as depicted in Fig. 4.8 and the Eqs. 4.1- 4.6
have been applied as explained in Chapter 4 (see 4.1.2). Nonetheless, due to the
high number of FCs contained in the value objects o↵ered by each educational
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service, we have only adjusted the assumed weight for non-required FCs. In this
sense, the value for w

a

in Eq. 4.2 is adjusted to:

w
a

: fc! {0.125} (7.1)

7.3.2.2 Analysis

To analyze how well a given SVN meets the customer-required FCs, the infer-
ence rules depicted in Fig. 7.6 are be applied. For instance, the inference rule
2 expresses the idea that any SVN with many provided (P), few missing (M)
and some non-required (NR) FCs is actually Good while the inference rule 7
says that any SVN with some provided, some missing and few non-required is
Poor.

1: IF P is many AND M is few AND NR is few THEN Perfect
2: IF P is many AND M is few AND NR is some THEN Good
3: IF P is many AND M is some AND NR is few THEN Good
4: IF P is many AND M is some AND NR is some THEN Good
5: IF P is some AND M is few AND NR is few THEN Average
6: IF P is some AND M is few AND NR is some THEN Average
7: IF P is some AND M is some AND NR is few THEN Poor
8: IF P is some AND M is some AND NR is some THEN Poor

Figure 7.6: Inference rules.

7.3.2.3 Defuzzification

During the defuzzification inference we have defined the memberships functions
as depicted in Fig 4.10 together with the gaussian function in Eq. 4.6 and the
center of gravity (COG) defuzzification method given by Eq. 4.7.

Figure 7.7: Ranked SVNs. First column represents a given ID, whereas sec-
ond column and third columns represent the SVN’s fitness and the number of
services contained in the service bundle respectively.

After applying the three inference previously described (fuzzification, analy-
sis and defuzzification), the FIS ranks all the composed SVNs. Fig 7.7 depicts a
piece of our GUI (see Chapter 5) showing how the composed SVNs are ranked
based on their fitness, i.e. how well they fit the customer-required competencies.
Moreover, as shown in the Figure, the propose subtask has composed 55 SVNs
which are all ranked from best to worst during the verify subtask. Once all the
SVNs have been ranked, the customer (candidate) can select one SVN to cri-
tique the SVN’s competencies (FCs), such subtask is explained in the following
paragraphs.
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7.3.3 Critique

Because the critique subtask identifies the source(s) of failure within a composed
SVN, the candidate must actually trade o↵ a chosen SVN. To this aim, the
candidate performs two steps: select and trade o↵.

Figure 7.8: Critique subtask. The candidate must provide preferences for the
FCs o↵ered by a chosen SVN.

As depicted in Fig. 7.8 the candidate has the possibility of selecting one SVN
from the set of composed SVNs 5. In this case, the candidate has selected the
SVN with ID=21, fitness=8.78 and three service suppliers. Once the desired
SVN is selected, some of its properties are presented to the candidate in a
second table. As can be seen in Fig. 7.8, the second table shows the service
suppliers and the FCs o↵ered by the chosen SVN. In this way, as the candidate
provides preferences for each FCs o↵ered by the SVN, she/he actually indicates
which FCs are “failures” in the SVN, i.e. the design. The FCs scored by the
customer with a value equal to zero (0) are considered as failures within the
composed SVN. For instance, in Fig. 7.8, the customer has indicated that the
FCs: “presenting photo images”, “photo image output”, “location photography”
and “introduction to image capture” are actually “failures” within the design
(SVN ) since they are not desired by the customer.

7.3.4 Modify

Since the modify subtask must take as input information about the failures of
a solution design (a composed SVN ) and then change the design to get closer
to the customer specifications (which involves proposing a new solution design
and going again through the verify and critique subtasks), to such aim, we take
as input the customer’s feedback to update her/his preferences about FCs and
then propose a new pool of SVNs that possibly fit better the customer-required
FCs. Before proposing new SVNs two steps must be performed: Adapt and
Update.

Once the candidate has provided her/his preferences for each FCs, as ex-
plained in Chapter 4 (see 4.1.4), the framework can automatically adapt the set
of customer-required FCs. Briefly, the FCs o↵ered by the SVN having a score

5see Chapter 5 for a more detailed explanation about the GUI.
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Figure 7.9: A new set of required FCs is generated.

greater than zero are added to a new set of FCs that can be later used by the
candidate to trigger a new composition.

Fig. 7.9 shows how this new set of FCs is also added to the previously
recommended FCs ; whereas Fig. 7.10 shows that, once the new set of FCs is
selected by the candidate, she/he has the opportunity not only to visualize the
new FCs (column 0) and score them but also to visualize the old set of suggested
FCs (column 1).

Figure 7.10: The new set of FCs (column 0) and the old set of FCs (column 1).

Afterwards, the new set of FCs (column 0 in Fig. 7.10) can be used to update
the set of customer-required FCs. In this way, a new composition task can be
started to match the candidate’s competencies.

Finally, Fig. 7.11 shows how all the cycle is again completed, i.e. the propose,
verify and critique subtasks are again performed. In this case, less SVNs are
composed (50), having the best rank two SVNs, the SVNs with IDs 64 and 144
both have 8.68 as final score.

This section has described how the interactive composition framework intro-
duced in Chapter 4 can be applied to compose SVNs for the education sector,
more specifically for the case study explained in Sect. 7.1. Since the compo-
sition framework relies on four subtasks, each one of these subtasks has been
exemplified by means of not only e3value models depicting the composed SVNs
but also some GUI snapshots depicting how the subtasks are performed. In this
sense, the propose subtask is explained in 7.3.1 having as an example of the final
result the SVN depicted in Fig. 7.5. The verify subtask is detailed in 7.3.2 and
exemplified by means of the snapshot in Fig. 7.7. Similarly, making use of a
snapshot, the critique subtask is explained in 7.3.3 and exemplified in Fig. 7.8.
Finally, the modify subtask is detailed in 7.3.4 and exemplified by the snapshots
in Figures 7.9, 7.10 and 7.11.

The next section provides a detailed discussion about the main issuess that
were found during the application of the composition framework as well as some
future research lines that can improve not only the way in which the composition
is made but also the knowledge required to represent candidates and educational
services.
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Figure 7.11: New SVNs are composed.

7.4 Discussion

The customer and service catalogues to allow composition of SVNs have been
both designed taking as basis the ontologies presented in Chapter 3 as well as
the data gathered from the National Database of Accredited Qualifications6

(NDAQ), which contains details of recognized awarding organizations and reg-
ulated qualifications in England, Wales and Northern Ireland.

The customer catalogue was designed for an specific sector, the so-called sec-
tor subject area (SSA) 9.3 Media and Communication. The given SSA contains
specific units which can be considered as the competencies required to perform
a job within the media and communication sector. We focused our attention on
mainly three sub areas: audio edition, image edition and animation techniques.
Although the chosen SSA is just an small sample of the total SSAs (there are
49 SSAs in total within the whole database), it provides a clear idea about how
the complete educational sector can be modeled.

The service catalogue was also designed for the same SSA (9.3 Media and
Communication). Nonetheless, the focus was not only on the organizations and
the services they o↵er but also on the units provided by those services and
three sub areas (audio edition, image edition and animation techniques). In
this way, out of the 20,000 services within the database, we chosen only 16

6http://register.ofqual.gov.uk/



132 SVNs in the Education Sector

suppliers o↵ering 103 services that provide 813 units (competencies) and 10
service enablers, i.e. S = |SC| = 113.

Once the catalogues were properly defined, the interactive framework de-
signed in Chapter 4 was applied by making use of the software support de-
scribed in Chapter 5. With such support, we carried on some experimentation
to test the performance of the composition framework. An example of these
experiments is depicted along Sect. 7.3, which shows how the propose, verify,
critique and modify subtask operate. Briefly, the propose subtask can automat-
ically compose SVNs once the customer requirements are defined, i.e. after a
customer (human being) has performed the laddering step. Although the ver-
ify subtask is also automatically performed, the definition of parameters such
as membership functions, assumed weights for non-required FCs and inference
rules must be defined a priori. The critique subtask is also carried on by a cus-
tomer with two objectives selecting an SVN and scoring its FCs. Finally, the
modify subtask is also automatically performed taking as an input the scoring
provided by the customer.

Future research can improve the way in which the customer catalogue is
designed by means of exploring so-called customer-to-customer (C2C) relation-
ships, i.e. what kind of knowledge is exchanged by customers when making use
of services, as well as results from the field of recommender systems for learn-
ers [34], where the linking between a candidate need and required competencies
can be enriched. In a similar vein, the service catalogue can also be enriched
including services not only from more SSAs within the NDAQ database but also
from other publicly available databases.

More composition issues can also be further investigated such as including
price and location information to the educational services. In addition, the
relations between a composed SVN and the so-called learning paths and net-
works [34] can also be explored.

To conclude, even though this is the first attempt to solve an educational
issue by means of SVN composition, the main point we want to make here is
twofold. On the one hand, all these educational parties can independently o↵er
their services to a service web. On the other hand, candidates looking to fulfill
some gaps by means of competencies can actually surf this e-service web to find
SVNs providing the required competencies.

7.5 Conclusions

This chapter provided a second case-based validation for the composition frame-
work described in Chapter 4 and implemented in Chapter 5. The four subtasks
required to compose SVNs (propose, verify, critique and modify) have been
applied leading to designs of SVNs that are computer-readable since they are
represented by means of e3value models.

Sect. 7.1 introduced a case study situated in the education sector in which
the composition of SVNs can be used to provide the required competencies for
a customer. In this case the customer is a job candidate willing to improve
her/his CV by acquiring new/missing competencies. The service suppliers are
institutions o↵ering educational services through which specific competencies
can be provided to customers. In this sense, to deal with complex candidate
needs SVNs can be composed to provide the required competencies.



7.5. CONCLUSIONS 133

The knowledge required to achieve SVN composition was described in Sect. 7.2.
The customer and service catalogues were designed based on the ontologies pre-
sented in Chapter 3 and information gathered from the publicly available NDAQ
database7.

As explained in Sect. 7.2.1, customer needs can be usually specified by
around 20 or even less functional consequences (FCs). In a similar vein, Sect. 7.2.2
and Sect. 7.4 explain how a service catalogue can be defined for a given sector
which contains typically 100 services.

Afterwards, Sect. 7.3 explained how the composition framework is applied
into the case study. It was presented not only that customer needs can be
matched with services o↵ered by educational institutions but also that SVNs
can be composed and visualized by means of e3value models.

Finally, Sect. 7.4 provided some discussion on the main issues found during
the application of the framework into the case study and future research lines.
Although this chapter has also explored how a publicly available database can
be used to design both the customer and the service catalogues, it was only
used an small sample of the database, i.e. there were modeled only 103 services
out of more than 20,000 services. Nonetheless, Chapter 8 provides an statistical
validation in which the framework’s performance is analyzed making use of
several samples of the NDAQ database.

