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vibrant research community which will enable Europe to lead the software-services revolution, 
helping shape the software-service based Internet which is the backbone of our future interactive 
society. 
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• Inaugurating a Europe-wide common program of education and training for researchers and 
industry thereby creating a common culture that will have a profound impact on the future of 
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• Establishing a pro-active mobility plan to enable cross-fertilisation and thereby fostering the 
integration of research communities and the establishment of a common software services 
research culture. 

• Establishing trust relationships with industry via European Technology Platforms (specifically 
NESSI) to achieve a catalytic effect in shaping European research, strengthening industrial 
competitiveness and addressing main societal challenges. 

• Defining a broader research vision and perspective that will shape the software-service based 
Internet of the future and will accelerate economic growth and improve the living conditions 
of European citizens. 
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advanced training program for researchers and practitioners. Finally, S-Cube intends to bring strategic 
added value to European industry by using industry best-practice models and by implementing 
research results into pilot business cases and prototype systems. 
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classified mismatches, as a BPEL mediator between the requester and the available service. These
mediators should act as adapters, offering the expected interface and protocol to the requester and
interacting with the available service with the interface and protocol the latter offers. The solution
patterns proposed in this paper require that the service workflow is modified in order to integrate
adapters.

Run-Time Adaptation of Non-functional Properties of Composite Web Services Using Aspect-
Oriented Programming RAAOP [82]

In [82], the authors are focusing on run-time adaptation of non-functional features of a composite
Web service by modifying the non-functional features of itscomponent Web services. The aspect-
oriented programming (AOP) technology is used for specifying and relating non-functional properties
of the Web services as aspects at both levels of component andcomposite. This is done via a spec-
ification language for representing non-functional properties. From the end users’ viewpoint, the
aspect-oriented modeling of non-functional properties enables on-demand composite Web service
adaptation with minimal disruption in quality of service.

Adaptation in Web Service Composition and Execution ASCE [102]

In [102] the authors developed a staged approach for adaptive WSCE (A-WSCE) that cleanly sep-
arates the functional and non-functional requirements of anew service, and enables different en-
vironmental changes to be absorbed at different stages of composition and execution. The main
contributions are: (a) A characterization of the problem ofAdaptive Web Service Composition and
Execution (A − WSCE) (b) A staged solution that allows adaptation by generatingmultiple work-
flows at different stages, and selectively deploying them based on feedback mechanisms and suitable
ranking functions. The incorporation of the proposed system within anend−to−end service creation
environment that demonstrate the effectiveness of the solution.

SCENE: A Service Composition Execution Environment Supporting Dynamic Changes Disci-
plined Through Rules SCENE [103]

In [103] the SCENE platform is presented. This platform provides the runtime execution environment
for service compositions, specified using BPEL and an ECA rule language. SCENE incorporates a
BPEL engine, responsible for the execution of the process part of the composition, an open source
rule engine, Drools, responsible for running the rules associated to the composition, and WS-Binder
[104]. This is responsible for executing binding actions atruntime based on directives defined in the
rule language. This component is able to execute various policies for selecting the candidate services.
When a SCENE composition is deployed, a deployer component analyzes it, identifies the cases in
which dynamic binding and rebinding have been foreseen by the designer, generates some proxies
that will be devoted to manage these cases and modifies the BPEL code to include calls to these
proxies where they are needed. The role of the proxies is to mask to the BPEL engine the presence
of the rule engine and the Binder in charge of managing the actual binding to services. Each proxy
is assigned a WSDL to describe its interface and is exposed asan abstract service. At run time when
an abstract service is called inside a process the call will be forwarded to the associated proxy which
will be in charge of forwarding the call to the selected concrete service. The selection process takes
place on the base of the rules specified by a composition designer.

An approach to adapt service requests to actual service interfaces ASRAI [105]

In [105] the SCENE framework is extended to support run time resolution of differences between in-
terfaces and protocols of invoked services. This paper defines a classification of possible mismatches,
a set of predefined adaptation functions to solve each mismatch, a language to combine these func-
tions in adaptation scripts and a component, called adapter, integrated in SCENE proxies that can
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execute the scripts specified by a system integrator at design time. When a designer defines a service
composition he/she individuates for each invocation a service, called primary service, whose interface
and protocol are used to build the invocation in the composition. When a proxy for this invocation
will be created it will be assigned the chosen interface and protocol. At this point the designer can se-
lect other services, having possibly different interfacesand protocols from the chosen one, that can be
used for possible rebindings at run time. He/She has to specify an adaptation script for the remaining
concrete services in which he/she specifies the differencesbetween the primary service and the other
selected for rebinding. For each difference the script contains a rule that specifies which function,
from the set of predefined ones, has to be used to solve the difference. At run time, when one service
different from the primary is invoked, the proxy instead of forwarding the request directly will pass it
to the adapter. The latter interprets the script eventuallyassociated to the invoked service and adapts
the request. Finally the adapted response is returned to theSCENE proxy that provides to forward it
to the client.

