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Abstract. Service bundling can be regarded as an option for service providers
to strengthen their competitive advantages, cope with dynamic market
conditions and heterogeneous consumer demand. Despite these positive effects,
actual guidance for the identification of service bundles and the act of bundling
itself can be regarded as a gap. Previous research has resulted in a
conceptualization of a service bundling method relying on a structured service
description in order to fill this gap. This method addresses the reasoning about
the suitability of services to be part of a bundle based on analyzing existing
relationships between services captured by a description language. This paper
extends the aforementioned research by presenting an initial set of empirically
derived relationships between services in existing bundles that can subsequently
be utilized to identify potential new bundles. Additionally, a gap analysis points
out to what extent prominent ontologies and service description languages
accommodate for the identified relationships.
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1 Introduction

The creation of bundled offers of services and goods with distinguishing and
superior characteristics compared to existing offers has long been recognized as an
opportunity for companies to increase their competitive advantages over rival
contenders in the market [1]. Generally, a bundle represents a package that contains at
least two elements and presents a value-add to potential consumers. In the travel
industry, for example, bundling is common and well-known. For instance, a travel
business might offer a service bundle that combines three nights of accommodation in
a hotel on a tropical island together with a one-day diving trip. Consumers might
perceive the diving trip as a distinguishing characteristic of the offer and a decisive
factor for selecting this bundle.



While a considerable amount of literature addressing the process of service design
or new service development can be found today, much less is known about
approaches that facilitate the creation of adequate service bundles. Despite the fact
that companies across all industry sectors with increased market pressures are
challenged by the issue of service bundling [2], only little guidance has been provided
so far for the identification of potential bundle candidates and for the actual process of
bundling. Previous research introduced a service bundling approach that can be
positioned within the area of Semantic Science as it utilizes the description of a
service to identify relationships to reason about the suitability of a potential new
service bundle [3, 4].

In this paper, we aim to extend the aforementioned research by providing empirical
insights into a first set of relationships and its coverage by existing service description
languages and ontologies. Not only do we provide insights into foundational aspects
and the process of bundling, we also extend the proposed service bundling method
that will support organizations in finding service bundles that could potentially be
offered to service consumers. The overall research can be positioned in the area of
Design Science: by extending a service bundling method, the objective is to develop
an “artifact” to “solve a contemporary problem” [5]. However, the evaluation of the
artifact, although it is a constituent part of Design Science, is not in scope of this
paper, since we report on research in progress.

The remainder of this paper is structured as follows. Based on the problem
description that has been provided in this section, we will briefly introduce our
service bundling method to provide the means to position the remainder of this paper
appropriately. Subsequently, a first set of relationships derived from existing bundles
is presented that can be utilized by our service bundling method to identify potential
new bundles. Then, existing, prominent service description languages and ontologies
are analyzed in regard to their coverage of the identified relationships. The paper ends
with a conclusion and directions for further research.

2 Positioning Previous Research

The proposed method is targeted at the identification of possible service bundles by
supporting the early stages of the bundle creation process. The method therefore
focuses on limiting the solution space of possible bundles, using indicators that
express some form of bundling motivation. It is important to point out that this
method is not supposed to omit the evaluation of bundles by a domain expert. It has to
be acknowledged that the domain expert is still needed to evaluate the overall
feasibility of bundles, since this requires complex analysis, often utilizing tacit
knowledge across a range of different disciplines (e.g. economy, marketing, legal).
Rather, the aim of this method is to limit the scope of the necessary evaluation for the
domain expert. This is in particular relevant with a large number of services and,
therefore, many bundling options. The proposed approach leverages existing service
descriptions and does not necessitate a time-consuming step of (manually) explicating
relationships between services as it is the case with the method described by Baida
[6], for example. Instead, commonalities of attributes indicate such a relationship. As



long as services are consistently described and attributes relevant for this bundling
approach are present, the proposed method can be employed. Moreover, Baida [6]
relies on a given customer demand to drive the creation of service bundles. While
useful for situations where customer demand is well known and understood, poor
performance can be expected from this approach when demand is hard to capture or
anticipate. Furthermore, the economically desirable situation where customer demand
is induced by a new service offering is not supported at all. Our proposed method
explicitly targets the latter case by focusing on the creation of new and innovative
service bundles. Therefore, customer demand is not utilized to reason about the
suitability of potential bundles in this method. Instead, the driving source of this
method is a repository of services that are available for bundling. Depending on the
given context, this repository might consist of the services of a single provider, a
provider network or even contain all available services in a service ecosystem.

