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Abstract

SOAdapt: A Process reference Model for Developing Adaptable Service-

Based Applications

Stephen Lane

Context: The loose coupling of services and Service-Based Applications (SBAs) have
made them the ideal platform for context-based run-time adaptation. There has been a
lot of research into implementation techniques for adapting SBAs, without much effort
focused on the software process required to guide the adaptation.

Objective: This thesis aims to bridge that gap by providing an empirically grounded
software process model that can be used by software practitioners who want to build
adaptable SBAs. The process model will focus only on the adaptation specific issues.

Method: The process model presented in this thesis is based on data collected through
industrial expert opinion and two case studies. The complete study involved 20 practition-
ers occupying various roles within 14 different companies. The data was analyzed using
qualitative data analysis techniques. The output was used to develop a set of activities,
tasks, stakeholders and artifacts that were used to construct the process model. The model
was evaluated by means an academic expert opinion based survey where 10 academic ex-
perts provided their feedback on the model’s process attributes.

Results: The outcome of the data analysis process was a process model identifying
nine sets of adaptation process attributes. These can be used in conjunction with an or-
ganisation’s existing development life-cycle or another reference life-cycle.

Conclusion: SOAdapt, the process model developed in this thesis, provides a solid
reference for practitioners who are planning to develop adaptable SBAs. It has advantages
over similar approaches in that it focuses on software process rather than the specific
adaptation mechanism implementation techniques.

Supervisor: Dr. Ita Richardson

Keywords: Service-Oriented Architecture, Service-Based Applications, Software Pro-

cess, Adaptation
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Chapter 1

Introduction

1.1 Research Background

Service-Based Applications (SBAs) are loosely coupled, adaptable applications that are

based on software services and, as such, are service consumers rather than service pro-

viders. SBAs may be comprised of individual services or more complex service compos-

itions. SBAs have been often described to as the successors of component-based applic-

ations which are also modular and adaptable [42]. The difference between component-

based applications and SBAs is that component-based applications are composed of soft-

ware components rather than services. Software components usually do not follow spe-

cific standards to describe their interfaces and are not as easily consumed over networks

by heterogeneous applications. Services, on the other hand, specifically target networks

and the Internet and most service implementation types are standards compliant [88].

The standardization of service interfaces allows for services to be consumed with

minimal effort. Alternative services that provide the same functionality can easily be

substituted for one another by modifying the service end point locations within SBAs.

There may be semantic issues in relation to service descriptions, however, these can be

overcome by semantically annotating services with standardized descriptions.

This flexibility inherent in SBAs allows them to be easily adapted when services be-

come unavailable or their performance deteriorates. Furthermore, this flexibility allows

the functionality of SBAs’ to adapt in order to meet new business requirements. How-

ever, we need to have the appropriate tools, techniques and methods in order to develop

adaptable SBAs. We also need to know how to use these tools, techniques and methods

effectively in order to develop adaptable SBAs.

1
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These tools, techniques and methods combine to form software development pro-

cesses. Software development processes are an integral part of software engineering.

Mature software development processes ensure that software development organisations

work effectively and produce quality software [111]. There are a wide variety of process

reference models that software organisations can implement to improve their processes.

Additionally, there are many software process improvement models that can be used to

assess and improve on existing development processes. However, it is necessary to con-

tinuously upgrade and improve existing software process reference models with practices

to meet the requirements of newly emerging software development paradigms.

1.2 Problem Statement and Research Question

For many years the Service-Oriented Computing (SOC) paradigm has been maturing and

is now beginning to see widespread adoption in industry. There are several mature tech-

nologies and standards, notably Web Services, that can facilitate the implementation of

SBAs. While SOC technologies and standards have been maturing, it is unfortunate that

software development process references have not kept pace. Existing software process

reference models such as the Rational Unified Process (RUP) [97] and improvement mod-

els such as the Capability Maturity Model Integrated (CMMI) [106] do not meet the needs

of this new paradigm.

These reference models do not provide guidance on how to deal with software ser-

vices that are not in control of the application developers. More specifically, they do not

provide any guidance on how to leverage the adaptive capabilities of SBAs. Without the

necessary support processes it is difficult for application developers to identify all of the

necessary tasks that need to be completed in order to develop and operate adaptable SBAs.

The smooth operation of adaptable SBAs requires many tasks and activities that are not

typically enacted with more traditional software development.

In order to bridge this gap it will be necessary to identify new methods and tech-

niques to support the development and operation of adaptable SBAs. There are existing
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approaches in the literature that address some aspects of the development challenges as-

sociated with developing adaptable SBAs. However, there are no holistic approaches

proposed to support the complete development life-cycle of adaptable SBAs. More cru-

cially the approaches that are proposed are often very low level or technology specific

without the empirical basis of a large field study.

The first objective of this research is the development of a process reference model

that can be used by practitioners who want to develop adaptable SBAs. Ideally, the model

should be based on best practices identified in the literature as well as empirical data

sources. The empirical data sources should leverage the knowledge and expertise obtained

by practitioners who are actively developing adaptable SBAs. In order to limit the scope

of the research and to avoid duplication, the model should focus on process attributes that

are concerned with the adaptation of SBAs. Since the process reference model is focused

on adaptation it would be necessary to use it in conjunction with an existing life-cycle

model to facilitate the rest of the development life-cycle. The second objective of the

research is to ensure that the model is valid. Demonstrating the external validity of the

mode would allow it to be used generally by practitioners. Demonstrating the internal

validity of the model would strengthen its credibility.

1.3 Methodology

The research methodology used in this thesis is based on Ahlemann and Gastl’s [4] pro-

cess model for constructing empirically grounded reference models. The adapted ap-

proach taken in this thesis consists of a literature review and problem definition, explor-

atory study, two empirical studies and an evaluation. The SOAdapt reference model was

constructed and modified during the two empirical studies and the final evaluation pro-

cess. Many of the research stages are self-contained with three of them published as

research articles.

The first stage of the research, the literature review, was conducted in two parts. The

first part was a traditional networked search while the second was a Systematic Literature
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Review (SLR). The SLR was used to conduct an exhaustive search for process models

for developing adaptable SBAs. The complete SLR is reported in [65] (Appendix B).

A problem definition follows the literature review setting the stage for the rest of the

research.

The exploratory study in Chapter 4.2 was conducted as collaboration between the

author and two service experts. The complete study is reported in [64] (Appendix C).

The author’s contributions are reported in Chapter 4.2 while a summary of the co-authors

contributions are also provided with appropriate references.

The first empirical study, resulting in SOAdapt-V1, was based on industrial expert

opinion as well as an industrial case study. SOAdapt-V1 as well as its interim evaluation

are reported in [63] (Appendix D).

The second empirical study, resulting in SOAdapt-V2, was also based on industrial

expert opinion, this time with the focus of the study being on weaknesses identified in

SOAdapt-V1.

The final evaluation process was conducted with input from academic experts, result-

ing in the completed SOAdapt. The completed SOAdapt model is published as a self-

contained chapter in this thesis.

1.4 Summary of Contributions

The first contribution of this thesis is a state of the art literature review conducted in

Chapter 2. This literature review contains a systematic map of the SBA development pro-

cesses identified in the literature as well as a detailed review of the approaches that support

adaptation. This review was used as a data source for the construction of SOAdapt-FoR.

In addition this review, particularly the SLR, provides an excellent starting point for fur-

ther research in related areas.

The primary outcome of this research is, SOAdapt, an empirically grounded reference

model for guiding the development of adaptable SBAs. The model is based on empirical

data gathered from a cross section of software practitioners from a variety of industrial
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backgrounds. This data, along with best practices reported in the literature, provide the

best possible guidance for the development of adaptable SBAs. Additionally, the model

has been demonstrated to show both internal and external validity. This shows that the

model is reliable and transferable to contexts independent of this research.

For industry, the main target of this research, SOAdapt provides practitioners with a

process reference model that can be used to guide the development of adaptable SBAs.

Like most other reference models, SOAdapt identifies the stakeholders and development

artifacts that are related to its processes and activities. SOAdapt can easily be integrated

with a company’s existing software processes without overlap since it deals only with

adaptation specific process attributes.

For academia, the SOAdapt process reference model can be used as an adaptable SBA

development framework to which tools and other research contributions can be added.

SOAdapt can be used by academics as a guide to the research area where they can identify

further research opportunities. For example, many of the tasks and activities specified in

the model are technically challenging and would benefit from lower level implementation

guidance.

Finally, this thesis addresses the challenges to the development of adaptable SBAs that

were identified in Section 2.7. Section 10.5 contains a description of how these challenges

are addressed by the thesis.

1.5 Thesis Structure

The thesis is structured as follows:

Chapter 2: Literature Review The literature review is composed of three sections.

The first section introduces SOC and the web services implementation of SOA. The next

section deals with software process concepts and introduces some of the more popular

software process reference models. The final section introduces software adaptation and

describes paradigms such as component-based development that have been used to realise

adaptable applications. The section moves on to describe processes for adapting SBAs
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elicited through a networked search of the traditional software engineering literature, the

service engineering literature and from a systematic review. The chapter concludes with a

discussion of the development challenges for adaptable SBAs discovered in the literature.

Chapter 3: Research Methodology The research methodology looks at the philo-

sophy of research in order to formulate the appropriate philosophical underpinnings for

the research and to identify appropriate data collection and research methods for the

thesis. The second part of the research methodology chapter outlines a research design

which satisfies the objectives of the research.

Chapter 4: Phase 1: SOAdapt-FoR Construction This chapter documents a study

carried out as a collaboration between the author and several service engineering experts.

The purpose of this study was to explore the literature and to uncover and categorize any

adaptation related activities. These activities were later combined with the results of the

SLR for the construction of a frame of reference model used during the empirical studies.

Chapter 5: Phase 2: SOAdapt-V1 Construction This chapter describes the analysis

of the data obtained during Phase 2 of this research. It explains how the data is used for

the construction of SOAdapt-V1. This chapter also contains a literature based interim

evaluation carried out to determine the external validity of SOAdapt-V1.

Chapter 6: Phase 3: SOAdapt-V2 Construction This chapter describes the data

analysis of the data obtained during Phase 3 of the research. It also explains how the data

is used for the construction of SOAdapt-V2.

Chapter 7: Phase 4: SOAdapt Evaluation This chapter describes the evaluation

of SOAdapt-V2 through an expert opinion, interview based, survey. The objective of

the survey was to evaluate each of the attributes of the model with respect to fitness for

purpose and transferability. Attributes were modified where appropriate based on the

feedback received from the survey.

Chapter 8: SOAdapt Final Model Description This chapter describes the completed

SOAdapt model. It is written as a self contained chapter without reference to the rest of

the thesis. This chapter may be used by those interested in implementing the final model.

The chapter begins with a brief overview of the use of the model followed by a description
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of the models processes and activities with each process area illustrated as BPMN process

models.

Chapter 9: Instantiation of SOAdapt In this chapter, SOAdapt is instantiated dur-

ing a sample development project. This instantiation shows how the model can be used

to guide the development of an adaptable SBA which is based on a real development

scenario.

Chapter 10: Conclusion The concluding chapter presents a summary of the work

that was completed in the thesis. Particular attention is paid to whether the challenges set

out in the the literature review are met by SOAdapt. Finally, the directions for future work

in the area are explored.



Chapter 2

Literature Review

2.1 Introduction

This state of the art review is intended to introduce the reader to the research areas relev-

ant to this study and to critically analyse existing research publications within those areas.

This is a cross cutting research project which encompasses the Service-Oriented Com-

puting (SOC), software process and software adaptation research areas. The first section

(Section 2.2) of the review will introduce SOC and related concepts such as Service-Based

Applications (SBAs) which are the focus of this research project. Section 2.3 introduces

the Software Process research area, leading on to Section 2.4 which deals with software

process in the area of SOC. Finally Section 2.5 introduces the subject of software adapta-

tion and how it relates to this research.

2.2 Service-Oriented Computing

Service-Oriented Computing (SOC) is a computing paradigm which uses software ser-

vices as fundamental elements for developing software applications [89]. The paradigm

encompasses the development of SBAs introduced in Section 1.1. Services which form

the basis of SOC, are self contained computation elements which are made available

through published interfaces. These published interfaces often contain service descrip-

tions that allow them to be more easily consumed. In SOC, there are at least two stake-

holders, service providers and service consumers. The service providers make services

available for multiple service consumers to consume. There can also be a third stake-

holder, called a service broker. The service broker may publish the services on behalf of

8
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the service provider and negotiate on their behalf with service consumers. At their most

basic level, services can be described, published, bound to and discovered. However, at

a higher level, services can be combined into applications or service compositions which

are monitored, managed and governed by business stakeholders. There are many service

enabling technologies available such as Representational State Transfer (REST), Distrib-

uted Component Object Model (DCOM), Common Object Request Broker Architecture

(CORBA) and Web Services. In recent times Web Services have become the de facto ser-

vice enabling technology both in industry as well as academia. Conferences such as the

International Conference on Web Services (ICWS) and the European Conference on Web

Services (ECOWS) have been setup recently to cater for the demand for web services

research.

Within the research areas of Service-Oriented Computing (SOC) the terminology used

is often ambiguous and non-standard. Here a taxonomy is presented where a brief descrip-

tion of the most common terms used throughout the section. The SOC terms used in this

review are defined the S-Cube project’s knowledge model [2].

Service-Oriented Computing (SOC) refers to the computing paradigm that has evolved

from object-oriented and component based design. The SOC paradigm facilit-

ates ad-hoc, platform independent communication between unintroduced parties

through the use of software services [2].

Services play a central role in SOC, they are self-contained loosely coupled computa-

tional elements that expose the functionality of underlying software. Services can

be combined or composed into more complex services or they can be used in com-

bination with other services to form Service-Based Applications. Services can be

published on public registries and made available for use by third party clients [2].

Service Based Applications (SBAs) are applications that are composed of software ser-

vices. They may consume services from third party services providers or service

providers within the same organisation. A common example given for a SBA is

the travel booking application: this is composed of a hotel booking service, a car
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rental service and an airline reservation service each of which are provided by third

parties. Synonyms in the literature include service-oriented systems or service-

based systems [2].

2.2.1 Service-Oriented Architecture

Service-Oriented Architecture (SOA) is another important concept in SOC, a SOA is a

multi-layered architecture made up of services which can be used across multiple do-

mains [88]. Figure 2.1 1 illustrates the various layers that make up a SOA. The first layer

(6) of a SOA architecture contains the applications and databases that underly the SOA.

The next layer (5) contains component-based service realizations that access the data and

logic from layer 6. Layer 4 contains simple infrastructure services that expose function-

ality from the underlying component-based service realizations. The next layer (3) is the

business services layer. Here, infrastructure services are combined into business functions

such as record management (add order, delete order). In the next layer (2), business func-

tions are orchestrated into meaningful business processes that can be accessed by business

domains (1).

2.2.2 Service-Based Applications

At the heart of SOC and SOA are Service-Based Applications (SBAs) [5], these applic-

ations are above the “Business Domain” layer in Figure 2.1 and can be composed of

simple or complex services. Simple services are services which simply expose a partic-

ular piece of functionality, while complex services are compositions of several simple

services, which place them higher up in the SOA hierarchy. Simple services, while lower

down in the SOA hierarchy, may still be called by SBAs. Calling simple services directly

is considered suboptimal design. An often cited example of a SBA is the “travel reserva-

tion application” which is composed of services from several different service providers.

The services are an airline ticket reservation service provided by Company X, a car rental

1Reproduced with permission from [88]
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Figure 2.1: SOA Layers [88]

service provided by Company Y and a hotel reservation service provided by Company Z.

With this example we can see that a useful SBA can be composed quickly be making use

of third party services which complement one another.

Due to the nature of SBAs, they can easily be adapted to suit business or contextual

requirements and adaptation can occur easily by replacing a service with a functionally

identical service from an alternative provider. One scenario where this might be desirable

is when different providers provide the same type of service but the cheapest provider

varies with time. In this case the application’s business stakeholders will always want

to consume the cheapest service. This ability to adapt to market demands gives great

power but also poses new challenges for SBA developers. If adaptation is a requirement
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from the outset, this will have to be taken into consideration during the SBA development

life-cycle.

2.2.3 Web Services

Web Services are becoming the de facto SOA enabling technology and are used as a basis

for much of the current software service research, particularly research on topics such as

service discovery, service negotiation and adaptation of SBAs [88]. For this reason Web

Services, over other service implementation technologies, will be discussed in detail in

this section.

Web Services are heterogeneous software components that can run in different operat-

ing environments to exchange messages and integrate with one another without requiring

third party proprietary software or middleware. This is achieved by using standards based

technologies over existing network protocols. Extensible Markup Language (XML) and

Hypertext Transfer Protocol (HTTP) are the lowest common denominator technologies

required for a system to implement Web Services. This permits complex applications to

be constructed on the fly by anyone from anywhere by combining different services from

multiple sources [88]. There are many specifications associated with Web Services, many

of which are provided by different standards bodies such as Oasis2 or the International

Organization for Standardization 3. Web Service specifications are provided for a wide

range of functions from message handling to metadata exchange or security.

Web Services are self-describing, self-contained software modules which can be ac-

cessed directly, or can be accessed by means of a Web Service directory. Web Service

directories serve several purposes such as showing potential Web Service clients that a

particular type of Web Service is available for consumption. Another useful purpose of

a Web Service directory is to provide alternatives of the same Web Service to potential

clients. So, for instance, if a client uses a Web Service to process an electronic transac-

tion, then the client can choose between the best payment Web Service available from

2http://www.oasis-open.org
3http://www.iso.org
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the Web Service directory. The client can use criteria such as the processing fee to de-

termine which Web Service to use. It is possible to obtain non-functional Web Service

properties such as cost, availability or service level agreements from certain Web Service

directory types. Many companies implement internal service directories with a catalog

of their own internal services. There are currently no standards based service directories

available publicly on the Internet. There are however several human readable web based

service directories such as WebserviceX4 that provide useful categorised lists of publicly

available services.

Web Services vary greatly in terms of function and complexity. The most basic type

of Web Services are usually Remote Procedure Call (RPC) type transactions, where the

client sends a message to the Web Service publisher and then waits for a response. More

complex Web Service, on the other hand, may provide access to software functionality

rather than data or content. Web Services may be used to enable legacy or custom built

software components to expose their functionality by means of a component wrapper.

Web Services can be synchronous like RPCs or they can be asynchronous and do not

provide a response.

Communication between Web Service clients and publishers tend to be coarse grained

messages as opposed to the fine grained object level calls which are used in distributed

computing. In order to make Web Services more consumable, they tend to wrap useful

business functions in each Web Service realisation. If Web Services provided fine grained

object level functionality, it would take a lot of effort to combine them into useful ap-

plications. Fine grained Web Services would also require a large number of service calls

which would significantly increase network overhead as the messages are XML based. A

key objective of Web Services is to provide useful business functions while abstracting

the complex implementation of their underlying infrastructure.

In order for Web Services to communicate between heterogeneous systems, it is ne-

cessary to use a messaging protocol that is independent of an operating system or a pro-

gramming environment. It is also desirable to have a messaging protocol that can be

4http://www.webservicex.net
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Figure 2.2: The Web Services Communication and Messaging Framework [88]

used on any network with the ability to seamlessly traverse firewalls and heterogeneous

network hardware. The messaging protocol that has been adopted for Web Services is

SOAP. SOAP is an XML based messaging protocol that usually uses HTTP as its trans-

port protocol. Figure 2.2 demonstrates where SOAP messages fit in to the Web Services

stack.

