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ABSTRACT 
In the service-oriented computing paradigm, inter-organizational applications and information systems can be built upon services 

from different providers. Services are subject to changes required by the user, organizational and regulatory policies changes. The 

challenging 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. First, classify service changes into two major types 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:  Keyword1:Service-oriented computing Keyword 2 : Change management Keyword 3 : Change analysis 

Keyword 4 : Change Impact Keyword 5: web services.  
             

INTRODUCTION 
 

Change management is a traditional problem and an essential part in the development and maintenance of 
software based systems, due to the evolution nature of computing programs [1]. Without being related to 
service-oriented computing (SOC), change management has been studied in a wide range of research areas: 
software engineering [2,3,4,5,6,7,8], distributed systems [9,10,11,12], database management systems 
[13,14,15,16,17], information systems [18,19], and workflow systems [21,22,23-30,31]. For example, the 
change management in database systems focuses on handling dynamic schema changes and evolution. Closely 
related to the change management in Web service-based systems, in the software engineering area, adaptation 
approaches to mediating mismatches between software components are proposed. In addition, for distributed 
systems and information systems, principles, and mechanisms for managing evolutionary changes introduced to 
system components and modules that are not expected at the design time exist. These efforts are valuable and 
can be leveraged to develop mechanisms for the Web service adaptation and the change management for Web 
service-based systems. However, they are insufficient for the reason that external specifications of Web services 
contain richer information than component interfaces. Moreover, various types of changes of Web services that 
belong to different service providers usually happen independently, which may affect cross-organizational 
collaborations building on these Web services. The workflow change management, which has been extensively 
studied since 1990s, is also related to the research on the change management for service-based business 
processes. The focus is put on handling workflow schema changes (static change) and the migration of work-
flow instances (dynamic change) when their schemas change. These results are useful for enabling BPEL 
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business process flexibilities, handling service protocol changes and evolution. However, due to the dynamic 
nature of Web services and the complex relationships between services and business processes, these studies are 
inadequate to fully address the change issues and support the flexibilities for service-based business processes. 

The SOC paradigm facilitates the low-cost and rapid composition of loosely coupled applications. Cross-
organization applications can be built-up by integrating heterogeneous services from different providers. Due to 
various origins such as organizational and regulatory policies, environmental conditions, user requirements and 
technologies, services may need to change from time to time.  

A service can change in many aspects including its interface, business protocol as well as QoS attributes. A 
change of a service interface and a business protocol may cause incompatibilities between interacting parities. 
Moreover, a complex service may be supported by multiple underlying business processes [32]; a change to the 
service usually requires changes applied to its supporting business processes and consequently to other services 
the same business processes support. In a word, a service change can have various types and different levels of 
impact on interacting services and associated business processes. Service-based applications and information 
systems will need to operate correctly despite of expected and unexpected changes related to services and 
business processes. Therefore, when a change happens, it is important to understand the type of this change, the 
change impact including the affected scope and how deeply it affects the entire system and the proper reaction 
to handle it. Due to the distributed and dynamic characteristics of services, change management is a challenging 
issue in service-based environments [33,34]. 

 Reference architecture also has been developed for managing dynamic inter-organizational business 
processes which considers a set of functional and non-functional requirements for eSRA that comprises 
components on three refinement levels and their information exchanges.  The collaborating parties must be able 
to protect their business secrets and the overall performance of an eSRA-compliant system Must not impede 
business collaboration. [35]. 

The end goal of the service change management is to realize change automation in the entire life cycle of 
service-based applications. We have observed theorems, guidelines, and approaches reported in the literature 
that deals with different change problems in the development and maintenance of service-based systems. The 
purpose of this paper is to provide an extensive survey of the existing research on change management in 
service-based environments. In this paper, we shall review the existing research from the following categories: 

 
Service Adaptation: 

refers to the ability of services to adjust themselves in order to overcome 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 mediate various types of differences between Web services. 
To generate adapters, a number of approaches are based on the major types of mismatches relating to service 
interfaces and/or business protocols; another branch of methods is based on formal modeling of services, such as 
Petri nets and state machines. 

 
Process Flexibility: 

Extensions to the BPEL specification are suggested in the literature to improve the flexibility of business 
processes. Requirements such as contextual information and QoS properties are also considered in some work in 
order to cope with changes relating to context and customer requirements. 

 
Service Evolution: 

is the process of changing services dynamically and consistently. In this branch of research, guidelines and 
mechanisms supporting Web service versioning control and evolving service specifications such as business 
protocols are suggested. 

 
Changes Analysis and Management in Service Compositions:  

Web services operate in highly dynamic environments. Participant Web services in a service composition, 
especially for long running service compositions, may change at any time, for example, operation of a Web 
service becomes unavailable. In the literature, we have seen several efforts that provide mechanisms for changes 
analysis and management in service compositions. The focus 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 behavioral and non-functional changes. In Sect. 3, we review and summarize the 
methodologies, techniques, and approaches proposed in the literature for dealing with the various types of 
change issues. Finally, we conclude this paper in Sect. 4. 
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2 Changes in service-based environments: 
Services can vary in functions ranging from checking a credit number to executing complicated business 

processes. Services are published, discovered, selected, and integrated based on their external specifications, 
which contain the information of signatures, message exchanging constraints and orders, QoS properties, and 
behaviors of services. Due to various reasons such as business regulations, application environments, and client 
requirements, services need to change from time to time. A service can change in many aspects of its external 
specification, such as data schemas of messages, operation granularity, message exchanging sequences, and 
operation existence etc., in order to engage in business collaboration. 

The XML-based Web services specifications: WSDL and BPEL provide standards for describing the 
interface and behavior of a Web service. Apart from these industrial standards for service description, we have 
seen a number of modeling techniques: process algebra [36,37,40-50], automata [51,52,53,], and Petri nets [54-
56] in the literature in order to provide formal semantics for the behavior of Web services. In this paper, 
abstracting from the modeling techniques of services, we categorize the changes that can happen to services into 
the following three broad categories: 

 
1. Functional changes: 

The behavior of a Web service describes how it interacts with its clients by exchanging messages. For 
instance, business protocols and abstract BPEL processes are common means of specifying service behaviors. 
Therefore, behavioral changes include variations relating to service behaviors, for example, changing message 
orders in business protocols or removing activities in abstract BPEL processes.  
 
