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Abstract In this paper, we present the solution of the problem of Ser-
vice Composition in Knowledge-based SOA (Service Oriented Architecture)
Systems. SOA based systems are built of services - atomic or complex ones.
Each service may have a different functional and non-functional description.
The methods how to retrieve atomic service and compose complex services
according to the user’s needs are discussed here.
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§1 Introduction
SOA (Service Oriented Architecture) makes it possible to create systems,

which help to work out independent business solutions from technological con-
straints. Information systems designed according to the SOA paradigm are
composed of services, which may be executed on user’s demand. Each service is
an implementation of the specified business functionality which can be used in
different applications or, in general, in different (business) processes.28) Another
very important feature of the SOA paradigm is its ability to compose the atomic
services into complex services.24,38,55)

Hence, in this work, we propose a framework for specifying complex ser-
vices and interaction between them, which approach follows the transition of
SOA paradigm into Service Oriented Knowledge Utilities (SOKU) that requires
development of the methods for acquisition, processing and integration of knowl-
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edge about services and their functionality. This approach calls for developing
special representation methods of descriptive and procedural knowledge. Nowa-
days, ontologies are the most popular way for the representation of knowledge
about services and their users. The main issue, discussed in this article, is the
composition of complex services in SOA/SOKU architecture with respect for the
communication and system resources available.20,22,25,26,60)

Therefore, to solve this problem, we consider user modeling, service rep-
resentation, and service composition as well as the application of ontologies in
the service composition. The number of atomic and complex services increases
rapidly, so users may have a great difficulty in identifying the appropriate ser-
vices, especially when there are no exact matches in the service specification
and we need domain ontology to specify them.61) The same concerns the identi-
fication of communication resources which must be provided in order to execute
complex services in distributed environment.

In literature, we can find many approaches to the service composition
problem.30,41) In work2), it is mentioned that, the composition system should
start with a basic set of requirements rather than with a complete business pro-
cess definition and in the first step, the whole process should be built, whereas
many approaches32) require a well-defined business process to compose a complex
service. The current work often raises the problem of the semantic analysis of
user requirements, service discovery (meeting the functional requirements) and
the selection of specific services against non-functional requirements (i.e. execu-
tion time, cost, security). However, the presented solution has some disadvan-
tages, i.e. these methods have not yet been successfully combined to solve jointly
and comprehensively the problem of the composition of complex services that
satisfy both functional and non-functional requirements. In many cases, only
one aspect is considered. For example, the work35) focuses on the service selec-
tion based only on one functional requirement at a time. Other works14,32,34,63)

show that non-functional requirements are considered to be of key importance,
however many approaches ignore the aspect of building a proper structure of a
complex service which is the key to optimization of i.e. execution time. Many
Artificial Intelligence Planning-based approaches40) focus on functionalities of
the complex service but leave no place for the required non-functionalities sat-
isfaction.

To this date, researchers have approached the service composition from
different perspectives. Some have presented specialized methods for service se-
lection or composite service QoS-based optimization.32) However, despite the
importance of their contribution, those solutions are not widely used by other
researchers. Some propose complete end-to-end composition tools introducing a
concept of two-staged composition:1) logical composition stage to prune the set
of candidate services and then composing an abstract workflow. METEOR-S2)

presents a likewise concept of binding web services to an abstract process and
selecting services fulfiling the QoS requirements. Notions of building complete
composition frameworks are also clear in SWORD,46) which was one of the initial
attempts to use planning to compose web services. However, the proposed ap-
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proaches are closed and do not support implementation of other methods there-
fore, it is difficult to call them frameworks. And a framework-based approach
is what is currently needed in the SOA field in order to create composition
approaches that are fitted to different domains and problems characteristic of
them.

In this work, we propose a software framework that makes it possible to
incorporate various composition approaches and the use of different knowledge
repositories such as ontologies, social networks, rule engines, etc. It is open
to expansion via web service enabled composition methods and aids developers
in building, testing and executing elastic composition scenarios. Our aim was
to enable service providers share knowledge with their customers and to sup-
port automatic composition of services into business processes within a unified
software framework.

This article is organized as follows, in the next section the problems of
the user modeling in knowledge-based service composition are discussed. The
section three deals with the composition of services and the section five shows
the application of the service composition in the telecommunication domain.
The last section summarizes the presented ideas.