Adaptive Service Composition in Flexible Processes ASF [106]

In [106], a new modeling approach to the Web service selection problem is introduced. This approach
is particularly effective for large processes and when QoS constraints are severe. In the model, the
Web service selection problem is formalized as a mixed integer linear programming problem, loops
peeling is adopted in the optimization, and constraints posed by stateful Web services are consid-
ered. Moreover, negotiation techniques are exploited to identify a feasible solution of the problem,
if one does not exist. Experimental results compare our method with other solutions proposed in the
literature and demonstrate the effectiveness of our approach toward the identification of an optimal
solution to the QoS constrained Web service selection problem.

PAWS: A Framework for Executing Adaptive Web-Service Processes [107]

[107] introduces PAWS (Processes with Adaptive Web Services), a framework for flexible and adap-
tive execution of managed Web service-based business processes. In the framework several modules
for service adaptation are integrated in a coherent way. An original characteristic of this framework
is to couple design-time and run-time mechanisms for process specification and execution in a global
framework. At design-time, flexibility is achieved througha number of mechanisms, i.e., identify-
ing a set candidate services for each process task, negotiating quality of service, specifying quality
constraints, and identifying mapping rules for invoking services with different interfaces. In turn, the
run-time environment exploits the design-time mechanismsto support adaptation during process exe-
cution, in terms of selecting the best set of services to execute the process, reacting to a service failure,
or preserving the execution when a context change occurs. The application of PAWS in several case
studies is finally discussed.

Business process design: towards service-based green information systems BPD [108]

[108] discusses the impact of energy consumption on information systems and business processes de-
sign. The goal is the development of context-aware and sustainable information systems where energy
consumption reduction is considered at the technological level, on the basis of adaptable technology,
on the governance level, with the design of context-aware processes and data, and at the strategic
level. The adoption of a service-oriented approach and the interconnection among the different levels
are discussed.

Context Management for Adaptive Information Systems CMA [109]

In [109], an approach for context-aware composition of E-services based on an abstract description
of both E-services and context is proposed. E-services are described in terms of functionality and
quality of service. The context describes the channels thatcan be used to access E-services. The
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paper proposes adaptation rules as the means to allow the composition and dynamically select E-
service channels according to the constraints posed by available architectures and application-level
requirements. Composition and adaptation rules are exemplified on a simple case for emergency
management.

3.4 Comparing adaptation approaches

To better assess the current state of the art, in this sectionthe three dimensional taxonomy, introduced
in section 3.2.1 is mapped into three tables that provide a higher-level view of the detailed discussions
provided in Section 3.3 on the basis of the requirements we listed earlier. All the approaches have their
own drawbacks and advantages. None of the proposals are complete, even though current approaches
address significant subsets of relevant requirements.

3.4.1 Adaptation requirements

Figure 3.1 describes the comparison of the presented approaches with respect to the adaptation re-
quirements. The figure depicts the objective of the adaptation process, the kind and the scope of
adapted information, which model is based on to perform the adaptation activity, the placement of
this information within the overall architecture of the adapted application and finally the specification
language to express the adaptation process.

As this table shows, adaptation has gained a significant attention in complementary way of the
monitoring process to overcome the mismatches between services for service integration, repairing
the failures, reconfiguring the systems by leveraging existing approaches in software engineering. We
also notice that, the notion of adaptability in SBA till datehave concentrated on capturing functional
requirements, few thought and projects have been done on thenon functional properties. Furthermore,
there are no existing approaches addressing the adaptationcross all the functional layers of the service
based systems with respect to a variety of information discussed earlier. The proposed approaches
address either only particular functional layer, or a particular problem e.g. identification mismatch.

The table also shows that in the adaptation research, the trend is toward all-in-one solutions by
integrating a maximum of requirements in order to have a complete framework.

Moreover, some other important aspects such as contextual information is thought-worthy. In fact,
insignificant investigations have tackled the context whenadapting the system, while its application
gained more and more the service based systems.

3.4.2 Strategies

Figure 3.2 categories the presented approaches with respect to the adaptation strategies. The table
represents the dynamicity of the strategies, the degree of the automation, the methodology used for
the adaptation and finally the language and notation used when expressing the strategy.

This table shows that the research on the adaptation strategy has exploited both static and dynamic
type. However, the trend is toward the dynamic and automaticadaptation when a change is tackled at
run time behavior without any changes in the implementationpart.

Furthermore, there are several problems in the way the methodology of the adaptation is han-
dled.In fact, in some projects the direction of the adaptation is not discussed or unclear, due to the fact
that the adaptation can be automatic and handled at runtime behavior or in the implementation time.

Moreover, the notations and the languages needed to specifythe strategies are wide-ranging. Only
few approaches use standards to express the way the adaptation is performed.