2.Non-functional changes: 

Contains variations of QoS properties. In general, the QoS of a Web service includes a number of non-
functional attributes such as privacy, reputation, usability, and execution price, which are important for the 
potential customers of this service [57]. Services having similar functions may have different QoS parameters. 
QoS properties are important criteria in forming service level agreements (SLAs) between collaborating 
business partners. QoS properties of a Web service may change at any moment. For example, a service provider 
can modify the execution price or the penalty rate of its web services at any time. 

A change can have various levels of impact: a service change may be restricted locally without any further 
impact on the entire system; it may also deeply affect the entire value chain and has ripple effects as well [58]. 
Thus, change detection and impact analysis are crucial and complex tasks in the change management for 
service-based applications and information systems. In the following section, we shall review the major work 
that have been done for dealing with change issues relating to service interfaces, behaviors, and non-functional 
attributes 

 
3 Service change management: 

This section discusses the work done for dealing with service changes in the context of SOC. According to 
the above three research categories, we shall firstly review the major approaches and techniques for adapting 
service interfaces and protocols, which are important means for handling certain types of change problems. 
Then, we will discuss the approaches proposed in the literature for enabling process flexibility and service 
evolution. Finally, we will focus on the work for change analysis and management in service-based systems. 

 
3.1 Service adaptation: 

Changes can cause incompatibilities between interacting services. For example, a service may evolve to a 
new version which may have different operation invocation sequences compared with the old version. Then, 
there may have incompatibilities between the service and its clients. Although current Web service standards 
such as SOAP and WSDL can solve the compatibility issue between Web services at the lower level of 
abstraction, that is, messaging, incompatibilities still exist at higher levels of abstraction, that is, service 
interfaces and service behaviors. Service adaptation refers to the capability of changing a service itself in order 
to interact with other services [56]. Service adaptation is an important means to achieve interoperability among 
interacting services when changes happen to any of these services. 

Current research on service adaptation mainly concentrates on adapting service interfaces and business 
protocols. Adaptation at the interface level is about adjusting inter-faces in order to overcome differences and 
incompatibilities among interacting services. The incompatibilities at this level include mismatches between 
signatures such as parameter mismatches and operation mismatches etc. A service protocol describes the desired 
message exchange sequences between the service and its clients [9]. Adaptation at the protocol level is about 
mediating the various types of differences among service protocols. There are two major types of approaches to 
adapting services: adaptation based on mismatch patterns and adaptation based on formal semantics. 
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3.1.1 Service adaptation based on mismatch patterns: 
Abstracting from notations for describing service interfaces and behaviors, Benatallah et al. [8] classify 

incompatibilities among services into the following types/patterns as signature mismatch (S), message order 
mismatch (O), extra/missing message mismatch (E/M), and message split/merge mismatch (S/M). Using 
adapters is a typical and effective means for solving differences among Web services. A number of approaches 
have been proposed for designing service adapters for handling (some of) these various types of differences.  

Benatallah et al. [8] propose an innovative approach: designing patterns for adapters based on a set of miss-
match patterns for service interfaces and protocols. This research provides a general guideline for dealing with 
service adaptation based on classifications on service differences. Motahari-Nezhad et al. [52,53] present semi-
automated mechanisms for detecting and designing adapters to mediate some types of incompatibilities between 
services. In [52], algorithms for detecting and mediating the various types of mismatches are devised. For 
deadlock caused by message order mismatch, mechanisms for resolving the deadlock are provided based on a 
set of criteria. As an extension to their previous work, in [53], the authors provide algorithms for mediating S/M 
mismatch considering the related protocol information. Based on the mismatch patterns, Kongdenfha et al. [36] 
propose an aspect-oriented framework to handle differences between an internal service implementation and 
standard external specifications at the interface and protocol level. The business logic is treated as the main 
concern, and the adaptation logic is specified as crosscutting concerns. The authors design a set of templates to 
handle the mismatch types: S, O, E/M, and S/M. Each template comprises a point-cut and an advice: the former 
is specified as queries over a business process execution, while the latter is described by the BPEL specification 
to express the actions to be per-formed when handling a specific type of mismatch. A prototype tool is 
developed to support the template instantiation and execution. The Mechanisms for designing adapters for 
coping with some of the mismatch types with special consideration, for example, minimal adapters , have been 
suggested. Different from the above work, Ponnekanti and Fox  investigate the interoperability of independently 
evolving Web services in Web-based applications. The goal is to enable substitutions of functionally similar 
Web services that are derived from a common base. They identify four types of incompatibilities between Web 
services as structural incompatibility, value incompatibility, encoding incompatibility, and semantic 
incompatibility. The authors focus on the structural and value incompatibility referred to as SV-incompatibility.  

The SV-incompatibility is further categorized into five types as missing methods, extra fields, missing 
fields, facet, and cardinality incompatibilities. The combination of static and dynamic analysis can determine 
SV-incompatibility between Web services automatically. The interoperability between Web services then can be 
realized by semi-automatically generated cross-stubs. 

In general, adapters are implemented as middleware components that mediate two Web services in a service 
environment. From the above description, we can observe that automatic adapter generation for mediating the 
various types of incompatibilities is a challenging task, especially for semantic incompatibilities. Relying on 
types of differences, adapter templates, and mismatch detection algorithms, the generation of adapters for 
coping with a specific incompatibility requires human intervention and input. Efforts are still required to provide 
automatic adapter generation mechanisms that can realize seamless system integration based on Web services. 