Herrmann et al. [7] found that functionally complementary components in a bundle
lead to high intentions to purchase compared to bundles in which no complementary
components are present. The authors state that, “as the relationship among the
components increased from ‘not at all related’ through ‘somewhat related to ‘very
related’, intention to purchase also increased’. The proposed method builds upon
these findings and the conjecture that other commonalities or relationships between
services can also indicate potentially useful bundles. We define the term relationship
as a connection, whose existence can be evaluated by a logic expression utilizing
service description attributes. Every relationship refers to previously specified
attributes (e.g. location of the hotel, destination of the flight) and evaluates them using
a given logic (e.g. distance between destination airport and location of the hotel). This
evaluation can be realized ranging from simple value comparisons of single attributes
to complex algorithms using multiple attributes.

We distinguish between two types of relationships, namely generic relationships
and specific relationships. A generic relationship is used independently of a concrete
domain and is applied on possible bundles, which comprise any combination of two
or more different services to one package. These relationships evaluate connections of
a general nature that can be found across a range of different domains. The evaluation
of generic relationships does not require a domain-specific awareness and will lead to
generic bundles. A specific relationship only applies to certain domains and can be
tailored for concrete bundling scenarios. As visualized in Fig. 1, applying generic and
specific relationships leads to the derivation of potential specific bundles. As pointed
out previously, those bundles have to be evaluated by a domain expert to check the
feasibility of the proposed bundle. Therefore, domain knowledge is utilized to get
from specific bundles to feasible bundles.

Possible Generic Specific
bundles bundles bundles
- + domain
) + specific knowledge'
+ generic relationships
relationships

Fig. 1 Constraining the Solution Space to Derive Service Bundles



As this method represents a structured, explicable approach, it is possible to
develop a tool to support the identification of service bundles. The tool requires an
explicit service description language, clearly defined relationships and corresponding
logic as well as consistently described services. A tool could evaluate chosen
relationships for all possible service bundle combinations, therefore creating a short-
list of feasible bundles.

3 Empirical Derivation of an Initial Set of Generic Relationships

3.1 Analysis of Existing Service Bundles

The previous section has introduced the notion of relationships in a bundling
context and explained the difference between generic and specific relationships. This
section aims at deriving a first working set of generic relationships.

An empirical approach was chosen to analyse existing service bundles and to
identify relationships that exist between the components of the bundle. For this
purpose, a survey in form of a questionnaire was designed listing a total of 28
bundles. The following description of the empirical derivation generic relationships in
inspired by [8].

The objective of this questionnaire was to collect a set of generic relationships
among components a part of bundles as perceived by ordinary people. For this
purpose we provided a list of 28 bundles. These bundles were either concrete existing
real-world bundles (e.g. Flight Brisbane to Frankfurt + Accommodation in Hotel
Savigny**** Frankfurt City) or generic representations for common combinations
(e.g. Phone Landline + ADSL). Since it is possible that relationships between goods
might be identified that are also valid for services, the questionnaire has not been
limited to services. Instead it contains bundles that are composed of services, goods or
a combination of both. For each bundle the participant had to identify which
relationship among the components probably influenced most the designer of the
bundle. The survey took place at the end of 2009, after ensuring that appropriate
resources would be available to administer the survey and analyse the results. The
survey was sent out as an attachment to an email, so that responses were either in the
form of filled-out print-outs of the survey or electric scans of those filled-out versions.
After an initial analysis of the first version of the survey, which included proof
reading and discussing the potential understanding of certain bundles by participants,
we decided to provide an initial example. For the first bundle of the questionnaire
Flight Brisbane to Frankfurt + Hotel Savigny**** Frankfurt City the example was
given that both bundle components have a common location, since the arrival city of
the flight is the same as the location of the hotel. The questionnaire was completed by
five people from different backgrounds based on convenience sampling.