3.4.3 Implementation

Figure 3.3 describes the comparison of the presented approaches with respect to the implementation
views. The figure shows the timing of performing the adaptation, where it is performed, the way
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Approach Objective Information Type/Model Location Specification/Association
F/NF Scope Type Model Int/Ext Layer Goal/Event Impl/Expl

IVS semantics F global comp behav ext BP goal expl
PMAS semantics F global comp both - SC event impl
SCBP semantics F global comp interf ext BP event expl
METEOR configuration F local comp behav int SC/SI - impl
CSANF HCI NF - param behav ext BP/SC event -
ECD performance F global param interf int BP event impl
ASFB performance F local comp interf int BP goal expl
PAR QoS F local param interf int BP goal expl
NSLA SLA NF local param interf ext SC goal expl
UDP user needs NF local comp interf - SI - expl
LPV performance F global param interf int SC event expl
DIAM diagnosis F global param interf int SC/SI goal impl
TASOA mismatch F global param interf int SC/SI goal impl
SELF recovery F - comp behav int BP/SI event impl
ALR learning F global param interf int SC/SI goal impl
AGA mismatch F global comp behav int BP event expl
AOPA mismatch F local param interf int BP/SI event expl
SAAI integration F global param both - BP event expl
DAI integration F - param interf - BP event -
RAAOP SLA NF local comp behav int SC/SI event -
ASCE QoS F/NF - comp behav - SC goal -
SCENE - F local comp behav int SC event impl
ASRAI mismatch F local comp both ext SC event impl
ASF QoS NF - param - ext BP - -
PAWS configuration F global param interf ext BP goal impl
BPD performance F - param - - - - -
CMA QoS/context F global param interf int BP event expl

Figure 3.1: Comparing requirements

it is integrated into the application architecture and execution process, and finally the supporting
paradigms employed by each approach.

The implementation of the adaptation can hold along the lifetime of the application, ranging from
design over deployment, startup time to runtime. But, the adaptation at runtime is more used. We
can also combine those results with those from the comparison of the strategies and notice that the
applications enabling adaptation during the runtime are classified as dynamic application and those
enabling the adaptation at design/compile/starting time are classified as static applications.

The distributed way is more adapted than the centralized manner. In fact, the existing systems
performed the adaptation internally and then propagate thechanges among the components. Besides,
the degree of the integration of the adaptation is sparse, ranging from tightly integrated into the
platform over injected to self-adaption. We can also noticed that the self adaptation/healing systems
are recently considered as the trend of the new systems for the adaptation.

Furthermore, the table depicts that the computational and component paradigms have been rel-
atively more studied than aspect-oriented programming. Nevertheless, the very recent trend is to
separate concerns for both functional and non functional aspects.

Moreover, none of the existing approaches have studied the complexity in the implementation.
How much the adaptation is complex at any time of the lifetimeof the application according must be
addressed. Furthermore, none of existing approaches is related to industry rather to academia.

3.5 Related Work on Adaptation in Information Systems

Due to the constant changes in information systems, the adaptation has been considered crucial. It
has been identified and studied in various information system disciplines. Here, we discuss and show
how to handle the adaptation in component based software Engineering, in software product line and
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Approach Dynamicity Degree of automation Methodology Language/Notation
IVS dynamic auto - constraint language
PMAS dynamic semi-auto top-down constraint language
SCBP dynamic semi-auto top-down DSLs/declarative
METEOR dynamic - - DSLs/declarative
CSANF dynamic semi-auto backtracking Constraint language
ECD static manually top-down BPEL
ASFB dynamic auto backwards BPEL
PAR dynamic auto top-down BPEL
NSLA dynamic semi-auto top-down DSLs/declarative
UDP dynamic auto top-down DSLs/declarative
LPV dynamice manually - DSLs
DIAM dynamic auto - BPEL, DSLs
TASOA dynamic auto - BPEL, DSLs
SELF dynamic auto - BPEL,WSCOL,WSRel
ALR dynamic auto top-down -
AGA dynamic auto top-down BPEl,Yawl
AOPA static semi-auto top-down BPEL/aspects
SAAI static semi-auto - BPEL/procedural
DAI static manually top-down BPEL
RAAOP dynamic on-demand - specific language
ASCE dynamic manually backtracking -
SCENE dynamic auto bottom-up ECA/declarative
ASRAI dynamic semi-auto top-down DSLs/declarative
ASF dynamic manually - DSLs/declarative
PAWS dynamic auto - OWL,DSLs/declarative
BPD static manually context DSLs
CMA dynamic manually context OWL, BPEL

Figure 3.2: Comparing the strategies

parallel programming. We will see, they share the same concerns presented for the SBA.

3.5.1 Adaptation in Component-Based Software Engineering

The problem of building adaptive computing systems has gained dramatically more interest over re-
cent years. The emergence of ubiquitous computing and the growing demand for autonomic comput-
ing are the main factors entailing this interest [110]. Ubiquitous computing aims to remove traditional
boundaries for how, when, and where humans and computers interact. To do this, computer systems
must adapt to its environment of computing platforms and communication networks. Autonomic
computing refers to the ability of a system to manage and protect their own resources. Such systems
require run-time adaptation in order to survive failures, network outages, and security attacks.