 
3.1.2 Service adaptation based on formal semantics: 

To facilitate automated analysis of service compatibility, business protocols/service behaviors are described 
by formal semantics such as finite state machine, Petri nets, and process algebra in a number of studies. Based 
on formal semantics, approaches have been proposed to automatically analyzing compatibilities between 
interacting Web services and to generate adapters for overcoming incompatibilities. The major work in this area 
into three sub-problems: service compatibility, protocol adaptation, and behavioral interface adaptation. In the 
service compatibility category, the focus is on defining, detecting, and verifying the compatibilities between 
interacting services based on formal modeling tools. The protocol adaptation aims at automatically generating 
service adapters based on formal modeling notations. The behavioral interface adaptation focuses on the 
problem of adjusting behavioral interfaces Bordeaux et al. [12] describe a service as a labeled transition system, 
which consists of a set of states, transitions between states and actions (receive/send messages). Based on this 
notation, the authors define three types of behavioral compatibility. Lehmann et al. [45,46] and Martens et al. 
[47,48] both translate BPEL processes into some type of Petri nets so that interactions between two BPEL 
processes can be analyzed formally and automatically. In addition to compatibility checking, Lehmann et al. 
also provide a set of tools: BPEL2oWFN and Fiona, for generating service adapters. Martens et al. focus on 
formally defining and automatically checking compatibility and equivalence of service behaviors. Still for 
behavioral compatibility checking and verification, Foster et al. [24] transform BPEL processes into a so called 
finite state process notation. Pongee et al.  concentrate on automated analysis of compatibility between Web 
service protocols with timing constraints. Service protocols are defined in finite state machines and enriched 
with timing abstractions. Types of compatibility and replace ability, for example, partial/full compatibility, are 
identified based on the formal notation. A set of operators are provided for analyzing the identified types of 
compatibility and replace ability of timed protocols. 
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Formal semantics are also advocated for automated adapter generation by some efforts. Normally, these 
work assume mappings at the interface level are provided. With the help of LOTOS process algebra, Mates, 
Poizat, and Salaün [49] provide a series of tools to support adapter generation. Brogi and Popescu [13] translate 
targeted BPEL processes into YAWL workflows. Then, an adapter for the YAWL defined workflows is built, 
which is also in the form of YAWL workflow. The newly created adapter is tested for deadlocks and deployed 
as BPEL process. Using fuzzy logic, Pernici et al. [57] focus on the problem of selecting suitable adaptation 
strategies for QoS changes. The key idea is to define fuzzy parameters for the QoS property descriptions of Web 
Services. Thus, partial satisfaction of imprecise requirements is allowed. 

Dumas et al. [20] consider the adaptation of behavioral service interfaces which contain not only messages 
but also the order and constraints between these messages. A behavioral interface is described by a set of traces 
over an alphabet made up of communication actions. The authors define six algebraic transformation operators 
to mediate the different types of interface mismatches. An operator takes a service interface as input and 
generates an interface as output. Also for behavioral interface adaptation, Queering et al. [55] model an interface 
as a symbolic transition system. Incompatibilities between client and provider can be calculated based on the 
formal model. Steps for mediating mismatches are given with the help of interface mapping trees and mismatch 
lists. From the above discussion, we can observe that formal modeling tools/languages provide a powerful 
means for formally defining and verifying service compatibilities and also automatically generating adapters for 
overcoming differences between Web services/BPEL processes. These approaches require Web services/ BPEL 
processes to be transformed into formal notations in the first place before any analysis and adaptation can be 
carried out. We have seen most of these approaches are evaluated by examples and scenarios with good 
performance. However, the scalability of these approaches is not addressed. 

 
3.2 Process flexibility: 

Without being related to SOC, business processes flexibility has been extensively studied in the context of 
workflow systems [1,28,58,69,78,80]. 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 allows for more meaningful evaluations 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. In service-based environments, business processes can be created by 
integrating widely available Web services from multiple business partners.  

The distributed and dynamic characteristics of business processes in the context SOC demand higher 
requirements of flexibility compared with traditional workflow processes in order to cope with the various 
changes and uncertainties arising from highly dynamic environments. In this subsection, we discuss the main 
research on process flexibility in the context of SOC from the perspective of business process management. We 
shall review this branch of work as follows from the three major categories: extensions to BPEL, contextual 
changes, and QoS changes. 

Extensions to BPEL BPEL is the de facto industry standard for orchestrating Web services offered by 
different service providers into business processes. Extensions to the BPEL specification have been proposed in 
the literature for improving the flexibility and adaptability of business processes. Some works [2,16,31,36] use 
the aspect-oriented programming technique to extend the BPEL specification. For instance, in [16], Charfi and 
Mezini employ the aspect-oriented programming technique to address crosscutting concerns such as logging, 
persistence, and security in BPEL processes. They propose the AO4BPEL as an extension to the BPEL 
language. In AO4BPEL, the business logic is treated as the main concern while crosscutting concerns such as 
data validation and security are specified using aspects. Koning et al. [37] propose a modeling language: 
VxBPEL, an extension to BPEL, which aims to model variability in Web service compositions based on 
variation points and variants. A variation point refers to a part of a system that can change. A variant is a change 
option that can be applied to a variation point. Three types of variability are modeled by the proposed VxBPEL 
as service replacement, service parameters, and system composition. Agarwal and Jalote [2] extend the BPEL 
specification so that users can specify non-functional requirements of Web services. In [51], Mietzner and 
Leymann introduce the notion of variability descriptor to customize process based and service-oriented 
applications. A variability descriptor specifies variability points and dependencies between variability points. 
Variability descriptors are transformed into BPEL processes. Multiple variability descriptors can be assigned to 
an application template to realize different adaptation according to different customer requirements. Zeng et al.  
advocate a policy-driven approach for exception management in BPEL processes. The key idea is the separation 
of the business logic and the exception handling policies. The specified exception handling policies are 
integrated with business logic at runtime to generate exception-aware process schemas. 