3.2 General Findings

Since the questionnaire was highly explorative, the results varied strongly in terms
of quality and creativity. Some participants were biased by the given example and



evaluated the bundles mostly with regard to the relationships already provided by the
example. Some participants focused on customer demand. While it is obvious that
most of the bundles relate to a certain customer demand, this information is not
available in a service repository. Positioned as a bottom-up approach, this method
does not require a previously defined customer demand and findings related to
customer demand were disregarded.

3.3 Identified Generic Relationships

Location: Apart from the given example, all participants identified other bundles
with location relationships. This was mainly found in service bundles that included a
transportation service. In one instance a location relationship was also identified for a
service bundle that required the customer’s physical presence for service invocation
and consumption. One participant also noted varying degrees of the relationship
stating that within one bundle the locations are 120km apart.

Time: Two participants indicated that relationships in terms of timing are also
present. The mentioned bundles contain services that are consumed in a certain order.
Therefore, along the lines of the location relationship, the time relationship indicates
temporal availability, a requirement for the sequential consumption of bundle
components.

Resource: Three participants found relationships regarding the resources of a
bundle. For example in the bundle Phone Landline + ADSL it was noted that both
components share the same transport medium. For the bundle Phone Landline +
Unlimited Local & Nation Calls and the bundle Wii Gaming Console + Game Wii
Sports one person noted that the first component is a required resource for the second
component. Along these lines, two participants identified that all products in the
Bundle Multi Purpose Cleaner, Windscreen Wash, Wash & Wax, Paint Protector,
Glass Wipes, Bucket, Sponge target the same object, a customer’s car. These findings
are all based on the fact that services can require external resources. Hence this
relationship is called Resource relationship.

Event: Two participants found that the components in some bundles support
certain Events. In the bundle Cup of Coffee + Cake of the Day the events Break or
Snack were seen, while the bundle 2 Pizzas + 2 Movie Tickets might apply for the
events Night with friends or Going out. The notion of an event can be seen as a
generic type of customer demand, since a general context is applied.

Customer group: Two participants also identified bundles with components
targeting a certain customer segment or group. For example the bundle Wii Gaming
Console + Game Wii Sports was classified as targeting gamers. One participant
indicated that most bundles target either a business or leisure customer segment.

Compensation: Two participants stated that some bundles contain components to
counterbalance disadvantages of another component. This relationship was seen in the
bundle Flight Brisbane to Frankfurt + Single-Trip Essentials-Travel Insurance
Worldwide, where the insurance is a means to compensate for the risk of international
travel. Within the bundle Flight Brisbane to Frankfurt + Expedia Global Calling
Card, the calling card was seen as a means to ease communication challenges
imposed by the long distance and within the bundle Flight Brisbane to Frankfurt +



FlyGreen with Terrapass (Carbon Offset Program), the carbon offset program was
seen as a countermeasure to the increased personal carbon footprint due to the flight.

Capability: Two participants also found bundles with components related to their
purpose, usage or capability. For example, the components in the bundle Multi
Purpose Cleaner, Windscreen Wash, Wash & Wax, Paint Protector, Glass Wipes,
Bucket, Sponge were all identified as serving the purpose of cleaning a car.

Complementarity: Four participants also indicated some form of general
complementarity relationship between the components.

Compatibility: One participant evaluated the bundles in terms of the compatibility
of the components. He stated that within multiple bundles the components are
technically compatible.

Customer demand: One participant indicated that nearly all bundles have related
components, as they satisfy a certain customer demand.