In [111] the authors identify the following groups of reasons for software system adaptation:
corrective (remove faulty behavior), adaptive (response to changes affecting the context), extending
(extend the system with new functionalities), and perfective (improve characteristics of an applica-
tion). The authors also classify the adaptation into the following classes: architectural adaptation
(affect the structure of the system), implementation adaptation (affect implementation of the compo-
nents without changing the interface), interface adaptation (affect the interfaces of the components),
geography adaptation (affect distribution of the components over the network). Orthogonally to this,
adaptation approaches in [110] are classified into parameter adaptation, where the variables that de-
termine the system behavior are affected, and the composition adaptation, where the structural parts
of the system are changed.

The rapid growth in the area of adaptation in software engineering is explained by a set of tech-
nological reasons [110]. Separation of concerns, computational reflection, and component-based
design provided programmers with the tools to construct adaptable system in a systematic way, while
widespread use of middleware provided a place to locate and enable adaptive behavior. These tech-
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Approach Timing Location Techniques
Topology Degree/Integration

IVS design/runtime central injected computational
PMAS design central tightly-integ computational
SCBP design/runtime distributed injected computational
METEOR design/deploy distributed tight-integrated component
CSANF runtime distributed injected computational
ECD design distributed tightly-integ computational
ASFB runtime central tightly-integ computational
PAR design distributed tightly-integ computational
NSLA runtime distributed injected component
UDP design central - computational
LPV design/runtime distributed tightly computational
DIAM runtim distributed self-adaptation computational
TASOA runtime distributed self-adaptation computational
SELF design - self-adaptation AOP
ALR runtime - self-adaptation computational
AGA runtime distributed self-adaptation computational
AOPA design central tightly-integrated AOP
SAAI runtime central injected component
DAI runtime distributed injected computational
RAAOP runtime distributed self-adapta AOP
ASCE Deploy/runtime distributed injected computational
SCENE design/deployment/runtime distributed injected component
ASRAI runtime distributed injected component
ASF design distributed - -
PAWS design/runtime distributed self-adaptation computational
BPD design/runtime - - component
CMA design/runtime distributed injected component

Figure 3.3: Comparing the implementation

nologies, combined in different ways, lead to the development of a wide range of application adapta-
tion approaches and principles [110, 112].

Separation of concerns provides a way to separate development of the functionality and the cross-
cutting concerns (e.g., quality of service, security). This principle has become one of the cornerstone
principle in software engineering, and has lead to a wide spread od aspect-oriented programming
(AOP) approach [113]. AOP supports adaptation in several ways. First, many adaptations are rela-
tive to some crosscutting concern (e.g., quality-of-service) and therefore AOP may be used to define
and implement this concern. Second, it permits delaying themodification of the system to run-time,
making adaptation more flexible and dynamic.

Computational reflection refers to the ability of a program to reason about, and possibly alter, its
own behavior. Reflection enables a system to reveal (selected) details of its implementation without
compromising portability. It comprises two activities: introspection (enables an application to observe
its own behavior) and intercession (enables a system or application to act on the observations and
modify its own behavior). Together with AOP, it allows for observing and reasoning on the system
behavior, enabling its run-time modification.

Component-based design comes with well-defined interfaces, providing a way to develop sep-
arately providers and consumers independently, and, therefore, promoting component re-use. We
remark that this technology was further advanced by the service-oriented architecture providing even
better de-coupling, interoperability and re-use of the underlying services (components).

Middleware is a set of services that separate applications from operating systems and protocols.
These services include high-level programming abstractions, different aspects (QoS, security, fault
tolerance, persistence, transactionality), and specific functionalities. Since middleware provides an
abstraction of many adaptation-related concerns, it serves as good place for implementing adaptation
mechanisms.
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The above technologies and principles has many similarities with the service-oriented architec-
tures and technologies for the SBA development. Not surprisingly, a wide range of adaptation ap-
proaches for SBAs adopt similar concepts as the ones for component-based software systems, such
as aspect-oriented approaches, use of middleware for realizing adaptation, etc.

3.5.2 Adaptation in Software Product Line Engineering

Software product line engineering (SPLE [114, 115]) has proven to be the paradigmfor developing a
diversity of similar software applications and software-intensivesystems at low costs, in short time,
and with high quality. Numerous reports document thesignificant achievements of introducing soft-
ware product lines in industry [115].Key to SPLE is to define and realize the commonality and the
variability of the productline and its applications. The commonalities comprise the artifacts and the
propertiesthat are shared by all product line applications. The variability defines how the variousap-
plications derived from the product line can vary. A prerequisite for managing softwareproduct line
variability is the explicit documentation of the variability.

A Framework for Software Product Line Engineering

The SPLE framework depicted in Figure3.4 illustrates the two product line engineering: processes
domain engineering and application engineering. The framework has been developed in the context
of European SPLE research projects ESAPS, CAFE, and FAMILIES [116]. The domain engineering
process is responsible for defining the commonality and the variability of the applications of the prod-
uct line [117]. Furthermore, the do-main artifacts are realized which implement the commonalities
and provide the variability required to derive the set of intended applications. The domain artifacts
constitute the product line platform and include, among others, requirements models (e.g., use case
diagrams), architectural models (e.g., component or classdiagrams) and test models. The application
engineering process is responsible for deriving applications from the domain artifacts. Application
engineering exploits the variability of the domain artifacts by binding (resolving) variability according
to the requirements defined for the particular application.