Contextual changes Contextual information is considered in some work in order to cope with changes of 
context or users’ requirements. Choi et al. [17] propose a context-aware workflow system to support 
dynamically handling changes of services or context at runtime. The suggested workflow system uses uWDL as 
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a workflow language, in which a context is described as an RDF-based triplet. Contextual changes can be 
handled at runtime by modifying the workflow definition for a specific workflow instance. Jarouchech, Liu, and 
Smith [31] present an aspect-oriented framework for generating process variants that correspond to contextual 
changes based on original processes. The proposed framework comprises a process model, a context model, an 
evolution model, and a linkage model. Evolution fragments and evolution primitives are introduced in the 
evolution model to capture changes. The adjustment of a particular process can be realized at both the process 
schema level and the process instance level. 

QoS changes Adaptability of service-based processes to non-functional requirements such as QoS 
properties is studied in [29,30,57,84]. In order to optimize processes when QoS changes, Harney and Doshi [29] 
propose a method called value of changed information (VOC) to calculate the impact on Web service-based 
business processes. In [30], service expiration times obtained from service level agreements are used to reduce 
the computational overhead of VOC. Wu and Doshi  treat the problem of adapting Web service-based processes 
as a decision-making problem. Service managers are defined for accomplishing activities in a BPEL process. At 
runtime, service managers will need to communicate with each other based on a regret-based mechanism in 
order to respond to external changes such as service performance and availability. Agarwal and Jalote [2] 
present mechanisms for specifying non-functional requirements of BPEL processes as extensions to the BPEL 
specification. Participant Web services are selected and can be substituted as required at runtime to implement 
activities of BPEL processes based on the specified non-functional requirements. 

Enabling flexibilities of service-based business processes so that they can react quickly and properly to 
changes especially the changes that are not expected at the design time is a challenging task. As we have seen, 
various techniques, such as the aspect-oriented programming and the resource description framework (RDF) are 
used to deal with different types of non-functional requirements that are not addressed by the BPEL standards. 
The above research suggests extensions to the BPEL specification and mechanisms for capturing and dealing 
with changes related to non-functional aspects such as security, contextual information, and QoS. In general, to 
implement BPEL processes with the above extensions or adaptations, existing BPEL engines such as Apache 
ODE and Active BPEL are extended or integrated with some adaptation engine to enable the various types of 
process flexibilities. Most of the described approaches have been evaluated using real-world scenarios or 
examples to demonstrate the feasibility and effectiveness. However, to select a right process specification and 
the corresponding mechanism for a specific requirement is difficult, due to the fact that there are no common 
criteria or benchmarks to evaluate the proposed approaches. Moreover, sophisticated tools are also needed to 
support the management for Web service-based processes such as process evolution. 

 
3.3 Service evolution: 

Service evolution refers to the process of continuously modifying a service through a series of consistent 
changes [56]. We classify the current studies on service evolution into three sub-problems: (i) Web service 
versioning; (ii) service protocol evolution; and (iii) service evolution as shown in Table 3. In the sub-problem 
(i), the focus is on managing different versions of WSDL services, such as extending the current UDDI registry 
or building a new service registry to support Web service interface change management. In (ii), the emphasis is 
on the management for evolving service protocols. In (iii), the focus is on providing theorems and mechanisms 
for managing service evolution abstracting from the current Web ser-vice standards. 

Web service versioning Efforts [14,22,23,33,34,41] have been made for enabling Web service versioning, 
that is, allowing Web services to evolve in a disciplined and controlled manner. For example, Kalali et al. [33] 
put forward the requirements for building a Web service registry, called service-oriented monitoring registry, 
that can monitor changes of Web services and notify service requestors when the requested Web services are 
changed. The authors aim to devise mechanisms that are able to track interface changes and the availability of 
requested Web services. Kaminski et al. [34] propose a service design technique, called chain of adapters. For 
two successive versions of Web services, an adapter that mediates the differences between the new version and 
the old version is generated. A chain of adapters for a Web service is produced. Each adapter in the chain 
resolves the incompatibilities of two Web service versions. Thus, the backward compatibility of different 
versions of a Web service can be achieved. To facilitate Web service versioning control, [14,22] suggest 
extensions to the current Web service standards. Brown and Ellis [14] advocate the use of version namespace 
and version numbers in UDDI entry to manage the evolution of Web services. Their approach achieves 
backward compatibility by allowing multiple versions of a Web service to support the earlier versions of that 
service. Fang et al. [22] propose a version-aware service model based on extensions to WSDL and UDDI, where 
WSDL is enhanced to describe the attributes of the service versions, and UDDI is augmented to use versions in 
a service directory with an event-based notification/subscription mechanism. Differ-ent to the above work, [23] 
provides an algorithm called VTracker to detect changes in WSDL documents of subsequent versions of real-
world services, such as Amazon EC2, PayPal SOAP API3 etc. Based on the detected interface changes, 
potential effects on the maintainability of service systems are analyzed. 
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Service protocol evolution: 
Evolution of service protocols in Web service environments is also studied by a few efforts . This branch of 

research is similar to the work done on workflow process evolution, in which change management for workflow 
schemas and instances migration is extensively studied. In the context of service protocols, the problem of 
evolution is discussed from a static aspect (modifying protocol definitions) and a dynamic aspect (managing 
running protocol instances when the corresponding protocol definitions change especially for long 
conversations). Ryun et al  focus on dynamic protocol evolution where ongoing conversations (protocol 
instances) need to be handled properly when the protocols change. The authors also address the issue of active 
conversation migration when there is no formal protocol for this conversation. A set of methods to analyze the 
impact of a protocol change on the active conversation are devised. The forward compatibility and backward 
compatibility are defined as a foundation to handle the migration of protocol instances when their protocol 
schemas have evolved. Then, how to migrate a protocol instance can be determined based on the impact analysis 
results. Skogsrud et al.  focus evolution of trust negotiation protocols. Types of violations are identified when a 
trust negotiation protocol is changed. Protocol management operators for handling ongoing trust negotiations 
during a protocol change are developed. Service evolution Theorems and guidelines for service evolution 
management that abstract from current Web service standards are proposed in [5,6,56,]. Papazoglou classifies 
service changes into shallow and deep changes according to the effect and side effect they cause on the entire 
process value-chain. A theoretic approach is introduced for handling shallow changes such as structural changes 
and protocol changes. To manage deep changes such as behavioral changes, a change-oriented service life cycle 
methodology is proposed. The major phases in this life cycle include as follows: the initial phase: understanding 
the causes for a specific service change and determining the change scopes; the second phase: providing in-
depth understanding of the service change; the third phase and fourth phase involve service alignment and 
implementation. Andrikopoulos et al. [5] provide an approach for managing service evolution based on a service 
specification reference model that is independent of current Web service technologies and captures the main 
characteristics of different service description models and technologies. Evolution of a specific service is 
realized by applying a series of change operations on its service elements. This service specification reference 
model provides a formal foundation for defining the concept of consistency of service schema evolution and 
conformance of service schema versions. In [6], Andrikpoulos et al. define the concept of service contract to 
achieve controlled service evolution. The ultimate goal is to enable independent evolution of services and at the 
same time preserves the interoperability between two interacting services. A service contract specifies the 
provided and required functionalities of the interacting services. Interoperability between interacting services is 
then discussed based on the notion of service contract. The concepts of contractual invariance and contract 
evolution are defined to handle changes occurred in interoperating ser-vices. 