SOAP content requests or RPCs are often synchronous, while more complex intra-

business exchanges tend to be asynchronous. Complex exchanges tend to be asynchron-

ous because it is usually not practical to wait for a response from another business before

continuing with an application’s logic.

2.3 Software Process

The process used to design and build a software application is called the software pro-

cess [111]. This process may include the organisational and technological aspects of a

software development project. At its most basic form, the software process is the set of

development tasks or activities used to develop a software application. The software pro-

cess may consist of ad-hoc work activities or a formally documented process model. A

software process model is the representation of a software process [27].

A software process model may be descriptive or prescriptive. A descriptive software

process model describes an existing software process. A prescriptive software process
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model proposes an optimised method of developing software. Organisations often create

descriptive models of their software process so it can be analysed and improved. It is also

common for software engineering researchers to use existing software process models as

well as field studies to create prescriptive process models [83].

Watts and Kellner [111] define several criteria for an effective process model. They

state that process models should be effective in communicating the software process

between stakeholders involved in the development process. Process models should also

be reusable given the cost and time associated with their development. Additionally,

since real world processes evolve to meet business requirements, software process mod-

els should also be capable of evolving easily. Finally, process models should facilitate the

management of the software process by allowing management to compare the activities

of a project to those set out in the model.

2.3.1 Software Process Reference Models

While a process model may describe a particular process, the process that it describes

may not be an exemplar process so the model is of no use as a reference model. A process

reference model on the other hand may or may not describe an existing process but is

intended to be an exemplar reference model. Therefore, a process reference model is

a specific type of process model that is used as a reference. Winter and Schelp [113]

describe process models as a specific type of reference model. Reference models also

encompass models of entities such as data structures and functions. In other words, they

state that reference models are generic conceptual models that can be used for guidance

in specific domains.

In the software engineering literature, the term Process Reference Model has become

a synonym for Process Model with both being widely used.

Henceforth, the term process reference model will be used in this thesis. In order to

get a view of the state of the art, some of the more prominent software process reference

models from the literature will be reviewed here.
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Figure 2.3: Waterfall Model [100]

2.3.1.1 Waterfall Model

The waterfall model [100] is one of the most recognisable software process reference

models in the literature. It is a linear development process with each process followed by

the next process once complete. When originally published in 1970 [100] the model con-

tained the processes: System Requirements, Software Requirements, Analysis, Program

Design, Coding, Testing and Operations. The model gets its name from the cascading

shape of its graphical representation illustrated in Figure 2.3.

In an attempt to address the simplistic nature of the simple waterfall model, Royce, in

his seminal paper, later introduces a modified version of the waterfall model with feed-

back loops between each process. This modified iterative waterfall model was designed

to allow communication between each process providing greater flexibility for project

stakeholders. The improved iterative waterfall model is illustrated in Figure 2.4.

It is difficult to find modern models that have not inherited some features from the

waterfall model even though it does have critics. Watts [111] criticizes the simplicity of

the model noting that in real life, software projects are never so straight forward. Often
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Figure 2.4: Iterative Waterfall Model [100]

the processes will run concurrently rather than sequentially and there is no way for the

waterfall model to deal with requirements change during the project.

2.3.1.2 Spiral Model

The spiral model of software development is an evolutionary development life-cycle. It

was proposed to be an incremental improvement on the waterfall model mentioned in the

previous section [16]. Figure 2.5 shows how the spiral life-cycle reflects the cumulative

cost of each development iteration. It aims to be a risk driven model where risk analysis

is conducted on an on going basis. Taken more simply, the spiral model is a series of

waterfall life cycle iterations, with subsequent iterations becoming more sophisticated.

The spiral model aimed to bridge some of the short comings of the life-cycle model

that came before. Specifically, it addresses the reality that most software development

projects aren’t composed of self-contained discrete processes that occur one after another.

Boehm recognised that software development is often an iterative process with several

iterations of development necessary before a production application is produced. Boehm

built a risk minimization strategy into the life-cycle with earlier versions of the application
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Figure 2.5: Spiral Model [16]

involving less investment. As the product matures more expensive processes such as

detailed design and testing are introduced. These are introduced in later iterations because

if the project fails at an early stage there will have been less investment lost. As the

application matures and the risk of failure decreases the more costly processes necessary

for producing a quality application are introduced.

2.3.1.3 Agile Software Development

Agile software development describes a set of software development methodologies that

are communication and skills oriented, and can easily be adapted to different project re-
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quirements [22]. Two prominent agile methodologies are eXtreme Programming (XP)

and the scrum methodology.

Firstly, XP, as the name suggests is programming oriented. XP development is con-

ducted by small groups of programmers who work together and usually involve at least

one customer in the group [10]. Programmers will often work in pairs where two pro-

grammers share a workstation. This allows one programmer to formulate ideas while the

other writes code. They will periodically switch roles in order to maintain focus. This

type of collaboration is often referred to as paired programming. XP is an iterative de-

velopment process with short development cycles of about 3 weeks. Release periods,

where code is deployed to customers, occur every 2 to 5 development iterations. Each

iteration consists of a requirements gathering activity that involves the on site customer.

The customer describes the requirements as “user stories” and negotiates with the de-

velopers about which requirements get implemented during each iteration. Requirements

are broken down into development tasks by the developers and assigned approximate de-

velopment times. During each iteration, development is conducted using paired program-

ming, with the developers constantly refactoring and simplifying the application code.

All code is subject to 100% unit testing before it is accepted for the project.

The SCRUM methodology, named after the rugby set piece position, is a flexible

development methodology where stakeholders form “a tight formation of forwards who

bind together in specific positions when a scrumdown is called” [101]. The SCRUM

methodology understands that there are certain aspects of the development process that

are unpredictable so it treats them as a black box rather than defining them in advance.

Then these black box processes are empirically defined during development. When they

are defined, appropriate stakeholders are assigned to “scrum” in order to complete the

process. This methodology allows flexibility within the development process which al-

lows it to adapt with change. On the other hand, the unpredictability of the development

process introduces risk which needs to be managed in order to avoid chaos.

Figure 2.6 illustrates the development process within the scrum methodology. The

scrum methodology inherits features from linear models such as the waterfall model as
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Figure 2.6: The Scrum Development Methodology [101]

well as iterative models such as the spiral model. Planning and system architecture occur

linearly with the development sprints and the closure of the project. The development

sprints that occur in the middle of the process are iterative development cycles that are

empirically defined based on project as well as environmental variables.

2.4 Software Process in Service-Oriented Computing

There are many software development process models, such as those in Section 2.3.1, that

can be successfully used for the development of complex software systems. However,

each of these software development models were conceived with Traditional Software

Engineering (TSE) in mind so they are not directly applicable to SOC. There are many

reasons for this. For example, during TSE, each system component is usually developed

by a single organization as part of a self-contained software application. However, during

Service-Oriented System Engineering (SOSE), services are usually provided by one or

more third parties and combined to form a Service Based Application (SBA). Similarly

services are designed to be loosely coupled and combined in unpredictable ways. SBAs

are often designed to be adaptable, which allows services to be exchanged for similar

suitable services possibly from a different service provider. Traditional software systems

are usually not designed to be adaptable and adaptation involves a costly maintenance

process. For these reasons it is obvious that existing development models are not directly
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applicable to this new paradigm. In order to address this issue it is necessary to either

modify existing approaches or formulate new service specific models.

There have been several service-oriented development models proposed by proponents

of SOA, for example IBM have proposed the SOMA [7] methodology while a group of in-

dustry practitioners have proposed the SOA practitioners guide [32]. Similarly, there have

been efforts to tailor the RUP framework so that it can be used for service-oriented de-

velopment. Many of these approaches are reported in grey literature such as white papers

or technical reports. There may also be many other proprietary approaches maintained

by organisations that are kept confidential for competitive advantage. In addition, there

are many approaches published in scientific publications such as conference or workshop

proceedings as well as peer reviewed journals.

Given the existing process reference models for developing SBAs, the reader my be

wondering about the necessity for another. The reason is that none of the existing mature

or empirically grounded models facilitate adaptation. Furthermore, the models that do

support some aspects of adaptation, are either not based on empirical evidence or they are

specific to particular areas of the development life-cycle.

2.4.1 Software Processes from Systematic Literature Review

During this research, a systematic mapping study was conducted in order to get an over-

view of the processes proposed for developing SBAs. This mapping study was part of a

larger systematic literature review, following the procedure set out in [54]. The mapping

study focused on identifying software development processes that focus on SOC. The

second part of the review focused on identifying the subset of those approaches that in

any way facilitate the development of adaptable SBAs.

Within the systematic mapping study, a list of SBA development processes were dis-

tilled from the relevant studies that were identified. These SBA development processes

are presented in the current section. The complete review is reported in [65] which is

contained in Appendix B.
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Here, the process categories identified during the review will be discussed in detail.

2.4.1.1 End To End Models

Many of the studies encountered in the SLR propose end to end SBA development meth-

odologies with processes for design, implementation and operation. These methodologies

often borrow concepts from existing software development techniques or methodologies,

for example, Kruger and Meisinger [112] propose an extension of the V-Model for use

with SBAs. Similarly Christou et al. [21] propose the use of Agile methods along with the

Rational Unified Process (RUP) development methodology for the development of SBAs.

The use of Software Product Lines (SPL) development techniques are also suggested in

combination with Agile methods by Karama et al. [105]. Deubler et al. [30] have de-

veloped a tool to support the development of SBAs, the tool’s primary functions are to

formally verify SBAs and to generate code.

Many of the end to end process models in the literature follow the classical waterfall

development model with some modifications that are particular to SOC. Adamopoulos

[118] proposes an iterative development methodology which includes many of the water-

fall model’s processes, however they are adapted to suit Web Service Based Applications

(WSBAs). Papazoglou and van den Heuvel [90] suggest a process model that also bears

a close resemblance to the waterfall model. However, it has processes such as “Execution

and Monitoring” that are specific to SBAs. Processes in this model such as “Analysis and

Design” bear resemblance to traditional processes not intended for SBA development.

However, they are tailored specifically to meet the requirements of such applications.

Along with the fully defined process models, there are many “work in progress” mod-

els in the literature. Many of the “work in progress” models attempt to discover all of the

service related concepts and aspects that make development of SBAs unique from the de-

velopment of traditional software applications. One such work, by Engels and Assmann

[35], has set out several development challenges of developing service-oriented enterprise

architectures. Ivanyukovich et al. [14] are also working towards a service-oriented pro-

cess model. They propose a model with the following three dimentions: managing the
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software change, specifying the development process and targeting stakeholders goals.

The final type of end to end process model encountered in this review are interdiscip-

linary development models. These development models involve expertise from several

domains. For example, Lamparter and Sure [76], propose a development methodology

that includes aspects of web service engineering, market engineering and ontology engin-

eering.

2.4.1.2 Analysis and Design

There are many analysis and design process models reported for the development of ser-

vices and SBAs. Most approaches fall in to the categories of top down, meet in the middle

or ground up service realisation [90]. The top down design approach involves working

backwards from existing service interfaces. The components required to implement these

services are constructed based on the functionality described by the service interfaces.

This design technique is considered best practice as business requirements shape the ser-

vice interfaces which in turn drive the development process. The bottom up approach

differs in that the functionality of existing applications are made available by wrapping

existing system functions with services. Finally, the meet in the middle approach com-

bines features of both top down and bottom approaches. This technique is useful when

a service needs to be created to implement an existing service interface. However, rather

than create a new software component to implement this service, which would be done

with top down design, an existing software component that has all of the required func-

tionality would be wrapped with the required service.

The top down approach is more business oriented than its counterparts because ser-

vices are created to meet specific business requirements. The same can be said for the

meet in the middle approach when software components exist to suit service require-

ments. The ground up service realisation approach is the least business oriented in that

existing software components are wrapped with services which limits the capability of

resultant applications.

After reviewing the development models that address the analysis and design pro-
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cesses, it appears that many of these models inherit characteristics from the popular

Service-Oriented Modelling and Architecture (SOMA) methodology developed by Arsan-

jani et al. [7, 6]. The SOMA methodology is one of the most mature design process mod-

els encountered in the review. Its developers claim that the methodology was developed

during involvement with hundreds of SOA projects. SOMA’s design activities are divided

into three processes: “Service Identification”, “Service Specification” and “Service Real-

isation”. These processes appear in many other models in some form or another. For

example, Engels et al. [23] propose a method for engineering SOAs which contain the

design processes of: “Identify top-level business services”, “Refine business services”

and “Specify business services”. The SOMA processes and the other analysis and design

processes encountered in the review will be discussed in more detail in the following

paragraphs.

Service Identification is a process that identifies the candidate services required for

developing a SBA. It involves the identification of the required services as well as the

software that will realise those services. SOMA identified three techniques for the iden-

tification of services: goal-service modeling (GSM), domain decomposition, and existing

asset analysis. Kenzi et al. [25] propose a Model Driven Architecture (MDA) framework

for the development of adaptable SBAs that uses service identification models for the

identification of candidate services.

Service Specification involves the development of service interfaces and the man-

agement of service dependencies, once the required services have been identified. Most

service development methodologies either implicitly or explicitly contain a service spe-

cification process. Specifying services is one of the fundamental building blocks of de-

veloping SBAs.

Service Realisation, like service specification, is a vital step in the development of

SBAs. Realisation is the final process before the implementation of services. It involves

the implementation of service specifications into usable design documents that can be

used by service implementers. An extremely common approach being proposed for the

realisation of services is the application of Model Driven Architecture (MDA). This is a
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model driven design approach with the added benefit of automatic code generation from

design models. MDA will be discussed in more detail in Section 2.4.1.3.

Another description given to the analysis and design processes for SBAs is Service-

Oriented Analysis and Design (SOAD). This is an extension of the Object-Oriented De-

velopment (OOD) and Component-Based Development (CBD) paradigms. SOAD is of-

ten used as a general term in the literature to describe analysis design approaches for

service-oriented systems. Different SOAD methodologies take different approaches to

service design. For example, Chang and Kim [82] propose a 5 phase design process

within the following phases: “Identifying Business Processes”, “Defining Unit Services”,

“Discovering Services”, “Developing Services”, and “Composing Services”. Comparat-

ively Kambhampaty [50] proposes a SOAD methodology with 4 processes which are quite

different from Chang and Kim’s methodology: “Activity Services Development”, “Busi-

ness Process Services Development”, “Client Services Development” and “Data Services

Development”.

Service Discovery for static SBAs occurs during application design, while the dis-

covery of services for dynamically adapting SBAs may occur during system runtime.

There are many ways that service discovery can be achieved, from manually searching

service directories to automatically scanning directories for candidate services that match

a given criteria. Howard and Kerschberg [44] present a framework to support the pre-

paration, publication, requisition, discovery, selection, configuration, deployment, and

delivery of semantic web services. Their framework specifies that both published ser-

vices and service clients contain semantic descriptions of their capabilities and various

types of requirements.

Service Composition is a service design/construction process that involves the com-

bination of services into new complex services or SBAs. Service composition spans sev-

eral processes of the software development life-cycle - how services are composed needs

to be established during the design of SBAs, the composition gets enacted during the de-

velopment of a SBA and finally service compositions need to be monitored and possibly

adapted during the operation of SBAs. Ren et al. [20] propose a framework that facilitates
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the visual design, validation and development of web service compositions.

Agent-Orientation describes a software architecture that is made up of a system of

intelligent agents. The agents have characteristics such as autonomy, social ability, react-

ivity, and pro-activeness [114]. Lu and Chhabra [71] propose a service-oriented design

methodology that involved the wrapping of intelligent agents with web services which

speeds up the development process and results in more competent web services.

2.4.1.3 Construction and Testing

Many of the process models encountered in the literature focus on the construction of

services [40], SBAs [62] or both [53]. The construction of services is a role undertaken

by service providers whereas the construction of SBAs is often undertaken by service

consumers. Service providers and service consumers have differing roles but may be in

the same organisation. The focus of this review is the construction of SBAs rather than

services alone, however in the absence of suitable existing services, the construction of

services is a sub-process of the SBA construction process.

The SBA development processes proposed vary in their approach. A common pro-

posal is to adapt an existing traditional engineering approach or framework to suit the

service-oriented paradigm. Meisinger and Kruger [112] suggest an adapted version of

the traditional V-Model for the development of service-oriented systems. Similarly there

have been many Model Driven Development (MDD) techniques suggested for the con-

struction of SBAs. MDD is a popular approach for the design and implementation of

object-oriented software. During MDD, analysis and design models can be used for code

generation. MDD can greatly simplify the construction process of SBAs by abstracting

complex implementation standards and service interface details from developers. This

process will be discussed in more detail in the following section.

Model Driven Development (MDD) is a development paradigm that uses models

to represent and reason about problem and solution domains [53]. Modeling is a useful

method of working towards a solution which enables the representation of dependencies

between the components being modeled. Once a model has been created it is possible
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to view the effects of changing part of the model by examining dependencies within the

models. A model can be used as a reference in order to construct a software system, altern-

atively using the appropriate technology a well defined model can be used to automatically

generate a platform specific model and then application code which can form the skeleton

of a system. Model-Driven Architecture (MDA) is a specific implementation of MDD

maintained by the Object Management Group (OMG)5. MDA includes the development

of Platform Independent Models (PIMs) using Domain Specific Languages (DSLs). The

OMG suggest the use of the Service Oriented Architecture Modeling Language (SoaML)

for defining service-oriented PIMs. PIMs are then transformed into Platform Specific

Models (PSMs) that form the basis of executable code [17, 87].

This use of modeling to generate system code is referred to as Model-Driven Archi-

tecture (MDA).

Models are an intuitive method of developing solutions while at the same time they

abstract the specific details of implementing the solution. This proposition is particularly

appealing to SOC where there are many protocols and standards involved in implementing

SBAs. In order to implement a basic SBA, the solution may involve the SOAP protocol for

messaging, WSDL for describing service interfaces, and BPEL for implementing service

compositions. Each of these are verbose XML based languages which are difficult to

interpret by humans and are error prone when constructed manually. For this reason there

have been many service development processes proposed that are based on MDD. In this

systematic review 17 different MDD approaches were encountered.

A common approach proposed is to develop system models with UML [70] diagrams.

This is a logical choice as there are many MDA tools in existence that can handle UML.

Johnson and Brown [53] outline an MDD technique for developing SBAs using a UML

profile suitable for service modelling. Many of the the MDD approaches proposed con-

form to MDA principles.

The following list is presented to briefly summarise some of the MDD approaches

suggested in the literature:

5http://www.omg.org
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Collaborative modeling is a collaborative MDD approach where stakeholders involved

in system development may collaborate remotely using XML nets [52].

Semantic modeling is a MDD approach that uses semantic technologies to automatically

translate between the different abstraction levels in MDA [87].

SOMA Bercovici et al. [13] propose a MDD approach that complies with IBMs SOMA

methodology. It complements all of the SOMA development processes with the

added benefits of MDD.

Context aware Samyr and Slimane [110] propose a MDD development approach that

can be used to develop context aware SBAs. Context-aware applications have the

added benefit of adapting to variable contextual parameters.