§2 User Modeling in Knowledge-based Service Composition

2.1 User Modeling
A user modeling is a term denoting the activity of building and updating

of a user model in any computer system. The user modeling has especially
been developed for the last two decades by many researchers on the different
levels of a granularity.10,19) Hence, the user model is used in many areas of our
life:11) e-learning, e-commerce, e-tourism, e-banking, etc. The user model can be
achieved in a simple way, directly by asking the user some questions and fitting
the user profile or by applying the complex data mining methods of knowledge
discovery based on the user activity observation.31) The systems that adapt their
functionality, content, interface are called in short user-adaptive one.3–5,43) The
goal of the user modeling may be to predict the user behaviour in order to fit
the application functionality and interface to the user customized requirements.
Hence, the user model typically includes user properties such as preferences,
interests, behaviour, knowledge and goals to deliver the adapted content, the
way of application usage and the interface (Fig. 1).9,13,31,37)

Another group of the popular systems that adapt their functionalities is
called recommender systems. The recommender systems implement the methods
of the product recommendation on the basis of the user model (stored in the user
profile) containing the user preferences (gained from the direct questionnaire or
analysis of the user interactions with the system) and the information about the
user execution environment (user hardware, software, etc.).33) The user model
and the way of its obtaining, is a criterion of the recommender system classifica-
tion. The taxonomy and the examples of the recommender system classification
taking into account the way of building and the structure of the user profile are
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Fig. 1 User Model9)

given in the following works.42,50,59)

In the seventies and eighties, three main approaches of the user modeling
based on natural language systems were developed: GOMS (Goals, Operators,
Methods, and Selection rules) the family of models, cognitive architectures and
user interface prediction models. The GOMS family of models is based on four
concepts: goals, operators, methods and selection rules. The user interacts with
a computer to accomplish a task that is decomposed into goals, by selecting
a method, which consists of a sequence of the actions. If more than only one
method is available, the user applies the selection rules. In the GOMS model,
the knowledge of the user is represented as a pair: goal-action.6) While in the
cognitive architectures originally developed by Newell in SOAR (State, Operator
And Result) architectures45) the user model represents the user’s mental models
and consists of the rules that model the user’s behaviour (the approach very
similar to expert systems). And finally the third group of the models encompass
the interaction between the user and the computer.6)

More recently, the researchers have proposed the user model that includes:

– user data: the information about personal user’s characteristics such as:
demographic data (name, address, age, sex, education etc.), user’s
knowledge (especially useful in any education systems), user’s skills
and capabilities, user’s interests and preferences, user’s goals and plans
(specification of the information the user is interested in),

– usage data: may be 1) directly observed (actions performed by the user that
indicate the user’s interests and preferences), here we have: tempo-
ral viewing behaviour, ratings (products, web pages, etc.), purchase-
related actions (in e-commerce systems) or 2) discovered (usage fre-
quency, pattern behaviour - situation and action correlations, action
sequences),

– environment data: the user’s hardware, software, localization.37)

Building the model of the user of SOA based system, we use the chosen elements
of the user model proposed in work,37) see the following section 2.2.
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2.2 SOA-based User Modeling
There are many Web-based adaptive systems that use a user model to

adapt their features. The most popular are the educational ones. Among them
there are the systems that are based on: adaptive hypermedia (adaptive navi-
gation support, adaptive presentation), adaptive information filtering (content
based filtering, collaborative filtering), intelligent class monitoring, intelligent
collaborative learning (adaptive group formation and peer help, adaptive collab-
oration support - coaching and supporting), intelligent tutoring (learning content
selection, problem solving support).9) The SOA based systems are the examples
of the Web-based systems. In such systems, it is necessary to apply the user
modeling and take into account the user preferences, with respect to the ser-
vice functionalities and the execution environment or other computer system
features. The problem of the user modeling in a SOA based system is quite new.
In works14,15), the authors take out the problem of the user model interoper-
ability in the SOA based systems. We concentrate on the user modeling in one
domain (not exchanging or distributing of the user model among the open, web
systems) by applying the technologies compatible for the SOA. Then the user
model is used in the process of the service composition and the user servicing.
We assume that the service composition takes place if there is no service in a
service repository that fulfils the user’s functional and non-functional require-
ments. We base on the proposal of the user model, given in work36) and assume
that the user model consists of the following elements:

– environment user data,
– the user interests represented as a set of the concepts from the domain on-

tology - aggregated characteristics of the user requests,
– the user groups.