Although theorems, guidelines, and mechanisms are suggested to enable service evolution management, 
approaches and techniques for managing the evolution through the entire service life cycle are still lacking. 
Also, implementation and evaluation of the reported results in the literature are inadequate. Evaluations of these 
approaches are illustrated by examples or some real-world Web services. Comparison between approaches is 
difficult due to the lack of common criteria and benchmarks. Also, scalability of these mechanisms is not 
addressed. 

 
Change analysis and management in service compositions: 

In this subsection, we shall discuss the research on change analysis and management for service-based 
applications and systems. In the SOC paradigm, business processes can be wrapped and exposed as services and 
complex business processes can be composed using services from different providers. In this context, changes in 
services and business processes will affect each other as a result of the dependency relations between them. The 
focus of this section of research is on change detection, impact analysis, and management in service-based 
applications. In particular, in the context of business collaboration, where service-based business processes are 
normally cross-organizational boundaries, changes that happen to services and business processes in one party 
may have various types and levels of impact on the other party.  The Bouguettaya group [3,4,42,43] investigates 
the change problems in the so-called virtual enterprises (VEs) and service-oriented enterprizes (SOEs). A VE or 
a SOE is a service composition that is formed to achieve a business goal. In [4], Akram, Medjahed, and 
Bouguettaya focus on the problem of ensuring service requests in a dynamic Web service environment. The 
changes of Web services concerning service request are categorized into two types: the internal change (the 
change about the information provided by a Web service) and the external change (the existence change of 
service operations and the service itself). The proposed architecture is based on two key ideas: using ontology to 
organize Web services and agents to manage changes. In [3], the change problem is addressed in the context of 
semantic web. The changes occurring in VEs are categorized into three layers: business, ontological, and 
service. Changes at the business layer are further classified into three types as efficiency change, regulatory 
change, and development change. Changes at business layer are mapped to the ontological layer that comprises 
a collection of Web services organized based on ontologies. Changes at the ontological layer are mapped onto 
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the service layer. The approach involves three steps as detecting changes, propagating changes, and reacting to 
the changes. Also with the help of ontology, Liu et al. [43] focus on designing change reactions. They propose 
the concept of Web service ontology to support the tasks of modifying service composition schemas and 
selecting candidate Web services. A node in a Web service ontology is a service concept that defines a type of 
Web services within a specific domain. Two types of relationships: inheritance and dependency are used to 
connect service concepts in a Web service ontology.  In [60], 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. We 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. 

Change problems in the context of a cross-organizational setting are studied in [61,62]. Each trading partner 
has its private business processes, and the corresponding public views exposed for its partners. The change 
problem to be solved is as follows: if the public view of a partner changes (this change may originated from the 
associated private process of this partner), how this change will affect the public views of the related partners 
and in turn their private processes. In [82], a private process is described by BPEL and further converted into a 
nested word automata (NWA) [83]. A public view for a particular partner is derived from the corresponding 
private process, which is described by a finite state automata. Two basic types of changes: subtractive changes 
and additive changes are considered. A subtractive change describes removing a message sequence while an 
additive change is to add a message sequence in the corresponding public view. When such a change happens in 
a public view, it is automatically propagated to the corresponding private process.   

Similarly, Rendered et al.  aim to solve the problem: if a private process of a trading partner changes, how it 
will affect the public process of the partner and the private and public processes of other interacting trading 
partners. In other words, when there is a change in a process of a choreographies, what is the impact on the 
processes of other partners involved in this conversation. Choreographies between trading partners are built on 
public views which describe how this private process exchanges messages with a particular partner. They also 
consider the two types of basic changes: adding a message sequence and deleting a message sequence. When a 
change occurs in a private process, the public views of the private process are generated. Then, this change will 
be propagated to the public views of its partners to assist the automatic adaptation of public processes.  

Ryun et al.  focus on managing changes of business protocols in Web service environments. The authors 
provide a set of change operators for supporting modifying protocols. In addition, they present mechanisms for 
analyzing change impact of business protocols on service compositions.   

Mechanisms for managing running protocol instances when the corresponding business protocols are 
changed are devised based on the change impact analysis. In , Skogsrud et al. focus on the change management 
of security protocols in Web services environments. In particular, they emphasize on changes of trust 
negotiation protocols. They provide a framework to support the change impact analysis of trust negotiation 
protocols on the ongoing trust negotiations automatically. 

