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A SURVEY ON MANAGING CHANGES IN
SERVICE BASED SYSTEMS

V. Kavitha* and P. Shanmugapriya**

Abstract: In service-oriented computing paradigm, inter-organizational applications and information systems can
be built upon services from different service providers. Services are subject to changes required by the clients,
organizational and changes in regulatory policies. The demanding problem of service change management has
been studied actively in recent years. This paper provides an extensive overview of the current research on change
management, Analysis of change and its impact in the context of service-oriented computing. Service changes are
classified into functional and non-functional changes. Then, we review the existing work on change management
based on Service Adaptation, Change Analysis and Management in Service Compositions. In each category, the
discussion is based on focusing changes, the proposed approaches to dealing with the change problems, and the
change issues that remain to be solved.

Keywords: Service-oriented computing, Change management. Change analysis, Change Impact, web services.

1. INTRODUCTION

Change management is a conventional problem and an indispensable part in the development and
preservation of software based systems, due to the progress nature of computing programs [40]. Change
management has been studied in a wide range of research areas: software engineering [35,39,40,50,51,61],
distributed systems [21,38,76], database management systems [6,7,27,73,84,86,87], information systems
[19,71], and workflow systems [15,17,31,32,62-65,68,69,77]. Closely related to the change management
in service-based systems, in the software engineering area, alteration approaches to mediating mismatches
between software components are proposed. In addition, for distributed systems and information
systems[78,80], ideology and methodology for managing evolutionary changes introduced to system
components and module that are not expected at the design time exist. These efforts are valuable and
can be leveraged to develop mechanism for the Web service adaptation and the change management for
Web service-based systems. Moreover, various type of changes of Web services that belong to different
service providers usually happen separately, which may affect Inter-organizational collaboration building
on these Web services. The workflow change management, which has been widely studied since 1990s,
is also related to the research on the change management for web service-based business process. The
focus is put on handling workflow schema changes (static change) and the exodus of work-flow instances
(dynamic change) when their schemas change. However, due to the vibrant nature of Web services and
the multifaceted relationships between services and business process, these studies are insufficient to fully
address the change issue and support the flexibilities for service-based business process.

SOC facilitates the low-cost and swift composition of loosely coupled applications. Inter-organization
application can be built-up by integrating dissimilar types of web services from diverse service providers.
Due to a range of origins such as governmental policies, ecological conditions, client requirements and
technology, services may need to vary from time to time. A service can revolutionize in many aspects
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including its interface, industry protocol as well as QoS attribute. A change of a service interface and
an industry protocol may cause incompatibilities between parities. Moreover, a multifaceted service
may be supported by no of fundamental business processes [56]; a change to the service frequently
requires changes applied to its supporting business processes and to other services the same business
processes hold. Service-based application and information system will need to function correctly despite
of predictable and unpredicted changes related to web services and business processes. Therefore, when
a transform happens, it is important to understand the type of this change, the change crash including
the pretentious scope and how deeply it affects the entire system and method to handle it. Due to the
distributed and vibrant characteristics of services, change management is a demanding issue in service-
based environments [54,56,58].

A allusion architecture also has been developed for managing vibrant inter-organizational business
processes which consider a set of functional and non-functional requirements for eSRA that comprises
gears on three refinement levels and their information exchanges. The interacting parties must be able
to defend their business secrets and the overall performance of an eSRA-acquiescent system must not
obstruct business interaction[90].

The end goal of the service change management is to understand change automation in the entire life
cycle of web service-based applications. The reason of this paper is to provide an widespread survey of the
existing research on change management in service-based environment. This paper, reviews the existing
research from the following categories:

Service Adaptation refers to the facility of web services to fine-tune themselves in order to conquer
incompatibilities caused by changes in interacting services at the level of interface and/or external behavior.
The main idea for service adaptation is about designing adapters/operators to intercede a range of types of
differences between Web services. To generate adapters, a number of approaches have been used based on
the foremost types of mismatches among service interfaces and/or business protocols.

Service Evolution is the procedure of changing services animatedly and constantly. In this branch
of research, strategy and mechanism supporting Web service versioning control and growing service
stipulation such as business protocols are recommended.