7http://register.ofqual.gov.uk/
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Chapter 8

Simulating Service Value
Networks Composition

This chapter provides an evaluation about the performance of the composition
framework under di↵erent samples of a publicly available service database. We
provide an analysis about the required time to compose SVNs, the number of
alternative solutions that are composed and the fitness of the SVNs.

The content of this chapter is partially based on the following publication:

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In 24th International
Conference on Advanced Information Systems Engineering (CAiSE’12),
2012 [85].

Our interactive composition framework has been evaluated in Chapter 6
and Chapter 7 by means of two case studies. In this chapter, we provide an
evaluation based on simulations by making use of samples of educational services
that have been harvested from a publicly available database. In this way, an
statistical analysis in which issues regarding the framework’s performance are
discussed.

Although the composition framework relies on four subtasks: propose, verify,
critique and modify, we only analyze the performance for the propose and verify
subtasks since the critique subtask must be performed by a human being and
the modify subtask is largely covered by the propose subtask.

The purpose of this chapter is therefore to forecast the performance of the
composition framework (propose and verify subtasks) under real-world scenar-
ios. To this aim, we analyze the framework’s performance for di↵erent scenarios.
Briefly, for each scenario we analyze the e↵ect of two independent variables:

1. number of functional consequences FCs being requested (M), and

2. numbers of services within the service catalogue (S).

While the first variable explores how di↵erent types of problems to be solved
(customer needs) influence the composition of SVNs, the second variable ex-
plores the e↵ect of the search space, i.e. how the size of the search space
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influences the composition task [97]. We determine the e↵ect of these variables
by measuring three aspects: the average composition time (CT), the average
number of composed SVNs (NCS) and the average SVNs ’ fitness (SVNF), i.e.
how well the composed SVNs fit the customer needs.

CT allows us to forecast whether the composition tasks are achieved within
a reasonable computational time; whereas NCS help us to predict the number
of solutions to be found, which can provide also an idea about the storage space
that is required for the composed SVNs. In a similar vein, SVNF provides in-
sights to forecast how well the composed SVNs fit the customer requirements,
i.e. whether the framework generates good solutions for di↵erent types of cus-
tomer needs under di↵erent types of search spaces.

The di↵erent scenarios have been created by automatically generating dif-
ferent types of customer needs (M variable) and sampling the NDAQ database
(S variable). In the end, we present and discuss three di↵erent groups of plots
regarding CT, NCS and SVNF. Based on these plots, some generalizations are
made to forecast the framework’s performance within real-world scenarios.

The rest of the chapter is organized as follows. Sect. 8.1 describes the sim-
ulation setting, i.e. how the simulations are designed. Afterwards, Sect. 8.2
describes how the required knowledge to compose SVNs is modeled, whereas
Sect. 8.3 explains how the composition framework makes use of the provided
knowledge. Sect. 8.4 presents the evaluation of the composition framework tak-
ing into account the CT, NCS and SVNF aspects. Later on, Sect. 8.5 discusses
the results obtained for each measured aspect. Finally, Sect. 8.6 provides general
conclusions.

8.1 Simulation setting

To forecast how the composition framework might behave under real-world sce-
narios, we have conducted several simulations making use of the NDAQ database
and the composition framework designed in Chapters 3, 4 and 5. Fig. 8.1 depicts
the main idea behind our simulation setting. As can be observed, our simulation
setting requires a given customer need as well as samples of the NDAQ database
with di↵erent number of services S.

Customer
need

Composition

Alternative
SVNs

ResultsSection
8.3.1

Section
8.3.2

Section
8.4

Section
8.5

Sample with 
S number 

of Educational
Services

Figure 8.1: Simulation setting.
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Roughly, the samples containing S number of services represent the search
space [97], whereas the customer need represent the problem to be solved within
the given search space [97]. Moreover, since the simulations must provide a good
estimation on the framework’s performance, the idea is to test such performance
for di↵erent problems (customer needs) under di↵erent search spaces (NDAQ’s
samples).

8.1.1 Tuning parameters

As depicted in Fig. 8.1 the composition takes as inputs a given customer need
as well as a sample with S numbers of educational services. Furthermore, to
generalize our assumptions regarding the framework’s performance in real-world
scenarios, three parameters must be defined:

1. the number of requested FCs per customer need; which leads to di↵erent
types of customer needs since some of them will require few FCs, whereas
others will require many FCs, i.e. the range of values for M .

2. the number of customer needs per each type that are going to be intro-
duced into the composition framework.

3. the number of services within each NDAQ sample, i.e. the range of values
for S.

To deal with the first parameter, we have decided to explore 13 types of cus-
tomer needs1 which are basically customer needs requesting di↵erent numbers
of FCs within the range M = [3, 15]. The second parameter requires to compute
a reasonable number of needs to estimate the average time that is required to
compose SVNs per each type of customer need, e.g. how many needs requesting
four FCs must be introduced into the composition framework to estimate the
average required time to compose SVNs for any customer need requesting four
FCs?. To this aim, we have simulated a so-called challenging setting in which
15 FCs are requested within an environment containing 1,000 services.

Fig. 8.2 shows how the average composition time (CT) converges at less than
80 customer needs (each one requesting 15 di↵erent FCs) for a mean squared
error MSE = 0.05. As can be observed, the average CT initially oscillates
between the values 50 and 60 seconds, later on it converges smoothly around 80
seconds. The initial oscillation is due to the randomness of the customer needs
since some of them require more time to be solved, whereas others are much
faster solved, i.e. the average time abruptly changes with the first customer
needs.

Although, as depicted in Fig. 8.2, the composition time converges at less
than 80 customer needs, we decided to run 100 composition tasks per each type
of customer need to have some upper bound (slack) when estimating CT.

For the third parameter, we decided to generate ten samples containing 100,
200, 300, 400, 500, 600, 700, 800, 900 and 1000 random services respectively,
i.e. the range for S. In this way, for each sample (10 samples) and for each type
of customer need (13 types), 100 random customer needs were automatically
generated. For each sample; 1,300 composition tasks are triggered (100 random

1The 13 types are explained in Sect. 8.2.1
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Figure 8.2: Average CT converging at less than 80 customer needs.

customer needs per each type of need, i.e. 100⇥13 ), whereas the total amount
of composition tasks is 13,000 since ten samples are generated.

8.1.2 Computational Setting

Since the composition task has been not only performed based on the framework
depicted in Chapters 4 and 5 but also slightly adapted to measure CT, NCS and
SVNF, it is further detailed in Sect. 8.3. The simulation setting in Fig. 8.1 has
been implemented as explained in Chapter 5 under a Unix-based system (CPU
2.8 GHz, 8GB RAM) running NetBeans 7.1 2 and Jena 2.7 3.

Summarizing, the range of values for our two variables are as follows: M =
[3, 15] and S = [100, 1000] with increments of one unit and 100 units respectively.
Moreover, the number of customer needs per type of customer need and per
service sample is 100. Finally, after all the simulations have been completed,
the framework’s performance is evaluated in Sect. 8.4. For each simulation, CT,
NCS and SVNF are analyzed to forecast the possible behavior of the framework
under real-world scenarios.

8.2 Knowledge support

This section describes how the required knowledge for describing customer needs
as well as services is modeled to allow SVN composition. In 8.2.1 we describe
how a customer need is automatically generated to trigger the composition of
SVNs, while in 8.2.2 we describe how the service catalogues are built based on
the NDAQ database.

2http://netbeans.org/
3http://jena.apache.org/
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8.2.1 Customer needs

As described in the customer ontology depicted in Fig. 3.1 (Chapter 3), the
main concepts used to describe a customer need are need, consequence and
want. Moreover, since a need can be specified by one or more consequences,
in this step, we automatically generate needs that are specified by a random
number of functional consequences. In this way, the composition task is only
focused on providing solutions for the requested FCs.

Algorithm 2 Generating customer need.

1: procedure CNeed generation(M,Sample
s

) . M = number of required
FCs, Sample

s

= Sample containing s number of services
2: Generate Need

i

3: for j = 1!M do
4: FC

j

 randomly-chosen FC from Sample
s

5: Need
i

specified by FC
j

6: end for
7: return Need

i

8: end procedure

During each simulation, the process for automatically building customer
needs is performed as depicted in Algorithm 2. As can be observed, this process
takes as inputs the number of FCs per need (M) and a sample of services
(Sample

s

). The process to generate Sample
s

is explained in Sect. 8.2.2. Briefly,
a customer need can be generated by making use of Sample

s

since the services
within Sample

s

actually describe the FCs that they can provide.
Once the parameter M has been defined, the generation of needs starts

generating a single need which is then linked (by making use of the relationship
specified by) to M randomly chosen FCs.

Need i

Specif
ied by

FC 2

FC 1

Specified by
Specified by

FC M

...

Figure 8.3: Customer needs automatically generated.

Fig. 8.3 graphically shows how a customer need can be specified by M dif-
ferent FCs. Furthermore, in our simulations, we have set up a range of value
for M given by M = [3, 15]. In this way, we have 13 types of customer needs,
each one requesting a di↵erent number of FCs. The range of values was defined
in this way since customers rarely request high number of FCs (i.e. the num-
ber of requested FCs is usually lower than 15) as already observed in previous
case studies within the Health Care, Telecommunications and Energy Indus-
tries [53, 42, 9].

Summarizing, the main reason to automatically generate customer needs is
twofold. Firstly, by removing the human being from the composition task, the
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simulations can be completely automated. Secondly, the random generation of
customer needs can be seen as the superset covering human-generated customer
needs. Consequently, it provides a wider input of customer needs, which con-
tributes to a better understanding of how complex needs can be solved by means
of composing SVNs.

8.2.2 Services

The NDAQ’s samples required to compose SVNs have been randomly generated
by making use of a script, which automatically creates RDF files containing a
given number of services. Since the educational services described in NDAQ
database clearly describe properties such as o↵ering organization, diplomas
(awards, certificates) and units, our automated script can easily map organi-
zations, diplomas and units onto actors, value objects and FCs respectively.

Ten samples have been generated containing respectively 100, 200, 300, 400,
500, 600, 700, 800, 900, and 1000 services. Furthermore, all the services have
been also described based on the service ontology introduced in Sect. 3.2.

# Services 100 200 300 400 500 600 700 800 900 1000

# Suppliers 46 63 67 74 78 82 84 81 94 95
# FCs 1874 3745 3455 4960 6452 6814 7667 8634 8400 9591
Average FCs

18.7 18.7 11.5 12.4 12.9 11.3 10.9 10.8 9.3 9.6
per v. object

Table 8.1: Samples with di↵erent numbers of services, suppliers, FCs and aver-
age FCs per value object.

The samples are not incrementally increased but each sample is always gen-
erated from scratch. In this manner, we can say that samples are not used as
basis to generate new samples, i.e. they are independent from each other.

Table 8.1 summarizes the main features of the NDAQ’s samples. Whereas
the number of services is increased by a constant value (i.e. 100 services),
the number of suppliers as well as the number of total FCs o↵ered by all the
services is not constantly increased due to the random sampling of services, i.e.
the number of FCs per service within the NDAQ database is not uniform, i.e.
some services contain more FCs than others.