Category: Two participants also indicated that most bundle components reside in
the same or a similar category.

The set of generic relationships derived from existing service bundles will have to
be supplemented by domain-specific relationships. The identification of the latter type
of relationships, however, is beyond the scope of this paper and remains subject to
future work.

4 Detailing the Identified Relationships

The previous section has identified relationships between bundle components
based on real-world services. This section will discuss the usability of these findings
for a first working set of generic relationships. This first set does not aim to be
complete. Rather its purpose is to serve as a starting point for the development of the
prototype. It has to be seen as a creative artifact of design science, which can evolve
over time. Furthermore, it should be noted that a certain degree of interpretation was
applied to categorize the findings.

The relationships /ocation and time have been identified by multiple participants. It
seems logical that the spatial and temporal availability of services plays an important
role for many service bundles. This is especially relevant for services provided by
brick-and-mortar providers like restaurants, cinemas or transportation providers. Both
relationships will therefore be included in this first working set. The resource
relationship has also been mentioned multiple times. Since bundling services, that
share certain resources, might lead to efficiencies on service provider and consumer
side, this relationship will be included in this first set. The relationships event and
customer have also been discovered by multiple participants. Both relationships are
regarded as relevant for bundling and will therefore also be included. The
relationships compensation, complementarity and compatibility have distinct
characteristics. The evaluation of these relationships is complex and very domain
specific. For example, it seems unrealistic to create an explicit logic for the
complementarity of two services solely based on their service description, since
complementarity can be based on multiple domain dependent factors. These
relationships therefore have to be evaluated by a domain expert. Once a domain



expert has identified explicit relationships between services, this information can be
fed into the service description. This working set will therefore cover all explicit
connections between services as a linkage relationship. The relationships category
and capability will not be included in this set. Although the questionnaire results
indicated promising results, it would be necessary to create a taxonomy of categories
and capabilities before services could be sufficiently described. The creation of
classification schemes for these relationships would go beyond the scope of this paper
and should therefore be considered future work. Lastly, the relationship customer
demand was identified. Since this method is a bottom-up approach, which explicitly
avoids customer demand for multiple reasons as already outlined in section 2, this
relationship will not be included in the set.

Our first working set of relationship therefore includes a total of six relationships,
i.e. the location, time, resource, event, customer and linkage relationship. To utilize
these relationships in a prototype, attributes for the service description have to be
specified. Based on these attributes, logic has to be developed that is capable of
evaluating the relationships. The following paragraphs will cover each relationship in
detail. An exemplary model for appropriate attributes and the associated logic is
given.

Location

A location relationship exists between two services, if both services are available at
the same location or within a previously specified range. The service description
needs to include the spatial availability of a service to evaluate this relationship. This
has to be described by a list of locations, which can be either political or geographical.
Political locations can be captured on different detail levels, namely continent,
country, state, city, street, building and unit. A location implicitly covers all detail
levels that are not described. If, for example a service is available everywhere within
one city, the attributes for street, building and unit are left empty. A geographic
location can be described as a coordinate specifying longitude and latitude. These
details should be provided using WGS84, a reference system used by the Global
Positioning System (GPS). The location can also be described as a shape using a
minimum of 3 coordinates. Using shapes, any spatial area can be almost perfectly
described. It is therefore possible to describe single points of service availability as
well as complex areas, politically as well as geographically. A UML-Model
visualizing the described attributes is shown in Fig. 2.
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Fig. 2. UML-Model of Attributes for the Location Relationship

The logic evaluates the distance between any two given services. If services have
multiple locations, the closest distance is used. If political locations are used, they will
be geo-coded, so that calculations on distances are possible. If the spatial availability
is described by shapes, the closed distance from any point in the shape is used. The
calculated distances between the services are compared with the maximum allowed
distance, which has to be set as a parameter of the relationship. To allow for varying
degrees of strength, the logic scores the relationship on a scale from 0 to 100, 100
meaning both services have the same location and 0 meaning the distance between the
services locations is greater than the specified maximum distance.