Currently, most of the work evaluates the proposed mechanisms by some real-world examples or scenarios 
that are different to other research, which makes the comparison difficult. We believe an overall evaluation 
approach and a test bed are necessary. Moreover, in addition to the above efforts, the following issues relating to 
Change Analysis and Management in Service Compositions still remain to be solved as follows: 

 
Modeling techniques for complex service-based systems: 

Modeling techniques are still lacking for complex service-based systems, where services and business 
processes have complicated relationships. Complex business processes can be wrapped and exposed to partners 
as multiple business services. The dependencies between services and its under-lying business process need to 
be identified and formally defined as the foundations for change analysis and management. In [11], the concept 
of composition tree is proposed for characterizing dependency relations between services in a service 
composition and SLAs when analyzing the impact factor of a component service. Still in change impact 
analysis, a typical type of dependencies between services and business processes, where multiple services are 
associated with one underlying business process, is captured in . Thus, if one service changes, how it impacts on 
its underlying business process and the associated services can be analyzed. To fulfill the challenging tasks of 
change management and evolution of service-based systems, these efforts are insufficient for change analysis in 
complicated cross-organizational business collaboration involving multiple services and business processes; 
modeling techniques are required for describing dependencies between elements (e.g., messages, operations, 
activities). 
 
Support for change detection, analysis, and reaction:  

The above-described studies present some prototype tools and components for the change detection, 
analysis, and reaction tasks in a service-based system. However, more sophisticated mechanisms and tools 
support for the change management tasks, including automatic change identification, impact analysis, and 
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change reaction strategy selection in long-term complex business collaboration are required. A specific change 
happening to one party may have different level of impact and ripple effect on other collaborating parities’ 
services and business processes. Thus, it is necessary to understand what types of changes may occur, calculate 
the exact impact scope, and determine the types of impact before change reactions can be taken. Wildish et al.  
address the issue of change propagation between business processes that are described by different but related 
process models within one organization. Changes occurring in a source process are propagated to a related 
process. The concept of a change region is proposed for process analyst to handle change propagation. In , 
change impact analysis has been studied from the perspective of an organization itself, that is, how changes may 
impact on its supporting business process. The main idea is to define a set of change impact patterns for 
capturing different types of change effects. As shown above, [65] have studied the change issues in the context 
of cross-organizational context. However, only two basic types of changes are examined. More efforts are still 
required for change impact analysis and management in more complicated cases, that is, various types of 
changes and complex dependencies between elements in service-based systems. 

 
Non-functional change management: 

The above work mainly concentrates on functional changes in services. The analysis and management for 
non-functional changes including QoS and policy changes are not fully investigated. Very limited efforts have 
been made for dealing with QoS changes in service compositions. Liu and Bouguettaya [42,43] have suggested 
approaches for handling QoS changes in service-oriented enterprises. In [11], changes impact of QoS values on 
the overall service composition is studied. Impact factor of a component service is calculated by considering the 
dependencies in composition structure and SLAs, to measure the importance of a Web service in a service 
composition at runtime. A branch of research relating to this issue is the process flexibility, which we have 
reviewed in the previous section. However, these results are still insufficient to understand the impact of non-
functional changes in service-based systems and react to them so that these changes are made transparent to end 
users. For instance, a change of critical QoS properties may have deep impact on the entire system. Also, 
management support is lacking for the higher level of changes in service systems such as policy changes. As a 
result, sophisticated mechanisms and tools support are demanded for analyzing and reacting to these non-
functional changes in business collaborations 

 
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 three broad categories: interface change, behavioral change and non-functional change. Then, we have 
reviewed the main research on managing these types of changes from four broad categories: service adaption, 
process flexibility, 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. The results obtained from 
these researches provide guidelines, approaches, and techniques for achieving change automation and making 
changes transparent to end users. More efforts are required for managing non-functional changes including QoS 
changes and higher level of change: policy-induced changes in the context of cross-organization collaboration. 

 
REFERENCES 

 
1. Adams, M., A.H.M. ter Hofstede, D. Edmond, W.M.P. van der Aalst, 2006. Worklets: a service-oriented 

implementation of dynamic flexibility in workflows. In: Proceedings of OTM conferences (1). Montpellier, 
France, pp: 291-308.  

2. Agarwal, V., P. Jalote, 2010. From specification to adaptation: an integrated QoS-driven approach for 
dynamic adaptation of web service compositions. In: Proceedings of the 2010 IEEE interna-tional 
conference on web services (ICWS 2010). Miami, Florida, USA, pp: 275-282. 

3. Akram, M.S., A. Bouguettaya, 2004. Managing changes to virtual enterprises on the semantic web. In: 
Proceedings of the 5th interna-tional conference on web information systems engineering (WISE). 
Brisbane, Australia, pp: 472-478. 

4. Akram, M.S., B. Medjahed, A. Bouguettaya, 2003. Supporting dynamic changes in web service 
environments. In: Proceedings of 1st international conference on service oriented computing. Trento, Italy, 
pp: 319-334. 

5. Andrikopoulos, V., S. Benbernou, M.P. Papazoglou, 2008. Manag-ing the evolution of service 
specifications. In: Proceedings of the 19th international conference on advanced information systems 
engineering (CAiSE). Montpellier, France, pp: 359-374.  

6. Andrikopoulos, V., S. Benbernou, M.P. Papazoglou, 2009. Evolving service from a contractual perspective. 
In: Proceedings of the 20th international conference on advanced information systems engi-neering 



21  V. Kavitha and Dr.P. Shanmugapriya et al., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages:  

        12-23 

 

(CAiSE), Amsterdam, the Netherlands, pp: 290-304.  
7. Banerjee, J., W. Kim, H.J. Kim, H.F. Korth, 1987. Semantics and imple-mentation of schema evolution in 

object-oriented databases. In: Proceedings of the 1987 annual conference on association for com-puting 
machinery special interest group on management of data. California, San Francisco, pp: 311-322.  

8. Benatallah, B., F. Casati, D. Grigori, H.R. Motahari-Nezhad, F. Toumani, 2005. Developing adapters for 
web services integration. In: Pro-ceedings of the 17th international conference on advance informa-tion 
systems engineering (CAiSE). Porto, Portugal, pp: 415-429. 

9. Benatallah, B., F. Casati, F. Toumani, 2006. Representing, analysing and managing web service protocols. 
Data Knowl Eng., 58: 327-357.  