8.3 Composition

As already explained at the beginning of this chapter, to evaluate the frame-
work’s performance, we only simulate the propose and verify subtasks since
critique requires human intervention and modify is cover almost completely by
the propose subtask. Propose’s aim is to generate a solution for a given problem
(to compose a SVN for a given customer need) while verify ’s aim is to check
whether the proposed designs satisfies the problem specifications (to determine
whether the composed SVNs meet the customer need).

Although the propose subtask, as described in Chapter 4, can be seen as a
completely automated process, the laddering inference actually requires human
intervention, i.e. a human customer must perform the mapping from needs
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onto specific FCs based on a customer catalogue. To avoid such human in-
tervention, the laddering inference is simplified by taking as an input for the
matching inference the FCs coming directly from the composed needs described
in Sect. 8.2.1. For example, the automatically generated customer need Need

i

depicted in Fig. 8.3 is used directly as the input for the laddering inference while
FC1, FC2 and FC

M

represent the required FCs (i.e. laddering’s output) since
Need

i

is only specified by these FCs. In this way, we can say that the laddering
inference is not included in our simulations to avoid human intervention, which
is needed to automate the simulations.

The rest of the inferences within the propose subtask (o↵ering, matching,
bundling and B2B linking) are applied as described in Chapters 4 and 5. In
a similar vein, the verify subtask is completely automated and applied as de-
scribed in Chapters 4 and 5. Nonetheless, due to the high number of FCs
contained in the value objects o↵ered by each educational service, we have ad-
justed some values (parameters) within the verify subtask, the values regarding
customer preference about FCs and preferences for non-required FCs within the
automatically composed SVNs. The next paragraphs elaborate on these issues.

1. Because the verify subtask requires information about the customer prefer-
ences for each requested FC, we assume that the FCs within the randomly
generated customer needs are all equally important.

2. The verify process also requires information about how non-required FCs
(consequences contained within the composedSVNs that are not required
by the customer need) must be scored.

To deal with the two issues, we have assigned fixed values to the weight that
a customer assigns to a FC as well as the assumed weight for non-required FCs.
In this sense, the values for w

c

and w
a

in Eq. 4.2 are adjusted to:

w
c

: fc! 1, w
a

: fc! {0.125} (8.1)

Since w
c

: fc! 1, we assume that all the FCs requested by a customer are
equally important while w

a

: fc! {0.125} means that non-required FCs within
the composed SVNs do not play a big role to determine how well the SVNs fit
customer needs.

8.4 Evaluation

This section presents the numerical results that have been obtained after per-
forming our simulations. We have performed simulations taking as inputs sev-
eral customer needs with di↵erent number of FCs and several NDAQ’s samples
containing di↵erent number of services. Consequently, there are only two in-
dependent variables, the number of FCs within the customer needs and the
number of services within the samples.

Furthermore, as already explained, the composition task not only deals with
the propose and verify subtasks but also only provides measures for three as-
pects, composition time (CT), number of composed SVNs (NCS) and SVNs ’
fitness (SVNF). CT is analyzed and evaluated in 8.4.1, whereas NCS and SVNF
are analyzed and evaluated in 8.4.2 and 8.4.3 respectively.
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8.4.1 Composition Time

The next paragraphs provide an analysis and also an evaluation about the per-
formance of the propose and verify subtasks regarding computational time, i.e.
the average time required to compute each subtask.

Although the propose subtask is composed of five inferences (o↵ering, lad-
dering, matching, bundling and B2B linking), we only measure the average time
required to perform the matching, bundling and B2B linking inferences since
o↵ering and laddering almost require no computational e↵ort. O↵ering is an of-
fline inference in which service suppliers only describe what they can o↵er (the
service catalogue contains such information) while laddering has been simplified
to avoid human intervention (see 8.2.1).

Regarding the propose subtask, we provide measures only for the matching
inference, i.e. the average time required to find/define the so-called matching
pool (search space [97]), and the bundling plus B2B linking inferences, i.e. the
average time required to compose the SVNs (solutions).

The average time required to perform the verify subtask is also analyzed
within this subsection. Finally, the total average time required to perform
propose and verify are summarized in the last part of the subsection.
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Figure 8.4: Average Matching time. Ten samples.

8.4.1.1 Matching

Figures 8.4 and 8.5 show the required average time to perform the matching
inference for di↵erent types of needs (di↵erent types of problems) under di↵erent
service samples (di↵erent search spaces). Fig. 8.4 presents the required average
time to find the matching pool (MP) for the 13 types of customer needs (3 to
15 requested FCs) under di↵erent service samples (from 100 to 1000 services).
As can be observed, when the number of requested FCs is 15 and the number
of services within the sample is 1000, the required average time to find the MP
(i.e. gather all the services that can partially or completely provide the required
FCs) is less than five seconds (less than 5,000 milliseconds).
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Figure 8.5: Average Matching time. Smooth visualization.

Fig. 8.5 presents ten lines depicting the required average times to find the
MP for each NDAQ sample, whereas Fig. 8.5 presents an smooth version of
the average time required to find MP. In this way, Fig. 8.5 aims at providing a
forecast for the average time required to find MP for di↵erent numbers of services
within the sample. For instance, when the required FCs are 15 and the number
of services within the sample would be around 950 services, the forecasted time
to find the MP is approximately four seconds (4,000 milliseconds).

Although Fig. 8.5 shows some valleys in its surface, for instance between
700 and 1000 services, the trend forecasting the required average time to find
MP is pretty much clear, i.e. the required average time grows as the number of
required FCs and the number of services also grow.

8.4.1.2 Bundling and B2B Linking

Figures 8.6 and 8.7 depict the required average time to actually compose SVNs.
The reported time includes the time average required to generate service bundles
(bundling) as well as to perform the B2B linking inference, which therefore
represents the required average time to compose a complete SVN. Fig. 8.6 shows
the required average time to compose SVNs for di↵erent number of requested
FCs (3 to 15) under di↵erent number of services (100 to 1000). Roughly, ten lines
are plotted, one for each sample, describing the performance of the framework
for di↵erent customer needs. As can be observed, when the number of requested
FCs is 15 and the number of services within the sample is 1000, the required
average time to compose all the SVNs (i.e. all the solutions found) is less than
8⇥ 104, which is approximately less than 80 seconds.

Fig. 8.7 shows a smooth version of the average time required to compose
SVNs. Furthermore, Fig. 8.7 also aims at providing a forecast about the average
required time to compose SVNs for di↵erent numbers of services within the
sample. E.g., when the required number of FCs is 15 and the number of services
is 450, the average required time to compose SVNs is a bit more than 2 ⇥ 104

milliseconds, which is approximately 20 seconds.
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Figure 8.6: Bundling + B2B linking average time.
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Figure 8.7: Bundling + B2B linking average time.

8.4.1.3 Verify

Figures 8.8 and 8.9 show the average required time to perform the verify subtask
for di↵erent number of requested FCs under di↵erent service samples. Fig. 8.8
plots ten lines, one for each service sample, depicting the average required time
to perform the verify subtask on all the composed SVNs, i.e. checking all the
solutions to determine how well they fit the customer required FCs. As can be
observed, when the number of requested FCs and the number of services within
the sample are 15 and 1000 respectively, the average required time to verify the
composed SVNs is less than 0.3 seconds (less than 300 milliseconds).

Fig. 8.9 shows a smooth plot of the average required time to perform the
verify subtask. In this way, regarding the average requested time, Fig. 8.9
depicts the expected performance of the framework for a range of services and
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Figure 8.8: Average time to perform the verify subtask.
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Figure 8.9: Average time to perform the verify subtask. Smooth visualization.

di↵erent number of requested FCs. Although there are some valleys on the
surface, the trend to be followed by the framework is pretty much clear, i.e.
as the number of requested FCs and the number of services grow, the average
requested time also grows.

Finally, Figures 8.10, 8.11 and 8.12 show the average requested time to per-
form the propose and verify subtasks for di↵erent requested FCs under di↵erent
service samples. As can be observed, the total average requested time to perform
both tasks (propose and verify) is pretty much similar to the average requested
time to perform the bundling and B2B linking inferences, which is depicted in
Figures. 8.6 and 8.7.

Based on Figures 8.6, 8.7, 8.10 and 8.11, we can even say that the time
required to compose SVNs (generate all the solutions) consumes almost all the
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Figure 8.10: Total time. Propose + Verify.
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Figure 8.11: Total time. Propose + Verify.

required time to perform the propose and verify subtasks. The reasons behind
these results obey to mainly three reasons: 1) the bundling and B2B linking are
the most challenging inferences in the framework since they actually generate
the final solutions, 2) the verify subtask is fast enough to check all the gen-
erated solutions consuming almost no time compared to the final performance
and 3) although the matching process is not fast enough, it represents a small
percentage of the total required time, it is approximately 7% since the worst
case requires less than 5 seconds from a total of 80 seconds (see Figures 8.4
and 8.10).

Fig. 8.11 shows a smooth plot for the average required time to perform the
propose and verify subtasks for di↵erent requested FCs and di↵erent number of
services. Even though the surface presents some small valleys, the trend to be
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Figure 8.12: Total time. Propose + Verify. M impacts CT.

followed by the framework is very clear, the more requested FCs and the more
services within the samples, the more time required to perform both subtasks.
Nonetheless, as shown in Fig. 8.12, CT is mainly influenced by M since it
remains below 30 seconds for all the samples when the number of requested is
less than 9. When M is bigger than 9, CT notably changes for the di↵erent
samples. For instance, when M = 3 the values for CT are almost all similar,
however, this phenomenon changes as M grows.

Summarizing, in this subsection ( 8.4.1), we have presented the results con-
cerning the average time required to compose SVNs for di↵erent types of cus-
tomer needs (di↵erent numbers of requested FCs) under di↵erent amounts of
services. In this way, the results depict the average required time to perform the
propose and verify subtasks. Furthermore, we have also presented an analysis
of the required time to perform some of the inferences required to achieve the
propose subtask, i.e. the required times to perform the matching, bundling and
B2B linking inferences have been analyzed. The next subsection presents the
results concerning the number of solutions that are generated also for di↵erent
customer needs and di↵erent amounts of services.

8.4.2 Number of Solutions

The next paragraphs provide an analysis about the average number of solutions
to be found under di↵erent scenarios. More specifically, about the average
number of composed SVNs per each type of customer need and per each service
sample.

Figures 8.13, 8.14 and 8.15 present the average number of composed SVNs
(generated solutions) for the di↵erent number of requested FCs under the di↵er-
ent amount of services within the samples. Such average number of composed
SVNs can also be considered as the average size of the solution space for each
type of customer need as well as for each service sample [97]. We depict the
average number of solutions since, as explained in Sect. 8.1, for each service
sample and for each type of need 100 composition tasks are triggered.
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Figure 8.13: Average Number of Solutions.
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Figure 8.14: Average Number of Solutions.