Time

Along the lines of spatial availability, the time relationship covers the temporal
availability of a service. A time relationship between two services exists when both
services can be consumed at the same time or within a specified time frame. The
service description needs to include a list of all time periods in which the service is
available. These periods can be specified on two levels for all specified locations and
separately for each location. To specify the timing for one specific location, time
periods can be added to the location-element as visualized in Fig. 2. A time period
consists of the start and end time of the day. A recurrence pattern can also be
specified to easily describe multiple instances. The recurrence can be limited using a
start and end date. In addition to the availability of the service, the typical duration of
service consumption also has to be specified. This is required to evaluate sequences of
services. A model of the relevant attributes for this relationship, including the possible
recurrence pattern, is shown in Fig. 3.
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Fig. 3. UML-Model of Attributes for the Time Relationship

The logic for evaluating a time relationship can operate in two distinct modes,
namely parallel and sequential mode. In parallel mode, the logic evaluates whether
services are available at the same time, meaning there is an overlap in temporal
availability. The strength of the relationship depends on how big the overlap is. The
logic scores 100 if both services are available at the same times and 0 if both services
are never available at the same time. In sequential mode the logic evaluates whether
the services can be arranged as a sequence. In this mode a maximum time span
between the service consumption has to be specified. The logic then tries to
accommodate both services in a sequential order, taking into account this time span
and the specified durations of service consumption. The highest score of 100 is
reached if both services can be brought into a sequence without a gap in between. The
greater the gap, the lower the score is. If the gap is greater than the specified
maximum time span the specified maximum 0 is scored.

Resource

Services may also be related because they share the same resources. Resources can
play different roles for a service. In this model a resource might be used as the input,
output or the target object of a service. Resources can also vary in their importance
for a service. For example, resources, which the customer has to bring into the
process, might be of higher importance.

The service description has to include a list of all used resources. For every
resource, the type of usage (input, output or target) and the importance in form of a
weight have to be specified. The weight provides a generic way of expressing the
relevance of a resource for a given service. The attributes are visualized in Fig. 4.
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Fig. 4. UML-Model of Attributes for the Resource Relationship

The logic for the resource relationship can operate in different modes. It can be
configured to evaluate the used resources regardless of the type of usage (input,
output or target object) or specifically target only one specific usage type. It can also
be configured to identify resources with different usages (for example a resource is
output of one service and acts as input for another service). The different operating
modes can be combined in any order to support complex requirements. Independent
from the chosen mode, the strength of the relationship is always scored based on the
relation of matched resources to total resources used by both services. The more
resources that are used by both services, the higher the score will be. A score of 100
denotes a perfect match. The weights assigned to the resources are used to weigh the
overall score according to the importance of the resources.

Customer

Services can be interrelated because they are consumed by the same or similar type
of customer. To evaluate this relationship the properties of the targeted customers
have to be described.

The service description has to include a list of relevant attributes that describe the
properties of targeted customers. These attributes can be of a generic nature (e.g. age,
gender, income) or they can be domain-specific (e.g. movie preferences, willingness
to take financial risks). In the current model an attribute can be specified either as a
value range (e.g. age, income) or as a simple value (gender, movie category). Apart
from attributes, the problems and goals that are targeted by a service can also be
described. Attributes necessary for the customer relationship are visualized in the
UML-Model in Fig. 5.
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Fig. 5. UML-Model of Attributes for the Customer Relationship

The customer relationship logic evaluates the listed problems and goals and
attributes of both services and scores how many of these can be found in both
services. Value range attributes contribute towards the score in proportion to the
overlap between the compared ranges.

Linkage

The linkage relationship is special and has distinct characteristics compared to the
former relationship types. This relationship covers all ex ante and explicitly specified
relationships between two services. Two types of relationships are relevant in this
context, positive and negative relationships. Positive relationships might be
enhancing, complementing, compatible or compensating. These relationships indicate
bundling opportunities. Negative relationships might be substituting or excluding/
incompatible. These relationships discourage bundling.