By splitting the overall development process into do-main engineering and application engineer-
ing a separation of the two concerns building a robust product line platform and creating individual,
customer or market specific applications is established.

Two Approaches for Modelling Variability

To model the variability of a product line, two principle types of approaches are proposed in the
literature. One type of approaches proposes to integrate variability information into existing models.
For example, extensions for UML models by defining stereotypes for product line variability are
proposed (e.g., see [118]), or feature models are extended to facilitate the documentation of variability
information (e.g., FORM [119], CBFM [120]). The other type of approaches proposes employing a
dedicated variability model, i.e. those approaches argue that variability should not be integrated into
existing models, but defined separately. Among, others, theOrthogonal Variability Model (OVM,
[115]) has been proposed for documenting software product line variability in a dedicated model. In
a dedicated variability model only the variability of the product line is documented (independent of
its realization in the various product line artifacts). Thevariability elements (Figure3.5)in a dedicated
variability model are, in addition, related to the elementsin the traditional conceptual models which
“realize” the variability defined by the variability model.

In a dedicated variability model, at least the following information is documented:

• Variation Point (“what does vary?”): This documents a variable item or a variable property of
an item.

• Variant (“how does it vary?”): This documents the possible instances of a variation point.
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Figure 3.4: SPLE Framework (simplified version of the one in [115])

• Variability Constraints: There can be constraints on variability, because product management
decided, e.g., not to offer certain combinations of variants in an application or because the
realization of one variant requires another variant to be present.

A Variability Modeling Method for Adaptable Services in Service-Oriented Computing [121]

The authors observe that techniques for modeling service-based systems mainly focus on the business
process and the service composition layer. However, those techniques do not satisfactorily address
how to model the flexibility which is required by business processes and services. In particular the
authors state that the variability of business processes and services is not explicitly modeled.

According to the authors, implementing adaptive service-based systems requires understanding
the variability of the business processes and of the environment in which the service-based system
will execute. This means that the range of variants which thefuture service-based system will cover
should already be defined during development time.

The contribution proposed to model the variability of a service-based system using principles and
methods from the field of software product line engineering.These include the explicit modeling of
commonalities and the variability of a software product line. The variability of a software product line
is modeled explicitly by variation points and variants. Theauthors observe that an adaptive service-
based system can have different types of variability, whichcan be found at the following layers of a
service-based system:

• Business Process Layer: This layer includes the definition of business processes from the cus-
tomer’s perspective. The authors use BPMN (the Business Process Modeling Notation) to
model the business processes. The required flexibility in the sequence of activities of a busi-
ness process is called Workflow Variability by the authors.
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Figure 3.5: Variability Model and relationship to existingconceptual models

• Unit Service Layer: This layer includes the definition of service units from an architect’s per-
spective, which are necessary for handling a business process. The dynamic composition of
services is called Composition Variability and it is modeled using BPEL (The Business Process
Execution Language).

• Service Interface Layer: This layer includes the definitionof service interfaces which reflect
the requirements of the service units. The interfaces are described by WSDL (The Web Service
Description Language). If alternative interfaces are defined this is called Interface Variability.

• Service Component Layer: This layer includes the implementations of services (according to
their interfaces). Variations in the implementation of an interface are called Logic Variability.

For a description of web services and their composition, theauthors use WSDL and BPEL. Both
concepts employ XML as description language. The respective XML schemas thus are expanded to
describe additional properties and composition possibilities of services. The already presented vari-
ability at Unit Service Level and Service Interface Level are inserted into the relevant XML schema
with the identifier VType. In this way in BPEL variability is introduced in the XML schema via the
BPEL “extension” tag.

By determining the variability types and simple XML-based description of variability, the vari-
ability of an adaptive service-based system can be explicitly documented.

The proposed approach is demonstrated by an abstract of an XML-descriptions which shows how
variability can be described in XML. The example shows the application of the approach for the Unit
Service Layer and Service Interface Layer.

Using Product Line Techniques to Build Adaptive Systems [122]

According to the authors, increasingly distributed systems have to be adapted to changing user needs
and context changes during run-time, while ensuring that there are no substantial disruptions of the
current operation of the service-based application. As theauthors claim, this requires that potential
variations in the configuration of the system (in terms of components) must already be identified
during development of the application, such that the adaptation of the system will be successful
during run-time.