Fig. 8.13 shows the average number of SVNs that are composed per sample
and type of customer need. The logarithmic scale in the Y axis allows to see
how the average number of composed SVNs exponentially grows as the num-
ber of requested FCs and the amount of services grow linearly. The number
of requested FCs in increased by one unit, whereas the amount of services is
increased by 100 units.

Figures 8.14 and 8.15 show 3D versions of the average number of composed
SVNs. Fig. 8.14 presents ten lines, one for each service sample; whereas Fig. 8.15
presents a smooth version of the average number of composed SVNs. Since
both figures do not use any logarithmic scale, one can see a very interesting
phenomenon regarding the way the solution space grows. There are some points
were the size of the solution space consists of high number of solutions compared
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Figure 8.15: Average Number of Solutions.

with the rest of the surface. For instance, in Fig. 8.14, there is a peak when the
number of requested FCs and the amount of services are 9 and 700 respectively.
Such peak clearly stands up because all the other types of customer needs (3 to 8)
did not generate that many solutions (around 200 solutions) for the same sample
(700 services). In this way, one can claim that the solution space exponentially
explodes as the number of requested FCs and the amount of services grow.

This subsection presented, by means of three figures, an analysis about the
average number of SVNs that are composed to answer 13 types of customer
needs under di↵erent service samples. The next subsection provides an analysis
on the average fitness of the composed SVNs, which is relevant to understand
how well the composed SVNs fit the customer needs.

8.4.3 Fitness

Figures 8.16, 8.17 and 8.18 show the average fitness of the composed SVNs, i.e.
how well the composed SVNs fit the customer need within a scale from 1 to 10.
Such SVNs have been composed for di↵erent types of customer needs as well
as for di↵erent amounts of services within the samples. To compute the fitness,
as explained earlier in Sect. 8.3, we have assumed that all the required FCs are
equally important.

Fig. 8.16 shows two interesting phenomena that we have baptized as de-
creasing fitness (DF) and More Services might mean Better Fitness (MSBF).
First, DF, the average fitness decreases as the number of requested FCs grows.
Second, MSMMBF, the average fitness for small samples decreases faster than
the average fitness for big samples. For instance, when the number of requested
FCs is 15, the average fitness for samples containing 100 and 200 services is
lower than 6; whereas the average fitness for samples containing 900 and 1000
services is around 8.

Both, DF and MSBF are mainly caused due to the increase in requested
FCs. Nonetheless, because MSBF one might think that a richer environment
(containing more services) can provide better solutions for the customer needs,
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Figure 8.16: Average Fitness.

which can diminish the e↵ect of decreasing the fitness of the solutions when
requesting many FCs.
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Figure 8.17: Average Fitness.

Figures 8.17 and 8.18 show a 3D visualization of the average fitness of the
composed SVNs. In both Figures, it is very clear to see how the lowest point
of the surface (i.e. the lowest fitness) is reached when the number of requested
FCs and the amount of services in the sample are 15 and 100 respectively.

Summarizing, this section has provided an evaluation of the framework’s
performance by making measures about the average composition time (CT),
the average number of composed SVNs (NCS) and the average SVNs ’ fitness
(SVNF). CT has been thoroughly analyzed in 8.4.1 by describing the average
required time to perform the propose and verify subtasks. Moreover, the anal-
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Figure 8.18: Average Fitness.

ysis of the propose subtask is split by describing the average required time to
perform the matching and the bundling plus the B2B linking inferences. NCS is
analyzed in 8.4.2 presenting figures describing the average number of composed
SVNs, whereas SVNF is analyzed in 8.4.3 presenting also figures that plot the
average fitness of the composed SVNs. The next section ( 8.5) discusses the
main findings after performing the evaluation of the framework as well as some
ways to improve some of the subtasks and inferences.

8.5 Discussion

Although the simulations have been performed on a centralized architecture,
i.e. the architecture described in 8.1, our results clearly reflect the framework’s
expected performance for a real-world scenario. For instance, regarding compu-
tational time, it is pretty much expected that the required time to perform the
propose subtask would be higher that the required time to perform the verify
subtask. Furthermore, the matching inference, as it is, would require less com-
putational time than the bundling and B2B linking inferences. In this sense, to
decrease the required computational time, the bundling and the B2B linking in-
ferences might be improved by applying di↵erent architecture and/or exploring
new heuristics to performs such inferences. For instance, parallel computing or
decentralized schemes can be explored.

The average number of composed SVNs (NCS) grows exponentially as the
number of requested FCs and the number of services grow, which is also one
of the reasons why the propose subtask requires a considerable amount of time
to be completed, i.e. many bundles and consequently also many SVNs are
generated. Even though NCS grows exponentially, it was shown that the average
time requested to compose and rank (propose and verify subtasks) the SVNs
remains within reasonable boundaries as depicted in Figures 8.10 and 8.11. The
worst case being around 80 seconds given by M = 15 and S = 1000, i.e. when
customer needs request 15 FCs and the service sample contains 1000 services.
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Nonetheless, such exponential growth must be taken into account in case all the
composed SVNs want to be stored for any purposes, e.g. applying data mining
techniques to find structural patterns.

As observed in Figures 8.16, 8.17 and 8.18, regardless the amount of ser-
vices within the samples, the SVNs ’ fitness (SVNF) decreases as the number of
requested FCs grows. Such behavior obeys to the fact that the more requested
FCs, the harder to find a good solution meeting the customer needs. Nonethe-
less, it also suggests that when more services are in the environment, better
solutions might be found, at the cost of requiring more computational time to
compose such solutions.

8.6 Conclusions

This chapter has provided a third evaluation of the composition framework by
making use of simulations, which allows us to forecast the framework’s per-
formance under real-world scenarios. In this way, we have performed several
simulations requiring to compose SVNs. In total, 13,000 composition tasks
were carried on in our simulations, which produced measures about the average
composition time (CT), the average number of composed SVNs (NCS) and the
average SVNs ’ fitness (SVNF).

Sections 8.1, 8.2 and 8.3 explained respectively how the simulation setting,
the required data and the composition tasks have been carried on. Afterwards,
Sect. 8.4 provided the simulation results where three aspects are analyzed: CT,
NCS and SVNF. Before finishing the Chapter, Sect. 8.5 presented some discus-
sion about not only the main findings but also the general assumptions for the
performed simulations and the ways to improve the framework’s performance.

Based on the simulations that were performed, some conclusions can be
made. First, the average requested time to compose SVNs is within reasonable
boundaries for scenarios in which the values for M and S are also reasonable
and realistic. For instance, in the worst case, it takes on average 80 seconds to
compose SVNs for an scenario in which M = 15 and S = 1000.

As explained in Sect. 8.4.1, CT is mainly influenced by M , in this way,
setting up a maximum value for M = 15 is realistic since customers rarely
request many FCs as already observed in previous case studies (see Chapters 6,
7 and papers [53, 42, 9]) and the value of S does not strongly influences CT.
Consequently, even for large search spaces (i.e. S > 1000), we can forecast that
CT will behave properly as long as the number of requested FCs is lower than
M = 15.

Second, although we have applied a heuristic reasoning to compose SVNs, the
average number of composed SVNs (NCS) still grows exponentially. Nonethe-
less, the average time to find a solution (a composed SVN ) remains within
reasonable boundaries, i.e. 80 seconds for the worst scenario.

Third, given the average fitness SVNF, we can also conclude that the more
requested FCs, the harder to compose good SVNs matching the requested FCs
since more constraints have to be met.

To sum up, the Chapter has presented a thoroughly analysis of the com-
position framework’s performance based on simulations that make use of auto-
matically generated customer needs and NDAQ’s samples containing di↵erent
amounts of services. Based on this analysis we can forecast that the composi-
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tion framework would properly perform and achieve its objectives (composing
SVNs) within real-world scenarios.
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Chapter 9

Conclusions

This chapter presents the final conclusion as well as future research issues related
to the composition of SVNs.

The content of this chapter is based on the following publications:

• Davor Meersman, F. Hadzic, Iván S. Razo-Zapata, Pieter De Leenheer,
and J. Hughes. Health service discovery and composition in ambient as-
sisted living: the australian type 2 diabetes case study. In Proceedings of
HICSS 46, 2013 [67].

• Jaap Gordijn, Iván S. Razo-Zapata, Pieter De Leenheer and Roel Wieringa.
Challenges in Service Value Network Composition. The 5th IFIP WG8.1
Working Conference on the Practice of Enterprise Modelling, POEM 2012 [45].

• Iván S. Razo-Zapata, Pieter De Leenheer, Jaap Gordijn and Hans Akker-
mans. Fuzzy Verification of Service Value Networks. In 24th International
Conference on Advanced Information Systems Engineering (CAiSE’12),
2012 [85].

• Hassan Fatemi, Marten van Sinderen, Roel Wieringa, and Iván S. Razo-
Zapata. Endurability and profitability analysis of collaborative networks.
In 25th Bled eConference, 2012 [37].

• Damian A. Tamburri, Iván S. Razo-Zapata, Héctor Fernández, and Cédric
Tedeschi. Simulating awareness in global software engineering: a compar-
ative analysis of scrum and agile service networks. In Grace A. Lewis,
Patricia Lago, Andreas Metzger, and Vladimir Tosic, editors, Interna-
tional Workshop on Principles of Engineering Service-Oriented Systems.
IEEE, 2012. [101]

9.1 Summary

Service Value Networks (SVNs) are flexible and dynamic webs composed of end
customers and homogeneous actors who reciprocally establish relationships with
other peers to deliver a value-added service. SVNs consist of two actors, namely
a supplier and a customer. However, in many cases, the SVN might be made
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up of multiple suppliers, each o↵ering a service, who together satisfy a com-
plex customer need. The package of services satisfying the complex customer
need is called the service bundle. By using multi-supplier service bundles, each
supplier can concentrate on her/his own core competence and can participate
in satisfying a complex customer need, which could never be satisfied by only
one supplier. Moreover, an SVN may contain the suppliers of the suppliers and
so on, until we reach the suppliers of whom we can safely assume that their
services can be provisioned in a known way.

The key problems to compose SVNs were as follows: (1) knowledge repre-
sentation and (2) the composition itself [11]. The first problem entailed issues
such as describing customer needs, services and relationships (B2C and B2B)
while the second problem arose issues such as manual and semi-automated com-
position of SVNs.

9.1.1 Knowledge representation

Regarding knowledge representation, a plethora of approaches o↵er di↵erent
ways to describe customers (and their needs) [71, 8, 58, 13, 1], services [66, 2,
13, 104, 1, 95, 20, 10] and relationships [4, 54, 15, 26, 18].

Although the field of service science already poses such plethora to represent
and describe service networks, all these approaches fail to provide not only a
match between the customer need and the o↵ered services but also a business-
oriented description and a graphical representation of the composed SVN as
discussed in Chapter 2.