The service description has to include links between related services specifying the
types of relationships. Fig. 6 visualizes this relationship.
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Fig. 6. UML-Model of Attributes for the Linkage Relationship

To evaluate the linkage relationship, the score value of each relationship has to be
specified beforehand. The logic then assigns the applicable score between 0 and 100
to each service relationship (e.g. a service enhancement might be valued at 100
points, while a complementing link might be worth 70 points).



Event

The event relationship can be used to identify services that are used for specific
occurrences. Events can be defined for any kind of happening, incident or occurrence
(e.g. bushfire, merger and acquisition, Christmas).

For the event relationship the service description has to include a list of events that
have relevance for the service. This is visualized in Fig. 7.
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Fig. 7. UML-Model of Attributes for the Event Relationship

The logic for the event relationship evaluates the count of events that apply to both
services. The relation of matched events to total events determined the score, ranging
between 0 and 100. A score of 100 means that both customer profiles are identical
and 0 means that no similarities in the profiles exist.

5 Analyzing Service Description Languages and Ontologies

5.1 Contrasting Description Languages and Ontologies

Description languages and ontologies are used as a structured approach to describe
services. Ontologies are used to define high level concepts and the relationship
between these concepts and therefore can be used for service discovery and analysis
as well as enabling reasoning about services. Ontologies can be created for multiple
purposes with varying characteristics. One common scenario is to define a taxonomic
structure of terms associated with their definitions, so-called lightweight ontologies.
On the other hand, foundational ontologies such as the Descriptive Ontology for
Linguistic and Cognitive Engineering (DOLCE) use Axioms in order to remove
terminological and conceptual ambiguities and to facilitate mutual understanding and
inter-operability among people and machines [9]. Ontologies can often be extended,
refined or inter-connected using mediators [10].

Efforts that do not employ a formally described ontology are commonly referred to
as description languages. These efforts often use modeling languages such as UML or
XML, or describe their concepts in an informal fashion. Multiple efforts to describe
services can currently be found. Some ontology based efforts aim at extending the
ideas of the semantic web to services, mainly to enable machine-based agents to
semantically discover services and to reason about integrational aspects [11]. Other
ontologies and description languages try to facilitate topics such as service bundling
or target a business-oriented view.



Since the evaluating logic of a relationship is based on the service description, it is
desirable to have an overview of the available options to describe a service as well as
whether the necessary attributes for the previously introduced generic set of
relationships are supported. Therefore, prominent efforts will be described and
analyzed regarding how these efforts are generally suited for the bundling
identification method. Following this, all efforts will be evaluated regarding their
support for the needed attributes.

5.2 Analyzing Description Languages and Ontologies

WSMO The Web Service Modeling Ontology (WSMO) [10] is based on the Web
Service Modeling Framework (WSMF) [12], which it extends. It is comprised of 4
main areas: Ontologies, providing the terminology; goals that are reached using a
service; Web service descriptions, defining various aspects of a service, and
mediators, bridging the gap between different terminologies. WSMO acts as meta-
model layer and does not go into great detail. For non-functional properties WSMO
references the Dublin Core, an organization providing interoperable metadata
standards that support a broad range of purposes and business models [13]. Using the
Dublin Core concept dc:coverage, WSMO can be used to add information about the
temporal and spatial availability of a service. The duration of a service consumption
can be specified using dc:format. The concept of a relation can be utilized to express
linkages between services. WSMO capability to import or mediate between other
ontologies can be used to define the necessary concepts for the remaining attributes.