For designing highly flexible distributed adaptive systems, the authors propose to employ tech-
niques from SPLE. Similar to SPLE, where two distinct development processes (domain engineering
and application engineering) exist, the authors separate between common architectural elements and
variable components. This differentiation is made at the conceptual level and the variation points and
their variants are documented in so-called Blueprint Plansand Composition Plans respectively. A
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Blueprint Plan - from the architect’s perspective - documents an atomic component, which can con-
sist of several implementation classes that realize this component. As a consequence, a blueprint plan
documents the variation with respect to the implementationof a component. In a Composition Plan,
a component is described that is composed of other components. The variability in such a (partial)
component architecture is expressed by the concept of a “role”. Roles - as proposed by the authors
- specify the functionality of each single component and itspossible interactions with other compo-
nents. Unfortunately, the authors do not provide further details on the concept of roles. In addition
to the plans, the following kinds of specifications are introduced: Connection Spec, Port Delegation
Spec and Node Deployment Spec. These specifications describe compositions, invocation sequences,
instantiation of components and their variants in more detail. However, the authors do not explain
how to select a component variant. In order to determine at run-time whether an elected composition
fulfils the requirements of the system environment, the following cascade of actions is executed (see
figure3.6). First, a so-called Context Manager evaluates the information from the system environment
and the plans (i.e., the blueprint and composition plans) ofthe active components and forwards the
result to the so-called Adaptation Manager. The AdaptationManager decides whether a new plan of
component composition is necessary. If required, a so-called Configurator carries out the adjustment
steps as instantiation, binding, separation or removal of components.

Figure 3.6: Platform architecture

The proposed solution is not applicable for situations thatrequire dealing with unpredictable
changes. This is due to the fact that in order to adequately respond to such kinds of changes, the
developers have to explicitly describe these changes and develop associated component plans before
the service-based application is deployed. After realization and registration of this variant, it can
also be invoked or replaced by another variant at runtime. Currently, the proposed approach does not
support handling dependencies between variation points and variants.

The proposed conceptual building blocks (blueprint plan, composition plan, etc.) support the
developers in explicitly modelling variable characteristics of components and support the developers
in managing variation during design and implementation of adaptive systems.

The approach has been applied to a simple example from the network area, where the focus was on
how to deal with variable bandwidth and availability of mobile data services. The proposed solution,
applied to this example, was able to provide the required adaptation capabilities during run-time.
Further, the approach has been used in two industrial projects.
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Supporting Runtime System Adaptation through Product LineEngineering and Plug-in Tech-
niques [123])

According to the authors, existing adaptation approaches either focus on the context-, contract- or
goal-driven adaptation of applications. For the end-users, there is hardly any support for user-specific
adaptations of their software during run-time. The authorsthus see a challenge in devising an intuitive
and easy to handle approach for the user-driven adaptation of applications.

The contribution proposes to integrate of techniques for variability modeling from the area of soft-
ware product line engineering (SPLE) and plug-in techniques for extension, adaptation and evolution
of software systems. This integrated approach is designed to support users in adapting their systems
to their individual work situations. This support is enabled through wizards. The wizards allow a
user to select the desired working aids from a digital question catalog. The working aids which are
selected are linked to an internal variability model. This variability model in turn is connected with a
selection of the plug-ins that implement the variants. Thereby, an application can be (re-)configured
based on a user’s intentions. The variability model describes the scope of the adaptation in form of in-
cluded and excluded components, which represent the technical implications of adaptation decisions.
That means that only components can be uploaded, which are linked to the variability model and rep-
resenting “known” variants. With the help of the plug-in concept, it is possible to dynamically upload
components in the run-time environment, and thereby allow the integration of new components into
the running system.

The benefits of the approach are on the one hand, that it enables end-users to (re-)configure
their working area according to their current needs. On the other hand, the link between variant
selection and system (re-)configuration is established by integrating two well-established concepts.
The integration of those concepts allows user-driven adaptation of an application at run-time.

The approach has been implemented as follows: The variability model and decision model have
been realized based on the DOPLER tool suite (Decision-Oriented Product Line Engineering for ef-
fective Reuse, see [124]. The decision for the plug-in platform was made for .NET technologies
(assembly with explicitly specified extensions and slots, deployment). The approach has been de-
veloped in cooperation with a company and has been tailored according to the business cases of this
company. The application scenarios are e.g. on-the-fly product adjustments for sales, targeted soft-
ware upgrades, configuration analysis in productive systems, role-specific system configurations and
tailored on-line training programs for learners.

Dealing with Changes in Service-Oriented Computing Through Integrated Goal and Variability
Modelling [125]

According to the authors, dealing with changes in service-oriented systems requires the following
information:

• knowledge about the rationales for decisions;

• understanding the alternatives;

• traceability between stakeholders’ goals and technical realization elements.

In addition they observe that very flexible and adaptable systems cannot be fully specified in
advance and thus postulate that design methods and modelling techniques are needed in order to
describe flexible and evolvable systems as far as possible ina declarative way.

The approach proposes integrating goal modelling and variability modelling techniques. This is
done by identifying variability aspects ini∗ goal models and by proposing an approach for mapping
i∗ models to variability models. Those variability models in turn are then refined and employed to
support monitoring and adaptation of service-oriented systems.

The proposed approach focuses on the following two “directions” of changes:
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1. Top-down stakeholder-driven changes: A new requirementaffects existing services or service
architecture. Maybe negotiations with 3rd-party service providers are needed and new SLAs
are “signed”. The new decisions have to be considered withinthe service architecture through
reconfiguration.