Below we discuss the problem of the user interest acquisition. The other elements
of the user model are discussed in the following works.47–49)

The user interests acquisition
We assume that the user requests a service specifying his functional and non-
functional requirements. The user interests (the preferences) are obtained on
the basis of the historical user request retrieval. They are divided into two
categories: functional interests and non-functional ones. The user’s i-th request
(the user Service Level Agreement - SLA) at the t-th consists of the functional
user requirements (denoted as SLAf (t, i)). To obtain the aggregated user’s
interests, we use the Web service that as an input takes all the user’s requests.
In this work, we do not concentrate on the way of the user profile acquistition.
To eliminate old requests, each user SLA is weighted using a linear function:

SLA(t, i)+ = f(t)·SLA(t, i) (1)

where:

f(t) = −t + a is a linear function, a is a coefficient,
f(t) · SLA(t, i) = 〈f(t) · SLAf (t, i), f(t) · SLAnf (t, i)〉.
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To obtain the i-th user’s functional interests only the SLAs for which f(t) ≥ 0
(denoted as SLA(t, i)+) are taken into account. At the time tnow the i-th user’s
interests are represented by the profile UPf that equals:

UPf (tnow, i) = ∪SLAf (t, i) (2)

2.3 Building the User Model with the Web Services
To achieve the user model, that represents any kind of the user’s knowl-

edge we propose to use the Web services. The Web services are currently seen
as a solution for integration of the heterogeneous resources and making het-
erogeneous systems interoperable. They are self-contained, self-describing and
modular applications that can be published and invoked across the Web.62) Im-
plementing SOA using the Web services has the advantages such as: the Web
services are pervasive, simple, and platform-neutral. They provide: “a) open
standards for distributed computing interface descriptions and document ex-
change via messages, b) independence of the underlying execution technology
and application platforms, c) extensibility for enterprise qualities of service such
as security, reliability, and transactions.”44) The main advantage of applying the
Web services for the user model building is that building the user model becomes
very flexible task and depends on the user model structure. The Web Services
can be easily exchanged.

For the user modeling, we use the data mining Web services for the user
classification, clustering, behavioral pattern extraction (Fig. 2). The recom-
mendation and the personalization services are used during a user service as a
result of the user service request. Generally, we assume three scenarios of the
user service: a service selection from the service repository that fulfils all the
user requirements, the service selection from the service repository that almost

Fig. 2 The Web Services Used to Determine the User Model
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satisfies the user requirements (but is acceptable by the user), or the custom-
made service composition. The Web services are integrated by the Enterprise
Service Bus (ESB).

The main advantage of applying the Web services to the user modeling
is that they are: 1) accessible by different web clients that use the Web services
via SOAP, 2) interchangeable depending on the method they implement, 3)
conformable - for example if we want to group the users and we do not specify
the number of the resulted group, the suitable Web service that implements k-
means method will be found. Moreover the Web services may be automatically
fit into the input data that must be retrieved.49)

For the communication between the Web services and applications (in this
case responsible for the user model building) a Simple Object Access Protocol
(SOAP) is used. SOAP is a protocol intended to exchange structured informa-
tion in a decentralized, distributed environment.56)

§3 Knowlegde-based Service Composition

3.1 Service Composition Approaches
Many organizations use information technology to manage their business

processes. Almost all have expanded their applications to make use of the Inter-
net to achieve better communication with their clients and within the company.
However, for many of them, this transformation was a costly step and the need
for a more distributed and elastic architecture became fact determining their ex-
istence on the market. In this context, Service Oriented Architecture (SOA) is
the application framework that enables organizations to build, deploy and inte-
grate these services independent of the technology systems on which they run.46)

In SOA, applications and infrastructure can be managed as a set of reusable
assets and services. With the use of SOA, business can respond faster to market
opportunities and get more value from their existing technological assets.35)

However, the final success of the SOA concept can only be obtained if
those service enabled applications could be effortlessly developed and integrated
by many groups, both internal and external to the organization. The composition
of web services enables SOA architects to build composite services performing
advanced tasks. In this context, the tools aiding in that process are necessary to
manage such complex systems with the least effort. Nowadays, in organizations,
the composition process is mostly manual, however with the increasing num-
ber of available services, it is unavoidable that architects will need automated
methods of selecting services that fulfil their functional requirements and work
well together. Besides the obvious software and message compatibility issues a
good service composition should be done with respect to the Quality of Service
(QoS) requirements. For the client, preserving the non-functional requirements
(availability, performance and security, etc.) is a key factor.32,40)

3.2 Composition Scenario
To compose a complex service means to find a set of atomic services and
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bind them together so that they, as a new service, satisfy the user’s all functional
and non-functional requirements. A typically automated composition process re-
quires a semantic query (description of a complex service to be generated as an
output, often referred to as an Service Level Agreement - SLA) and consists
of three stages, however not all of them are necessary in every situation. It is
especially important for the SLA to be defined with the use of the same domain
ontology which the atomic services are described with. The three abovemen-
tioned stages are:

– building of a composite service structure,
– building of a composite service scenario,
– finding an optimal execution plan of a composite service.