OWL-S The Semantic Ontology Web Language (OWL-S) [14] uses a similar
approach to WSMO. Based on the Ontology Web Language (OWL), OWL-S
provides a framework to describe capabilities and properties of a web service. OWL-S
aims at supporting a high level of automation throughout the complete lifecycle of a
service. It is structured in 3 main parts: The service profile describing capabilities and
functions used for advertising and discovery; the process model gives a detailed
description of a services methods and the grounding providing technical details on
how to access the service. OWL-S has a highly technical view and is mostly
concerned with the automated discovery of web services by matching input, output,
preconditions and results of services. Only the notion of resources in the form of input
and output is present in OWL-S. With OWL-S being based on OWL, providing high-
level semantic concepts, all necessary attributes could be implemented by deriving the
concepts of OWL.

USDL The Universal Service-Semantics Description Language (USDL) is very
similar to OWL-S, but is based on a universal ontology using WordNet, a lexical
database semantically linking related words/concepts [15], instead of having domain-
specific ontologies and therefore avoiding the semantic aliasing problem [16]. USDL
defines high level concepts to semantically annotate WSDL-Documents and also aims
for automated service discovery and composition. None of the required attributes are
explicitly described in USDL, but through utilizing WordNet it is possible to describe
all necessary attributes. That being said, it has to be acknowledged that the evaluation
of concepts described through WordNet might prove difficult, since the semantic



richness of a lexical approach offers various ways of expressing one fact. USDL is
therefore categorized as not describing any of the required attributes.

WSDL-S The Semantic Web Service Description Language (WSDL-S) by
Akkiraju et al. [17] uses XML to enrich WSDL with semantics. The authors describe
how to use the extensibility elements of WSDL to create semantic annotations.
WSDL-S is a very high level of abstraction and aims purely at web services. Rather
than an actual description language it provides a method to combine XML-based
WSDL descriptions and ontology based OWL descriptions. Hence, no description on
actual attributes is present.

Oberle et al. [11] The service ontology described by Oberle et al. [11] uses a
modular approach. It is based on the Descriptive Ontology for Linguistic and
Cognitive Engineering (DOLCE) [9] as the foundation. This foundation can be
extended by so-called core modules, providing semantics for various areas including
functional and legal aspects, core service descriptions, and business models. The
ontology can then be further refined using industry modules. This ontology aims at
services in the internet of services. It is high level and does not go into the details of
concrete modules, as the focus of this work is the modular use and inter-linkage of
ontologies. No description for the required attributes is present in this work, but all
attributes can be implemented as a new module based on DOLCE.

OBELIX The OBELIX (Ontology-Based Electronic Integration of Complex
Products and Value Chains) project [2] developed a service ontology to describe
service bundles. It is component-based and allows a description of services and their
relationship to each other. The ontology offers three top-level viewpoints, service
value, service offering and service process. It defines a concept to describe the
functions of individual services within a bundle. The project aims at describing real-
world services making this ontology particularly relevant for this review. Within the
service offering viewpoint, the concept of service bundles comprised of other service
bundles or elementary services is defined. Furthermore services or service bundles
can be linked to express a certain dependency (i.e. enhancing, supporting, bundle,
substitute, excluding, optional bundle). The notion of a customer profile is also
present. The service value viewpoint describes the customer perspective by a
customer’s demands and sacrifice. The sacrifice (what the customer is willing to give
up for receiving the service) can be monetary or some kinds of relationship costs.
OBELIX is developed to support the configuration of service bundles using customer
demand and explicated service dependencies. It therefore does not explicitly provide
any extension mechanism, but it is possible to extend the ontology itself.

Ferrario & Guarino [18] The ontology by Ferrario and Guarino [18] tries to
model a service as a layered set of interrelated events. It identifies five different
layers, i.e. service value exchange, service process, service acquisition, service
bundling and presentation, and service commitment. The ontology is business
oriented and tries to provide a framework that fits real world services. This effort has
to be considered as early work and does not go into much detail on specific layers. A
concrete representation of a description is missing and none of the necessary
attributes are described.

Colombo et al. [19] The description language by Colombo et al. [19] uses UML as
the foundation for modeling. The author aims at providing a conceptual model
describing actors, activities and entities involved in a Service Oriented Architecture.