Changes Analysis and Management in Service Compositions Web services operate in highly
vibrant environments. Participant services in a service composition, particularly for long running service
compositions, may vary at any time. In the literature, we have seen a number of efforts that provide
mechanisms for changes analysis and management in service composition. The center of attention is on
detecting, analyzing, propagating, as well as reacting to service changes.

This paper is organized as follows. In Sect. 2, we classify the types of changes that can happen to
services into two categories as functional and non-functional changes. In Sect. 3, we review and summarize
the methodologies, technique, and approaches projected in the literature for dealing with the various types
of change issues. Finally, we conclude this paper in Sect. 4.

2. CHANGES IN SERVICE-BASED ENVIRONMENTS

Services are published, exposed, elected, and incorporated based on their external specifications, which
contains the information of signatures, message exchanging constraint and orders, QoS properties, and
behaviors of services. Due to a variety of reasons such as industry regulations, environment and client
requirements, services need to vary from time to time. A service can vary in many aspects of its external
specification, such as schemas of messages, operation granularity, message exchanging sequences, and
operation existence etc.
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The XML-based Web services specifications: WSDL and BPEL offer standards for relating the interface
and behavior of a Web service. Apart from these, we have seen an amount of modeling techniques: process
algebra [12,20,49], automata [10,16,18,25], and Petri nets [46-48,75,82-83] in the literature in order to
provide prescribed semantics for the behavior of Web services. This paper categorize the changes that can
happen to services into the following two broad categories:

1. Functional changes. It discuss about the behavior of a Web service ie. how it interact with its users
by exchanging messages. Behavioral changes comprise variations relating to service behaviors, for
example, changing order of messages in business protocols or removing activities in abstract BPEL
processes.

2. Non-functional changes. contain disparity of QoS properties. In general, the QoS of a service contains a
number of non-functional attributes such as privacy, standing, usability, and performance price, which
are important for the potential patrons of this service [44]. Services having analogous functions may
have dissimilar QoS parameters. QoS properties are vital criterion in forming service level agreements
(SLAS) between business partners. QoS properties of a Web service may vary at any moment. For
example, a service provider can adjust the price of its web services at any time.

A service change may be limited locally without any further crash on the entire system; it may also
deeply affect the complete value chain and has wave effects as well [56]. Thus, change detection and
impact analysis are critical and compound tasks in the change management for service-based applications
and information systems.

3. SERVICE CHANGE MANAGEMENT

This section discuss the work done for dealing with service changes in the framework of SOC. According
to the above two research categories, we shall firstly review the major approach and methods for adapting
service interfaces and protocols, which are significant means for handling convinced types of change
problems. Then, we will discuss the approaches planned in the literature for enabling process flexibility
and service fruition. Finally, we will focus on the effort for change analysis and management in service-
based systems.

3.1 Service Adaptation

Changes can root incompatibilities between interacting services. The existing Web service standards
such as SOAP and WSDL can solve the compatibility concern among Web services at the lower level
of abstraction, that is, messaging, incompatibilities still subsist at higher levels of abstraction, that is,
service interfaces and behaviors. Service adaptation refers to the ability of changing a service itself in
order to work together with other services [56]. Service adaptation is a vital means to reach interoperability
between services when alterations happen.

Recent research on service adaptation primarily concentrates on adapting service interfaces and
business protocols[2]. Adaptation at the interface level is about regulating interfaces in order to conquer
differences and incompatibilities among interacting web services. Aservice protocol describes the preferred
message exchange patterns between the service and its clients [9]. Adaptation at the protocol level is about
mediating the different types of differences between service protocols. There are two foremost types of
approaches to adapting services: adaptation based on mismatch patterns and adaptation based on formal
semantics.

3.1.1 Service adaptation based on mismatch patterns

Benatallah et al. [8] confer about scheming patterns for adapters based on a set of disparity patterns for
service interfaces and protocols. This research presents a general principle for dealing with web service
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adaptation based on taxonomy on service differences. Motahari-Nezhad et al. [52,53] presents semi-
automated mechanisms for perceiving and designing adapters to mediate some sorts of incompatibilities
between services.