As the domain knowledge is represented in the form of ontology, and the services
are semantically described (in terms of associating their inputs, outputs and
functionalities with the concepts, or: sets of concepts, from the ontology) the
composition is a process of transforming the user’s requirements defined in their
SLA into a fully defined composite service that fulfils them. In the first stage of
the composition process, the user’s requirements are analyzed and assembled into
a single structure that represents the structure of a final composite service by
a graph where the nodes contain the user’s requirements and the edges connect
those requirements determining the order in which the final composite service
will be executed. Then, with the use of engineering knowledge, this structure
is enhanced so it defines a scenario of execution of particular atomic services
in a composite service. In this stage, no requirement can be disconnected from
other requirements. Also in this stage, the scenario is filled with candidate
services that fulfill each of the requirements according to required functionalities.
However, they may differ in non-functional properties (as execution time or cost)
therefore in the last stage for each functional requirement, a single atomic service
is selected, so that all services, that build a composite service, jointly satisfy non-
functional requirements.

3.3 Service Composition Scenario
This section presents a general composition scenario and indicates that

each of the stages could be performed using different methods - beginning with AI
Planning methods to produce a complete scenario; then one could use different
semantic selection methods when searching for services fulfiling each requirement
(or even propose different distance measures for the concepts in the ontology);
finally, various optimization techniques could be used to produce the composite
service satisfying the non-functional requirements, not to mention that a variety
of non-functional parameters could be demanded and optimized. It is possible to
choose from the set of functionally equivalent complex services with respect to
the non-functional requirements. The non-functional properties of the complex
services are estimated on the basis of their past executions or the information
about the performance of their component atomic services is available.

This all led to the necessity of designing a composition framework with
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an elastic architecture that would allow composition service designers to incor-
porate various approaches, test them and deploy in a form of service enabled
composition tools well fitted to different domains and problems. The tool con-
sists of two main parts: one is a front end of the application and allows a business
client to define their domain by connecting to external service and knowledge
repositories (here: ontologies), which will be used to construct composite ser-
vices; the second part is a layer of Service Composer engine services which is
extensible and can provide a variety of services but mainly composition ones.
Both layers of the application have a similar architecture and consist of three
main elements:

– repository of composite services,
– repository of atomic services,
– knowledge repository for provided services (usually domain ontology).

The two layer Service Composer architecture is founded on following assump-
tions:

– the first layer is responsible for a definition of composite services and trigger-
ing their execution and composition in the second layer,

– the second layer consists of supporting engine services - similarly as the ser-
vices responsible for composition, execution, finding the best instances of
services in the distributed system, searching for services composed earlier,
personalization etc.,

– all services (from both layers) can be directly called from an external appli-
cation through SOAP protocol,

– for most of the time the second layer services should be hidden from the busi-
ness user and called in various situations: directly i.e. after the composition
request, by a graphical user interface while composing a composite service,
by hand or by the Workflow Engine configured to call them when executing
parts of a composite service.

The composite services are stored as Smart Services, described in SSDL
language - it is an internal language designed specially for the composition pur-
poses. Its expressive syntax allows for simultaneous definition of atomic services
and requirements of different types in a composite service. It is developed in par-
allel with the Workflow Engine that supports its broad functionality and knows
how to “execute” functionalities defined in the Smart Service. More informa-
tion on Smart Services and the Workflow Engine can be found in the following
sections.

3.4 Smart Service
The idea of Smart Services is intended to extend the concept of a com-

posite service. A Smart Service is in fact a type of a composite service, however,
its elements do not necessarily have to be atomic services. A Smart Service is
represented by a graph of interconnected nodes, some of which can represent
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concrete services, some sets of services and some various types of requirements
(like logical or decision nodes). Many different classes of nodes can be defined
in Service Composer as long as Workflow Engine is configured to interpret and
“execute” them. In this respect, a concept of Smart Services fully supports the
Service Composer tool as a framework for the service composition.