Web based Tavor et al. [40] propose a web based model editor which is part of a model

driven service engineering process. It has advantages such as ease of accessibility,

zero client foot print and simple consumption.

MDD automates many of the processes involved in software development such as ana-

lysis, design or implementation. However, the use of MDD does not negate the advantages

of a software process model for the other processes in the development life-cycle. In con-

junction with MDD, it is often necessary to implement processes such as requirements

engineering, operation and management, and adaptation, all of which would benefit from

the adherence to a suitable process model.

2.4.1.4 Deployment and Provisioning

Papazoglou and van den Heuvel [90] describe service provisioning as a process that con-

tains practices such as service metering, service rating and service billing. In other words,

it is an activity that allows service providers to monitor service usage and charge where

appropriate. Provisioning may not be a concern when service producers and consumers

are within a single organisation.
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Service deployment on the other hand involves deploying executable service code

and artifacts to application servers for consumption by service consumers which may

include SBAs. Service publishing may also be undertaken which involves the publishing

of service descriptions to a service registry or directory. Nineteen out of the 57 primary

studies contained details about the activities required for deployment or provisioning.

2.4.1.5 Execution and Monitoring

The execution and monitoring processes are concerned with the runtime activities of ser-

vices and SBAs [90]. Services need to be monitored during runtime in order to ensure

that they are available and functioning correctly. Similarly SBAs need to monitor each of

their component services to ensure that they are available and functioning correctly. Mon-

itoring can be an automatic or manual process depending on the level of sophistication of

the service or application. If the monitoring process for a SBA detects that a service be-

comes unavailable or its characteristics have changed to a state that are no longer suitable,

then it may be desirable to adapt the application. Adaptation in the context of SOC, is a

process which either automatically or manually facilitates the re-configuration of services

within SBAs. Only four of the primary studies explicitly address execution and monit-

oring. However, nine primary studies address adaptation which is implicit in execution

and monitoring. Curiously, only one of the papers that explicitly supports Execution and

Monitoring also included processes supporting adaptation [72].

The Security process is usually regarded as an ongoing concern for services and SBAs.

As with traditional software systems, security has to be considered at each stage of the

development life-cycle. Fernandez et al. [107] propose the extension of a secure devel-

opment methodology to the development of SBAs. Delessy and Fernandez [3] propose a

pattern-driven security process for SBAs.

2.4.1.6 Formal Methods

Formal Methods (FM) is a software engineering discipline that centres around mathemat-

ical techniques that can be applied to processes such as formal specification, development
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and verification of software systems [1]. These techniques are expensive to implement

so they are usually reserved for safety or security critical applications. Due to the com-

plexity of implementing these techniques they are applied sparingly. However, there have

been many applications of FM proposed to aid in the analysis, design and construction of

SBAs. FM techniques such as formal specification can be beneficial for the construction

of SBAs as they will ensure that the complex applications are constructed correctly. The

SENSORIA project [72], amongst others, proposes a method for Augmenting Service

Engineering with various types of formal methods for the analysis, transformation and

dynamicity of service-oriented systems. Formal methods are often used in conjunction

with other software engineering techniques for the development of SBAs. For example,

Nguyen et al. [80] propose an SBA engineering methodology developed using techniques

from formal methods as well as MDA. One of the problems with using Formal Methods

during the development of SBAs or using Formal Methods in general is the steep learning

curve involved.

2.5 Software Adaptation

Software adaptation is the modification of a software application during runtime in or-

der to best meet the requirements of its operating context. Software adaptation has been

around for a very long time with the earliest software applications facilitating adapta-

tion through self-modifying code [75]. However, in more recent times paradigms such

as autonomous, ubiquitous and service-oriented computing have sparked new interest

in adaptation. Software adaptation may be fully automatic with closed feedback loops

monitoring the application for adaptation triggers [78], or it may be more manual with

stakeholders manually acting monitored application states.

McKinley et al. [75] describe 2 types of adaptation, adaptation that is based on static

or dynamic composition. Adaptation that is based on static composition involves the

adaptive elements of the application being hard coded into the application at runtime. This

method is somewhat restrictive as it does not allow additional application components
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to be added at runtime. However, with static composition, there may be some runtime

flexibility through configuration mechanisms. Configurable options that are stored in a

configuration file or a database may be modified to facilitate a limited type of runtime

adaptation. Applications that are based on dynamic composition on the other hand can

have their functionality substantially modified during runtime. For example, new software

services or components may be added at runtime or existing ones modified. This is the

most flexible type of adaptation but it is also the most difficult to implement. From this

point forward adapting through static composition will be referred to as static adaptation,

while adapting through dynamic adaptation will be referred to as dynamic adaptation.

2.5.1 Component-based adaptation

Component-based software engineering is a software engineering paradigm used to de-

velop software applications from reusable software components. It has often been referred

to as the precursor to service-oriented computing making the adaptation of component-

based applications relevant to the adaptation of SBAs [42].

Oreizy et al. [84] have proposed an approach for component-based adaptation (see

Figure 2.7). Their approach contains two cycles that run in parallel, an evolution man-

agement cycle and an adaptation management cycle. The evolution management cycle

manages modifications to the application through the use of tools and adaptation mechan-

isms. Modifications permitted include the addition, removal or replacement of application

components and their connectors. The evolution management cycle examines changes to

the application and prevents changes that might make the operation of the application

unsafe or inconsistent. The adaptation management cycle on the other hand collects ob-

servations while the application is running. These observations are then analysed in order

to determine if it is necessary to adapt the application. Should an adaptation be deemed

necessary, then the adaptation cycle provides the necessary tools for deploying alternative

components.
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Figure 2.7: Oriezy et al’s Approach for Component-Based Adaptation [84]

2.6 Adaptation of SBAs

Within the context of SBAs, adaptation is the modification of an application in order to

satisfy adaptation requirements [12]. There are many adaptation requirements that can be

desirable in SBAs, for example, the facilitation of interoperability amongst services [61],

the optimisation of Quality of Service (QoS) [31] or the implementation of failure re-

covery [93]. SBA adaptation may involve the substitution, replacement, re-configuration

or removal of component services from a SBA. Once adaptation requirements have been

determined, it is then necessary to create an adaptation strategy. After the adaptation

strategy has been developed, it is then possible to enact the adaptation.

This is in contrast to the evolution of SBAs which refers to the initial requirements,

design, implementation and operation of SBAs. In order to appropriately determine

whether or not adaptation is required, it is useful to monitor the execution of SBAs.

Monitoring can be done automatically by an application or can be achieved manually

by reviewing error logs. There have been many monitoring frameworks proposed. Pistore

et al. (2004) [95] propose a methodology for monitoring SBAs, so they can be adapted if
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an error occurs or if QoS requirements are not met.

Adaptation of an SBA can be partially or fully automatic. A scenario where adaptation

is partially automated is where a service becomes unavailable requiring an actor to choose

from alternative services using functionality built-in to a SBA. In a fully automatic SBA,

this substitution could be enacted automatically by the application based on the QoS or

availability of alternative services. SBAs can be adapted either statically or dynamically

as per the definitions for static and dynamic adaptation provided in Section 2.5.

Section 2.6.1, Section 2.6.2 and Section 2.6.3 present approaches for adapting SBAs

from the service engineering literature, software engineering literature, and the systematic

literature review carried out for this research. These sections present the approaches,

while associated development challenges are presented and discussed 2.7.

2.6.1 Processes for Adaption from Service Engineering Literature

After a networked literature search, the author et al. [64] have reported several SBA

development process models which support adaptation. Some of these SBA development

process models as well as some other relevant approaches from the literature will be

reviewed. The complete list of approaches identified by the author et al. are reviewed in

[64] (Appendix C).

2.6.1.1 S-Cube

The S-cube life cycle [5] is a high level life-cycle proposed for the development of adapt-

able SBAs, the life-cycle consists of two cycles as can be seen in Figure 2.8, the left hand

side of the life-cycle is an operational cycle that deals with the runtime adaptation, while

the right hand side represents the traditional development phases such as requirements

engineering, design and construction. It contains many of the phases of the traditional

waterfall model [100], while at the same time containing agile characteristics such as

iterative development.

The S-Cube life cycle is an amended version of Papazoglou and Van Den Heuvel’s [91]
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Figure 2.8: S-Cube Life Cycle for Adaptable SBAs [5]

service development life cycle. Papazoglou and Van Den Heuvel’s original life-cycle was

influenced by approaches such as the Rational Unified Process (RUP) [97], Business Pro-

cess Modelling (BPM) [41] and Component-Based Development (CBD) [42].

This is a high level model which is an ideal reference point for research in the area

as it has been developed by a community of researchers within a large European research

project6. The S-Cube life-cycle as presented here is a work in progress and it presents

the processes that need to be followed in order to develop adaptable SBAs. It does not,

however, present the activities that need to be followed within each of the processes when

developing SBAs.

2.6.1.2 Bucchiarone

Bucchiarone et al. [18] present a context-driven adaptation process for SBAs through

the use of a context model with various dimensions such as, Time Context, User Context

and Service Context. As illustrated in Figure 2.9 the activities and design artifacts from

their process were mapped to an adaptable SBA life-cycle previously presented in [19]

7. A thorough evaluation of the process model is given and its validity is illustrated by

showing its applicability to an E-Government case study. This is one of the more process

6http://www.s-cube-network.eu/
7The white boxes represent the original actions and artifacts, while the gray boxes represent the new

context specific additions.
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focused approaches encountered in this review with low level details of many activities

and development artifacts.

Figure 2.9: Context-Aware Adaptable SBA Life-Cycle [18]

Like many of the other approaches encountered, this process is not based on any

empirical data which leaves it lacking somewhat in this respect. It does, however, provide

a good frame of reference which could provide the foundation for an empirical study. As

contributers to the S-Cube project, Bucchiarone et al. [18] map the activities within this

process model to the life-cycle phases of the S-Cube reference life-cycle.

2.6.1.3 Web Services Development Life Cycle Methodology

The Web Services Development Life Cycle Methodology (SLDC) [91] is influenced by

several established life-cycles such as RUP [60], CBD [42] and BPM [41]. The life-cycle

contains one preparatory planning process and eight other incremental processes: “Ana-

lysis”, “Design”, “Construction”, “Testing”, “Provisioning”, “Deployment”, “Execution”

and “Monitoring”. Along with the life-cycle, the methodology contains a number of prin-

cipals such as service coupling, service cohesion and service granularity that aid in the

development of SBAs. The SLDC methodology contains adaptation specific activities
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such as QoS monitoring and alerts for compliance failures.

2.6.1.4 SeCSE methodology

The SeCSE methodology [8] is a set of functional areas and processes that focus on

service-centric engineering, service engineering and service acquisition. The methodo-

logy also provides practitioners with the information required to adopt the various tools

and methods developed by the SeCSE consortium. The SeCSE methodology is conveni-

ently divided into two sections: design time processes and run-time processes. Design

time processes contain many of the traditional software engineering processes such as

analysis, design and development, while the run-time processes contain mostly service

centric processes such as service binding/rebinding, run-time service composition and

recovery management. Processes such as run-time service composition and service mon-

itoring illustrate that the SeCSE methodology was designed with adaptation in mind.

2.6.2 Processes for Adaption from Software Engineering Literature

In traditional software engineering, the maintenance process shares many parallels with

adaptation. Both are concerned with the modification of an application to meet evolving

requirements. The obvious difference is that SBA are easier and cheaper to adapt then

traditional applications. This is particularly true when SBAs are designed to be adaptable

from the outset. The following subsection reviews some maintenance approaches and

how they might be useful for adaptation.

2.6.2.1 Software Maintenance Process Models

There are many software maintenance models proposed in the literature. Models from

Martin and McClure [74] or Parikh [92] are simple and loosely defined, while others

such as Sharpley [102] and Yau [115] provide more detailed approaches. The age of

maintenance models also differs greatly, with Bohem’s [15] model dating back to 1976

when software engineering was in its infancy, right up to the present day standards such
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as ISO/IEC 14764 [48].

The earliest models that can be found in the literature are generally less complex or

detailed than the more recent literature. Bohem [15] proposed one of the earliest main-

tenance process models with three processes: understanding the software, modifying the

software and re-validating the software.

At the other end of the scale both ISO/IEC and IEEE have published comprehensive

standards for the software maintenance process. IEEE published IEEE 1219 [47] in 1998

which was an elaboration of the maintenance process from the IEEE 12207 [49] software

life-cycle process standard. ISO/IEC published the maintenance standard ISO/IEC 14764

in 1999. However in 2006 ISO/IEC and IEEE combined forces and ISO/IEC/IEEE 14764-

2006 replaced the previous versions of IEEE 1219 and ISO/IEC 14764. ISO/IEC/IEEE

14764-2006 is one of the most elaborate maintenance process models to date, with de-

tailed explanations of the activities in each process of the model.

2.6.2.2 ISO/IEC 14764

ISO/IEC-15504 contains a detailed reference process model which covers most of the

process areas in software engineering. The reference process model from ISO/IEC 15504

is also published as the separate standard ISO/IEC 12207. ISO/IEC 12207 was first pub-

lished in 1994 and contained descriptions for sub-processes from the software mainten-

ance process. ISO/IEC 12207 contains the following sub-processes: “Process Implement-

ation”, “Problem and Modification Analysis”, “Modification Implementation”, “Mainten-

ance Review/Acceptance”, “Migration and Retirement”.

The standard was updated in 2008 to include a purpose and outcome for the software

maintenance process. The reference life-cycle from ISO/IEC 15504 has descriptions for

each process in the software engineering life-cycle. They need to be relatively concise.

Otherwise, completing a capability assessment would become too labor intensive. Gener-

ally, there are more detailed ISO/IEC standards for the individual process areas from the

software engineering life-cycle. In the case of the maintenance process, there is a sep-

arate standard ISO/IEC 14764, which contains more detail than the process description
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from ISO/IEC 15504 or ISO/IEC 12207. It specifies details of the inputs, tasks, controls,

supports and outputs for each of the sub process for the maintenance process. Processes

and their associated tasks in ISO/IEC 14764 are summarised here. Each process also has

inputs, controls, supports and outputs which are not discussed.

Process Implementation requires maintenance plans and procedures to be created.

The maintenance plan should document the plan for carrying out maintenance, while the

maintenance procedures should contain more specific details for implementing this main-

tenance. Modification Request/Problem Report procedures are also listed. Procedures

need to be put in place for receiving, recording and tracking modification requests and

problem reports. A “Configuration Management” process also needs to be put in place to

track the modification of an existing system.

Problem and Modification Analysis requires modification request and problem re-

port analysis before deciding on how to proceed with changes. This may involve scoping

the maintenance, documenting possible solutions and documenting impact on existing

systems. Similarly the maintainer will need to verify or replicate the problem or issue.

The maintainer needs to develop options for implementing the modification. Options to

be developed include alternative work-arounds or solutions. Finally, the maintainer needs

to document and ensure approval of the the modification request or problem report, the

analysis and potential solutions.

Modification Implementation requires the maintainer to carry out analysis in order

to determine which documents and software versions need to be modified. After the

analysis, the required software changes should be implemented during the development

process.

Maintenance Review/Acceptance is a process which involves the maintainer carry-

ing out reviews to ensure the integrity of the modified system. Following this task, the

maintainer seeks approval from the appropriate authority that the maintenance has been

completed satisfactorily.

Migration begins with the identification of all software or data that is modified if

migration from an old platform to a new platform is performed. If migration is going
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to occur, it is necessary to create and document a migration plan and then execute the

migration according to the plan. Prior to migration a notification of intent should be

provided to all system users before migration occurs. Following migration the old and

new environments should be run in parallel while providing training to end users in order

to ensure a smooth transition. Once migration has been completed, a notification of com-

pletion needs to be sent to the appropriate stakeholders. Post migration review should be

conducted after migration in order to assess the impact of the migration. Finally, all of

the data associated with the old environment should be archived in accordance with the

appropriate data protection and audit policies.

Software retirement takes place once a decision has been made to retire an active

software product. A retirement plan should be developed and documented by the system

maintainer. After deciding to retire software, a notification of retirement intent should be

sent to the appropriate software product stakeholders. During retirement, a parallel oper-

ation of new and retiring software software should be carried out along with the training

of end users. Once complete, notification should be sent to the appropriate stakeholders

and finally, data relating to the retiring product should be archived should it be required

at a later date.

2.6.2.3 CMMI™Maintenance Process Interaction

The Capability Maturity Model Integration (CMMI™) is divided into four primary pro-

cess area groups, each of which contains several processes relating to that group. None of

the process area groups contain a process specifically designed for software maintenance.

In order to address the maintenance process, the CMMI™documentation points to the en-

gineering process area group which contains processes for technical implementation. The

CMMI™suggests the use of the engineering processes for both new development and

maintenance activities. The engineering process area group contains the following pro-

cesses: “Requirements Development”, “Requirements Management”, “Technical Solu-

tion”, “Product Integration”, “Verification” and “Validation”.

Since the CMMI™process model does not specifically address the maintenance pro-
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Table 2.1: Adaptation Specific Process Model Summary

Adaptation Process Model References Adaptation Approach Based On Development Approach Evaluation

ProDAOSS [26] SBA Adaptation I-Tropos Agent-oriented development Case study
PLASTIC [58] Service Adaptation Bespoke Other None
Muliview SOAD [25] Service Adaptation SOAD MDD None
BCDF [59] SBA Adaptation Bespoke Other Worked Example
Chang et al [9, 51] Service Adaptation SOAD Other None
CSOMA [17] Service Adaptation SOMA MDD None
CSOA [110] SBA Adaptation Bespoke MDD Worked Example
Dino [72] SBA Adaptation Bespoke MDD None

cess, concerns that are specific to maintenance may not be adequately represented during

implementation. For example, the process for the analysis of problems and modifications

as specified in ISO/IEC 14764 is not described and may not get addressed depending on

ones interpretation of the CMMI™“Engineering” processes.

2.6.3 Processes for Adaptation from Systematic Review

In addition to the networked search conducted in the previous section (2.6.1), the SBA

development approaches from the mapping study described in Section 2.4 were also ex-

amined for their ability to support adaptation. In this section, some of the more prominent

approaches that support adaptation will be reviewed. The complete list of approaches

are listed in Table 2.1. The first two columns of the table provide the name and citation

for each of the models respectively. The third column states whether the model is con-

cerned with service adaptation or the adaptation of SBAs. If the model is based on another

model, the model that it is based on is shown in column four. If the model is not based on

another model column four contains “Bespoke”. Column five describes the development

paradigm followed, while column six states whether or not the model has been evaluated.

Detailed reviews of each of these approaches are provided in the published SLR [65]

(Appendix B).

2.6.3.1 ProDAOSS

Achbany et al. [26] propose a Process for Developing Adaptable and Open Service Sys-

tems (ProDAOSS) as a plugin for the I-Tropos framework. I-Tropos is a comprehens-
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ive end to end agent-oriented development methodology which assigns a crucial role to

requirements analysis and specification processes [37]. The ProDAOSS process model

concentrates on three process areas. The first is “Organizational Modeling and Require-

ments Engineering” using a framework called FaMOs which models at the service level.