To address this problem, we designed two ontologies: (1) the customer ontol-
ogy, and (2) the supplier ontology. The customer ontology borrowed concepts
and terminology from marketing. The key notions in the customer ontology
were need and consequence [55, 28, 47, 82]. The supplier ontology was fully
integrated with the e3value ontology [41] from which it borrowed many con-
cepts [82]. The key concepts in the e3value ontology were actors who perform
value activities. Actors can exchange resources of economic value (value objects)
with each other via value transfers [41]. To be able to connect the supplier on-
tology with the customer ontology, the value objects had consequences too [82].
From an ontological perspective, these consequences were similar to those iden-
tified by the customer ontology. Therefore, it is possible to match both kinds
of consequences. Finally, B2C and B2B relationships were modeled as value
transfers among actors.

9.1.2 Composition

Since the composition of SVNs is mainly driven by customers [11] two main
strategies can be followed to compose SVNs : (1) manual composition [71, 66,
4, 111, 15], or (2) semi-automated composition [8, 13, 104, 1, 95, 18, 25].

The manual composition of SVNs [4, 111, 15] uses self-defined notations
that can be either used only for analytical purposes [4] or mapped onto process
models [111, 15]. The semi-automated composition has been addressed by means
of predefined meta models and service profiles [8, 28, 13, 1, 95, 18] or just service
profiles [104, 25].

Chapter 4 presented a framework to compose SVNs based on a PVCM
problem-solving method. Such framework used the information modeled by the
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customer and supplier ontologies, i.e. it used service profiles. The framework
used a reasoning process composed of four subtasks: propose, verify, critique
and modify.

9.1.3 Research questions

The customer need ontology and the supplier ontology presented in Chapter 3
answer the research questions RQ1 and RQ2 respectively; whereas the compu-
tational framework described in Chapter 4 solves the research questions RQ3
and RQ4. Likewise, Chapters 5- 8 help to answer RQ5.

• RQ1: How to represent customer needs in a computational feasible way?.
The customer need ontology presented in Chapter 3 provides a mechanism
so that a customer need can be expressed in terms of specific functional
consequences (FCs). Based on this ontology we can create a customer
catalogue that can be processed by our framework to elicit customer needs.

• RQ2: How to design a computer-readable service catalogue?. The supplier
ontology described in Chapter 3 answers this question since it allows to
represent services that can later be stored within a service catalogue.

• RQ3: How to automatically compose an SVN matching a specific cus-
tomer need with a service catalogue?. We answer this question in Chap-
ter 4 as our computational framework composes SVNs matching specific
customer needs.

• RQ4: How to choose among candidate SVNs?. As part of our compu-
tational framework, we provide a fuzzy inference system that verifies the
fitness of composite SVNs and provides a score for each one; based on this
scoring the customer can choose the SVN best fitting her requirements.

• RQ5: How to validate our composition framework? We have used a
computer-based prototype (Chapter 5) to support the validation of our
framework by means of two case studies (Chapter 6 and Chapter 7) and
numerical simmulation (Chapter 8).

In this way, the answers provided to research questions RQ1-5 allow us
to o↵er a way to solve our main research question: How to compose SV Ns
matching specific customer needs with computer-based support?.

9.2 Lessons Learned

9.2.1 Knowledge representation

Overview Chapter 2 presented a survey on related e↵orts to design, analy-
sis, or compose SVNs. Despite the variety of approaches, there had been no
e↵orts to automate the composition of SVNs matching customer needs. Fur-
thermore, these approaches had failed to capture business oriented issues such
as the notions of value and economic reciprocity.
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Customer needs and service ontologies Chapter 3 addressed the problem
of knowledge representation for SVNs by describing the customer and service
ontologies. The customer ontology described needs in terms of specific FCs,
whereas the service ontology described services o↵ering valuable FC -loaded re-
sources. The main contribution of this chapter was the alignment between the
e3service and the e3value ontologies, which resulted in a new service ontology
that allows to visualize composed SVNs with the e3value editor.

9.2.2 Composition

Interactive framework Chapter 4 presented an interactive framework to
compose SVNs matching customer needs. The framework was based on a PCM
problem-solving method that established a dialogue between a customer and
a broker. The latter performed the automatic composition of SVNs based on
the customer need expressed in terms of functional consequences FCs. This
match was possible since services o↵ered valuable FC-loaded resources, too. The
main contribution of this chapter is twofold. 1) it presented an algorithm to
automatically generate service bundles, and 2) the interactive framework could
compose complete SVNs containing at least a customer and a service supplier.
B2C and B2B relationships were described by value transfers.

Software support Chapter 5 described a software prototype that imple-
mented the composition framework in Chapter 4 and used customer and service
catalogues modeled with the ontologies in Chapter 3. The prototype provided
a GUI that a customer can use to compose SVNs matching her/his needs. The
prototype was used to compose SVNs for two case studies as well as for numer-
ical simulations.

9.2.3 Case Studies

Music Industry In Chapter 6 we composed SVNs for the music industry
to deal with Intellectual Property Rights (IPRs). The composition of SVNs
was driven by a pay-per-play setting in which customers play music tracks for
which they also have to pay rights. Main actors are as follows: (a) IPR users
(customers and music providers) making public use of tracks; (b) IPR owners
(artists, producers, publishers, composers, and lyricists) creating music tracks;
and (c) IPR societies clearing tracks, collecting and repartitioning fees on behalf
of IPR owners. At present, IPR societies take months or even years to clear
tracks since it is not based on a pay-per-play setting, i.e. IPR owners might get
fees after months or years IPR users played a track.

IPR societies recognize that a pay-per-play setting would help them to collect
and distribute their fees more timely since an SVN might automate such process.
Currently, a pay-per-play setting is possible only in the context of the HoReCa (
Hotel/Restaurant/Café) sector because IPR societies have strong relationships
(contracts/agreements) with HoReCa actors.

Education sector In Chapter 7 we composed SVNs for the education sector.
The customer are people willing to improve their resumes by acquiring skills
using the educational services provided by institutions in the SVNs. To this
aim, we modeled the customer and service catalogues based on the National
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Database of Accredited Qualifications (NDAQ). Since the database contains
several educational services from a rich variety of sub-sectors, the use of the
interactive framework was fully demonstrated, i.e. the propose, verify, critique
and modifysubtasks were fully applied.

As a result, a customer can interactively compose SVNs to solve her/his
need. As already observed in Europe [33] and the USA [36], there is a growing
mismatch between the countries’ demands for talent and the current supply.
This gap might be diminished by making SVNs provide the information required
by a customer (job seeker) to hire the educational services that make her/him
develop the skills that will bring her/him closer to get the desired/unfilled job.

Global software development We also explored the application of SVNs
in areas such as global software engineering (GSE) [101]. The purpose was to
compose SVNs that could realize a business idea (i.e. the development software
project) by combining people-based services. The customer was represented
as a stakeholder willing to develop a software project broken down in terms of
specific FCs. The stakeholder had to find the combination of services that could
jointly provide the required FCs. Since the composed SVNs could be visualized
with e3value tools, they basically depicted how the business idea is realized by
value transfers among participants, i.e. how they transfer valuable resources to
each other.

Health care The Ambient Assisted Living (AAL) domain also presented in-
teresting niches to compose SVNs [67]. In this sense, we composed SVNs to
match medical recommendations (based on patient sensor data in a home care
monitoring context) to health services o↵ered by di↵erent health care providers.
An important observation in this case study was the fact that the customer re-
quirements could also be obtained from patterns in sensor readings (and corol-
lary diagnosis) based on validated rules for both, customer and supplier. Fur-
thermore, since the framework allowed verification of the fitness of the alterna-
tive SVNs against the required FCs, doctors and patients can easily select an
SVN.

9.2.4 Performance

Chapter 8 simulated the composition of SVNs using several scenarios with the
purpose of forecasting the performance of the composition framework under
real-world scenarios. The e↵ects of two variables were explored (type of cus-
tomer needs and number of services) by measuring three aspects: the average
composition time (CT), the average number of composed SVNs (NCS) and
the average SVNs ’ fitness (SVNF), i.e. how well the composed SVNs fit the
customer needs.

The numerical results suggest that the composition framework would scale
properly, i.e. CT would remain within reasonable boundaries regardless of the Scalability
number of services as long as the customer needs are composed of less than
15 required FCs. Furthermore, the quality of the solutions, i.e. how well the
composed SVNs met the customer required FCs, was a↵ected by the number of
FCs requested by the customer as well as by the number of services within the
service catalogue. While more services within the catalogues helped to increase Fitness
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the quality of the solutions, more requested FCs impacted negatively on the
quality since more constraints had to be satisfied.

B2C B2B Business Network Visualization Support for
interact. relat. oriented definition composition

Customer need Inter Value perspective Formal Graphical Standardized
Dialogue Intra Economic recip.

Table 9.1: Aspects covered by the composition framework.

Like the analysis presented in Chapter 2 (criteria for describing SVNs in
Sect. 2.1.2), Table 9.1 summarizes the aspects covered in our composition frame-
work. B2C interaction was addressed by providing a dialogue through which a
customer could specify her/his need(s) in terms of functional requirements. Inter
and Intra organizational B2B relationships were established through value trans-
fers among SVN ’s services. Our framework was characterized by a business-
oriented perspective focusing on the valuable resources transferred by the par-
ticipants within SVNs. Such value transfer was based on the notion of economic
reciprocity that suggests that participants only o↵er value objects to other par-
ticipants if they receive their requested value objects in return. We also provided
a formal definition for SVNs (see Sect. 2.1.1). Such SVNs could be graphically
visualized by using e3value models. Finally, our framework was supported by a
software prototype that used standardized tools such as: RDF and Java.

9.3 Future research

9.3.1 General view

To conclude, we can argue that a general view on design, analysis and composi-
tion of SVNs must focus on four main issues: 1) a multi-perspective integration,
2) C2C exploitation, 3) flexible composition, and 4) digitization.

9.3.1.1 Multi-perspective integration

Since SVNs represent flexible and dynamic web of end customers and enterprises
(companies, people) who reciprocally establish relationships with other peers,
they are influenced by at least four perspectives: economic, social, political and
technological [11]. Although USDL and SoEA usually include some political as-
pects within their so-called business perspective, both focus mainly on three per-
spectives: business, technical/software and operational/platform [20, 10, 106].

In this sense, given the complexity of integrating several perspectives within
SVNs, a solid integration framework is yet to be developed. e3alignment might
provide valuable foundation since it enables to design and analyze inter-organizational
business-ICT taking into account four perspectives: strategic, value, process and
IS interactions [75]. The specific matters to be addressed by such framework
are mainly trust [37], value monitoring [94], transformations among perspec-
tives [5, 90, 91] and security [99].
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9.3.1.2 C2C exploitation

SVNs are composed of customers and services who establish C2C, B2C and
B2B relationships. Although C2C relationships play a critical role within value
creation [11], current e↵orts focus mainly on dealing with B2C and B2B is-
sues [10, 18, 15, 8, 71]. Our framework, however, has briefly explored the com-
position of SVNs within AAL based on “customer profiles”, namely patient data
and rules [67].