The SSDL language (Smart Service Description Language - Fig. 3), used
to describe Smart Services, together with the Workflow Engine, allows for the
complete definition of a composition scenario for a particular requirement of a
composite service. The composition can also be delayed by executing the require-
ment nodes by the Workflow Engine (instead of composing first and executing
services later), which will lead to a dynamic composition at runtime. This will
be explained further in more detail.

Fig. 3 SSDL Node Types Defined in XSD

The basic class describing a node of SSDL defined composite service is an Ab-
stractNode class:

<xs:complexType name="AbstractNode">

<xs:sequence>

<xs:element name="name" type="xs:string" />

<xs:element name="nodeclass" type="xs:string" />
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<xs:element name="nodetype" type="xs:string" />

<xs:element name="inputs" type="InputList" />

<xs:element name="outputs" type="OutputList" />

<xs:element name="preconditions" type="PreconditionList" />

<xs:element name="effects" type="EffectList" />

<xs:sequence>

<xs:complexType>

The above example shows that the abstract node already contains much
information about the required input and output parameters of services and the
language constructs defining preconditions and effects of a service. Other types
of nodes are inherited from AbstractNode class - they can describe different kinds
of requirements, services, a broker agent requests etc. In fact, the list is open
and limited only by the ability of the Workflow Engine to recognize those types
of nodes and execute them appropriately. However, some basic types of nodes
were predefined and the user defining a request in SSDL can be certain that the
Workflow Engine will be able to interpret node classes described in following
subsections.

Currently, functionalities (FunctionalityNode) are not much different from
the basic Abstract-Node, however, for the Workflow Engine, this is sufficient
information that this kind of node should be executed differently from a basic
abstract node. Generally, the execution of a functionality node means that some
kind of selection service should be run and then its result should be executed.
Also interconnected functionality nodes make up a basic service composition
request and can be an input to a variety of end-to-end composition services.

Those two types of approaches to functionality node should not be con-
fused, because executing a FunctionalityNode is in fact a greedy approach to
the composition (yet it can have its own benefits - such as the composition at
runtime or using a broker service) and a typical end-to-end composition can
apply completely different methods, before sending a composite service to the
Workflow Engine.

Executing a service can mean various things - from a typical execution of
a remote web service to executing a broker agent (as a web service) that, given
an URL of a desired web service, will try to find and execute an instance of that
service that is at the best fit moment for our system (least used, in vicinity in
the network, etc.). The service node can also preserve the abstract description of
user’s requirements, and, after the error occurrence, an error handling procedure
can be executed and a selection service can find another candidate to be executed
in the original place.

3.5 Workflow Engine
The Workflow Engine can be configured to interpret and execute different

kinds of node classes defined in SSDL. By the execution we understand per-
forming a series of actions on the nodes content leading to obtain finally a web
service to be executed in its place. Those actions can be defined by Smart Ser-
vices, which are assigned to specific node classes. This again shows an elastic
nature of SSDL language and framework itself, because services defined in the



176 P. Świa̧tek, P. Stelmach, A. Prusiewicz and K. Juszczyszyn

Service Composer engine can serve for the composition purpose while defining a
composite service with the user’s graphical interface and can perform composi-
tion (as well as other execution scenarios) at runtime during the execution of a
requested composite service.

Figure 4 shows that the Workflow Engine works in two phases. First, in
the 〈init〉 phase, it performs validation of the SSDL service execution request
and can run services transforming the whole SSDL: such as the broker agent
request (which can indicate the all service instances at once) or even the end-
to-end composition. Then, in the 〈process〉, the engine executes each of the
nodes of the SSDL. Both in the 〈init〉 and the 〈process〉 phase, all actions, if
not implemented in the Workflow Engine, can be performed by appropriate web
services indicated by the Workflow Engine configuration.

The Workflow Engines’ architecture allows for further extension of its
capabilities. It is possible that a central repository of execution scenarios would
be maintained on a local workflow engine would execute classes of nodes. Of
course this would need more control over the process and in this section, is
merely signaled as a potential capability to interpret various types of the user’s
requirements and a method for extending Service Composer capabilities with its

Fig. 4 SSDL Executed by the Service Composers’ Workflow Engine
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use by various researchers.