In contrast to WSMO or OWL-S, this work tries to provide information for human-
readers. The model specifically states the entity Service Description but leaves
specifying the details of the entity to the user of the model. It is therefore regarded as
having a high level of abstraction. It partially supports the notion of resources, as they
can be used as the output of a service. Services can also be linked to each other, but
only in the form of a composition. The model does not provide any extension
mechanisms.

06 S u |l J20] Thaefifort by O’Sullivan [20] focuses on non functional properties
of a service. He addresses the research question of what would be a domain
independent taxonomy that is capable of representing the non-functional properties of
conventional, electronic and web services. He analyzed services from various
domains and created 80 conceptual models in 10 different categories. The author aims
at describing each category in as much details as possible to cover any kind of
existing service characteristic in terms of non function properties. Therefore this work
exposes a high level of details. The work includes all required concepts to model the
spatial and temporal availability required for the relationships. The remaining
attributes concerning resources, events, customer profiling and linkage are not
described.

5.3 Comparative Analysis

A comparative overview regarding the performance of each description language
or ontology in respect to its coverage of identified relationships and specified
attributes is visualized in Table 1.

Table 1. Gap Analysis of Service Ontologies and Description Languages

Location Time Resource Event Customer Linkage
Approach

ECHE|S|E|E|F| @ 2|82

Sl g2 =&z = E g

o 8 &) o <
]

WSMO [8] S[S|[S - - - P S
OWL-S [12] - (- B N B
USDL [13] -l -1 -1 - - - - B
WSDL-S [15] -l - - - - N N N N
Oberle et al. [9] - - - - - - - N
OBELIX [2] - - - - - - P P P S
Ferrario Guarino [16] - -1 -] - - - - _
Colombo et al. [17] -l -] - - - - P - - - R P
O’Sullivan [18] S|S[S|S|[S ]S - - - -

(S=Supported, P=Partially Supported/Similar Concept, - =Not Supported/Not Described)

Summarizing the findings in the previous section, it has to be said that no ontology
or description language currently implements all required attributes or employs
similar concepts. Most ontology approaches aim at providing a semantic foundation
to enrich the technical descriptions of web services, without going into detail on



concrete attributes. Furthermore, most approaches can be extended or enriched to
include the required attributes.

As indicated in Table 1, WSMO, already employing concepts for spatial and
temporal availability, seems to be a good starting point, although it has to be
acknowledged that profound knowledge in the area of ontologies is required to
correctly implement these extensions.

6 Conclusion

This paper describes the logical extension of previous research related to defining a
novel approach to identifying service bundle candidates. Because of its potential to
combine innovation with cost-effective re-use of existing services, we envision that
service bundling will become as important as new service development as, for
example, can be seen in the growing attention for mash-ups. However, while the
process of new service development has been extensively researched and
conceptualized, the process of finding suitable service bundling candidates is still ill-
defined. The proposed method is a contribution to Design Science research in the
field of Information Systems. It represents an innovative artifact that extends the
academic knowledge base related to service management.

The method utilizes service description languages as they provide the means to
analyze relationships between services to identify potential new bundles. In this paper
we presented an empirically derived set of initial relationships that can be used to
derive generic bundles. Each identified relationship has been described in detail and
specified regarding associated attributes. Finally, relationships and attributes have
built the foundation to conduct a gap analysis involving prominent service description
languages and ontologies. Findings indicate that none of the analyzed languages and
ontologies provides sufficient scope and depth to cover the identified relationships
and attributes.

Thus, research in the area of service descriptions has to be conducted to develop a
universal service description language that is applicable across industries and covers
business as well as software services or extend existing approaches such as WSMO.
While we have shown that generic relationships can be derived from existing service
bundles, it also remains further work to validate the general utility of these
relationship constructs and to derive specific relationships for different domains. At
this stage, the proposed relationships have to be seen as a working set, which will
evolve as additional studies and evaluations are carried out. Further research should
also be conducted in the area of analyzing the suitability of different bundling
approaches in different application scenarios and their utilization of existing service
description languages.
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