The second contribution of ProDAOSS is an “Architectural Design” process which uses

a Multi-Agent Software (MAS) architecture to facilitate the adaptation of SBAs. This

aspect of ProDAOSS appears to focus on providing an architecture rather than specific-

ally outlining process details. Finally, the last item described in ProDAOSS is a “Detail

Design” process area that contains process details for a Reinforcement Learning Model

which focuses on exploration and exploitation and a Probabilistic Reputation Model used

to estimate the reputation of a service providers’ QoS. The ProDAOSS process model has

been applied to two case studies which contributes towards its validity.

2.6.3.2 BCDF

The Business Collaboration Design Framework (BCDF) [59] is a rule based development

approach for the development of adaptable SBAs which facilitates ad-hoc business col-

laborations based on predefined rules. They propose many types of rules such as business

rules, operational rules and services rules, all of which are specified using an XML based

standard called RuleML. Specifying the rules as RuleML allows them to be transmitted to

third parties as well as for use in automated processes. This is a useful approach that can

be employed for automatic adaptation as the rules that are encoded in RuleML may be

parsed at runtime to guide SBA adaptation. One of the key challenges with this approach

is the accurate representation of business rules. If the coded rules do not accurately reflect

reality then the consequences of any subsequent adaptation may be undesireable. Orri-

ens et al. [59] illustrate the feasibility of BCDF with an example in the auto-insurance

domain. Unfortunately, the example focuses on how rules are encoded and interpreted,

rather than how BCDF fits into the overall development process.
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2.6.3.3 CSOA

CSOA [110] is an MDD approach for context-aware development, however, in this case

CSOA relates to the development of context-aware SBAs rather than services. The ap-

proach employs viewpoint principles from the Object Management Groups (OMG) Enter-

prise Collaboration Architecture (EDOC-ECA). Among the many viewpoints used in the

modeling process is an adaptation view which facilitates the modeling of Business Com-

ponents, Contextual Components and Connectors which handle bindings and middleware

activities between business and context components. An application of the approach is

illustrated using a mobile GPS application as an example, where the application adapts

to meet a contextual environment when the user is a wheelchair user. In this case the

application adapts by putting more emphasis on map items such as pedestrian crossings

which are necessary for wheel chair users while also providing voice input functionality

for hands free use. This is a useful approach with the added benefit of providing ad-

aptation at the application level rather than just at the service level. Unfortunately, the

approach focuses on specifying the MDD architecture and does not give much detail on

how the approach fits into the overall development process.

2.7 Development Challenges for Adaptable SBAs

This final section of the literature review looks at some of the challenges faced by existing

approaches for developing adaptable SBAs. Some of the approaches are reviewed in Sec-

tion 2.6.1, Section 2.6.2 and Section 2.6.3 but it would be useful to have an impression of

the common challenges that face them. The following sub-sections will look at the more

common challenges encountered in the literature with reference to where they have been

reported. These challenges will have to be overcome by any proposed process reference

model.
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2.7.1 Runtime Adaptation

There were five runtime adaptation related challenges identified in the literature. Runtime

adaptation challenges relate to the class of challenges that occur while an adaptable SBA

is in operation. These challenges are discussed in the following list.

Adaptation needs to support evolution in the runtime environment [25, 12] This is the

most frequently identified challenge in this category. This challenge, outlined in

Multiview SOAD [25] and some of the approaches reviewed in [12], captures one

of the key motivators to developing service-based applications. The ability to ad-

apt to a changing runtime environment is one of the key benefits but also the key

challenge to developing adaptable SBAs.

The evolution in runtime environment refers to the evolution of the application’s ex-

ecution context. This may be due to changes in user context, a change in operating

system or platform, the failure of component services or an unforeseen execution

path being introduced to the application. With the recent popularity of mobile and

ubiquitous computing the ability of being able to adapt based on a users location

or mobile device type provides many possibilities. However, this also adds many

complexities into developing applications that can take advantage of this techno-

logy. These development issues need to be addressed by a process that can facilitate

the development of these adaptable applications.

It is desirable to achieve automatic adaptation [12, 19, 108] ASTRO [108] and the ap-

proach described by Bucchiarone [19] identify that the ability for the application to

be able to adapt, through automatic means, poses many challenges. For example,

if the execution context of the application changes and the SBA needs to self-adapt

it needs to have some execution engine that can calculate feasible execution paths.

The execution engine would need to be able to calculate suitable execution paths

within the operational parameters allowed by the application.

A more limited form of self-adaptation is where all of the adaptation configurations
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are hard coded into the application at design time or added with an adaptation dash-

board during runtime. In this case the list of adaptation configurations are finite and

pre-conceived removing the uncertainty from the running SBA.

It is desirable to have some level of human control in automatic adaptation [18] In cer-

tain circumstances adaptable SBAs may require some level of governance prior

to adaptation being enacted. In some mission or safety critical applications gov-

ernance is necessary to prevent system downtime or dangerous events from occur-

ring. Manual adaptation is more easily governed because the process intrinsically

involves human actors who can decide if an adaptation is dangerous before it is

enacted.

In dynamic environments it is necessary to adapt quickly [18, 12] This challenge relates

to the speed at which adaptation can be affected during the operation of an SBA.

The speed of adaptation is often relative to the type of adaptation being enacted and

the type of application. In a manual adaptation scenario, quick adaptation may be

a turnaround of a week or a few days. In an automatic adaptation scenario in an

application with a high volume of transactions, adaptation may only be considered

fast if each execution is a few milliseconds. Therefore, a requirement for fast adapt-

ation needs to be considered in the context of the overall application and business

requirements.

A key component in being able to adapt quickly is to be able to discover suitable

services and consume them in a short period of time. Again, the speed of discov-

ery here is relative to the type of adaptable SBA being developed. More specific

challenges relating to service discovery follow in the service discovery section.

Ad-hoc runtime service composition adaptation is necessary [12] Runtime service com-

position or re-composition is a specific type of adaptation where services compos-

itions are re-composed rather then individual services being exchanged. This type

of adaptation is more challenging than service substitution because of the num-
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ber of failure modes that are introduced into the application. This also makes

troubleshooting application failures more difficult.

Again, service discovery and negotiation challenges are introduced here when the

SBA is recomposed with services that were not already present in the application.

Service re-composition is the most complicated type of adaptation and providing

mechanisms for such is a big challenge to developers.

2.7.2 Development Process

There were several challenges identified in the literature that related to the development

process for adaptable SBAs. Development process challenges in this context relate to

challenges with the process for developing adaptable SBAs. The challenges are focused

around the methods and techniques necessary to guide their development. Here a brief

description is given of the process challenges identified.

A methodology for developing adaptable SBAs is required [18] This challenge was iden-

tified in several publications, including Bucchiarone [18], suggesting that it is a pri-

ority amongst researchers and practitioners. This is a high-level challenge which

in part justifies the work being carried out in this thesis. Existing development

methods do not lend themselves easily to the development of SBAs due to the dis-

tributed nature of services and the different roles played by service providers and

service consumers.

Existing adaptable SBA development methodologies are too fragmented [91, 26, 58, 17, 72]

This challenge, identified in the SDLC [91], proDAOSS [26], PLASTIC [58], CSOMA

[17] and Dino [72] approaches, reflects the fact that there are many approaches

available for many different aspects of adaptable SBA development. Another prob-

lem with the approaches available is that they are at different levels of abstraction.

For example, some of the approaches deal with the business integration, some with

the infrastructure layer and others with the application layer. A generic SBA devel-

opment methodology or process needs to be at a higher level of abstraction than all
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of these layers and provide guidance to each of the development project stakehold-

ers.

In order to over come this challenge an adaptable SBA development process that

spans the entire development life-cycle is required. This processes needs to show

how each of the project stakeholders interact with the tasks and activities within the

process. Additionally this processes needs to be generic enough that it can be used

in conjunction with existing development life-cycles.

2.7.3 Monitoring

Monitoring in this context relates to the automatic or manual monitoring of attributes

of an adaptable SBA to give an indication of when adaptation might be necessary. It

is therefore a highly integral part of adaptation and this is reflected in the number of

monitoring challenges that were identified from the SBA adaptation approaches. There

were 6 approaches identified with monitoring challenges from the approaches reviewed

in [12]. This reflects the general need for monitoring with adaptation. The challenges are

described in the following sub-sections.

Efficient monitoring implementations and architectures are necessary [12] In the lit-

erature, it is generally accepted that monitoring is necessary for adaptation. Mon-

itoring in itself is not a difficult problem but it can be difficult to implement mon-

itoring mechanisms that do not have a performance footprint. The problem with

monitoring performance comes into play in applications with a very high volume

of transactions. Therefore, the challenge is to provide monitoring mechanisms that

can signal adaptation triggers without affecting the performance of this type of ap-

plication.

It is necessary to define runtime operational criteria for adaptable SBAs [12] Defining

runtime operational criteria for an adaptable SBA is difficult since an application

may consume unknown services. Therefore, the operational criteria needs to be
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flexible enough to suit a wide variety of services while at the same time ensuring

QoS and reliability.

The key operational criteria for services consumed by adaptable SBAs relate to their

performance, cost and availability. In order to evaluate these criteria it is necessary

to monitor non-functional service parameters. This monitoring will allow action to

be taken when non-functional service parameters exceed their limits.

Monitoring approaches are highly fragmented [12] This challenge relates to low level

monitoring implementations as well as general monitoring processes. Many mon-

itoring approaches have been implemented in the literature with many focusing on

specific aspects of monitoring on specific platforms. For example, a monitoring

approach that just focuses on service performance for web services is not holistic

enough to guide the monitoring of an adaptable SBA. Monitoring approaches need

to facilitate the monitoring of all of the types of parameters necessary for functional

and non-functional adaptation. Along with specific implementation approaches it

is necessary to have process guidelines that will work with a variety of monitoring

implementations and platforms. Existing approaches need to be consolidated and

supplemented where necessary to fill any gaps.

The fragmented nature of existing monitoring approaches make diagonalisability difficult [12]

This challenge related to the preceding challenge in that it relates to fragmented

monitoring approaches. In this case it relates specifically to diagnosing application

errors when they occur. If there is a single monitoring approach with monitor-

ing logs and databases within a single repository then this makes diagonalisability

more straightforward. If multiple monitoring mechanisms are used in the same

solution then diagnosing a problem involves querying multiple monitoring reposit-

ories. Using multiple sources of monitoring data greatly adds to the complexity of

troubleshooting even basic errors.

The execution context of the SBA needs to be monitored [12] monitoring the execut-

ing context of an adaptable SBA is difficult but it is necessary to provide the full
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benefits of adaptation. When the application knows details such as the platform that

it is being run from, the physical location of the running device and the application

user profile, then many powerful adaptations can be made. In the case of a travel

booking application, if the application knows that the user is a business person and

the operating environment is a smart phone with a GPS chip then it can offer the

business person suitable travel options based on location, desired destination and

estimated budget.

The main problem with monitoring the execution context of an application is that

the application needs mechanisms to interact with its environment. The applic-

ation need strategies to determine a users profile which opens a wide variety of

privacy issues. In addition if the application needs to interrogate external applica-

tion programming interfaces then this introduces security and reliability issues into

the application.

2.7.4 Adaptation Tools

Adaptation tools are the tools used during the development process for adaptable SBAs.

Specialized tools are often used in the design and development of service specific artifacts

since they are often low level and complex. In the following list the challenges that relate

to adaptation tools will be discussed.

Service composition solutions are very complex [59] A key challenge with service com-

position is that by its nature it is complex. Looking at Web Services for instance

there are complex standards for the description of service interfaces (WSDL), there

are complex message standards (SOAP) and complex composition standards (BPEL).

Adaptable SBAs that are based on platforms such as this require complex function-

ality to integrate the various components of service composition. In order to ameli-

orate this complexity the complex protocols and standards that are involved need

to be abstracted so that the developers can focus on the complexity of the domain

problems rather then the technology standards. In terms of software methodology,
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tools that can solve these complexity problems need to be integrated into the devel-

opment process.

Service composition solutions do not cater for adaptation [59, 110] As it stands many

software composition solutions do not cater for the more advanced types of adapt-

ation. There is a need for mature composition solutions to support adaptation types

such as service re-composition and service re-negotiation. The state of the art com-

position solutions such as BPEL only support hard coded “if else” type adaptation.

The solution to this problem may be to combine some type of adaptation engine

with existing composition engines.

Existing adaptable SBA development tools are too fragmented [12] This challenge re-

flects the challenge of fragmented adaptable SBA development processes. Existing

development tools need to be combined so that collectively they can be used to

support the development of adaptable SBAs. As it stands existing tools focus on

specific technologies and do not interoperate with one another. There are many

modelling and design tools that are suitable for designing adaptable SBAs, but they

often do not have capability of integrating with development tools such as code

generators.

2.7.5 Service Terminology

Service terminology relates to the terms and definitions that are exclusively used in SOC

and with SBAs. There is one challenge in the service terminology section. The challenge

is that Service definitions are too fragmented. This challenge was elicited from Durva-

sula et al. [32] which is an industry developed process for the development of SBAs.

While this challenge does not relate directly to adaptable SBAs, it is relevant to service

discovery and negotiation which are necessary for adaptation. Conflicting service termin-

ology poses problems for business integrators and developers that need to exchange ser-

vice details before a business integration can take place. Conflicting terminology is also

a problem when the terminology used in methodologies do not match the terminology in
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tools and standards. This problem is magnified when fragmented SBA development tools

and methodologies are used in a single project.

2.7.6 Service Adaptability

The service adaptability class of challenges relates to the challenges that occur when

adapting simple services rather than SBAs or compositions of services.

There is single challenge in the service adaptability section. The challenge Services

need to be adaptable [58, 25, 9, 51, 110], identified in PLASTIC [58], Multiview SOAD

[25], Chang et al [9, 51], and CSOA [110], relates to the fact that it is often useful for ser-

vices to have some level of customisability when there are consumed by multiple SBAs.

This challenge is particularly important in the case of adaptable SBAs where it may not be

possible to adapt the SBA to suit the service. This obstacle may be overcome by having

functionality in the adaptable SBA to deal with service variability.

2.7.7 Service Discovery

In this section two challenges that relate to the service discovery are discussed. Service

discovery relates to finding services either automatically or manually on service director-

ies. Service discovery is a process in its own right but it is also a sub-process of adaptation

in some cases.

Runtime service discovery is difficult [8, 110] This is quite an obvious challenge in that

service discovery is clearly a challenging process. When Web Services were origin-

ally conceived, the service discovery scenario proposed was that services would be

automatically discovered from databases such as Universal Description, Discovery

and Integration (UDDI) registries. In practice this is rarely the case since companies

were slow to publish their service on such registries.

A more typical service discovery scenario might involve searching human readable

service directory websites and then short listing service alternatives in an internal
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application database to be discovered by a running application. Which ever scen-

ario is adopted, a service discovery process would be beneficial in making such a

complicated process more straightforward.

There is a problem matching service providers to clients [9, 51] This challenge relates

to the difficulty that service providers have making their services available to ser-

vice consumers. One of the main reasons for this difficulty is the failure of public

service directories to become established. This has left service publishers with only

directory web sites of various quality to publish their services. Another problem

with these directory web sites is that they are usually not computer readable mak-

ing automatic service discovery and negotiation impossible.

2.7.8 Enterprise Integration

There are several SBA adaptation challenges in the enterprise integration category. They

will be briefly discussed in the following list. These challenges relate to the integration of

enterprise resources that are necessary to realise SOA and SBAs.

Enterprises need to be able to easily integrate their services [59] Enterprise integration

with software services promises great flexibility to companies, but in order for this

integration to be realised service integration must be straightforward. There must

be a simple mechanism for companies to publish their services and allow other

businesses to consume them.

With the demise of service registries such as UDDI this has become even more of

a challenge. Large companies also don’t often report their service descriptions on

public web site directories for security and related reasons. A solution to this prob-

lem might be for companies to first initiate business contact with one another then

exchange service details that can be used to support any business collaborations.

Organisations processes need to be interoperable [32] This challenge relates to the gran-

ularity of business processes within organisations. In order for business processes
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and business services to be combined with one another they need to be at the same

level of abstraction. A useful guide here is to define processes that can be used to

complete logical tasks within a single domain. For example, in the logistics domain

it might be useful to have business services to “pack orders”, “ship orders” and “re-

ceive proof of delivery” for orders. These sample services can be combined with

one another or with another organisation’s services to complete business integra-

tions.

2.7.9 Service Quality

It goes without saying that service quality is a vital factor for adaptable SBAs that rely

on others for the provisions of services. Service quality relates to non-functional quality

attributes like service availability and service response times.

Services should meet users QoS requirements [58] The two main QoS requirements

of interest to service consumers are service availability and service response times.

It is not good enough to have services that are available, they also need to be able

to respond in a timely manner. Response time is particularly important in SBAs be-

cause multiple service delays get compounded into overall unacceptable application

performance. Performance time is one of the major problems with SOA technolo-

gies such as Web Services due to the bandwidth and processing requirements of

XML type messages.

Services are not under the control of the SBA developers [12] This challenge relates very

much to the quality of services. If services are not under the control of the applic-

ation or application developers, then QoS cannot be guaranteed. This issue cannot

be completely overcome in SOA but measures can be put into place to ensure that

service providers stick to service level agreements for specific quality attributes.
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2.7.10 Service Semantics

Service semantics relate to concepts such as formal service descriptions and how these

descriptions can automatically be interrogated by service consumers.

Services need to be described adequately for service consumers [8] . This service de-

scription challenge was identified in the SeCSE methodology [8]. In order for

service consumers such as adaptable SBAs to be able to consume services which

meet their requirements they need accurate service descriptions. These descriptions

should be human readable for SBAs that do not adapt automatically and computer

readable when adaptation is automatic. Computer parseable semantic service de-

scriptions allow for powerful real-time service selection. In reality it is difficult to

find different service providers that publish their services with standard semantic

descriptions.

It is necessary to be able to evaluate service specifications for adaptation suitability [12]

This challenge relates to the necessity to be able to interrogate service specifications

to check that they are suitable for consumption by an adaptable SBA. Service spe-

cifications may include information on service security, messaging types, privacy,

transaction, management and other such specifications. If a service is implementing

particular specifications it is important for an adaptable SBA to be able to support

those specifications before the service can be consumed. Using the correct specific-

ations maximises factors such security, transaction management and a variety of

other important factors.

2.7.11 Service Specifications

There is a single challenge in the service specifications category: Services need to be at

the same granularity as business processes . This challenge, identified in the SDLC

approach [91], is problematic for organisations that want to overlay a SOA over existing

applications and components that are often not at the correct level of granularity. This
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issue needs to be overcome so that business services can be combined into logical pieces

of work. For example, a finance application should have services for entering orders,

entering payment details and processing credit cards. It is not very useful to have low

level services that, for example, returns a row in a database, returns an entity relationship

or displays the value of a variable.

2.7.12 Domain Knowledge

The challenge Domain knowledge needs to be integrated into adaptable SBAs [12]

relates to how domain knowledge should be encapsulated into adaptable SBAs so that it

can be reasoned about for adaptation. Domain knowledge can be used to to guide the

workflow of adaptable SBAs. Domain specific languages can describe valid business

processes and rules that can be parsed by the SBAs. This prevents them from entering

illegal states or states that will not end in successful execution.