§4 Application of the Service Composition in the Telecommunica-
tion Domain
Recently, developing information and communication technologies (ICT)

have enabled entrepreneurs to develop monolithic architectures into distributed
ones. The entrepreneurs could focus on translating business processes into
complex services, thus Service Oriented Architecture (SOA) becomes a crucial
paradigm in designing service-oriented systems (SoS).18)

In SoS, the key element is a service which provides certain and well-defined
functionalities and is characterized by the parameters describing the quality of a
required and delivered service.22) Furthermore, services may be instantiated and
assembled dynamically, which leads to changing structure, behavior and location
of software application at run-time.18) However, to ensure high satisfaction of
clients and profits of service providers, the services should be provided in order
to ensure high quality of service (QoS).8)

The service composition in the telecommunication domain requires to ag-
gregate, update, maintain and process knowledge about telecommunication ser-
vices in order to analyze, plan and manage in an optimal way telecommunication
resources. Moreover, the frequent behavioral patterns in business processes must
be discovered for the purpose of optimization of telecommunication service de-
livery scenarios. The workflow of the service composition and mapping process
is presented in Fig. 5.

Fig. 5 Workflow of the Services Composition and Mapping Process

To compose the telecommunication services, we use three main modules in our
framework:

– Business service composition - based on the request a business service is
composed;
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– Service mapping - business scenario is mapped with telecommunication ser-
vices;

– Service composition - in a telecommunication scenario telecommunication
services are composed and final execution plan is returned

and repositories:

– business services ontology;
– telecommunication services ontology;
– business services repository;
– telecommunication services repository.

Ontologies are representations for a seamless cooperation and knowl-
edge flow between business processes and formal service descriptions in service-
oriented systems. They play a crucial role in service mapping in translating
business scenario to telecommunication service scenario.

Furthermore, two kinds of services could be distinguished, namely, com-
putational and communication services. Ontologies, which are implemented in
Protégé, are based on SIMS Ontology developed within a project of Sixth Frame-
work Programme.17) SIMS has been extended for wireline telecommunication
systems, QoS concepts and parameters.

Generally speaking, computational services are used to process data
streams, while communication services facilitate data transmission and end-to-
end QoS guarantees. In the proposed system, there are multiple atomic or
complex computational services, e.g.:

– signal merging and splitting;
– data compression;
– signal encoding/decoding;
– video/audio stream encoding;
– change detection in datastream;

Telecommunication services ontology is defined by two main types of wired
telecommunication systems: access and core segments of the wired networks.
The main ontology concepts are:

– Core Network Segment which consists of technologies such as ATM, Frame
Relay, X.25 and multiplexing SDH and PDH,

– Access Network Segment which describes access technologies such as Ether-
net, ISDN and all xDSL technics,

– Transmission medium defines wired and wireless medium for data, voice and
video transmission,

– Connection and communication establishment parameters such as: band-
width, latency, availability and BER,

– Communication service which has been extended from SIMS by all ISDN and
other services.
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The task is to compose complex telecommunication services which can
deliver functionalities given in a business process describing all required use-case
scenarios for a particular business domain. Resulting complex telecommunica-
tion services are composed basing on available atomic telecommunication ser-
vices (computational and communication) provided by telecommunication ser-
vice providers and/or operators. Additionally, the above complex services must
conform with the users’ non-functional requirements concerning, among others,
quality, security and availability of the assumed business process.

The process of the complex telecommunication service composition con-
sists of four stages: transformation of the business process into a set of complex
services, complex business service composition, business and telecommunication
service mapping and complex telecommunication service optimization (see Fig.
5).

In the first stage, the business process provided by the user is trans-
formed into a set of complex services, which cover fully all use-case scenarios
defined by the business process. Each complex service is defined by function-
alities (atomic business services) necessary to be performed in order to fulfil
the corresponding use-case scenario. Moreover, a complex service description
includes non-functional requirements (e.g.: QoS, security, etc.) concerning the
whole complex service and/or some of its functionalities. Each complex service
is defined by a service level agreement (SLA) including, among others, func-
tionalities and values of non-functional parameters required to be fulfiled in the
corresponding use-case scenario.

Next, each complex service defined by functional and non-functional re-
quirements is composed of available atomic business services. The result of this
stage is a set of atomic business services and the order in which they must be
executed in order to provide the user with the requested functionality and con-
forming with non functional requirements.1) Note that in order to deliver the
requested complex functionality, some of the atomic functionalities may have to
be delivered in parallel and/or in sequence. Therefore, in general, the order in
which the atomic business services are performed is defined as a directed graph
the nodes of which represent atomic business services and the edges represent
the precedence relationship between them.29) Such a graph, called a complex
service scenario, is passed to the next stage of the service composition.