Therefore, C2C could provide some insight on how the customer side [56] (in-
cluding customer’s behavior to influence more customers through the so-called
word of mouth) can influence the composition of SVNs as well as the preferences
for the composed SVNs, sometimes called customer influencer value [60].

Moreover, because customer preferences and value perceptions are related
to a social context, trusted channels and/or sources of societal customer infor-
mation must be identified and ultimately incorporated into the design, analysis
and composition of SVNs. In this vein, some e↵orts in the field of recommender
systems can provide some foundation [64].

9.3.1.3 Flexible composition

Two approaches can be followed to compose SVNs, Bottom-Up (BU) and Top-
Down (TD), and they can be used in at least two fashions, automatic (AT)
or semi-automatic (SA). In this thesis we have presented a TD-SA approach.
Nonetheless, di↵erent combinations of approaches and fashions can be defined
for di↵erent service sectors since each sector might present di↵erent challenges.
Consequently, a service ecosystem can have a tool set containing di↵erent com-
position approaches.

Because the AAL domain already provides measuring/monitoring devices as
well as customer requirements based on patient data and medical rules, TD-AT
approaches could be perfectly suitable to compose SVNs for this domain [67].
Since the BU approaches require some sort of self-organization, these approaches
can be based on Multiagent Systems [93].

9.3.1.4 Service description and digitization

As more companies and governments around the world tend to open up infor-
mation about political, economic and social issues [103, 107, 108], the chances of
di↵erent types of services emerging from such richness become real. Nonetheless,
one question must be answered: how will all this information be transformed to
be used by new services?. There are at least two answers: 1) manually, or 2)
by automatic mapping.

In Chapter 6 we performed a manual mapping to describe music-industry
services using our service ontology. New approaches might follow the same
strategy plus recommendations provided by USDL-based experiences [96].

The service catalogues used in Chapters 7 and 8 were generated by an
automatic mapping from relational databases into our RDF-based service de-
scription which uses our service ontology. A similar strategy as well as recom-
mendations from the semantic web community can be followed to automatically
digitize (map into service-related concepts) service descriptions based on exist-
ing databases [88].
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In summary, we have presented an interactive framework to compose SVNs
matching customer needs. The framework provides an answer to our original
research question (Sect. 1.1). However, to improve its performance and the
performance of any other new framework, some issues must be addressed to
deal with the design, analysis and composition of SVNs. Short-term issues are
related to knowledge representation, composition and software support for the
e3value family; whereas long-term issues should address a general view concern-
ing four main aspects: multi-perspective integration, C2C exploitation, flexible
composition and service description and digitization.

9.3.2 Next steps on e

3
value

Since the e3value vision aims at providing a multi-perspective view on composi-
tion and operation of SVNs, at least three perspectives must be considered and
integrated: a business value perspective, a business process perspective, and an
ICT perspective (e.g. cf. [75]).

Such integration would enrich the understanding on how SVNs can be de-
signed, analyzed, and composed. Although this integration might seem only
applicable to our vision, areas such as Service-oriented Enterprise Architecture
(SoEA) also deal with it by aiming at transparently merging business services
(commercial services), software services (web services), platform services and
infrastructure services (ICT architecture) (see e.g. [106]).

To achieve this integration, several challenges must be addressed within the
composition framework described in Chapters 3, 4 and 5. These challenges are
threefold: knowledge representation, composition and software support.

9.3.2.1 Knowledge representation

The current customer and service ontologies are based on two important as-
sumptions. 1) In the customer-supplier ontology it was assumed that customer
and supplier are linked to each other via a single consequence construct. Per-
haps, multiple (e.g. more detailed) customer consequences may map onto one
supplier consequence, or vice versa. 2) It was assumed that both the customer
and the suppliers all use the same terminology to state the consequences. This
challenge supposes first that the links between the customer and the supplier
can involve more complex constructs than those in this case (one concept, one
consequence). Second, the challenge includes the idea that if certain constructs
are used to express what is needed and what is o↵ered, the customer and the
suppliers could use di↵erent terminology.

Concerning the consequence as matching construct, the goal is to allow for
composition of consequences into more complex consequence constructs. E.g.
various kind of relationships between consequences can be identified. For in-
stance, in [31], a consequence can depend on other consequences, and can be
in a core/enhancing bundling or an optional bundling relationship with other
consequences. This can be extended with composition relationships. In regard
to the use of di↵erent terminologies, in [16, 74] a solution is proposed to match
various functionalities, expressed in di↵erent terminologies, in the context of
web services. Perhaps this kind of solution is also useful for commercial services
expressed by di↵erent terminologies.
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Currently, the e3service ontology matches customer needs with supplier ser-
vice o↵erings via the notion of consequence. In [31], a distinction is made
between functional consequences, and quality consequences. However, a more
detailed structuring of the notion of consequences can be useful. For instance,
it is possible to distinguish various quality consequences, such as timely provi-
sioning of the service, stability of the service supplier, etc.

An ontology of both functional and quality consequences should be made.
Functional consequences are highly dependent on domain. For quality conse-
quences, it can be used a theory on quality properties of commercial services,
such as service quality, SERVQUAL [72]. Finally, the USDL service level mod-
ule may be also explored [20, 10].

9.3.2.2 Composition

Di↵erent approaches can be followed to match customer needs with supplier
o↵erings. We distinguish hierarchical matching and self-organizing matching. In
case of hierarchical matching, there is a party (e.g. a broker) that controls and
executes the matching process. The broker tells the suppliers to provide their
services in a bundle. In this work, the matching is done by a broker. The position
of the party who performs the matching is powerful from a business perspective,
since it is the party that determines which actors provide which services. Other
matching models can be distinguished; for instance, self-organizing models, in
which the actors collaborate and negotiate the service bundle to be provided to
the customer, and there is no central coordinator. In this matter, self-organized
matching should be supported (as this is an entirely di↵erent business model),
e.g. via gossiping protocols, which avoid central components such as a broker
(see e.g. [27] for gossiping in computer networks).

The current composition framework supposes B2C and B2B relationships.
B2C interaction played a role while executing customer need and consequence
elicitation, based on the customer need and service catalogues. B2B relation-
ships played a role during the linking process: if a supplier o↵ers a service to
the customer, it was likely that the supplier itself required services from other
suppliers. This is referred to as linking. It is possible that customer to customer
(C2C) interaction may play a role during the customer need and consequence
elicitation process. For instance, an SVN together with its consequences may be
built that closely resembles the SVN (and consequences) generated for another
customer, i.e. reusing as basis previously composed SVNs which suggests that
SVNs can have a recyclability property. Customer to customer recommendation
systems may be used as an input to create a recommender system that registers
customer’s scores on particular consequences. These scores can then be used in
the customer need and consequences elicitation process.

9.3.2.3 Software support

The software implementation of e3service is currently Java-and-RDF-based. It
is possible to think of the software as a set of web services and associated pro-
cesses that perform the composition of the SVN. Moreover, these web services
may be o↵ered (and requested) by multiple suppliers and the customer for the
composition to become a distributed task. We foresee the use of web-service
standards, such as Simple Object Access Protocol (SOAP) and Web Services
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Description Language (WSDL) to build a configurator that can run as decen-
tralized (meaning: at the customer and suppliers sites) as possible. Moreover,
a self-organizing implementation should support a fully decentralized architec-
ture.



Samenvatting

Waardenetwerken voor services

Services zijn een belangrijk deel van onze huidige economie. Ze maken deel uit
van ons dagelijks leven en komen voor in bijna alle economische uitwisselingen
tussen twee actoren of entiteiten. Bijvoorbeeld, wanneer een klant (een muziek
fan) online naar muziek wil luisteren gaat hij/zij een relatie aan met de ser-
viceleverancier (een muziekaanbieder). Zulke relaties gaan doorgans gepaard
met waardeuitwisselingen. De klant biedt, “aandacht” voor commerciële adver-
tenties (voor het geval dat de leverancier de muziek gratis biedt) of betaalt de
kosten, terwijl de leverancier de muziek levert.

In dit geval, rekent de door de muziekleverancier aangeboden service op
meer economische uitwisselingen aangezien het de nummers direct moet krijgen
van de artiest of de muziekproducent. Deze economische uitwisselingen geven
aanleiding tot netwerken of web-services omdat artiesten en muziekproducenten
een service ook geven aan de muziekleverancier.

Waardenetwerken voor services (van de Engelstalige afkorting SVN’s) zijn
flexibele en dynamische netwerken bestaand uit klanten en homogene actoren
die relaties met andere mensen vastleggen om een meerwaardeservice te leveren.
Met homogeniteit bedoelen we dat individuen een gemeenschappelijk business-
doel hebben, dit wil zeggen het leveren van een oplossingsservice. Flexibiliteit en
dynamiek maken het mogelijk om de netwerkstructuur aan te passen (koppelen
en ontkoppelen van services) op basis van afhankelijkheden tussen services of
strategische aanpassingen. Bijvoorbeeld, wanneer een muziekleverancier taken
uitbesteedt (bijvoorbeeld betalingen) of zijn/haar muziekbronnen wijzigt (bi-
jvoorbeeld door contact te legen met andere producenten).

SVN’s bestaan minimaal uit twee actoren, namelijk een leverancier en een
klant. Echter, in veel gevallen bestaat een SVN uit meerdere leveranciers, die
elk een commerciële service bieden, en samen aan een complexe behoefte van
klanten voldoen. Commerciële services zijn economische activiteiten die het
idee van economische wederkerigheid volgen (bijvoorbeeld, een economische ac-
tiviteit die waardevolle uitkomsten aanbiedt en aanvraagt vanuit zijn omgeving).
Het pakket van commerciële services die een complexe klant tevreden stellen
wordt een service bundel genoemd. Door het gebruik van multileverancier-
servicebundels kan elke aanbieder zich op zijn eigen hoofdcompetenties richten
alsook meedoen aan het voldoen aan klantbehoefte, die nooit door een enkele
aanbieder zou bevredigd worden. Bovendien kan een SVN ook leveranciers
van leveranciers hebben, die op hun beurt weer leveranciers kunnen hebben en-
zovoort, totdat de leveranciers bereikt worden voor wie we redelijkerwijs aan
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kunnen nemen dat de services geleverd kunnen worden op een bekende manier.
SVN’s kunnen, “on-the-fly” (onmiddellijk) samengesteld worden om bij spec-

ifieke klantbehoeften te passen. Deze samenstelling vereist “bedrijven aan bedri-
jven” (of B2B - business to business) en “bedrijven aan consumenten” (B2C)
relaties. B2B relaties maken het mogelijk om netwerken voor serviceleveranciers
en servicebundels (“enablers”) te ontstaan, terwijl B2C relaties de resulterende
servicebundels netwerken met de eindconsument.