2.7.13 Service Testing

Like a lot of other adaptable SBA challenges, the challenge that Some SBA properties

can only be evaluated during production settings [12] cannot always be overcome

but can be managed to minimise the impact on the application. SBA properties such as

availability of services or the effect of combining services in unpredictable ways cannot be

tested in advance. Therefore, it is necessary to monitor adaptable SBAs very carefully for

problems after adaptation takes place and have a plan to revert to a working configuration

if problems occur.

This is one of the key challenges that needs to be addressed in service engineering due

to the unpredictable nature of software services. In adaptable SBAs with finite adaptation

configurations, it is possible to test application properties during each of these config-

urations but a more innovative solution is needed when there are very many or infinite

adaptation states.
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2.8 Literature Summary

In this chapter I have looked at the state of the art in the areas of service-oriented comput-

ing, software process and software adaptation. These are all of the areas that are relevant

to the development of adaptable SBAs.

The software process section provides a chronological view of software development

process reference models. Starting with linear an iterative models, leading up to the more

recent SCRUM hybrid model. Finally, the more advanced CMMI and ISO-15504 cap-

ability and improvement models were presented with reference to how they are applied

compared to standard process reference models.

Based on this literature review, it seems like a linear or iterative waterfall type model

would provide a suitable starting point for a reference model for developing adaptable

SBAs. The waterfall model is a straightforward process with all of the key processes

required for developing software applications. The waterfall model shares a lot of its

process with many other mainstream life-cycle models. Therefore, it should be possible

to map a process reference model based on the waterfall model to a lot of other life-

cycle models. Basing the reference model on a more specialised life-cycle could make it

difficult to integrate with other life-cycles.

In the adaptation section, software adaptation as a general concept was presented fol-

lowed by descriptions of adaptation approaches for component-based and service-oriented

development. After a networked literature search, several service-oriented adaptation ap-

proaches were identified. A more comprehensive systematic literature review, reported in

Section 2.6.3, was conducted to identify additional approaches. This rigorous approach

was undertaken because the approaches identified have been used as the starting point for

the construction of a process reference model for adapting SBAs.

While there are several approaches proposed for the development of SBAs and for

the development of adaptable SBAs, the literature shows a demand for a valid end to

end process reference model for the development of adaptable SBAs that is based on

empirical data. Similarly, it has been shown in Section 2.7 that the approaches proposed
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for developing adaptable SBAs themselves face challenges that have not been overcome

in their entirety by a single approach.

2.9 Research Objectives

From carrying out the literature review, it was established that, although models exist,

they do not adequately support adaptation and are not empirically grounded. In order to

address this gap, the first objective of this research is to develop a process model, using

appropriate data sources and research methods, that can be used by practitioners who want

to develop adaptable SBAs. The process model should only address adaptation processes

and activities rather than being an all inclusive life-cycle model. This limits the scope of

the problem and facilitates integration with existing life-cycle models such as the RUP

[97], Spiral [16] or the waterfall models [100]. Section 3.3 proposes a research design to

meet this objective.

Once the process model has been developed, the second objective is to ensure that the

model is valid. Validation proves that the model is credible and can be applied generally

to the problem of adapting SBAs. Internal validity can be achieved by following rigorous

research methods while external validity can be demonstrated by evaluating the models

generalisability and transferability.



Chapter 3

Research Methodology

3.1 Introduction

This chapter deals with the methods of inquiry used during the research and justifies

them with reference to their underlying philosophical perspectives. Firstly, Section 3.2

identifies which philosophical paradigms were best suited to meet the objectives of this

research project and also deals with the philosophical perspectives associated with those

paradigms. Then once a philosophical basis was established for the research, suitable

research methods were selected and constructed into a research design which is outlined

in Section 3.3.

3.2 Research Philosophy

In order to decide upon the best research design it was important to consider the various

methods of inquiry and their philosophical underpinnings. There were many research

paradigms and philosophical perspectives to choose from, many of which are at different

abstraction levels. These competing approaches are discussed in Section 3.2.1 while their

philosophical perspectives are discussed in Section 3.2.2.

3.2.1 Research Paradigms

Research paradigms, the phrase that is commonly used in the literature [24] [45], refer

to the high-level perspectives on how research should be conducted. These research

paradigms in turn have related lower level ontological, epistemological and methodo-

logical perspectives that will be discussed later. Therefore, the selected paradigm or

57
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paradigms will affect the selection of specific research methods for the research design.

The first research paradigm considered was positivism.

Easterbrook et al. [33] define positivism as a view that:

“knowledge must be based on logical inference from a set of basic observable

facts”.

Myres [79] describes positivism as the view that reality can only be described by

properties that are independent of the researcher and the researcher’s instruments. In

other words the research process should not affect the outcome of the research. Detmar

et al. [28] explain how Karl Popper’s theory of falsification takes this one step further by

stating that a theory is only scientific if its predictions can be observably falsified. The

logic behind falsification is that, if a theory cannot be tested, then it is impossible to know

if it is true, suggesting that it is a myth rather than a scientific theory. Orlikowski and

Baroudi [86] have identified several characteristics of positivist research:

• Research with formal propositions.

• Research with variables that can be quantifiably measured.

• Research that tests hypotheses.

• Research that uses a population sample to draw inferences about a phenomenon.

• Research that aims to describe rather than interpreting a phenomenon.

Based on the analysis of the above list, positivism alone is not the best approach for

collecting and analysing the qualitative data needed to develop a process reference model.

While a positivism approach encourages repeatability and objectivity which is desirable,

it does not allow the researcher the flexibility to interpret and reason about ambiguous or

disjointed concepts.

Interpretivism is an opposing view of reality to that of positivism, interpretivists do

not focus on measuring properties, hypotheses testing or similar “hard” scientific methods
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[57]. They focus on understanding phenomena through social constructs such as shared

understanding, language and consciousness. Howcroft and Fitzgerald refer to interpretiv-

ism as “soft” research but stress that “soft” interpretivist research is not inferior to “hard”

positivist research because both approaches have their strengths and weaknesses.

Inevitably there are interpretive elements involved in research where the inquirer col-

lects data by interviewing and interacting with research participants. The interview pro-

cess involves shared understanding and subjectivity between the interviewer and the par-

ticipant. Where suitable I will take an interpretivist approach to data collection and ana-

lysis. Positivism will be incorporated into aspects of the research design such as sampling,

data coding and other activities that can be handled more objectively.

3.2.1.1 Critical Theory

Critical theory has its origins in critical social theory, where researchers have attempted

to bring the restrictions of accepted social reality to light [79]. Ngwenyama and Lee [81]

explain that critical social theorists have a responsibility to not only understand a social

phenomena, but to be critical of unjust and inequitable situations. In terms of software

engineering, the same applies, critical researchers must first attempt to understand a social

phenomena within the research area and then affect it by highlighting its deficiencies and

inadequacies.

In terms of this research project, there will be a critical element to the process model

that is being developed. Once the model has been developed it will be critiqued by prac-

titioners through a validation process to ensure that is is valid and does not contain defi-

ciencies.

3.2.2 Philosophical Perspectives

Fitzgerald and Howcroft [45] identify four categories of research philosophies, each at

different levels of abstraction: ontological level, epistemological level, methodological

level and axiological level. The following subsections briefly define each level and their
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containing philosophies that relate to this research.

3.2.2.1 Ontological Level

Ontology refers to the nature of reality, there are two primary stances on how reality

exists. The first stance, relativism, claims that there are multiple versions of reality based

on the relative subjectivity of different minds. The second stance, realism, is the opposite.

It claims that there is only one reality that is independent of any individual’s mind.

Both of these standpoints are logical, and, in a way, both are true. It is hard to escape

the fact that individuals are subjective no matter how objectively they approach a task.

Therefore, an individuals view of reality is bound to be subjective. On the other hand, in

order for an individual to have a subjective perspective on reality there must exist some

underlying constant reality on which their perspective is based.

The primary objective of this research is to construct a process model, with a primary

data source being input from subject matter experts. Since it is acceptable that there

is subjectivity involved when individuals describe their experiences, it is reasonable to

expect that the input provided by subject matter experts will be subjective. It is therefore

important that I take this into account when constructing the “true reality” of how best to

adapt SBAs. During this research, the subjectivity of participant data will be accounted

for by the triangulating of data sources.

3.2.2.2 Epistemological Level

Epistemology is the branch of philosophy concerned with the study of knowledge and

the study of knowledge acquisition [103]. Before the research design is constructed it is

important to consider relevant epistemological approaches and determine which ones are

appropriate for this research. In the context of this thesis as well as any other research, it is

important specifically to consider the various theories about how knowledge is acquired.

Two knowledge acquisition epistemological perspectives, empiricism and rationalism, are

relevant to this research.

Empiricism is a knowledge acquisition theory that claims all knowledge should be
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based on sensory experience [73]. This theory is often embraced by software engineers

as well as software engineering researchers. Software engineers are mostly concerned

with “how” to build software and draw on positive past experiences to guide the software

development process. Similarly software engineering researchers draw on the experiences

of software practitioners in order to determine best practices for software developers [96].

This thesis is concerned with the development of a best practice process model, so an

empirical approach which draws on the positive experiences of practitioners is appropri-

ate. Empirical software engineering research usually consists of field work, such as case

studies or surveys, where practitioners are observed or interviewed in their natural setting,

or laboratory experiments where software development tasks are observer in a controlled,

repeatable environment [94].

Rationalism is an opposing theory to empiricism; while empiricists believe that know-

ledge comes from experience, rationalists believe that knowledge is attained through in-

tuition or deduction, or can be possessed innately [73]. Rationalism is also a useful stand-

point in software engineering research. As well as providing valuable empirical evidence

from experiences that they have had, software practitioners can also provide useful opin-

ions and knowledge that they have derived through intuition, deduction or have known

innately.

3.2.3 Methodological Level

Research methods usually have distinct data collection and analysis processes. The data

that is collected may be quantitative, qualitative or a combination of both types, and the

analysis may employ quantitative, qualitative or mixed analysis methods. Quantitative

analysis techniques involve the analysis of quantitative data using positivist mathemat-

ical and statistical techniques [29]. As the name implies quantitative data is numerical or

quantifiable data that can be used to represent properties of a phenomena being studied.

On the other hand qualitative data which is usually text based, from sources like docu-

mentation or transcribed audio, can be analyzed using positivist, interpretivist or critical
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techniques. Therefore, if one decides upon the positivist perspective both quantitative and

qualitative methods are available for selection. Qualitative analysis methods are the only

methods available to interpretivist or critical theorists since they rely on social constructs

such as language and shared meanings which are represented by textual data.

While an interpretivist stance is suitable for the construction of process model, incor-

porating positivist elements into the research design where possible. This choice remains

whether to chose quantitative, qualitative or mixed research methods. What is clear is that

the development of a process model requires field work to collect data for the construc-

tion of the model. Edmonson and McManus [34] propose a framework for the selection

of research methods when conducting field work. The model suggests that different meth-

ods are appropriate depending on the maturity of the research area. They describe three

categories of research: nascent (immature), intermediate and mature. For each of these

categories they suggest suitable, research questions, types of data to be collected, data

collection methods, constructs and measures, goals of data analysis, data analysis meth-

ods and theoretical contribution. Since the adaptation of SBAs is an emerging topic the

nascent category applies. Table 3.1 illustrates the methodological attributes for each step

of the research design proposed by Edmonson and Mcmanus for nascent field work. The

key attributes suggested are the collection of qualitative data for thematic content analysis

which is a qualitative analysis technique. They suggest interviews, observations and the

retrieval of documentation as suitable data collection methods.

The term “research methods” as it is used in the literature is quite ambiguous and

can be used to describe data collection methods alone or entire research designs [98]. For

example, the survey research method is typically used to describe a data collection activity

using techniques such as interviews or questionnaires. However, the grounded theory

research method refers to an entire research design. In this thesis, research methods will

refer to entire research designs and data collection methods will be referred to separately.
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State of Prior Theory
and Research

Nascent

Research questions Open-ended inquiry about a phenomenon of
interest

Type of data collected Qualitative, initially open-ended data that
need to be interpreted for meaning

Illustrative methods for
collecting data

Interviews; observations; obtaining docu-
ments or other material from field sites rel-
evant to the phenomena of interest

Constructs and measures Typically new constructs, few formal meas-
ures

Goal of data analyses Pattern identification
Data analysis methods Thematic content analysis coding for evid-

ence of constructs
Theoretical contribution A suggestive theory, often an invitation for

further work on the issue or set of issues
opened up by the study

Table 3.1: Methodological Fit in Nascent Field Research (Edmonson and Mcmanus (2007))

3.2.3.1 Qualitative Research Methods

There are many research designs to chose from some of which specify quantitative, qualit-

ative or mixed data collection and analysis techniques. Since this is an emerging research

topic, following Edmonson and McManus’s advice, the author will focus on qualitative

research methods. Here a brief review will be provided of several qualitative research

methods, highlighting the strengths and weaknesses of each, in an attempt to select the

most appropriate ones for this research project.

3.2.3.1.1 Action Research Like many other qualitative research methods action research has its

roots in social science, although it is currently used in a variety of organisational research

domains. Action research was formulated by Kurt Lewin in 1946 [67] as a method of

generating theory by the researcher participating in the social system [104]. Therefore,

through action research the researcher can influence the output of the research as well

as gathering data. Susman and Evered [104] outline five steps in the process of action

research: diagnosing, action planning, action taking, evaluating, and specifying learning.

Figure 3.1 is a graphical representation of that cyclical process.

Since this researcher is a full time research student and not employed in an organ-
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Figure 3.1: Cyclical Process of Action Research [104]

isation that develops service-oriented software it is not practical to participate in action

research for this project. That being said, action research would be a useful research

method for the elicitation of the data required to develop a reference model. Similarly

being part of a SBA development organisation would facilitate the implementation of

prototype reference models.

3.2.3.1.2 Grounded Theory The grounded theory research method, proposed initially by Glaser

and Strauss [38], is a research method that attempts to construct theory by systematically

gathering and analysing qualitative data [109]. The main steps involved in grounded

theory are the data collection, coding, memoing and writing up the research.

The data collection activity involves the collection of qualitative data through meth-

ods such as interviewing and documentation gathering. Then any recorded voice data is

transcribed so that it can be analysed. This is a time consuming and laborious process

but is necessary in order to make sense of the mass of qualitative data collected during a

study.

The next step is coding the textual data gathered and transcribed. There are three

types of coding: open coding, axial coding and selective coding. Open coding involves

reading each passage of text then assigning a code describing its context. Axial coding

is a process where the researcher attempts to assign causal relationships to categories
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of codes. Selective coding involves the selection of a core theory or code category and

determining how all of the other theory categories relate to it.

Memoing is the activity of noting ideas about coded passages and how they might

relate to one another. This is carried out throughout the coding process as ideas come to

mind. It is important to memo ideas as they emerge during coding otherwise they may

be lost permanently. Finally, the theory is distilled from the memos and coded data and

written up, this is the main deliverable from the process that is shared with others.

The methodical activities of the grounded theory coding process is a promising way of

processing the data gathered for the construction reference model. However, unstructured

data analysis process is not a good match for the development of a structured reference

model. Therefore, the coding process alone, adapted by Miles and Hubermann [77], will

be chosen for this project.

3.2.3.1.3 Ethnography Ethnography is a research method that involves the observation of a com-

munity of people in order to understand how they interact with one another socially [98].

Again, this method has its roots in social science but it is widely used in organisational

research. The goal of ethnography is to begin without any preconceived theories focusing

exclusively on how community members interact with one another.

In software engineering research ethnography may be used to investigate how a par-

ticular development process or activity occurs by observing its participants. The observed

community may be broad such as “java programmers in general” or tight such as a single

development group [33]. The ethnographic process may involve observation and note

taking of interactions relating to a research question and follow up interviews with com-

munity members to supplement those notes.

Since ethnography focuses primarily on observation it is very difficult to apply to large

problems with complex and voluminous transactions between community members. In

the case of the research the author is attempting to capture activities that occur during the

entire development process. This suggests that ethnography may not be the appropriate

approach in this case.
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3.2.3.1.4 Case Study Research Yin describes the case study as “an empirical inquiry that in-

vestigates a contemporary phenomenon within its real-life context, especially when the

boundaries between phenomenon and context are not clearly evident.”[116]. Easterbrook

et al. describe two types of case study, exploratory case studies are used to describe

some new phenomena or theory, while confirmatory case studies are used to test existing

hypotheses.

Like other qualitative research methods it is first necessary to develop a research ques-

tion before a case study is undertaken. This is then used to formulate a “study proposition”

or a “study protocol” which is used to guide the selection of cases and how data is col-

lected for each case. Depending on the research question there are several types of case

selection approaches. An extreme case may be chosen to prove a point or falsify a hy-

pothesis. Often it might be desirable to chose a typical case in order to get an overview

of a particular phenomenon. In order to generalise about a phenomenon it is necessary to

select a variety of cases that can show the phenomenon in different contexts.

Data collection in case studies involves the collection of qualitative data such inter-

views, observations and the collection of documentation. Data collection should focus

around a “unit of analysis” such as a process reference model. It is important to limit the

scope of the unit of analysis because case studies can turn up huge amounts of data.

Data analysis can be carried out with a variety of posivitist and interpretivist ap-

proaches. Posivitist approaches include coding and catagorising of concepts or categories.

Interpretivist analysis approaches involve the researcher subjectively reasoning about and

conceptualising the data.

The case study method suits this research project because it allows the researcher to

efficiently document development processes within orgainisations. Within this research

project, the unit of analysis is the participant orgainisation’s software development pro-

cess. Selecting a variety of different companies or cases allows the researcher to general-

ise results which is necessary during the development of reference models. An interpret-

ivist approach for analyzing and reasoning about case study data provides the flexibility

required to identify the generic process attributes required to develop a process reference
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model.

3.2.3.1.5 Survey The survey research method is not just the instrument used to collect data, it

is a complete research method with steps such as: setting objectives, designing the sur-

vey, developing the survey instrument, obtaining data and analysing data [56]. There

are several types of survey mainly categorised by the data collection method employed.

The two main methods of data collection are questionnaires and interviews with some

overlap between those two methods. A questionnaire may be administered as a printed

document, a web based document or can be administered orally as a structured interview.

Interviews on the other hand may be structured (an orally administered questionnaire),

semi-structured or unstructured.

The type of data analysis that is conducted after the survey depends on the nature of

the data collection. If the survey instrument is a quantitative questionnaire then a variety

of statistical methods may be used for analysis. Qualitative surveys are usually followed

by some type of qualitative content analysis.

Surveys are typically used to describe or explore some phenomenon of interest. This

is a particularly useful research method for the capture of organisational process data

that is needed to construct a process reference model. Semi-structured and open ended

interviews are flexible enough to enable research participants to describe the details of

software engineering processes. Therefore, semi-structured interviews were used as a

data collection method for this research project.

3.2.4 Axiological Level

The final philosophical perspective in the philosophy of research is at an axiological level.

The debate here is between the value of relevance and the value of rigour [45]. The

relevancy perspective emphasizes the value of research with respect to external factors

such as suitability for a particular purpose. On the other hand the rigor perspective focuses

on the internal validity of the research and how the research methodology is precisely

followed.
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Since the primary aim of this research is to produce a reference model that is useful

practically to practitioners and researchers, the primary axiological focus of the research

should be relevancy. On the other hand the quality of the research depends very much

on the rigor of the research. Therefore, this research will employ rigorous methods to

develop a reference model that is of practical value.