Each node of the complex service scenario graph represents a single atomic
business service which provides a well defined functionality. In order for this
functionality to be delivered certain telecommunication (i.e. communication
and/or computational) services must be executed. The task of the third (ser-
vices mapping) stage of service composition is to substitute each of the nodes
(atomic business services) of the complex service scenario graph for a subgraph
representing the execution order of atomic telecommunication services necessary
to deliver the requested atomic business functionality.

As an example, let us consider the atomic business functionality consist-
ing in sending a billing information record for a certain time period being the
response to a query to CRM application. This atomic business functionality is
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delivered by execution of three atomic telecommunication services (see Fig. 6a),
i.e.: transmitting a query to the database (communication service), execution
of the query in a database (computational service) and returning the result to
the user (communication service). Moreover, if a user requires a secure data
transfer two additional computational services (cipher and decipher) for each
communication service should be executed (see Fig. 6b).

Fig. 6 Exemplary Mapping of a Billing Information Acquisition
Atomic Business Service: a) Unsecure and b) Secure Data
Transmission

Note that in general, two communication services, taking part in the de-
livery of the above exemplary atomic business service, are functionally and non-
functionally different. The first one consists in sending small message (e.g. SQL
query), while the other one may require the transmission of a large volume of
data.

The result of the service mapping stage is a complex telecommunication
service scenario graph, where the nodes represent atomic telecommunication
services and the edges define the precedence relationship between services.

There are multiple approaches to accomplish the mapping stage. First of
all, the mapping for each atomic business service may be predefined, which is a
simple and efficient but not flexible solution. On the other hand, the mapping
task can be treated as a special case of a composition task. In this case, some
known methods (e.g. semantic composition57) or GraphFold algorithm54)) can
be used. Another approach is to use predefined mapping rules and a reason-
ing engine to find the best possible mapping conforming with non-functional
requirements.

The last composition stage is an optimization stage. The task performed
at this point consists in finding such a version of atomic telecommunication
service available in the system, that non-functional requirements for the whole
complex service are met.58) Additionally, certain complex service optimization
tasks may be performed at this stage. These tasks may include, among others,
finding the least expensive complex telecommunication service satisfying non-
functional requirements or finding such a composition for which the usage of the
telecommunication resources is balanced. The first optimization task may be
stated by the user in the complex service request, while the latter one is rather
the concern of the telecommunication resource operator or service provider. The
result of this stage which is passed to the execution environment is a complex
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service execution plan defining exactly which versions of telecommunication ser-
vices will be used to fulfil each particular complex service request.

The first stage of service composition has to be accomplished during the
ICT infrastructure design phase for each business process. The following stages
of the services composition and delivery may be performed once along with the
first stage during ICT system development or they can be performed on-demand
each time when a certain use-case scenario is launched.

In the first approach, all complex services are predefined in the design
phase and only these services can be performed during the lifetime of the system.
This approach is very conservative, it does not make it possible to change or add
new complex services and is very inefficient in terms of resource consumption,
service reusability and composition flexibility. It allows, however, for a very
quick response to new incoming complex services requests, since time-consuming
process of complex service composition is performed only once.

In the second approach, on the other hand, each new incoming service
request is handled separately, namely the best complex service conforming with
non-functional requirements is composed taking into account a current state of
the system (e.g. usage of communication and computational resources). This
methodology fully draws from the service-oriented architecture paradigm allow-
ing for the efficient resource usage, service reusability, on demand composition
of new services, scalability and flexibility. Additionally, it is possible to store
predefined complex service execution plans or execution plans resulting from
the compositions performed during the system lifetime and apply them to the
incoming complex service request when the response time is critical.51,52)

The composition process of an exemplary complex telecommunication ser-
vice is presented in Fig. 7. The considered example concerns handling a physical
alert in a laboratory monitoring a business process.

The business process of monitoring a laboratory consists of four use cases
(see Fig. 7a): two concerning monitoring of environmental security and two
concerning monitoring of physical security. Each use case is handled by the ex-
ecution of a separate complex business service, which is predefined in a business
process. In Fig. 7b an exemplary complex business service for a use case sce-
nario concerning handling a physical alert is presented. The definition of such
a service is a result of the first stage of complex service composition consisting
in translating the functional and non-functional requirements of a business sub-
process of physical alert handling into a sequence of atomic business tasks which
have to be performed to meet these requirements.