Kongdenfha et al. [36] argued about the dissimilarity between an internal service accomplishment
and standard external specifications at the interface and protocol level. The business logic is treated as
the major concern, and the adaptation logic is specified as crosscutting concerns. The authors intended a
set of template to grip the mismatch types: S, O, E/M, and S/M. A prototype tool is build up to support
the template instantiation and implementation. The mechanism for designing adapters for coping with
some of the different types with special consideration, for example, minimal adapters [70], have been
recommended. Different from the above work, Ponnekanti and Fox [60] examines the interoperability
of independently growing Web services in Web-based applications. The goal is to enable replacement
of functionally similar services that are derivative from a common base. They recognize four types of
incompatibilities between Web services as structural incompatibility, value incompatibility, encoding
incompatibility, and semantic incompatibility. The researcher spotlight on the structural and value
incompatibility referred to as SV-incompatibility. The interoperability between Web services then can be
comprehend by semi-automatically generated cross-stubs.

In general, adapters are implemented as middleware mechanism that arbitrate two Web services
in a service environment. From the above description, we can study that automatic adapter generation
for mediating the different types of incompatibilities is a demanding task, particularly for semantic
incompatibilities. Relying on types of discrepancies, adapter templates, and mismatch discovery algorithms,
the generation of adapters for coping with a specific incompatibility needs human intrusion and input.
Efforts are still needed to offer automatic adapter generation mechanisms that can grasp seamless system
integration based on services.

3.1.2 Service adaptation based on formal semantics

To ease automated analysis of service compatibility, business protocols/service behaviors are described by
proper semantics such as finite state machine, Petri nets, and process algebra in an amount of studies. The
major work in this area divides into three associate-problems: service compatibility, protocol adaptation,
and behavioral interface adaptation. In the service compatibility category, the focal point is on defining,
sensing, and authenticating the compatibilities between services based on proper modeling tools.
The protocol adaptation aims at generating service adapters based on proper modeling notations. The
behavioral interface adaptation focus on the problem of fine-tuning behavioral interfaces. Bordeaux et al.
[12] explains a service as a labeled transition system, which has a set of states, transitions among states
and actions (receive/send messages). Lohmann et al. [45,46] and Martens et al. [47,48] both translate
BPEL processes into some sort of Petri nets so that exchanges between two BPEL processes can be
evaluated formally and automatically.

Martens et al. spotlights on properly defining and automatically examining compatibility and sameness
of service behaviors. Still for behavioral compatibility inspection and verification, Foster et al. [24] alter
BPEL processes into a so called finite state process information. Ponge et al. [59] focus on automated
analysis of compatibility among Web service protocols with timing constraints.

With the assist of LOTOS process algebra, Mateescu, Poizat, and Salaiin [49] affords a series of
tools to carry adapter generation. Brogi and Popescu [13] explain targeted BPEL processes into YAWL
workflows. Then, an adapter for the YAWL identify workflows is build, which is also in the form of YAWL
workflow. The freshly created adapter is examined for deadlocks and installed as BPEL process. Using
fuzzy logic, Pernici et al. [57] spotlight on the problem of choosing suitable adaptation approach for QoS
changes.
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Dumas et al. [20] believes the adaptation of behavioral service interfaces which enclose messages,
the order and constraints among these messages. A functional interface is explained by a set of traces
over an alphabet made up of communication actions. The authors classify six algebraic transformation
operators to arbitrate the dissimilar types of interface mismatches. For behavioral interface adaptation,
Quederni et al. [55] model an interface as a figurative transition system. Incompatibilities between user
and provider can be computed based on the formal model. From the above discussion, we can study
that formal modeling tools/languages offers a powerful means for formally defining and authenticating
service compatibilities and also regularly generating adapters for overcoming dissimilarity between Web
services/BPEL processes. These approaches need Web services/ BPEL processes to be converted into
formal notations in the initial place before any analysis and adaptation can be carried out.

3.2 Process flexibility

In [88], Barbara Weber, proposed 18 change patterns and seven change support features which — in
combination — allow for assessing PAIS change frameworks The introduction of change patterns
complements existing workflow patterns and permits for more meaningful assessment of existing systems
and approaches, particularly if flexibility is an issue In combination with workflow patterns the presented
change framework will enable (PA)IS engineers to choose the process management technology which
meets their flexibility requirements best.