3.3 Research Design

3.3.1 Overview of Research Design

Edmonson and McManus [34] outline the key components of field studies: a research

question, analysis of prior work, a research design and a contribution to the research.

The research design for this thesis largely follows the approach proposed by Ahle-

mann et al. [4] for the development of empirically grounded process reference models.

The approach is derived from previous research results and has been validated in three

previous process model construction projects. The design of Ahlemann et al.’s research

approach consists of four phases: problem definition, construction of frame of reference,

core construction and validation. This sequence has been modified to meet the require-

ments of this research project. For example, the problem definition phase is not included

here because the problem has already been defined in the literature review.

The model developed in this thesis is named SOAdapt. It was developed during a

research process consisting of four phases. The first phase - Phase 1: SOAdapt-FoR

Construction, consists an exploratory study with an initial evaluation process, followed by

a frame of reference construction process. Phase 1 was based on data from the literature

as well as a case study. This frame of reference is used to guide two industrial empirical

studies conducted during the project. The research output from this phase was a frame of

reference construct called SOAdapt-FoR.

The second phase - Phase 2: SOAdapt-V1 Construction, contains the first empirical

study that was conducted (Industrial Empirical Study (1)) and an interim literature based
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Figure 3.2: Research Design

evaluation resulting in SOAdapt-V1, the first complete version of the reference model.

Phase 2 was based on industrial expert opinion and a case study.

The third phase - Phase 3: SOAdapt-V2 Construction, contains the second empirical

study (Industrial Empirical Study (2)) resulting in SOAdapt-V2. This phase was based

exclusively on data collected during an industrial expert opinion survey.

The final phase - Phase 4: SOAdapt-V2 Evaluation, is an evaluation process based on

academic expert opinion resulting in, SOAdapt, the finished model. Figure 3.2 illustrates

the phases that were used for the construction of the model. Phase 1 of the research can be

mapped to the frame of reference construction phase of Ahlemann et al.’s process. Phase

2 and 3 can be mapped to the core construction phase of Ahlemann et al.’s process. Phase

4 can be mapped to the validation phase of Ahlemann et al.’s process.

3.3.2 Phase 1: SOAdapt-FoR Construction

The SOAdapt-FoR model was constructed by analysing existing publications that contain

activities for adapting SBAs. Both peer-reviewed and non-peer-reviewed publications

were analysed to compile these process details.
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3.3.2.1 Systematic Literature Review

One of the key sources of adaptation activities was a Systematic Literature Review (SLR)

of SBA development process models. The SLR, also reported in [65] (Appendix B),

identified which of the process models supported SBA adaptation. The complete SLR in

Appendix B provides a detailed account of the review protocol used to conduct the SLR.

A total of 8 publications which contain processes and activities for adapting SBAs were

identified in the SLR.

3.3.2.2 Exploratory Study

The author, in collaboration with two service engineering experts, examined 16 service-

oriented engineering approaches for adaptation activities during an exploratory study. The

exploratory study, which was carried out as a contribution to the S-Cube project, is pub-

lished in [64]. The adaptation activities were validated during an evaluation process where

each activity was mapped to a software process documented during a case study.

We found that 5 of these approaches supported adaptation in one way or another. Even

if the approaches did not specifically support runtime adaptation they were still searched

for activities that are implicit to adaptation. For example, in self-adapting systems, mon-

itoring needs to occur in order to trigger adaptation. Although monitoring is not directly

related to adaptation it is classified as an adaptation activity because it is needed by the ap-

plication to adapt. Activities were classified as adaptation related if they could be related

to the adaptation processes defined in the reference life-cycle proposed by the S-Cube

consortium.

3.3.2.2.1 Initial Evaluation Additionally, the activities identified in the exploratory study were

also mapped to the development process of a company who develop adaptable SBAs. The

case is based on a company, SBA Solutions, that participated in Phase 3 of this project.

The mapping carried out in this case study showed how the adaptation activities were

able to enhance the companies software process. This demonstrated that the activities are

applicable to the problem of developing adaptable SBAs.
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3.3.2.3 Construction Process

Unfortunately, most of the approaches identified the in SLR [65] (Appendix B) and the

networked search [64] (Appendix C) are not complete and lacking the required processes

to fully guide SBA adaptation. Each of these publications as well as 2 other papers from

Bucchiarone et al. [18][19] resulted in a total of 50 SBA adaptation activities. The activ-

ities are listed in Table 3.2 [63].

Within those 50 activities there was some overlap and duplication. Similar or duplic-

ate activities were grouped together and assigned a generic activity name resulting in a

smaller list of unique activities. The generic activity names are represented in the second

column of the adaptation activities table (Table 3.2).
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Source Adaptation Activity Generic Activity

Lane et al Monitor message sequences amongst services and its partners Runtime monitoring
Lane et al Runtime service discovery Adapt SBA
Lane et al Requirements and analysis stage: define KPIs and manage-

ment policies
Define Adaptation Requirements

Lane et al Service specification: identify the service properties to specify Define Adaptation Requirements
Lane et al Specifying service decision model Define Adaptation Strategies
Lane et al Set warning thresholds and alerts for compliance failures Define Monitoring Requirements
Lane et al Specify monitoring rules according to the adopted SeCSE

monitoring language (SECMOL)
Define Monitoring Requirements

Lane et al Service deployment: deploy the monitoring rules and recovery
policies within the monitoring system

Deploy Monitoring Mechanisms

Lane et al Gather QoS metrics on the basis of SLAs Design Monitors
Lane et al Evaluate SLA QoS metrics Design Monitors
Lane et al Readjust service weights for request queues Design Monitors
Lane et al Designing service adapters Desing Adaptation Mechanisms
Lane et al Recovery management: identify, by looking at the monitoring

data, the needs for a recovery action
Event reasoning from Monitoring

Lane et al Detect protocol violations Runtime monitoring
Lane et al Monitor service, application, middleware, OS, hardware, and

network
Runtime monitoring

Lane et al Monitor workloads Runtime monitoring
Lane et al Insert monitoring rules and recovery actions in concrete parts

of the service composition executable description
Runtime monitoring

Lane et al Monitor services Runtime monitoring
Bucchairone et al Define adaptation and monitoring requirements Define Adaptation Requirements/Define

Monitoring Requirements
Bucchairone et al Design for monitoring and adaptation Design Monitors/Design Adaptation Mech-

anisms
Bucchairone et al Construction of monitors and adaptation mechanisms Implement Monitoring and Adaptation

Mechanisms
Bucchairone et al Deployment-time adaptation Define Adaptation Requirements
Bucchairone et al Run-time Monitoring Runtime monitoring
Bucchairone et al Decide between adaptation and evolution Define Adaptation Requirements
ProDAOSS Organisational services realization paths are documented by a

dynamic service hypergraph
Define Adaptation Requirements

ProDAOSS Organisational services are designed as service centers in the
architectural design discipline

Define Adaptation Requirements

ProDAOSS Services realization environment is open and adaptable
through the use of a reinforcement learning algorithm and a
probabilistic reputation model

Event reasoning from Monitoring

PLASTIC Runtime Analyser Runtime monitoring
PLASTIC SLA monitor Runtime monitoring
PLASTIC On-line validation Runtime monitoring
PLASTIC Evolution policies decoder Event reasoning from Monitoring
BCDF Take enterprises business and technical requirements as well

as dependencies between them into consideration
Define Adaptation Requirements

BCDF Enterprizes describe their purpose and high level requirements
for a business collaboration

Define Adaptation Requirements

BCDF Define the operational conditions under which businesses can
cooperate

Define Adaptation Requirements

BCDF Negotiation agreement describing the interactions among the
services from the different parties

Desing Adaptation Mechanisms

Chang Defining Target Services Define Adaptation Requirements
Chang Defining Unit Services Define Adaptation Requirements
Chang Planning service component aquisition Desing Adaptation Mechanisms
Chang Acquiring service components Design Adaptation Mechanisms
Chang Composing services Adapt SBA
Multi-view SOAD Develop use case models Define Adaptation Requirements
Multi-view SOAD Service identification by viewpoint Define Adaptation Requirements
Multi-view SOAD Service interface conception Design Adaptation Mechanisms
Multi-view SOAD Mapping to platform specific models and code generator Event reasoning from Monitoring
CSOMA Model services with variability points Define Adaptation Requirements
CSOMA Select orchestration schema based on the context of the incom-

ing request
Event reasoning from Monitoring

CSOA Design adaptation views for Platform Specific Models (PSMs) Define Adaptation Requirements
Dino Develop UML2 Modes Model Define Adaptation Requirements
Dino Generate requirements and capabilities of broker services Define Adaptation Requirements
Dino Set dynamic service broker configuration Design Adaptation Mechanisms

Table 3.2: Adaptation Activities



3.3. RESEARCH DESIGN 73

The SOAdapt-FoR model was constructed using the Business Process Modeling Nota-

tion1 (BPMN). The process constructs were limited to the constructs from the process

meta-model defined in ISO/IEC 15288. BPMN was chosen over alternatives such as the

Unified Modeling Language2 (UML) since it is more expressive and understood by both

technical and non-technical stakeholders. The ISO/IEC 15288 software process meta-

model was chosen over alternatives such as the Software and Systems Process Engin-

eering Meta-Model3 (SPEM) because it has, in my opinion, fewer and more intuitive

software process constructs.

Using UML class diagram notation, Figure 3.3 [46] illustrates the ISO/IEC 15288

process constructs and their interrelations. The figure uses UML classes and composition

relationships to describe the meta-model. Classes are used to represent objects such as

processes and activities. The composition relationships show how these objects relate

to one another. Composition relationships are “has a” type relationships, for example,

a process “has an” activity. Each end of the relationships have a small set of characters

denoting the rules of the relationship. The characters allowed are “1”, “0” or an asterisk.

A “1” denotes that there is only allowed to be one instance of the object at that end of

the relationship, a “0” means zero instances and an asterisk means multiple instances.

The characters can be used in combination, for example, “1..*” mean one or multiple

instances.

The figure shows that a Process can have zero or more Sub-Processes and one or

more Activities. In turn, it shows that an Activity can have one or more tasks which can

have zero or more Notes. It also shows that each process has a Name, a Purpose, and an

Outcome. The meta-model will be slightly adapted for this research with the removal of

the process outcomes and the addition of stakeholders and artifacts. Stakeholders are the

individuals that participate in the activities of a process while artifacts are the physical

entities such as code or documentation that are produced by or modified by activities.

The S-Cube life-cycle, illustrated in Figure 3.4 [5], was chosen as a starting point

1http://www.bpmn.org/
2www.uml.org
3http://www.omg.org/spec/SPEM/
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Figure 3.3: ISO/IEC 15288 Process Constructs [46]

to develop the SOAdapt-FoR model. The S-Cube life-cycle is a high-level life-cycle

model skeleton proposed for the development of adaptable SBAs. The generic adaptation

activities, that were identified in the SLR and Exploratory (Table 3.2), were mapped to the

appropriate processes of the S-Cube life-cycle resulting in the SOAdapt-FoR model. This

approach was taken in order to leverage the existing research which has been conducted

by the S-Cube consortium. Additionally, the S-Cube life-cycle covers each aspect of the

development cycle without being too detailed. This allows it to be easily modified and

enhanced with activities reported in the service engineering literature. The SOAdapt-FoR

model is a high-level model and only uses the Process and Activity constructs as defined

in ISO/IEC 15288.

3.3.3 Phase 2: SOAdapt-V1 Construction

SOAdapt-V1 was constructed during Industrial Empirical Study (1) with data gathered

from an industrial expert opinion survey and a case study. This data was then used to

modify and extend SOAdapt-FoR. Therefore process attributes discovered during the in-

terviews that were not present in SOAdapt-FoR represent the gaps in the literature. Alto-

gether there were 198 passages of interview transcript which were assigned codes because
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Figure 3.4: The S-Cube Life-Cycle of Adaptable SBAs [5]

they contained information about adaptation processes, activities, tasks, stakeholders, or

artifacts. Additionally there were 12 passages of text which were coded because they

contained information about the interview participants’ backgrounds.

3.3.3.1 Industrial Expert Opinion Survey

The first stage in the expert-opinion survey was the development of an interview guide for

use during the survey interviews. The interview guide was divided in two parts: the first

part deals with the participants’ backgrounds and their roles, while the second part focuses

on the elicitation of adaptation activities. Participants discussed the activities within the

SOAdapt-FoR model, and provided feedback. The respondents were asked whether or not

they agreed with the activities contained in the SOAdapt-FoR model, and what changes

they would make. Then they were asked to describe the tasks required to complete these

activities, the stakeholders involved and the artifacts produced by the activities.

The interviews conducted were semi-structured interviews [99]. Interview guides for

this type of interview contain open-ended questions which allow interviewers to ask fol-

low on questions when necessary. This flexibility allowed the interviewer to ask the parti-
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cipants detailed questions about their specific areas of expertise. This method allowed the

model to be expanded in depth as well as breath, existing processes received much more

detail while new processes were also added. Background questions were asked to provide

context information for each of the participants. Each of the participants were asked back

ground questions such as:

• What is you current position?

• Do you work with adaptable Service-Based Applications (SBAs)?

Then they were asked to identify adaptation process attributes that could be used to

develop the SOAdapt-FoR further. For example, for each of its activities they were asked:

1. At what stage in the SBA development life-cycle should it occur, or should it occur

at all?

2. What stakeholders should be involved in the activity?

3. What lower level activities or tasks should it contain?

4. What artifacts are required by or produced by the activity?

The purpose of these questions was to evaluate and refine where necessary the exist-

ing activities of SOAdapt-FoR. The second part of the interview, which sometimes came

before these more formal questions, was about getting new adaptation specific process de-

tails based on their experience and opinion. For this part of the interview the participants

were asked to describe the SBA development processes within their orgainisations, fo-

cusing specifically on there individual roles, where they could provide the most insight.

These questions were used to elicit details of processes and activities that were not con-

tained in SOAdapt-FoR and that could be used for its expansion.

A pilot interview was conducted using this interview format. This results of the pi-

lot showed that this approach struck a good balance between flexibility and structure. A

strictly structured questioning approach would have prevented the interviewer from prob-

ing concepts that were not considered while developing the SOAdapt-FoR model.
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Participant 1 2 3 4

Role Security R&D Business Analyst Sales/Product Develop-
ment

Service Composition
R&D, Commercialising
Research

Experience with Adapt-
able SBAs

Yes Yes No Yes

Location USA Mexico UK Germany
Company A B C D
Size Very Large Multinational Large Large Very Large Multinational
Sector Hardware/Software De-

velopment
Banking Mechanical Engineering Communications

Participant 5 6 7

Role Performance Testing Consultant Business Process Im-
provement

Experience with Adapt-
able SBAs

No No Yes

Location Germany Netherlands USA
Company E F G
Size Very Large Multinational Very Large Multinational Very Large Multinational
Sector Industrial,Healthcare Software Development Software Develop-

ment/Services

Table 3.3: Survey Participants

Once the interview guide was completed and piloted, the next step was to identify and

contact suitable interview partners. This proved to be one of the most challenging aspects

of the study given the specialised nature of the process model being constructed. In order

to participate, interview partners needed to be experts in Service-Oriented Computing

(SOC) and be able to provide opinion based on experience, on how best to adapt SBAs.

Suitable practitioners were identified through user groups on the Linkedin4 professional

network as well as SOC conference proceedings. After sending out invitations to over

100 practitioners there were 15 replies with 7 eventually committing to interviews. At the

end of each interview participants were asked to identify others who may participate with

some initial positive responses. However, the initial interview partners did not provide

leads for additional interviews indicating that chain sampling can be ineffective for such

a specific research project topic.

Table 3.3 provides an anonymous profile of the SOC experts that participated in the

survey. The company specific details are not shown to protect their identities.

Participant 1 outlined that his areas of expertise are in systems networking, commu-

nications, the security of large complex systems and more simple software applications.

Over the past couple of years only he has gained experience in SOA-based business pro-

4http://www.linkedin.com
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cess composition. The company that he works for sells hardware such as servers and

personal computers while also providing professional software consultancy and develop-

ment services.

Participant 2 was a business analyst in the banking sector. He worked with service-

enabled financial applications which were often subject to adaptation during their oper-

ation. The bank that he worked for was one of the main banks in Mexico. Most of the

applications that he supported were custom in house applications.

Participant 3, in his capacity as a software product development engineer, had ex-

perience in providing mechanical engineering software to clients. Some of this software

is delivered to their clients through software services. He has done some preliminary

research on integrating adaptation into the services provided by his company.

Participant 4 is an industrial researcher and is responsible for all the engineering

research work within his company. His research focuses on service composition and

he works within the company to turn research projects into products. The company he

works for is a part of a group of vertically integrated companies that provide hardware

and software solutions to the mobile telecommunications industry. The software that they

provide is for the provisioning of mobile telecommunications.

Participant 5 is a test engineer working in the performance measurement area with

a focus on queries performance, application overload and overload protection. He has

experience with service-based applications in the health-care sector. The company that he

works for is a major player in the health-care hardware sector. These hardware products

are controlled by software thats developed within the company and many of the products

are service enabled.

Participant 6 is a consultant within a middleware product division in his company.

The middleware product that he works with facilitates service orchestration, service bus

intercommunications and other technologies that tie applications together. The company

that he works for also provides several other enterprise software applications.

Participant 7 focuses on business process management. His position involves en-

gagement with his company’s customers in order to improve their business services. He
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Participant 8 9 10

Role Chief Technolofy Officer Business Anlayst Developer
Experience with Adaptable
SBAs

Yes Yes Yes

Location UK UK UK
Company H H H
Size Medium Medium Medium
Sector Software Development Software Development Software Development

Table 3.4: Case Study Participants

is involved with software adaptation research to meet the requirements of his customers’

dynamic business processes. His company is a large hardware, software and software

services supplier.

In advance of the interviews, the participants were sent a copy of the interview guide

as well as some background information on the study, allowing them to familiarise them-

selves with the concepts and terminologies involved in the study. It also gave them extra

time to think about the adaptation activities that they encountered while developing SBAs.

The interviews were conducted either on site or through the Skype™Voice Over Internet

Protocol (VOIP) service which allows the recording of interviews. Once all of the inter-

views were complete, they were transcribed in preparation for data analysis.

3.3.3.2 Case Study

A single case study was also conducted in order to supplement the survey conducted

during this inquiry. The case study was carried out within a company with expertise in

developing SBAs. The aim of this study [117] was to identify how a SBA development

team approaches the adaptation of SBAs. The company where the case study was carried

out will be referred to as SbaSoft.

Interviews were used in order to collect qualitative data during the case study. Three

stakeholders involved in different aspects of the application development life-cycle were

interviewed: The Chief Technology Officer (CTO), a business analyst and a developer.

The interviews for the case study were conducted on site at SbaSoft. Table 3.4 provides

an anonymous profile of the case study participants. Again, the company specific details

are intentionally vague to protect its identity.
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Participant 8 is the Chief Technology Officer (CTO) office within his company. He

is responsible for high level technology related decisions and is involved in the man-

agement of each of the companies development projects. The company supplies one

service-oriented enterprise application and sells solutions to its customers based around

this product.

Participant 9 is a business analyst within the company. He works with their customers

to capture their requirements and constraints. Once documented they are then used by the

application designers, developers and testers.