2. Bottom-up monitoring-driven changes: Monitoring results demand changes within the current
service configuration to fulfil SLA directives.

In order to deal with both kinds of changes, the authors statethat the following facts need to be
considered:

• common and specific (individual) goals of different stakeholders;

• knowledge about the current service configuration;

• information about alternative service configurations;

• traceability information to handle dependencies between goals, service types, services and ser-
vice instances (see definitions below);

• kind of representation of the system at different levels to understand the assignment of stake-
holders’ needs down to the current and alternative system configurations.

The proposed approach allows modelling these different facts together with traceability and variability
information to support system adaptation. In order to map between these facts, the authors propose
integrating the meta-models ofi∗ and the variability modelling language used.

To map concretei∗ models to variability models, the authors have identified six different types
of variability (e.g. softgoal and instance variability) and show how these can be specified with the
differenti∗ modelling constructs and map to variability models.

The mapping betweeni∗ models and variability models is supported by the DOPLER tool suite.
The Variability management engine (VME) of this tool is usedto manage the variability model of
available service instances, services, and goals togetherwith the relevant traceability information.
Additionally, the engine computes the impact of changes based on the monitoring results or based on
user-triggered adaptations. The Monitoring component of the tool receives its monitoring parameters
from the VME and offers additionally runtime parameters (e.g. response time, service-life-cycle).
The Adaptor component of the tool ultimately performs the requested updates of the service-oriented
system.

The approach presents how a variability model can be derivedfrom ani∗ goal model and how
this variability - derived from the goal model - can be employed to support the monitoring as well as
adaptation of service-based applications.

The approach is illustrated by two scenarios demonstratinga top-down-change and a bottom-up-
change in a virtual travel booking system. It is illustrated, how a change has to be considered on the
different layers (e.g. goal definition, variability modelling, service implementation, monitoring and
adaptation mechanism).

3.5.3 Dynamic Adaptation for Parallel Programs

Parallel and distributed programming can be used as a basis to build single high performance services.
In this case the design of a High Performance service is a “flavour” of parallel programming because
the service is implemented as a parallel program. This seemsto be the simplest case.

With this view in mind, the composition of High Performance services is not so easy because if the
interface of a service is implemented within a single node ofthe system, all requests will be serialized
between these services, thus the composition of parallel services have no chance to guarantee the
same level of performance. In this case, one can reuse the “parallel component” based approaches for
Grid computing such as GRID CCM [126] allowing efficient communication and described in more
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details in deliverable PO-JRA 2.3.1. Within such a component model, the internal logic of the service
can be self-adaptable by using the infrastructure facilities such as load balancing and scheduling.

Another view of parallel and distributed Grid computing is to see a parallel (distributed) program
as a special composition of services. In this case, some tools designed for parallel programming can be
used or customized for orchestration and choreography of services. Things are not so simple because
parallel programs communication model is message passing model and not based on client/server
approaches,so quite far from service oriented compositions.

However, in GRID computing some attempts to design self-adaptable software have been done
independently of the communication model, thus can be reused for services : ASSIST [127] and
Dynaco [128]

3.6 Observations

3.6.1 Key challenges

If Web services technology shall be applied to a broad spectrum of applications, it will have to be
significantly improved with respect to some capabilities. In particular, in dynamic environments it
must be possible to quickly implement and deploy new services, to enable ad-hoc modifications of
single service instances at runtime (e.g., to add, delete orshift service steps), and to support evolution
that might occur in the environment. These requirements must be met without affecting service
consistency and by preserving the robustness of the applications.

There are many research issues concerning adaptation that users will further benefit from the
advances:

• The integration and verification of domain knowledge will help in the development of adaptive
service management technology. It is necessary to design a framework for defining semantic
constraints over services in such a way that they can expressreal-world domain knowledge on
the one hand and are still manageable concerning the effort of adaptation.

• Providing correctness criteria to decide how to adapt web services.

• Identification of actual differences between the (interface and protocol) specifications of a given
pair of Web services, and the composition of adapter template solutions for resolving mis-
matches between protocols to generate the adapter code.

• Another interesting issue is to investigate a framework forautomatic adaptation that accom-
modates hybrid constraints. In this case, a possible solution is to study a way to combine
solvers. This will provide more flexibility and let users concentrate on requirements rather than
on implementation.

3.6.2 Conclusion and research perspectives

This survey is motivated by the problem of identifying and analyzing approaches for adaptation in the
context of Web services. This problem has become extremely important in the age of the world-wide
web, Internet connectivity, and globalisation, but also due to the numerous architectural decisions to
be made and their impact on quality goals. The importance of the problem was, for example, recog-
nized and emphasized by many researchers and organizations, which consider design methodologies
and maintenance for advanced service-oriented applications as a main challenge problem. As a result,
there have been numerous efforts by leading research groupsto address this problem. All this is to
say that the general motivation for the problem of adaptation is widely accepted as being very strong
and of recent interest.