Zeng et al. [87] sponsors a policy-driven approach for exemption management in BPEL processes.
The key plan is the disconnection of the business logic and the exception handling strategy. The specified
exception handling strategies are integrated with business logic at runtime to produce exception-aware
process schemas.

3.3 Service evolution

Service evolution refers to the process of adjusting a service through a sequence of steady changes [56].
It divides into (i) Web service versioning; (ii) service protocol evolution; and (iii) service evolution. In the
sub-problem (i), It spotlights on managing dissimilar versions of WSDL service. In (ii), the importance
is on the management for evolving service protocols. In (iii), the spotlight is on providing theorems and
methods for managing service evolution.

Service versioning attempts [14,22,23,29,3033,34,41] have been made for enabling Web service
versioning, that is, admitting Web services to evolve in a regulation and controlled manner. For example,
Kalali et al. [33] put ahead the requirements for developing a Web service registry, called service-oriented
monitoring registry, that can observe changes of Web services and reports service requestors when the
requested Web services are altered. Kaminski et al. [34] suggest a service design method, called chain of
adapters. Here, an adapter that mediates the dissimilarity among the new version and the old version. To
ease Web service versioning control, [14,22,28,37] proposes extensions to the latest Web service standards.
Brown and Ellis [14] supports the use of version namespace and numbers in UDDI entry to supervise
the evolution of Web services. Their method achieves backward compatibility by permitting numerous
versions of a Web service to sustain the earlier versions of that service. Diverse to the above work, [23]
offers an algorithm called VVTracker to notice changes in WSDL documents of successive versions of real-
world services, such as Amazon EC2, PayPal SOAP API3 etc. Based on the perceived interface changes,
possible effects on the maintainability of service systems are analyzed.

Service protocol evolution. Evolution of service protocols in service based environments is also
inspected by a few efforts [66,67,74]. In the framework of service protocols, the problem of fruition is
discussed from a static facet (modifying protocol definitions) and a dynamic aspect (managing running
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protocol cases when the protocol definitions changes especially for long discussions). Ryu et al [66,67]
spotlights on dynamic protocol evolution where ongoing discussions (protocol instances) have to to be
handled properly when the protocols alters. The researchers also deal with the issue of active conversation
exodus when there is no formal protocol for this discussion. A set of methods to examine the impact of
a protocol change on the active discussion are devised it also holds forward and backward compatibility.
Skogsrud et al. [74] spotlight evolution of confidence negotiation protocols. It finds the varieties of and
operators for handling current trust negotiations during a protocol amends are developed.

3.4 Change analysis and Management

Changes in services and business processes will influence each other as a result of the reliance relations
between them. In [91], argued about dependencies among services, a change in a assured service can
have such an impact on further services that these have to be changed to facilitate keep functioning.
An ontological approach to syntactical understanding of service compositions can result in errors in the
analysis. A tool that is able to analyze which services are exaggerated when a certain service is adapted
(dependencies), how the services are exaggerated when a certain service is adapted (effects), and what
is the finest way to deal with this service adaptation (advice). In [89], Xumin Liu, et.al, proposed a
framework for efficiently managing top—down changes in LCSs, focusing on changes that result in the
replacement or addition of a Web service. They proposed a two-phase optimization approach where in
the first phase, the selection of Web services is based on using reputation as the key parameter. In the
second phase, the non-functional QoWS is used to narrow down the set to those Web services that are both
reputable and best meet the QoWS. A formal model to provide the grounding semantics to support the
automation of multi change management, including web service ontology and an LCS schema has been
proposed. It then defined a set of change operators to specify top-down multi changes based on the formal
model. For the change operators, that proposed a set of algorithms to automatically implement them. The
correctness of the LCS is also ensured during the process of change enactment. It implemented a prototype
of the proposed change enactment process to prove its practicality [92]. With the emerging role of web
services in business processes, the requirement of composing and executing them have begun to draw
high attention, and today the need to find the optimal web services composition for the business processes
is a challenging issue. The proposed technique addresses the issues of conflict detection and check the
correctness of the web service composition by selecting an optimal and reliable component web services
according to the change requirement. Workflow for the web service composition is generated based on
user’s request and makes a better web service selection for the composition[1]. The proposed web service
selection technique selects a best component web service for the each activity in composition workflow
and backup module provides a dynamic backup of a web service by one of its alternative [93]. In [95],
The change management process can be made very easily and provides much flexibility. First, the analyst
gets the services of the enterprise web service which are available and business logic schema file is loaded
for the service logic where he wants to do alterations. After doing changes, the equivalent source code is
generated for the changes done in the BL Schema. And finally the web service is re-installed automatically
for the changes done in the service code through BL Schema. At the client side, the modified services can
be accessed and can be included into the software process. The current system was modeled using FSM
(Finite State Machine) for analyzing dependencies where the states are represented as business rules (i.e.
functions).