Deel I Het eerste deel van dit proefschrift legt de business en technische as-
pecten uit die betrokken zijn bij het maken van SVN’s. Het geeft een overzicht
van verschillende aanpakken voor het ontwerpen, analyseren en samenstellen
van SVN’s die twee groepen kunnen vormen, namelijk proces georiënteerde
en business georiënteerde aanpakken. Hoewel het samenstellen van SVN’s be-
naderd wordt als een planningsprobleem door proces georiënteerd aanpakken
beweren we dat business georiënteerde aanpakken het samenstellen van SVN’s
kunnen benaderen als een ontwerpsprobleem omdat het modeleren van business
gecentreerd is rond het begrip van waarde. Waarde benadrukt wat deelne-SVN samenstellen als een

ontwerptaak mers met elkaar delen in plaats van hoe. Met andere worden het is niet nodig
om het sorteren van uitwisselingen te behandelen zoals voorgesteld door proces
georiënteerde aanpakken.

Deel II Het tweede deel van dit proefschrift presenteert een computation-
eel kader voor het samenstellen van SVN’s die bij specifieke klantenbehoeften
passen. Door middel van dit kader kan een klant zijn/haar behoeften specifi-
ceren in termen van specifieke functionele eisen die kunnen worden aangeboden
door serviceleveranciers, die gebundeld en genetwerkt worden met service en-
ablers om SVN’s definitief samen te kunnen stellen. Het kader bestaat uit drie
onderwerpen: a) Kennisrepresentatie (voor klantenbehoeften en klantenservice),
b) redeneren en c) softwareondersteuning.

Kennisrepresentatie Het samenstellingskader is gebaseerd op de beschrijv-
ing van behoeften en services van klanten (leveranciers en enablers) die verstrekt
worden door de zogenaamde klanten- en servicegerichte catalogi. De klantencat-
alogus wordt ontworpen met behulp van een klantbehoefte ontologie die op de
marketing gebaseerde ‘concepten’ bevat zoals, willen en gevolg. Terwijl een be-Ontologie van klantbe-

hoeften hoefte gespecificeerd kan worden door een of meer gevolgen, worde zulke dergeli-
jke gevolgen gebruikelijk gegroepeerd in een gewenste ‘willen’ (een oplossing die
commercieel haalbaar kan zijn om op zichzelf geleverd te worden), die geleverd
kunnen worden door tenminste een leverancier. De servicecatalogus wordt ont-Een serviceontologie
worpen met behulp van een serviceontologie die concepten uit de e3service en de
e3value ontologieën samenbrengt met nieuwe concepten. De geunificeerde ser-
viceontologie richt zich op waardevolle hulpbronnen van services die specifieke
gevolgen leveren.

Redeneren Aangezien behoeften van klanten gespecificeerd kunnen worden
door de specifieke gevolgen die geleverd worden door serviceleveranciers, wor-
den SVN’s samengesteld door het matchen van beide perspectieven (klant en
leverancier). De samenstelling wordt uitgevoerd met behulp van een zoge-
naamde Voorstellen - Controleren - Bekritiseren - Aanpassen (Engelstalige afko-
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rting PVCM) probleemoplossingsmethode waarmee een klant SVN’s interac- PVCM
tief samen kan stellen voor zijn/haar specifieke behoeften. De SVN’s worden
automatisch samengesteld, gecontroleerd (met behulp van een ‘fuzzy’ gevol-
gtrekkingsysteem) en gerangschikt zodat de klant de beste voor zijn/haar be-
hoeften kan selecteren. Wanneer een klant niet tevreden is met een SVN kan
die klant een nieuwe samenstelling starten totdat een SVN gevonden wordt dat
aan zijn/haar eisen voldoet.

Softwareondersteuning Een softwareprototype wordt ook aangeboden als
onderdeel van ons oplossingsontwerp. Dit prototype bevat een Graphic User In-
terface (GUI) die door de klant gebruikt wordt om de samenstelling van SVN’s
te automatiseren op basis van klant- en service-catalogi die gespecificeerd zijn
in RDF (RDF is een taal die onze service specificaties voor de computer “be-
grijpbaar” maakt). Het prototype implementeert de PVCM methode met Java Java + RDF
en Jena, zodat het RDF bestanden genereert voor de samengestelde SVN’s die
gevisualiseerd kunnen worden door middel van e3value modellen.

Deel 3 Het derde onderdeel van dit proefschrift behandelt het toetsen en
valideren van het samenstellingskader met behulp van twee case studies en een
computersimulatie. De case studies leveren inzichten over hoe het samenstellen
van SVN’s problemen van de muziekindustrie en de onderwijssector op kan
lossen, terwijl de simulatie voorspeelt de prestaties van het samenstellingskader
onder werkelijke condities.

Het samenstellen van SVN’s is binnen de muziekindustrie toegepast om
problemen met betrekking tot intellectuele eigendom rechten (IPR) te behande-
len. Binnen deze industrie zijn IPR maatschappijen verantwoordelijk voor het
verzamelen van tarieven van IPR gebruikers (zoals HORECA voorzieningen).
Vervolgens worden deze tarieven herverdeeld onder IPR eigenaars (muziekarti-
esten, auteurs, producenten enzovoort). Het proces voor verzameling en dis- Muziekindustrie
tributie staat bekend als ‘clearing tracks’. Om dit proces te verbeteren (dit
wil zeggen het versnellen van verzamelings- en distributieprocessen) werd er een
‘pay-per-play’ (betaal voor afspelen) ontworpen zodat SVN’s samengesteld wor-
den telkens als een nummer afgespeeld wordt om betrokken kenmerken aan te
geven zoals de IPR gebruiker, de IPR maatschappijen, de IPR eigenaars en de
waardeuitwisselingen (bij voorbeeld IPR’s en tarieven).

In de tweede case study wordt het samenstellen van SVN’s behandeld om
specifieke competenties te kunnen leveren die verreist zijn voor een gewen-
ste taak. Voor dit geval dient een klant specifieke competenties te verkrij-
gen voor een gewenste taak. Om de ontbrekende competenties te kunnen lev-
eren worden de samengestelde SVN’s aangevuld met onderwijsdiensten die de
gewenste competenties aanbieden. Omdat meerdere SVN’s automatisch gecom- Onderwijsservices
poneerd, gecontroleerd en gerangschikt zullen worden op basis van de kandi-
daatsbehoeften kan de kandidaat een SVN selecteren of bekritiseren uit alle
samengestelde SVN’s. Zodra een kandidaat een SVN selecteert wordt de ac-
quisitie van de SVN ‘zoals het is’ afgesproken en de samenstellingstaak is dan
voltooid. Als een kandidaat een SVN beslist te gaan bekritiseren moet de kandi-
daat gewenste en ongewenste competenties aangeven, die het samenstellen van
nieuwe SVN’s activeert. Dit proces gaat door totdat de kandidaat een SVN
selecteert.
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Tot slot wordt de prestatie van het samenstellingskader geanalyseerd om het
gedrag daarvan onder werkelijke scenario’s voor te kunnen testen. Dit wordt
gedaan door middel van numerieke computersimulaties om SVN’s automatisch
samen te stellen op basis van willekeurige behoeften van klanten en verschil-
lende servicecatalogi. Het e↵ect van het aantal functionele consequenties FC’sSimulatie
die aangevraagd zijn (M) en het aantal services binnen de servicecatalogi (S)
wordt geanalyseerd door het meten van drie aspecten, namelijk de gemiddelde
samenstellingsduur (CT), het gemiddelde aantal samengestelde SVN’s (NCS)
en de gemiddelde fitness van SVN’s (SV NF), dat wil zeggen hoe goed de
samengestelde SVN’s passen bij de behoeften van de klant. Er wordt getoond
hoe het kader SVN’s samen zou kunnen stellen onder werkelijke scenario’s en
binnen redelijke tijdgrenzen (dus minder dan 80 seconden) zolang als M < 15
(onder 20 verzochte FCs).

Deel 4 Het laatste deel van dit proefschrift levert de conclusies en toekomstige
onderzoekstrajecten. Vijf conclusies worden er getrokken uit dit onderzoek. 1)
Door het gebruik van softwareondersteuning kunnen SVN’s samengesteld wor-
den die bij de klantenbehoeften passen, als volgt. 2) Het samenstellen van
SVN’s kan aangepakt worden als een ontwerpprobleem. 3) De behoeften van
klanten zowel als services kunnen gemodelleerd worden door ontologieën te ge-
bruiken. 4) Het semiautomatische samenstellen van SVN’s wordt bereikt door
een PVCM probleemoplossingsmethode die gebruik maakt van twee catalogi:
een voor behoeften van klanten en een andere voor services (leveranciers en
‘enablers’, anderzijds mogelijk makers). 5) Het samenstellen van SVN’s kan
oplossingen leveren voor domainen zoals de muziekindustrie, globale software-
ontwikkeling en gezondheidszorg domeinen.

Toekomstig onderzoek zou vier onmiddellijke problemen moeten adresseren.
1) Multiperspectief integratie: SVN’s worden gebruikelijk bëınvloed door eco-
nomische, politieke, sociale en technologische aspecten die aangesloten moeten
worden bij het samenstellen van SVN’s. 2) C2C exploitatie: klant-tot-klant
relaties kunnen inzichten leveren over hoe de klantkant (client-side) het samen-
stellen van SVN’s bëınvloedt. 3) Flexibele samenstelling: bottom-up (van onder
naar boven, door leveranciers gestuurd) en top-down (van boven naar onder,
door klanten gestuurd) samenstellingsaanpakken kunnen verkend worden om
of semiautomatische of automatische samenstellingen te kunnen bereiken. 4)
Beschrijven en digitaliseren van services: werkelijke services moeten of hand-
matig of automatisch beschreven worden door het gebruik van een computer
leesbaar formaat zodat digitale beschrijvingen gebruikt kunnen worden om de
samenstelling van SVN’s te kunnen automatiseren.
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Redes de Servicios con Valor Agregado

Los servicios juegan un papel muy importante en nuestra economia actual. Son
parte de nuestra vida cotidiana y los podemos encontrar en casi cualquier inter-
cambio económico realizado entre dos actores. Por ejemplo, cuando un cliente
(un fan de la musica) necesita escuchar musica en linea, él o ella establece
una relación con un prestador de servicios (un provedor de musica); dicha rela-
cion usualmente require de un intercambio de recursos. El cliente proporciona
“atención” a anuncios publicitarios (si el provedor ofrece un servicio gratuito)
o paga una cuota, mientras que el provedor proporciona canciones. En este
caso, sin embargo, el servicio ofrecido por el provedor de musica depende de
más intercambios económicos debido a que él debe obtener las canciones de los
artistas directamente o de los productores musicales. Estos intercambios eco-
nomicos permiten el surgimiento de redes de servicios ya que los artistas y los
productores musicales también proporcionan servicios al provedor de musica.

Las redes de servicios con valor agregado (SVNs por sus siglas en ingles -
Service Value Networks) son redes flexibles y dinámicas que estan compuestas
de clientes y actores homogeneos, los cuales establecen relaciones con otros ac-
tores para proporcionar un servicio con valor agregado. La homogeneidad se
debe al hecho de que los actores tienen objetivos en comun, i.e. proporcionar
un servicio al cliente. La fexibilidad y dinamismo se refieren a que una SVN
puede modificar su estructura (incorporando y/o eliminando servicios) de man-
era libre, ya sea por dependencias o cambios estratégicos. Por ejemplo, cuando
provedores de musica subcontratan algunas operaciones (pagos en ĺınea) o cam-
bian de productores musicales.