Current approaches for adaptability of service based applications mostly focus on the infras-
tructural layer or on specific aspects of the behaviour of service compositions, such as binding and
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enactment. Comprehensive approaches covering higher-level aspects of the service composition and
coordination layer and the business process management layer are still to be defined. So far, no inte-
grated cross-layer approach to adaptation has been devised. In service based applications, adaptation
can invoke different services. Traditionally, these services are web-services that deliver computational
and informational services to users. More recently, declarative user-interface definition languages and
tools can enable automatic user interface development based on invoked services, thus enabling co-
herent adaptation of both the application behaviour and itsuser interface. Several emerging standards
and technologies provide important input to the integration of research activities in user-level adapt-
ability.
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Glossary

• Adaptation is a process of modifying Service-Based Application in order to satisfy new re-
quirements and to fit new situations dictated by the environment on the basis of Adaptation
Strategies designed by the system integrator.

• Adaptation Requirements and Objectivesare the requirements and needs that the Service-
Based Application should achieve in reaction of critical changes and events.

• Adaptation Strategiesdefine the possible ways to achieve Adaptation Requirementsand Ob-
jectives given the available Adaptation Mechanisms.

• Adaptation Mechanismsare the tools and mechanisms provided by the underlying platform
in different Functional Layers of Service-Based Application that allow for implementation of
various Adaptation Strategies.

• Adapter is a hardware device or software component, that converts transmitted data from one
presentation form to another.

• Aspect-Oriented Programming (AOP) is a programming paradigm that attempts to aid pro-
grammers in the separation of concerns, specifically cross-cutting concerns, as an advance in
modularization.

• Business Activity is apart of a business process consisting of a series of activities implemented
across workflow systems, ERP systems and legacy applications, possibly across organizational
boundaries.

• Business Activity Monitoring provides near real-time monitoring of Business Activities, mea-
surement of Key Performance Indicators, their presentation in dashboards, and automatic and
proactive notification in case of deviations.

• Business Intelligence (BI)refers to technologies, applications and practices for thecollec-
tion, integration, analysis, and presentation of businessinformation and also sometimes to the
information itself.

• BPEL (Web Services Business Process Execution Language)is a de-facto standard language
for specifying business process behavior based on Web Services.

• Component-based Software Engineering (CBSE)is a branch of the software engineering
discipline, with emphasis on decomposition of the engineered systems into functional or logical
components with well-defined interfaces used for communication across the components.

• Computational reflection refers to the ability of a program to reason about, and possibly alter,
its own behavior.

• Context refers to the physical and social situation in which a Service-Based Application or
a service is embedded. It is defined by any information that can be used to characterize the
situation of an entity - be it a person, a place or a physical orcomputational object.
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• Diagnosisis the process of finding the cause of a problem starting from an observable mani-
festation (symptom) of the problem itself.

• Evolution of Service-Based Application is a long-term history of continuous modification of
SBA after its deployment in order to correct faults, to improve performance or other attributes,
or to adapt the product to a modified environment.

• Grid Computing is on-line computation or storage offered as a service supported by a pool of
distributed computing resources, also known as utility computing, on-demand computing, or
cloud computing. Data grids provide controlled sharing andmanagement of large amounts of
distributed data, often used in combination with computational grids.

• Key Performance Indicator (KPI) are financial and non-financial metrics used to help an or-
ganization define and measure progress toward organizational goals. KPIs are used in Business
Intelligence to assess the present state of the business andto prescribe a course of action.

• Mediation refers to an activity in which a neutral third party, the mediator, assists two or more
parties in order to help them achieve an agreement on a matterof common interest.

• Middleware is layer of services separating applications from operating systems and network
protocols.

• Monitor is a program or a set of programs that observes the execution of SBA.

• Monitoring is a process of collecting and reporting relevant information about the execution
and evolution of the Service-Based Application.

• Monitoring Events are the events that deliver the relevant information about the application
evolution and changes in the environment.

• Monitoring Mechanisms are the tools and facilities for continuous observing and detecting
relevant Monitoring Events.

• Optimization of Service-Based Application is the process of modifying anapplication to make
some aspect of it work more efficiently or use fewer resources.

• Parallel programs refer to a set of software technologies to express parallel algorithms and
match applications with the underlying parallel systems.

• Process Miningis a set of techniques and methods that allow for the analysisof business pro-
cesses based on event logs. They are often used when no formaldescription of the process can
be obtained by other means, or when the quality of an existingdocumentation is questionable

• Recovery (Repair)is a process of restoring the application after failing to perform one or more
of its functions to fully satisfactory execution by any means other than replacement of the entire
application.

• Service-Based Applications (SBA)is an application composed by a number of possibly in-
dependent services, available in a network, which perform the desired functionalities of the
architecture. Such services could be provided by third parties, not necessarily by the owner of
the service-based application.

• Service-Level Agreement (SLA)is that part of a service contract where the level of service
is formally defined. In practice, the term SLA is sometimes used to refer to the contracted
delivery time (of the service) or performance.

• Software Product Line Engineering (SPLE)refers to engineering methods, tools and tech-
niques for creating a collection of similar software systems from a shared set of software assets
using a common means of production.
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