10. Berardi, D., D. Calvanese, G.D. Giacomo, M. Lenzerini, M. Mecella, 2005. Automatic service composition 
based on behavioral descriptions. Int J Coop Inf Syst., 14(4): 333-376.  

11. Bodenstaff, L., A. Wombacher, M. Reichert, M.C. Jaeger, 2009. Analyzing impact factors on composite 
services. In: Proceedings of the 2009 IEEE international conference on services computing. Bangalore, 
India, pp: 218-226. 

12. Bordeaux, L., G. Salaün, D. Berardi, M. Mecella, 2004. When are two web services compatible? In: 
Proceedings of the 5th interna-tional workshop on technologies for e-services. Canada, Toronto, pp: 15-28. 

13. Brogi, A., R. Popescu, 2006. Automated generation of BPEL adapters. In: Proceedings of the 4th 
international conference service-oriented computing. Chicago, IL, USA, pp: 27-39.  

14. Brown, K., M. Ellis, 2004. Best practices for web services version-ing. IBM Technical library.  
ttp://www.ibm.com/developerworks/  webservices/library/ws-version/  

15. Casati, F., S. Ceri, B. Pernici, G. Pozzi, 1998. Workflow evolution. Data Knowl Eng., 24: 211-238.  
16. Charfi, A., M. Mezini, 2007. AO4BPEL: an aspect-oriented exten-sion to BPEL. In: World wide web, pp: 

309-344. 
17. Choi, J., Y. Cho, K. Shin, J. Choi, 2007. A context-aware workflow system for dynamic service adaptation. 

In: Proceedings of the 2007 international conference on computational science and its applica-tions. Kuala 
Lumpur, Malaysia, pp: 335-345.  

18. de Alfaro, L., T.A. Henzinger, 2001. Interface automata. In: ESEC/SIGSOFT FSE. pp: 109-120.  
19. Dorn, C., S. Dustdar, 2010. Interaction-driven self-adaptation of ser-vice ensembles. In: Proceedings of the 

22nd international confer-ence on advanced information systems engineering. Hammamet, Tunisia, pp: 
393-408.  

20. Dumas, M., M. Spork, K. Wang, 2006. Adapt or perish: Algebra and visual notation for service interface 
adaptation. In: Proceedings of the 4th international conference on business process management. Austria, 
Vienna, pp: 65-80.  

21. Evans, H., P. Dickman, 1997. Drastic: a run-time architecture for evolving, distributed, persistent systems. 
In: Proceedings of the 11th European conference on object-oriented programming. Springer, Finland, pp: 
243-275.  

22. Fang, R., 2007. A version-aware approach for web service direc-tory. In: Proceedings of the IEEE 
international conference on web services (ICWS 2007), pp: 406-413. 

23. Fokaefs, M., R. Mikhaiel, N. Tsantalis, E. Stroulia, 2011. An empirical study on web service evolution. In: 
Proceedings of the 2011 IEEE international conference on web services (ICWS), pp: 49-56.  

24. Foster, H., S. Uchitel, J. Magee, J. Kramer, 2004. Compatibility verification for web service choreography. 
In: Proceedings of the 2004 IEEE international conference on web services. San Diego, California, pp: 738-
741. 

25. Gerede, C.E., R. Hull, O.H. Ibarra, J. Su, 2004. Automated composition of e-services: lookaheads. In: 
Proceedings of the 2nd international conference on Service oriented computing. ACM, New York, NY, 
USA, pp: 252-262. 

26. Gong, S., J. Xiong, Z. Liu, C. Zhang, 2010. Correcting interaction mis-matches for business processes. In: 
Proceedings of the 2010 IEEE international conference on services computing. Miami, Florida, USA, pp: 
457-465. 

27. Grossniklaus, M., S. Leone, A. de Spindler, M.C. Norrie, 2010. Dynamic metamodel extension modules to 
support adaptive data management. In: Proceedings of the 22nd international confer-ence on advanced 
information systems engineering. Hammamet, Tunisia, pp: 363-377. 

28. Hallerbach, A., T. Bauer, M. Reichert, 2008. Managing process vari-ants in the process life cycle. In: 
Proceedings of the 10th inter-national conference on enterprise information systems. Barcelona, Spain, pp: 
154-161. 

29. Harney, J., P. Doshi, 2006. Adaptive web processes using value of changed information. In: Proceedings of 
the 4th international conference on service-oriented, computing. pp: 179-190. 

30. Harney, J., P. Doshi, 2007. Speeding up adaptation of web ser-vice compositions using expiration times. In: 
Proceedings of the 16th international conference on world. Banff, Alberta, Canada, pp: 1023-1032. 

31. Jarouchech, Z., X. Liu, S. Smith, 2010. Apto: a MDD-based generic framework for context-aware deeply 



22  V. Kavitha and Dr.P. Shanmugapriya et al., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages:  

        12-23 

 

adaptive service-based processes. In: Proceedings of the 2010 IEEE internatinal conference on web 
services. Miami, Florida, USA, pp: 219-226. 

32. Joeris, G., O. Herzog, 1998. Managing evolving workflow specifi-cations. In: Proceedings of the 3rd IFCIS 
international conference on cooperative information systems. New York City, New York, USA, pp: 310-
319. 

33. Kalali, B., P. Alencar, D. Cowan, 2003. A service-oriented monitor-ing registry. In: Proceedings of the 
2003 conference of the centre for advanced studies on collaborative research (CASCON ’03), pp: 107-121. 

34. Kaminski, P., H. Mller, M. Litoiu, 2006. A design for adaptvie web service evolution. In: Proceedings of 
the 2006 interna-tional workshop on self-adaptation and self-managing systems. Shanghai, China, pp: 86-
92.  

35. Kataoka, Y., M.D. Ernst, W.G. Griswold, D. Notkin, 2001. Automated support for program refactoring 
using invariants. In: Proceedings of the international conference on software maintenance, pp: 736-743. 

36. Kongdenfha, W., R. Saint-Paul, B. Benatallah, F. Casati, 2006. An aspect-oriented framework for service 
adaptation. In: Proceedings of the 2nd international conference on service-oriented computing (ICSOC). 
USA, New York, pp: 15-26. 