Como mı́nimo, las SVNs están compuestas de dos actores, un cliente y un
prestador de servicios. Sin embargo, en muchas ocasiones, las SVNs pueden
estar formadas por multiples prestadores de servicios, cada uno ofreciendo un
servicio comercial, los cuales trabajan conjuntamente para satisfacer necesidades
complejas de los clientes. Los servicios comerciales son actividades económicas
que siguen la idea de reciprocidad económica (i.e. una actividad económica
ofrece a su entorno y demanda de su entorno recursos valiosos). Al paquete de
servicios comerciales que satisface una necesidad compleja se le denomina ser-
vice bundle. Mediante la utilización de service bundles compuestos de mutiples
prestadores de servicios, cada provedor puede enfocarse en sus fortalezas y par-
ticipar en la resolución de una necesidad compleja, la cuál nunca hubiese podido
resolver actuando en solitario. Asimismo, una SVN puede estar compuesta de
provedores de los provedores de servicios (conocidos como facilitadores) y asi
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sucesivamente hasta que se llega a un punto en el que los provedores no dependen
de otros provedores.

Las SVNs pueden también ser compuestas al vuelo para cubrir necesidades
espećıficas de los clientes. Este tipo de composición requiere del establecimiento
de relaciones business to business (B2B) y business to customer (B2C). Las
relaciones B2B permiten vincular diferentes prestadores de servicios con otros
prestadores de servicios y/o con sus facilitadores (i.e. creando service bundles)
, mientras que las relaciones B2C vinculan service bundles con el cliente.

Primera parte La primera parte de la tesis describe los aspectos técnicos y de
negocios que influyen en la composición de las SVNs . En ésta parte se presentaLa composición de SVNs

una tarea de diseño una perspectiva acerca de las di↵erentes técnicas empleadas en el diseño, analisis
y composicion de las SVNs, las cuales pueden agruparse en orientadas a procesos
y orientadas a negocios. Aunque las técnicas orientadas a procesos formulan
la composición de las SVNs como un problema de planeación, consideramos
que las técnicas orientadas a negocios pueden resolver dicho problema desde un
enfoque basado en el diseño. Ésta idea se basa en el hecho de que el modelado de
negocios se centra en la noción de valor. Dicha noción requiere la especificación
de que recursos son intercambiados por los participantes y no de como, i.e.
no hay necesidad de enfrentarse a aspectos relacionados con la planeacion de
intercambios como sugieren las técnicas orientadas a procesos.

Segunda parte La segunda parte de la tesis presenta un marco computa-
cional para componer SVNs que pueden cubrir necesidades espećıficas de los
clientes. Dicho marco permite a un cliente definir su necesidad en terminos de
requerimientos funcionales espećıficos que pueden ser ofrecidos por provedores
de servicios, los cuales a su vez se encuentran agrupados en paquetes de servi-
cios (service bundles) y vinculados a facilitadores que en su conjunto conforman
las SVNs. De igual forma, el marco cubre tres aspectos: 1) Representación del
conocimiento, 2) Razonamiento, y 3) Soporte via software.

Representación del conocimiento El marco computacional depende de la
descripción de necesidades de los clientes y servicios (provedores y facilitadores),
dichas descripciones son entonces almacenadas en catalogos de necesidades de
clientes y servicios. El catálogo de necesidades de clientes es diseñado medianteUna ontoloǵıa para necesi-

dades de clientes el uso de una ontoloǵıa para necesidades de clientes, la cual contiene conceptos
basados en teoŕıas de mercadeo tales como necesidad, deseo y consecuencia. Una
necesidad puede ser definida por una o más consecuencias, las cuales se encuen-
tran usualmente contenidas en un deseo (una solución que es comercialmente
factible para ser proporcionada por si misma), el cual puede ser proporcionado
por al menos un provedor de servicios. El catálogo de servicios es tambienUna ontoloǵıa para servi-

cios diseñado mediante una ontoloǵıa, la cual alinea conceptos de la ontoloǵıa para
servicios e3service y de la ontoloǵıa e3value con un grupo nuevo de conceptos.
La ontoloǵıa resultante se enfoca en los recursos valiosos que son ofrecidos por
los prestadores de servicos, asi como en las consecuencias contenidas en dichos
recursos.

Razonamiento Debido a que las necesidades de los clientes pueden ser definidas
por consecuencias espećıficas, que son potencialmente ofrecidas por provedores
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de servicios; las SVNs son compuestas mediante un emparejamiento de las dos
perspectivas (necesidades de los clientes y servicios). La composición de SVNs
se logra mediante la aplicacion del método llamado Propose-Verify-Critique-
Modify (PVCM), el cual permite que los clientes compongan SVNs que cubran
sus requerimentos espećıficos . Las SVNs son compuestas automaticamente, PVCM
verificadas (utilizando un sistema de inferencia difuso), y ordenadas en base a
su aptitud de tal forma que el cliente pueda selecionar la SVN que mejor cubra
sus requerimentos. En caso de que el cliente no este satisfecho con alguna de
las SVNs, él/ella puede comenzar una nueva composición hasta que encuentre
una SVN que pueda satisfacer sus requerimentos.

Soporte via software Un prototipo de software es también ofrecido como
parte de nuestra solución. El prototipo propociona una interfaz gráfica de
usuario (GUI por sus siglas en inglés) la cual es utilizada por los clientes para
automatizar la composición de SVNs haciendo uso de catalogos de necesidades
de clientes y servicios, los cuales son especificados mendiante RDF . El prototipo Java + RDF
implementa el método PVCM mediante el uso de Java y Jena, lo que permite
generar archivos RDF para cada una de las SVNs compuestas. Asimismo, las
SVNs almacenadas en archivos RDF pueden ser visualizadas utilizando el editor
e3value .

Tercera parte La tercera parte de la tesis prueba y valida el marco de com-
posición mediante dos estudios de caso y simulación numérica. Los casos de
estudio proporcionan recomendaciones e ideas acerca de como la composición
de SVNs puede utilizarse para mejorar algunos aspectos de negocios para la in-
dutria de la musica y para el sector educativo. La simulación númerica, por otro
lado, permite predecir el desempeño del marco de composición bajo escenarios
que asemejan situaciones reales.

La composición de SVNs fué aplicada dentro de la industria de la musica con
el propósito de atender problemas relacionados con los derechos de autor, IPR
por sus siglas en inglés (Intellectual Property Rights). Dentro de ésta industria,
sociedades de derechos de autor se encargan de recolectar cuotas por el uso de
musica por parte de hoteles, restaurantes, cafés, etc. Posteriormente, las cuotas
son distribuidas entre los poseedores de los derechos, es decir, musicos, compos-
itores, productores, etc. El proceso de recolección y distribución de cuotas es Industria de la musica
conocido como LIMPIEZA DE PIEZAS MUSICALES (clearing tracks). Para
mejorar dicho proceso, agilizar la recolección y distribución de cuotas, una idea
de negocio denominada pago por reproducción (par-per-play) fue diseñada. De
esta manera, cada vez que una pieza musica es reproducida, una SVN puede ser
compuesta para indicar los usuarios, las sociedades de derechos de autor y los
poseedores de derechos que están involucrados; de igual forma la SVN indica los
recursos que son intercambiados, i.e. derechos para reproducir musica y cuotas.

Un segundo caso de estudio requirio componer SVNs para proporcionar com-
petencias necesarias para la realización de un trabajo. En este caso, el cliente
es una persona que se encuentra buscando empleo; dicha persona se ve en la
necesidad de adquirir competencias que son requeridas para su desempeño en
un puesto de trabajo. Para proporcionar las competencias requeridas, las SVNs
pueden ser compuestas con servicios educativos que ofrecen las competencias
requeridas. Las SVNs son automaticamente compuestas, verificadas y orde- Servicios educativos
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nadas de acuerdo a su aptitud teniendo como base las necesidades del cliente.
De esta forma, el cliente puede seleccionar o criticar una de las SVNs compues-
tas. Una vez que el candidato selecciona una SVN, él/ella acepta la adquisición
de dicha SVN con los elementos que la componen. En caso de que el cliente
decida criticar una SVN, él/ella debe indicar cuales son las competencias que
le agradan o no le agradan; con ésta información se pueden componer nuevas
SVNs que puedan satisfacer de mejor manera al cliente. El proceso continua
hasta que el cliente selecciona una SVN.

Finalmente, se analiza el desempeño del marco computacional con el ob-
jetivo de predecir su comportamiento bajo condiciones cercanas a la realidad.
Con este propósito, se realizaron simulaciones para componer automáticamente
SVNs haciendo uso de necesidades de clientes aleatorias y diferentes catalogos
de servicios. Se analizó el efecto de dos variables. S el número de consequenciasSimulación
funcionales (FCs) requeridas y M el número de servicios dentro de los catalo-
gos de servicios, a través de la medición de tres aspectos: el tiempo promedio
de composición (CT ), el número promedio de SVNs compuestas (NC) y el
grado promedio de aptitud (SV NF ), i.e. que tan bien las SNVs satisfacen los
requerimientos de los clientes.

Cuarta parte La última parte de la tesis presenta conclusiones finales y fu-
turas ĺıneas de investigación. Se presentan cinco conclusiones las cuales pueden
ser resumidas de la siguiente manera: 1) Las SVNs pueden ser compuestas para
cubrir necesidades de clientes haciendo uso de software como soporte; 2) La
composición de SVNs puede ser planteado como un problema de diseño; 3) Las
necesidades de los clientes aśı como los servicios ofrecidos por provedores pueden
ser modelados mendiante ontoloǵıas; 4) La composición semi automatizada de
SVNs se logra mediante el método de resolución de problemas PCVM, dicho
método utiliza dos catálogos: uno para necesidades de clientes y otro para ser-
vicios (proveedores y facilitadores); 5) La composición de SVNs puede proveer
soluciones para campos como el sector de la música y el sector educativo.

Como trabajo futuro al menos cuatro retos deben ser atendidos. 1) Una inte-
gración multi perspectiva: Se requiere la integración de perspectivas económicas,
poĺıticas, sociales y tecnológicas al momento de componer SVNs. 2) Relaciones
C2C : Las relaciones entre clientes (la “inteligencia” de las masas) pueden ser
utilizadas para obtener información sobre como el lado del cliente (consumidor)
influye en la composición de las SVNs. 3) Composición flexible: Esquemas de
composición jerárquicos (dirigidos por los clientes) y esquemas auto organizados
(dirigidos por provedores) pueden ser explorados para lograr una composición
semi automt́izada o completamente automatizada. 4) Digitalización de servi-
cios: Los servicios cotidianos deben ser descritos de manera automatizada o
manual para que puedan ser procesados a traves del uso de ordenadores, lo cual
permitirá automatizar la composición de las SVNs.
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