Participant 10 is a software developer within the company and work directly on their

product offerings. He has a lot of experience with the service-oriented aspects of their

products.

The interviews for the case study were based on a semi-structured interviews similar

to that used in Section 3.3.3.1. However, rather than focusing on adaptation specific

activities, the questions were aimed at documenting SbaSoft’s entire development life-

cycle including adaptation specific activities. Participants in the case study were asked

questions such as:

1. Does your company use service based applications, provide services for internal

use or third parties: i.e. service client, service provider, or both.

2. Can you briefly outline how requirements are gathered for your services?

3. Can you briefly outline the process followed for designing web services in your

company (i.e. people involved, activities carried out)?

4. Are your services designed to be adaptable?

Their entire development life-cycle was documented in order to view their adaptation

specific activities in context. Analysed interview data provided input for the model.
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Category Process Code

Activity Requirements Engineering activity!requirements engineering
Design activity!design
Construction activity!construction
Deployment and Provisioning activity!deployment and provisioning
Operation and Management activity!operation and management
Adaptation Triggers activity!adaptation triggers
Adaptation Strategy activity!adasequenceptation strategy
Enact Adaptation activity!enact adaptation

Artifacts Requirements Engineering artifacts!requirements engineering
Design artifacts!design
Construction artifacts!construction
Deployment and Provisioning artifacts!deployment and provisioning
Operation and Management artifacts!operation and management
Adaptation Triggers artifacts!adaptation triggers
Adaptation Strategy artifacts!adaptation strategy
Enact Adaptation artifacts!enact adaptation

Stakeholders Requirements Engineering stakeholders!requirements engineering
Design stakeholders!design
Construction stakeholders!construction
Deployment and Provisioning stakeholders!deployment and provisioning
Operation and Management stakeholders!operation and management
Adaptation Triggers stakeholders!adaptation triggers
Adaptation Strategy stakeholders!adaptation strategy
Enact Adaptation stakeholders!enact adaptation

Table 3.5: Starting Codes

3.3.3.3 Data Analysis

Once the data collection from the survey and case study was complete the interview tran-

scripts were analysed using data analysis techniques as described in [77]. The raw data

was first open coded with descriptive codes being added to segments of the data. A start-

ing list of codes was based on the frame of reference model constructed in the first half of

this study. Starting codes, as illustrated in Table 3.5, were created for activities, stakehold-

ers and artifacts related to SOAdapt-FoR’s high-level processes. New codes were added

and existing ones modified to accurately reflect the raw data as the coding proceeded.

Participant background information was coded in chunks containing information about

their current roles which provides context for their interview responses. Background de-

tails of the participants, their companies and the software products that they work on are

described in Section 3.3.5.
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The coding was conducted with ulQda [39], a LATEX5 qualitative data analysis pack-

age. This package allows codes to be embedded within the raw data where they can be

easily reviewed and edited in context. The package also allows the raw data to be type-

set to a high quality document, and annotated with the appropriate codes. Finally, this

package allows the codes and their corresponding raw data to be exported to a Comma

Separated Value (CSV) file. CSV files are easily imported into spreadsheet applications

for subsequent analysis.

During the coding process the interview transcripts were divided into passages with

each passage being labeled to describe its process attributes. Some of the passages were

conversational without any specific process details. Passages without process attributes

or useful background information were not labeled. Once all of the passages were labeled

they were all re-read to ensure that they were consistent with one another.

Once the open coding was complete the codes and their source data were imported into

a spreadsheet. Here some of the codes that were assigned during the open coding process

were further refined. Rather than being described by a single code, each passage was

broken down into 5 categories of: processes, activities, tasks, stakeholders and artifacts.

Processes, activities and tasks, in this context, relate the the process constructs defined in

ISO/IEC 15288 where each process is made up of activities which are in turn made up of

tasks. For example, the following passage was assigned the code “activity!operation and

management!monitoring” during open coding:

I would monitor the state of the task, the external events, also the state of the

information, and the documents and the things that are exchanged

During the refinement process, a high-level process, an activity and 3 tasks were iden-

tified, with no stakeholders or artifacts being identified. The process constructs identified

during this example are shown in Table 3.6.

In another example the following quotation provided the activity “Adaptation strategy

based on system learning”:

5http://www.latex-project.org/
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Code Text Process Activity Task Stakeholder Artifact

activity!oam!monitoring I would monitor the state of the task, the ex-
ternal events, also the state of the information,
and the documents and the things that are ex-
changed

Operation and Management Monitoring Monitor processes

Operation and Management Monitoring Monitor events
Operation and Management Monitoring Monitor data

Table 3.6: Data Analysis Example

..it would be great to have some type of learning system, in order to be able

to learn from the jobs that have been run, failure modes and then to adapt the

system according to what it has learnt, and any knowledge we have put in as

to why the jobs might fail.

Once these process attributes were identified they were organized into a conceptually

clustered matrix [77]. Similar concepts, in this case the process attributes, were grouped

together into a matrix with activities, stakeholders and artifacts assigned to the appropriate

high-level life-cycle processes. They were then ordered into a logical process hierarchy

making it easier to identify duplicate or disjointed attributes. Duplicate attributes were

eliminated, while disjointed attributes were re-evaluated to see where they might fit into

other processes or activities. Finally, the SOAdapt-FoR model was updated to reflect

the processes, activities, tasks, stakeholders and artifacts identified during the data ana-

lysis. As well as additions, SOAdapt-V1 excluded some of the original SOAdapt-FoR

constructs to reflect the findings of the empirical inquiry. All of the stakeholders and

artifacts from SOAdapt-V1 have come from the empirical inquiry since there were none

identified in SOAdapt-FoR. A graphical representation of SOAdapt-V1 was constructed

using the Business Process Modeling Notation (BPMN) notation, showing the processes

and activities. This approach was chosen because there were 38 stakeholders, 35 tasks

and 17 artifacts identified which would clutter a complete BPMN representation. Tables

were constructed to show the complete set of process attributes for each of the processes

in the process model.
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3.3.4 Interim Evaluation

SOAdapt-V1 was also compared to a related process model proposed by Oreizy et al.

[85][84] for component-based software adaptation in an inter-model evaluation. This

was to show that the process model is capable of adaptation. Oreizy et al.’s process

model was validated through a worked example where it is used to adapt a cargo routing

application. The objective of this comparison is to show that SOAdapt-V1 is suitable for

runtime adaptation in general but not necessarily component-based adaptation. Therefore,

the comparison will be at a high-level of granularity without emphasizing the lower-level

component or service-based entities.

To demonstrate the transferability of the process model to a service-oriented envir-

onment, an evaluation was conducted in order to determine if it is compatible with a SBA

development life-cycle proposed by Durvasula et al. [32]. Durvasula et al.’s life-cycle was

collaboratively developed by 10 SBA development practitioners from 8 different compan-

ies. During the evaluation for this phase of the research, each of the activities from the

adaptation process model was mapped to life-cycle processes within Durvasula et al.’s

life-cycle. Mapping the activities to the life-cycle without conflict, shows that the process

model is suitable for use with an empirically based SBA development life-cycle.

3.3.5 Phase 3: SOAdapt-V2 Construction

Industrial Empirical Study (2) was carried out to enhance SOAdapt-V1 with more detail,

specifically within the adaptation cycle. In order to get more data for the adaptation

cycle the original interview format was used. However, this time the interviewer focused

more specifically on the questions relating to the adaptation cycle. As with Phase 2, the

data collection method was an industrial expert opinion survey. There were 10 experts

interviewed during this iteration of the research project. The participants, none of whom

participated in Phase 2, have their profiles illustrated in Table 3.7.

Participant 1 is a lead architect in a large Irish software development company. In

his role he provides guidance on the architecture and design of their service-oriented
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Participant 1 2 3 4 5

Role Lead Architect Software Engineer Service Engineer Project Manager Solutions Architect
Experience with
Adaptable SBAs

Yes Yes Yes Yes Yes

Location Ireland Ireland Ireland Ireland Ireland
Company I I I J J
Size Large Large Large Very Large Very Large
Sector Software Develop-

ment
Software Develop-
ment

Software Develop-
ment

Hardware/Software
Development

Hardware/Software
Development

Participant 6 7 8 9 10

Role Requirements Engin-
eer

SOA Researcher Security Engineer Research Manager Researcher

Experience with
Adaptable SBAs

Yes Yes Yes Yes Yes

Location Ireland UK Argentina India Australia
Company J K L M N
Size Very Large Very Large Very Large Very Large Very Large
Sector Hardware/Software

Development
Telecommunications Hardware Software Develop-

ment
Software Develop-
ment

Table 3.7: Survey Participants for SOAdapt-V2

products. The company provides service-oriented enterprise applications to the public

sector from their international operating locations. The company has three core product

offerings all based around the same application framework.

Participant 2 is a software development engineer within the same company as Par-

ticipant 1. He is involved in the design, coding and testing of their service-oriented

products.

Participant 3 is a service engineer within the same company. He is responsible for

service requests and deals with operational issues that come through the company’s ser-

vice desk.

Participant 4 is a project manager for the Irish devision of a multinational software

services company. They provide professional software services for large client compan-

ies. Participant 4 is responsible for the project management of ongoing software projects

with these clients. The company does not offer software products but work as a sys-

tems integrator as well as providing custom software development. Many of the solutions

that the work on are distributed and rely on service-orientation to facilitate co-operation

between systems.

Participant 5 is a solution manager in the same company as Participant 4. He is

involved in the requirements engineering and design processes within the company. He
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makes high level architectural decisions and provides design guidance on the company’s

projects.

Participant 6 is a requirements engineer within the same company. Her role involves

working with customers to capture their requirements so that they can be used to design

and develop the customers’ solutions.

Participant 7 is a SOC researcher in a large British telecommunications company. His

research involves the investigation of technologies that can be used to deliver adaptable

SBAs. His company develops some of the software that is used to deliver their telecom-

munications services. Certain aspects of their provisioning software is service-oriented to

allow distributed communications over their network.

Participant 8 is both a security architect and part of his company’s product man-

agement team. One of his primary responsibilities is the management of a distributed

service-oriented content management system. The company used this software platform

to deliver software and content to specific hardware devices that are also provided by the

company.

Participant 9 manages 80 software engineering researchers within a very large soft-

ware services company based in India. One of the competencies of the research group is

service-oriented computing. The group had published extensively and has several soft-

ware patents in the area. The wider company delivers software services to companies in

almost every sector. The profile of solutions delivered to their customers are usually large,

often service-oriented, enterprise type applications.

Participant 10 is part of a distributed team of researchers that works in a large mul-

tinational software company. They work in collaboration with both the technical experts

within the company as well as university researchers. SOC is one of the research groups

competencies. The companies main business is the provision of enterprise management

software to large organizations. Many of their products leverage service-orientation for

the management of software and hardware within organisations.
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3.3.5.1 Data Collection

In order to ensure that more adaptation related data was collected in the second round of

interviews it was explained to the participants that there was a lot of data already collected

for the evolution cycle. They were asked to briefly comment on the evolution cycle and

to give as much insight as possible into how the adaptation processes should occur.

Lessons learned from Industrial Empirical Study (1) greatly helped with the elicitation

of participants for the second round of interviews. In the first round of interviews indus-

trial participants from service-oriented computing conferences had the highest response

rate to interview invitations. Therefore, in the second round of interviews, industrial con-

ference participants were also sought to participate. The second round of interviews saw

participants from various domains and 6 different companies in total.

During the interviews, the same procedure as the first study applied. Each of the

participants were sent an information sheet and the interview questions in advance of

the interviews so that they could prepare and think about their answers. The interviews

themselves were recorded and later transcribed.

3.3.5.2 Data Analysis

Data analysis was the same as for the Phase 2 interviews, described in Section 3.3.3.3.

The data was then sorted by process and analysed for process attributes such as activit-

ies, tasks, stakeholders and artifacts. These process attributes were then used to update

SOAdapt-V1 to give SOAdapt-V2. The primary objective of the second round of inter-

views was to to elicit process attributes for the the adaptation cycle. However, data was

also elicited for the evolution cycle.

As the data from the second round of interviews was being analysed it was becoming

clear that the model would need to facilitate process variability to deal with the different

type of adaptable SBA development methods encountered in industry. An alternative to

dealing with variability would be to keep the model at a high level of abstraction and then

customise it for specific types of adaptable SBA development projects. The former option
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was chosen because a process reference model that can be directly applied to different

types of adaptable SBA development projects is more useful than a high level-model that

is too abstract for any specific problem.

There were three distinct type of adaptation identified in Phase 2, static adaptation,

dynamic manual-adaptation and dynamic self-adaptation. Each of these types of adapta-

tion had their own associated process attributes and would need to be handled separately.

As process attributes were identified during the second phase of the analysis they were

analysed to see if they were related to generic adaptation or the three previously men-

tioned types. For example, in the “Identify adaptation triggers” process there were four

activities identified:

1 Application adapts based on built in adaptation logical

2 Application dynamically adapts based on execution context

3 Application dynamically adapted by application user

4 Notify relevant stakeholders

After analysis it was determined that the “Notify relevant stakeholders” activity was

the only generic activity that could be implemented during each type of adaptation. The

other three were assigned to either static adaptation, dynamic manual-adaptation or dy-

namic self-adaptation.

Once each of the activities were assigned to an adaptation type, they were constructed

in to a BPMN process diagram which reflected the different process flows for each of

the adaptation types. In some processes, such as the deployment process, each of the

activities were generic so there were no adaptation specific paths.

The high-level processes and activities from SOAdapt-V2 are represented in BPMN.

Additionally, many of the activities from SOAdapt-V1 have been converted to sub-processes

in SOAdapt-V2. According to ISO/IEC 15288 [46], activities can be converted to pro-

cesses or sub-processes if they need to be specified in more detail. The new sub-processes
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are also represented separately in BPMN diagrams. Finally, a set of process attribute

tables have been created for each process and sub-process.

3.3.6 Phase 4: SOAdapt-V2 Evaluation

During Phase 4, an academic expert opinion survey was chosen for the evaluation of

SOAdapt-V2 in order to perform a comprehensive evaluation of the model’s usefulness.

This evaluation method draws on the wealth of experience provided by the participating

experts. Expert panels have been used extensively as a method for validating software

engineering research [11]. Proponents claim that expert opinion is a reliable and accurate

method of evaluation [66, 55]. For the evaluation, experts were drawn from a population

with expertise in the various process areas of SOAdapt. We designate participants as ex-

perts if they have published widely in their area of expertise or have extensive professional

experience in the area.

3.3.6.1 Expert Panel Survey

The experts that participated in the evaluation are members of S-Cube, the “European

Network of Excellence in Software Services and Systems”, of which the author is also a

member. Each of the members have led research projects and published widely in their

areas of expertise. Table 3.8 shows an anonymous profile of each of the participants that

took part in the expert evaluation panel.

Participant 1 is one of the leading researchers in the area of requirements engineering

and has also published in the area of requirements engineering for SOC. He has over 160

peer reviewed publications.

Participant 2 is a leading software engineering researcher and with particular interest

in SOC and Web Services. He has over 20 publications in the area of SOC and more than

130 peer reviewed publications in total.

Participant 3 is a leading researcher in the areas of software architectures and mid-

dleware, and software process. She has more than 70 peer reviewed publications in her
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Participant 1 2 3 4 5

Areas of Expertise Requirements
Engineering

Construction,
Testing, De-
ployment

Design,
Construc-
tion, Testing

Requirements
Engineering

Adaptation

Location UK Italy Italy Ireland Italy

Participant 6 7 8 9 10

Areas of Expertise Operation
and Man-
agement

Design Adaptation Deployment,
Operation
and Man-
agement

Design

Location Spain Germany Germany Spain Netherlands

Table 3.8: Expert Panel Participants

areas of research.

Participant 4 is a researcher and software engineering lecturer with over 30 peer

reviewed publications in the area of requirements engineering. He has previous industrial

experience in the areas of SOC and software adaptation.

Participant 5 is a software engineering researcher with interests in a wide variety

of software engineering research areas including SOC. He has over 230 peer reviewed

publications and has been ranked among the top 50 software engineering researchers by

the Association for Computing Machinery (ACM).

Participant 6 is a software engineering researcher with interests in logic program-

ming, functional programming and SOC, particularly service composition and QoS. He

has over 70 peer reviewed publication across his interest areas.

Participant 7 is a researcher in a prominent software engineering research center.

His research interests include SBAs, adaptive systems and runtime verification. He has 8

peer-reviewed papers in the area of adaptive SBAs.

Participant 8 is a researcher within the same research center as Participant 7. His

research interests are SBAs, adaptation and service testing. He has 4 peer reviewed pub-

lications in the area of adaptive SBAs.

Participant 9 is a researcher in the same research group as Participant 6. His primary

research area is on the QoS of adaptive SBAs. He has 11 peer-reviewed publications in

this area.
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Participant 10 is a researcher in a dutch software engineering research center. His

interests include business process modeling and the interactions between SBAs and busi-

ness processes. He has over 20 peer-reviewed papers in the area.

Members of the panel were selected so that their primary area of expertise matched

at least one of the process areas from SOAdapt. This will allow them to give in depth

feedback about that particular aspect of the model.

The survey was administered as interviews that were administered over the phone or

the Skype™Voice Over Internet Protocol (VOIP) service. These interviews were based

on a questionnaire that contained open ended questions about SOAdapt-V2. Each of the

interviews took approximately 25 minutes and were recorded for analysis.

3.3.6.2 Questionnaire Design

The aim of the survey was to determine if the process attributes from SOAdapt are useful,

i.e. that they are capable of adapting SBAs and can be applied to a variety of contexts.

In order to do this, the questionnaire was designed to find evidence that each of the pro-

cess attributes has been used or should be used in real project scenarios. There were

two choices for the questionnaire type: open ended or closed questions. There are sev-

eral types of closed questions, for example, the participant may chose an answer from

a set of options or they may be asked to rate a statement or question on a scale. Open

ended questions, on the other hand, do not have a particular answer format and allow the

participant to articulate the answer any way they want. Closed questions restrict the par-

ticipant to provide data based around the parameters set by the questionnaire designed.

Open ended questions were chosen for this validation allowing participants to freely give

their opinions on the questions asked.

Participants were asked indirect questions about the process attributes. The questions

were designed to investigate the usefulness of the attributes by asking questions about

their use in real scenarios. Questions such as “can you give me an example of where that

activity has been used” were asked. The answers to these type of question can show the

usefulness of an activity while grounding the confirmation in real scenarios.
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There were two question types used in the questionnaire of which there were many

variations. The first question type sought examples of the process attributes while the

second question type sought justification for inclusion of the process attributes in the

model. Here are examples of the Example/Justification type questions that were asked:

• Can you give an example of where you have defined non-functional adaptation

requirements?

• How does modeling adaptive business workflow help the requirements engineering

process?

• Why is it necessary to define events that trigger adaptation?

• What is the cost/benefit of defining the feasibility of adaptation?

It was not feasible to ask each participant each question due to the large volume of

attributes in SOAdapt-V2. There were a total of 111 attributes in SOAdapt-V2. It was

decided that each evaluation questions would be asked only twice to keep the total number

of questions manageable. Each question asked twice resulted in a total of 222 questions

to be asked. It was also decided that 20 questions per expert was as much as could be

expected from each interview. Dividing 222 question by a maximum of 20 questions per

expert indicated a requirement of around 10 experts.