37. Koning, M., C. ai Sun, M. Sinnema, P. Avgeriou, 2009. VxBPEL: supporting variability for web services in 
BPEL. Inf Softw Technol., 51(2): 258-269. 

38. Kramer, J., J. Magee, 1990. The evolving philosophers prob-lem: dynamic change management. IEEE 
Trans Softw Eng., 16(11): 1293-1306. 

39. Lanza, M., S. Ducasse, 2002. Understanding software evolution using a combination of software 
visualization and software metrics. In: Proceedings of L’OBJET 8(1–2): 135-149. 

40. Lehman, M.M., 1984. Program evolution. Inf Process Manag, 20(1): 19-36.  
41. Leitner, P., A. Michlmayr, F. Rosenberg, S. Dustdar, 2008. End-to-end versioning support for web services. 

In: Proceedings of the IEEE international conference on services computing (SCC ’08). pp: 59-66.  
42. Liu, X., A. Bouguettaya, 2007. Managing top-down changes in service-oriented enterprises. In: Proceedings 

of the 2007 IEEE international conference on web services. Salt Lake City, Utah, USA, pp: 1072-1079. 
43. Liu, X., C. Liu, M. Rege, A. Bouguettaya, 2010. Semantic support for adaptive long term composed 

services. In: Proceedings of the 2010 IEEE international conference on web services (ICWS 2010). Miami, 
Florida, USA, pp: 267-274.  

44. Liu, Y., A.H.H. Ngu, L. Zeng, 2004. QoS Computation and Policing in Dynamic Web Service Selection. 
In: Proceedings of the WWW 2004. USA, New York, pp: 66-73.  

a. Lohmann, N., P. Massuthe, C. Stahl, D. Weinberg, 2006. Analyzing interacting BPEL processes. In: 
Proceedings of the forth interna-tional conference on business process management (BPM 2006), pp: 17-32.  

45. Lohmann, N., P. Massuthe, C. Stahl, D. Weinberg, 2008. Analyzing interacting WS-BPEL processes using 
flexible model generation. Data Knowl Eng., 64(1): 38-54. 

46. Martens, A., 2005. Analyzing web service based business processes. In: Proceedings of the 8th international 
conference fundamental approaches to software engineering. Edinburgh, UK, pp: 19-33.  

47. Martens, A., S. Moser, A. Gerhardt, K. Funk, 2006. Analyzing compatibility of bpel processes. In: 
Proceedings of the advanced international conference on telecommunications and international conference 
on internet and web applications and services. Guade-loupe, French Caribbean, pp: 147.  

48. Mateescu, R., P. Poizat, G. Salaün, 2008. Adaptation of service pro-tocols using process algebra and on-
the-fly reduction techniques. In: Proceedings of the 6th international conference on service-oriented 
computing (ICSOC 2008). Australia, Sydney, pp: 84-99.  

49. Mens, T., T. Tourwe, 2004. A survey of software refactoring. IEEE Trans Softw Eng., 30(2): 126-139.  
50. Mitzner, R., F. Leymann, 2008. Generation of BPEL customiza-tion processes for saas applications from 

variability descriptors. In: Proceedings of 2008 IEEE international conference on services computing. 
Honolulu, Hawaii, US, pp: 359-366. 

51. Motahari-Nezhad, H.R., B. Benatallah, A. Martens, F. Curbera, F. Casati, 2007. Semi-automated adaptation 
of service interactions. In: Proceedings of the 16th international conference on world wide web. Banff, 
Alberta, Canada, pp: 993-1002.  

52. Motahari-Nezhad, H.R., G.Y. Xu, B. Benatallah, 2010. Protocol-aware matching of web service interfaces 
for adapter development. In: Proceedings of the 19th international conference on world wide web. Raleigh, 
North Carolina, USA, pp: 731-740.  

53. Nitto, E.D., C. Ghezzi, A. Metzger, M.P. Papazoglou, K. Pohl, 2008. A journey to highly dynamic, self-
adaptive service-based applica-tions. Autom Softw Eng., 15(3–4): 313-341. 

54. Ouederni, M., G. Salaün, E. Pimentel, 2011. Client update: A solu-tion for service evolution. In: 
Proceedings of the 2011 IEEE inter-national conference on services computing (SCC). pp: 394-401.  

56. Papazoglou, M.P., 2008. The challenges of service evolu-tion. In: Proceedings of the 20th international 
conference advanced information systems engineering. France, Montpellier, pp: 1-15.  

55. Pernici, B., S.H. Siadat, 2011. A fuzzy service adaptation based on qos satisfaction. In: Proceedings of the 



23  V. Kavitha and Dr.P. Shanmugapriya et al., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages:  

        12-23 

 

23rd interna-tional conference advanced information, systems engineering, pp: 48-61. 
56. Pesic, M., M.H. Schonenberg, N. Sidorova, W.M.P. van der Aalst, 2007. Constraint-based workflow 

models: change made easy. In: Proceedings of OTM conferences (1). Vilamoura, Portugal, pp: 77-94.   
57. Ponge, J., B. Benatallah, F. Casati, F. Toumani, 2007. Fine-grained compatibility and replaceability 

analysis of timed web service protocols. In: Proceedings of the 26th international conference on conceptual 
modeling (ER 2007). Auckland, New Zealand, pp: 599-614. 

58. Ponnekanti, S., A. Fox, 2004. Interoperability among inde-pendently evolving web services. In: 
Proceedings of the 2004 ACM/IFIP/USENIX international middleware conference. Canada, Toronto, pp: 
331-351. 

59. Rajlich, V., 1997. A model for change propagation based on graph rewriting. In: Proceedings of 
international conference on software maintenance. Bari, Italy, pp: 84-91.  

60. Reichert, M., P. Dadam, 1998. Adeptflex-supporting dynamic changes of workflows without losing control. J 
Intell Inf Syst., 10(2): 93-129.  

 