Tudor Dumitras et al. [96] propose a novel framework for distributed implementation of change
management by separating the impact assessment (performed by the goal advisors) and the scheduling
and business value aggregation (performed by the orchestrator). This approach, centered around a
communication protocol rather than on implementation bindings, delegates the appraisal of change-
operation impact on service objectives to the objective-manager components in order to leverage their
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embedded domain-specific knowledge. This also allows us to coordinate changes that span multiple
administrative domains and heterogeneous services and software components. The framework takes
into account the impact of change management on the enterprise SLOs, the long-term KPI variation
and heterogeneous types and sources of change operations (both internal and external). We present three
deterministic scheduling algorithms and we compare experimentally the trade-off between their cost and
their loss of optimality.

In [97], identified a taxonomy of changes in SOEs using a bottom-up approach. In this approach,
describes triggering changes that may occur in Web services. These changes are then mapped to reactive
changes in SOEs. A proper change model based on Petri nets to exactly represent these changes has been
proposed. It also describes a change management framework based on our change model to provide
automatic management of changes in SOEs.

3.4.1 Support for change detection, analysis, and reaction

In [79], change impact analysis has been deliberated from the perception of an organization itself, that
is, how changes may crash on its supporting business process. The key idea is to define a set of change
impact patterns for capturing diverse types of change consequences. In [94], Change management in
service-oriented enterprises has emerged as a new research area entailing frequent nontrivial issues and
problems. Impact analysis and change propagation activities in service-oriented environments are more
multifaceted and demanding than traditional software systems. This revise was intended to regularly
review available literature on change analysis and propagation in service-based BPM systems. As SOA
and BPM are becoming leading technologies and their natural coalition is a desirable solution for business
agility and strength, noteworthy research work is necessary in this domain. We measured the convergence
of SOA and BPM across diverse layers of abstraction. A categorization scheme was proposed in this
regard, that covers both horizontal and vertical results of changes across numerous layers. Business
processes, policies, process models and complex Web services were considered at the business level,
while constituent services and messaging protocols were measured.

Non-functional change management: The study and management for non-functional changes including
QoS and strategy changes are not fully examined. Very partial efforts have been prepared for dealing with
QoS changes in service compositions. Liu and Bouguettaya [42,43] have recommended some approaches
for handling QoS changes in service-oriented ventures. In [11], change impact of QoS assessments on the
overall service composition is examined. Impact factor of a constituent service is calculated by considering
the dependencies in composition structure and SLAS, to calculate the importance of a Web service in a
service composition at runtime. However, still it is hard to understand the collision of non-functional
changes in service-based systems. Also, organization support is missing for the higher level of changes in
service systems such as policy changes. As a result, classy mechanisms and tools support are insisted for
analyzing and responding to these non-functional changes in business collaborations.

4. CONCLUSION

This paper provides an extensive review of the current research on change management in the domain
of service-oriented computing. Firstly, we have classified the major types of changes that may happen to
services into two broad categories: functional change and non-functional change. Then, we have reviewed
the main research on managing these types of changes from four broad categories: service adaption, service
evolution and change analysis, and management in service compositions. In each sector of research, we
have discussed the major approaches proposed in the literature to coping with various types of change
problems and pointed out critical issues that remain to be solved. More efforts are required for managing
non-functional changes including QoS changes and higher level of change: policy-induced changes in the
context of inter-organization collaboration.
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