In the next stage (see Fig. 7c), each atomic business service is mapped to
a complex telecommunication service which guarantees the fulfilment of all the
required functionalities. In this case, the atomic business service stream video
to monitoring center consists of a sequence of four atomic telecommunication
services: video capturing, video compression, transmission of the compressed
video stream and video decompression.

In the last (optimization) stage (see Fig. 7d), particular versions of atomic
telecommunication services are chosen. The choice is made based on given non-



182 P. Świa̧tek, P. Stelmach, A. Prusiewicz and K. Juszczyszyn

Fig. 7 Exemplary Composition of a Telecommunication Service

functional re-quirements and services availability. In this example, the streamed
video is passed to the face recognition service. Therefore, a high definition (HD)
video quality is chosen. Moreover, MPEG-4 codec with the highest compression
rate was chosen for video encoding. Since HD video encoded with MPEG-4
results in 16Mbps one-way data stream, Asymetric DSL (ADSL) with 16Mbps
upstream guarantees was chosen for a communication service. Finally, for the
video decompression, the same codec as for compression must be used.

§5 Summary
Many aspects of service composition are done by hand but researchers

have always tried to develop more automated approaches which would help to
select atomic services, connect them accordingly and watch over data passage
between them.

To compose a complex service means to find a set of atomic services and
bind them together so that they, as a new service, satisfy user’s all functional
and non-functional requirements.
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The service composition system should focus on formalization and in-
terpretation of the functional and non-functional requirements in order to find
services that satisfy them at a given time and are not hardcoded into the busi-
ness logic. In this work, we presented the framework based on service oriented
architecture for the service composition. This framework consists of the methods
aiding to construct and deploy the end-to-end composition service. Additionally,
we have introduced the concept of Smart Services which, using the SSDL lan-
guage, describes its functionalities and, along with the Workflow Engine included
in the Service Composer framework, interprets itself at execution. To our best
knowledge, it is the first framework for service composition that implements this
kind of elastic approach. Some composition frameworks described in literature
were in fact complex composition methods with well-specified components, not
composition frameworks to aid in composition application construction. The
proposed architecture and mechanisms allow designers to incorporate a range of
composition approaches into the Service Composer, personalize them for specific
domains and deliver them as web services. In future work, we intend to utilize
this important aspect of Service Composer by developing various methods show-
ing the flexible nature of the framework and encouraging researchers to include
composition methods of their own. The service composition is executed based
on the user’s functional and non-functional requirements that are represented by
the SLA. The SLAs are then used to obtain the user’s profile - the aggregated
characteristics of the user’s interests. The problem of the user modeling and the
example of the user’s profile discovery was discussed in section 2.

We assumed two scenarios of the user’s service: 1) based on the SLA the
services from the repository are selected. (see section 3), and 2) if there are no
services fulfiling the user requirements - the service composition (see section 4).
Then (in section 5) we presented the application of the service composition in
the telecommunication domain.

The future research aims to extend the interoperability of the system and
to make a flexible composition of services provided by many vendors possible.
The key aspects of this issue are:

– Providing specialized services for translation of services’ descriptions in OWL-
S and WSDL to SSDL, in order to automate the updates of service
repository.

– Developing modules for ontology management, which is inherently connected
with the previous point. This will ensure the consistency of domain
knowledge representation which is a key factor of successful service
composition.

The first application scenario (building monitoring) will also provide the
necessary data coming from living application and service repository, especially
data about the service security estimates, measured QoS parameters and user’s
activity. All these data will be gathered in order to tune the service composition
and execution processes and will serve as a basis for developing algorithms which
merge semantic and non-functional (QoS-based) service composition.
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61) Tomczak, J. M. and Świa̧tek, J., “Personalisation in Service-oriented Systems
Using Markov Chain Model and Bayesian Inference,” IFIP Advances in Infor-
mation and Communication Technology, 349, Springer-Verlag, Heidelberg, pp.
91–98, 2011.

62) “Web Services Overview,” http://publib.boulder.ibm.com/infocenter/rtnlhelp/
v6r0m0/ index.jsp?topic=/com.ibm.etools.webservice.doc/concepts/cws.html.

63) Zeng, L. and Kalagnanam, J., “Quality Driven Web Services Composition,” in
Proc. of the 12th International Conference on the World Wide Web 2003, pp.
411–421, 2003.
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