Experts were matched with questions that were closely related to their areas of ex-

pertise. For example, the requirements engineering process had about 25 questions. The

two requirements engineering experts that participated were only asked questions from

this process. However, in processes with smaller numbers of questions, similar processes

were combined until about 25 questions were contained in the group. For example, all of

the processes in the adaptation cycle were combined and “Adaptation” experts were asked

the questions for this “Adaptation” process group.
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3.3.6.3 Data Analysis

The data that was collected during the interviews was transcribed for analysis. In total

there were 97 pages of transcribed data from 10 interviews that lasted a total of 5 hours

and 52 minutes. The data was then collated and sorted so that each of the questions were

grouped together. The answers for each question were analysed to see if they showed that

the process attribute was useful and necessary for adaptation. It was also noted whether

or not the usefulness and necessity was demonstrated through the experts’ experience or

their opinion. If both experts demonstrated the usefulness and necessity and necessity of

an attribute it was kept unchanged. Otherwise a judgment call was made depending on

the strength of evidence and whether the evidence was based on experience or opinion.

At the end of this Phase 4, SOAdapt, which is presented in Chapter 8 has been completed.

3.4 Conclusion

In this chapter I have introduced some of the philosophy of research perspectives and

paradigms and indicated which one are suitable for the objectives of this thesis. In some

cases apparent philosophical dichotomies, such as rigor and relevancy, were both adapted

as both have qualities relevant to the project.

The second part of the chapter outlines the research design for the thesis. The design

contains the detailed methodology for each phase of the research. Phase 1 - SOAdapt-FoR

Construction, of the research design describes how SOAdapt-FoR was constructed from

the data gathered in the literature review and the exploratory study. Phase 2 - SOAdapt-

V1 Construction, of the research design outlines how SOAdapt-V1 was the result of an

empirical study and literature based evaluation. Phase 3 - SOAdapt-V2 Construction, de-

scribes the construction of SOAdapt-V2 from a second empirical study. Finally, Phase 4

- SOAdapt Evaluation, describes a final expert panel based evaluation resulting in SOAd-

apt.



Chapter 4

Phase 1: SOAdapt-FoR Construction

4.1 Introduction

In this first phase of the research, data, from an exploratory study and the systematic

literature review are used to construct the frame of reference, SOAdapt-FoR. The frame

of reference is used to guide the two empirical studies that were conducted. It is used to

provide structure to industrial expert opinion interviews and is used for the development

of the structured interview questions.

The complete systematic literature review is published in [65] (Appendix B). During

the exploratory study a set of activities for developing adaptable SBAs were identified

from the software and service engineering literature. The activities may be involved dir-

ectly in adaptation or they may be adaptation support activities. The latter, while not es-

sential for adaptation, provide for support functions such as change management. These

support activities add to the overall quality of adaptable SBAs.

4.2 Exploratory Study

The research presented in this section is the result of a collaboration between the author

and two academic service engineering experts who identified adaptation activities from

the service-engineering literature.

The complete study is presented in [64] (Appendix C), while I will present my con-

tributions in this chapter. Summaries of the co-authors’ contributions are provided where

necessary with appropriate citations and references.

94
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Table 4.1: Adaptation Activity Categories from S-Cube Deliverables

Activity Category Description

Define adaptation requirements Identify the aspects of the SBA model that are subject to change,
and what the expected outcome of the adaptation process is.

Define requirements to the mon-
itoring subject

In order to satisfy the adaptation requirements, this practice fo-
cuses on specifying what artifacts are expected to be monitored.

Define monitored property Specify which properties of the monitoring subject should be
monitored.

Provide monitoring functional-
ity

Monitoring functionalities that satisfy the monitoring require-
ments are provided through monitoring realization mechanism.

Collect monitoring results for
adaptation

Results of monitoring are collected and analyzed.

Trigger adaptation Evaluate the results from the monitoring analysis against adapt-
ation requirements. If the need for adaptation is identified, send
a request to trigger adaptation process.

Design adaptation strategy Design the ways through which the adaptation requirements are
satisfied.

Select adaptation strategy Decide which particular adaptation strategy to be chosen based
on the specific adaptation needs.

Perform adaptation The actual adaptation process is performed through adaptation
realization mechanisms based on the selected adaption strategy.

4.2.1 Adaptation Activity Categories

Several adaptation activity categories were identified in [64]. These activity categories

were identified from state of the art research reports published by the S-Cube Consortium

[5] [12] [43] and are illustrated in Table 4.1. The first column of Table 4.1 are the activity

catagories while the second column provides a brief description of each category.

The co-authors of [64] studied 16 service engineering approaches and identified 5

[108][32][91][8][9] that contained activities suitable for adaptation. The activities identi-

fied are shown in Table 4.2. They are grouped together into activity categories based on

the categories identified in Table 4.2.

4.2.2 Adaptation Support Activities from Maintenance Process Models

Examining software maintenance processes, I identified activities which may be useful

for supporting the adaptation of SBAs. There are many software maintenance processes,

definitions, models and standards encountered in the literature [74] [92] [102][115] [47][49].
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Table 4.2: Adaptation Activities from Service-Oriented Engineering Approaches

S-Cube Category Source Adaptation Activity
Define adaptation requirements
Define requirements to the monitoring subject SDLC Set warning thresholds and alerts for com-

pliance failures
SDLC Gather Quality of Service (QoS) metrics

on the basis of Service Level Agreements
(SLAs)

Define monitored property SeCSE Specify monitoring rules according to
the adopted SeCSE monitoring language
(SECMOL)

Provide monitoring functionality ASTRO Monitor message sequences amongst ser-
vices and its partners

BEA Monitor service, application, middleware,
OS, hardware, and network

SDLC Monitor workloads
SeCSE Monitor services

Collect monitoring results for adaptation ASTRO Detect protocol violations
SDLC Evaluate SLA QoS metrics

Trigger adaptation SeCSE Recovery management: identify, by look-
ing at the monitoring data, the needs for a
recovery action

Design adaptation strategy Chang’s Specifying Service Decision Model
Chang’s Designing Service Adapters

Select adaptation strategy
Perform adaptation SDLC Readjust service weights for request

queues
SeCSE Runtime Service Discovery

Evolution Activities BEA Requirements and analysis stage - define
Key Performance Indicators (KPIs) and
management policies

SeCSE Requirements and analysis stage - identify
the service properties to specify

SeCSE Service deployment - insertion of monitor-
ing rules and recovery actions in concrete
parts of the service composition executable
description

SeCSE Service deployment - deploy the monitor-
ing rules and recovery policies within the
monitoring system

However, ISO/IEC 14764 was the only source that contained detailed activities.

In total there are 19 maintenance practices identified from ISO/IEC 14764. They are

categorised in Table 4.3 according to the processes they come from in ISO/IEC 14764.

4.2.3 Categorisation of Adaptation Activities

Table 4.4 shows each of the adaptation activities that were identified in the Table 4.2

mapped to the appropriate phases of the S-Cube life-cycle. For example, the activities
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Table 4.3: Adaptation Support Activities from ISO/IEC 14764

S-Cube Category ISO/IEC 14764 Practice
Define adaptation requirements Problem and Modification Analysis : Modifica-

tion Request/Problem Report (MR/PR) analysis
Migration: Migration

Define requirements to the monitoring sub-
ject

Modification Implementation: Analysis

Define monitored property
Provide monitoring functionality Process Implementation: MR/PR procedures
Collect monitoring results for adaptation Problem and Modification Analysis : Verifica-

tion
Maintenance Review/Acceptance: Reviews
Migration: Post-operation review
Maintenance Review/Acceptance: Approval

Trigger adaptation
Design adaptation strategy Process Implementation: Maintenance plans

and procedures
Problem and Modification Analysis: Options
Migration: Migration plan

Select adaptation strategy Problem and Modification Analysis : Approval
Perform adaptation Process Implementation: Configuration man-

agement
Modification Implementation: Development
process

“Define KPIs and management policies” and “Identify the service properties to specify”

were both mapped to the “Requirements Engineering and Design” process. This mapping

brings together all of the adaptation activities from the approaches that were examined.

Where possible, the activities are grouped in related categories. The categories used are

those identified from the S-Cube deliverables in Section 4.2.1. For example, the activities

“Detect protocol violations” and “Evaluate SLA QoS metrics” are contained within the

“Collect monitoring results for adaptation” category from the “Identify adaptation needs”

process.

The Astro toolset contains a monitoring tool which facilitates the two adaptation

activities: “Monitor message sequences amongst services and its partners” and “Detect

protocol violations”. The activity “Monitor message sequences amongst services and its

partners” monitors messages exchanged between services and service consumers which

could be used as an adaptation trigger. “Detect protocol violations” monitors whether

service consumers behave as expected, if they do not, the monitoring activity could also

trigger adaptation.
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Table 4.4: Adaptation Activities Mapped to S-Cube Life-Cycle

Life-Cycle Process Source Activity
Requirements engineering
and design

BEA Define KPIs and management policies

SeCSE Identify the service properties to specify
Construction
Deployment and provisioning SeCSE Insertion of monitoring rules and recovery actions in concrete

parts of the service composition executable description
SeCSE Deploy the monitoring rules and recovery policies within the

monitoring system
Operation and management
Identify adaptation needs Define adaptation requirements

Define requirements to the monitoring subject
SDLC Set warning thresholds and alerts for compliance failures
SDLC Gather QoS metrics on the basis of SLAs

Define monitored property
SeCSE Specify monitoring rules according to the adopted SeCSE mon-

itoring language (SECMOL)
Provide monitoring functionality

ASTRO Monitor message sequences amongst services and its partners
BEA Monitor service, application, middleware, OS, hardware, and

network
SDLC Monitor workloads
SeCSE Monitor services

Collect monitoring results for adaptation
ASTRO Detect protocol violations
SDLC Evaluate SLA QoS metrics

Trigger adaptation
SeCSE Recovery management: identify, by looking at the monitoring

data, the needs for a recovery action
Select adaptation strategy Design adaptation strategy

Chang’s Specifying Service Decision Model
Chang’s Designing Service Adapters

Select adaptation strategy
Enact adaptation Perform adaptation

SDLC Readjust service weights for request queues
SeCSE Runtime Service Discovery

The BEA life cycle also contains monitoring related activities that can trigger adapt-

ation, the “Define KPIs and management policies” activity could be used to determine

which properties should be monitored, while “Monitor service, application, middleware,

OS, hardware, and network” describes the monitoring of services and other system com-

ponents.

Chang’s approach contains two adaptation related activities: “Specifying service de-

cision model” aims at specifying the variability between available services and expected

services. “Designing service adapters” aims at bridging the variability between service

providers and consumers by allowing services to be dynamically adapted.
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SDLC defines five adaptation related activities which revolve around the monitoring

of quality attributes and alerting system users when they have exceed predefined SLAs:

“Gather QoS metrics on the basis of SLAs (Service Level Agreements)” refers to the

collection of quality attribute data for monitoring, “Set warning thresholds and alerts for

compliance failures” refers to the setting of threshold values for the monitored quality

attributes, “Monitor workloads” refers to the monitoring of system utilisation, if utilisa-

tion is high and response times are affected then the service provider may have to take

the appropriate actions to ensure SLAs are met. “Readjust service weights for request

queues” refers to the re-evaluation of SLAs if they are not being met due to high demand

or utilisation. “Evaluate SLA QoS metrics” involves the comparison of QoS metrics to

predefined SLAs.

The SeCSE approach contains many detailed activities relating to monitoring (“Mon-

itor services”, “Specify monitoring rules according to the adopted SeCSE monitoring lan-

guage”) and runtime adaptation (“Runtime Service Discovery”) of SBAs. It contains two

activities which support corrective adaptation: “Service deployment: insertion of monit-

oring rules and recovery actions in concrete parts of the service composition executable

description” refers to the implementation of monitoring mechanisms, while “Recovery

management: identify, by looking at the monitoring data, the needs for a recovery action”

refers to the runtime corrective adaptation of a SBA. “Service specification: identify the

service properties to specify” states that the service properties to be monitored are determ-

ined during the service specification phase of development. Finally, “Service deployment:

deploy the monitoring rules and recovery policies within the monitoring system” states

that the appropriate monitoring mechanism is deployed during the deployment phase.

4.2.4 Observations on Adaptation Activities

Unfortunately, the adaptation activities identified from the service-oriented engineering

approaches do not form a complete view of all the necessary activities required to enable

the adaptation of SBAs. This is due to the fact that the activities were identified from
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many sources that do not treat service adaptation as a primary concern. As we can see

from Table 4.4, eleven activities were in the process: “Identify adaptation needs”, while

only 4 activities were identified in “Identify adaptation strategy” and “Enact adaptation”.

This implies that the state of art of adaptation processes focuses much more on gathering

requirements and identifying when adaption is needed. These are highly relevant to what

needs to be monitored. However, as soon as the need for adaption is identified, little effort

has been put in to defining, selecting and executing adaptation strategies.

Only two SOA approaches, SDLC and SeCSE, explicitly describe the actual execution

of adaptation. Indeed, in these cases, the adaptation is limited to corrective adaptation -

the replacement of services when quality attributes do not meet expectations. Other types

of adaptation such as perfective adaptation and preventive adaptation are not supported.

Perfective adaptation aims at improving or optimizing the quality attributes of a SBA even

it runs correctly. Preventive adaptation aims at preventing potential or possible future

faults before they occur. None of the existing service-oriented engineering approaches

specify how to select an adaptation strategy. In the two approaches that actually describe

the execution of adaptation, the adaptation strategies are pre-defined.

As these activities were to the S-Cube life-cycle, the research demonstrated that some

adaptation related activities actually belong to the evolution cycle. For instance, “Define

KPIs and Management policies” (from BEA) as well as “Identify service properties to

specify” (from the SeCSE methodology), while adaptation related, are defined at the re-

quirement engineering process.

4.2.5 Categorisation of Adaptation Support Activities

Out of the 19 adaptation support activities identified from ISO/IEC 14764, 13 of them

were mapped to the S-Cube life-cycle. Table 4.5 shows the cumulative mapping of the

adaptation as well as the adaptation support activities to the S-Cube life-cycle.

Process Implementation The process implementation process area from ISO/IEC

14764 has three activities: “Maintenance plans and procedures”, “Problem reports/modi-
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Table 4.5: Adaptation activities from ISO/IEC 14764 and Service Engineering Literature Mapped
to S-Cube Life-Cycle

Life-Cycle Process Source Activity
Requirements engineering
and design

BEA Define KPIs and management policies

SeCSE Identify the service properties to specify
Construction
Deployment and provisioning SeCSE Insertion of monitoring rules and recovery actions in concrete

parts of the service composition executable description
SeCSE Deploy the monitoring rules and recovery policies within the

monitoring system
Operation and management
Identify adaptation needs Define adaptation requirements

14764 Problem and Modification Analysis : MR/PR analysis
14764 Migration: Migration

Define requirements to the monitoring subject
14764 Modification Implementation: Analysis
SDLC Set warning thresholds and alerts for compliance failures
SDLC Gather QoS metrics on the basis of SLAs

Define monitored property
SeCSE Specify monitoring rules according to the adopted SeCSE mon-

itoring language (SECMOL)
Provide monitoring functionality

14764 Process Implementation: MR/PR procedures
ASTRO Monitor message sequences amongst services and its partners
BEA Monitor service, application, middleware, OS, hardware, and

network
SDLC Monitor workloads
SeCSE Monitor services

Collect monitoring results for adaptation
14764 Problem and Modification Analysis : Verification
14764 Maintenance Review/Acceptance: Reviews
14764 Migration: Post-operation review
14764 Maintenance Review/Acceptance: Approval
ASTRO Detect protocol violations
SDLC Evaluate SLA QoS metrics

Trigger adaptation
SeCSE Recovery management: identify, by looking at the monitoring

data, the needs for a recovery action
Select adaptation strategy Design adaptation strategy

14764 Process Implementation: Maintenance plans and procedures
14764 Problem and Modification Analysis: Options
14764 Migration: Migration plan
Chang’s Specifying Service Decision Model
Chang’s Designing Service Adapters

Select adaptation strategy
14764 Problem and Modification Analysis : Approval

Enact adaptation Perform adaptation
14764 Process Implementation: Configuration management
14764 Modification Implementation: Development process
SDLC Readjust service weights for request queues
SeCSE Runtime Service Discovery
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fication requests (MR/PR) procedures” and “Configuration management”. Each of these

activities were mapped to one of the high level adaptation activities of the S-Cube life-

cycle from Phase I. I mapped the “Implementation of MR/PR procedures” to “Provide

monitoring functionality” in the life-cycle. The implementation of problem report pro-

cedures would allow application engineers to receive and track problem reports which

would allow them to determine if adaptation is necessary. Similarly, a modification re-

quest procedure would allow engineers to track modification requests and determine if the

modification request requires adaptation. The “Maintenance plans and procedures” activ-

ity was mapped to “Define adaptation strategy” in the S-Cube life-cycle. The “Define

adaptation strategy” activity refers to the definition of plans and procedures for adapting

SBAs, so it makes sense that “Maintenance plans and procedures” could be used for this

activity given the commonalities between adaptation and maintenance. “Configuration

management” was mapped to the “Enact adaptation” activity, because the resolution of

problems after applications adapt would be much easier if configuration details of services

compositions are recorded. Fang et al. [36] illustrate how the configuration management

process would be beneficial to the adaptation of SBAs.

Problem and Modification Analysis The problem and modification analysis process

area contains four activities that are useful for SBA adaptation: “Problem reports/modific-

ation requests (MR/PR) analysis”, “Verification”, “Options” and “Approval”. In the con-

text of software maintenance these activities are undertaken in order to analyze problem

reports or modification requests and determine their impact on the application (“MR/PR

analysis”). If the reports or modification requests are valid (“Verification”) potential solu-

tions are proposed (“Options”) and approval is sought to implement the required changes

(“Approval”). The “MR/PR analysis” activity is mapped to “Define adaptation require-

ments” in the S-Cube life-cycle. The “Analysis of maintenance requests and problem

reports” could be altered to the “Analysis of adaptation requests and problem reports” to

suit the adaptation of SBAs. This analysis activity could provide valuable input which

could be used to “Define adaptation requirements” for a SBA. “Verification” is mapped

to the “Collect monitoring results for adaptation” activity because replicating or verifying
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the problem can be seen as analysis of the monitoring results. “Options” is mapped to

“Design adaptation strategy” because options for implementing the modification can be

seen as adaptation strategy. Finally, “Approval” is mapped to “Select adaptation strategy”

because obtaining approval is part of selecting an adaptation strategy in that the it finalises

the decision on the selection.

Modification Implementation contains two activities “Analysis” and “Development”

which are mapped to “Define adaptation requirements” and “Perform adaptation” respect-

ively. “Analysis” is usually carried out before any “Development” or maintenance activity

in order to determine which artifacts need to be modified. This may also be useful during

the requirements gathering phase of SBA adaptation in order to determine which parts

of the application need to be changed. In the context of traditional software engineer-

ing, “Development” means the modification of application code in order to implement

requirements. This activity could be tailored to mean the modification of an applications

configuration to meet the adaptation requirements of a SBA.

Maintenance Review/Acceptance The Maintenance Review/Acceptance process area

contains two activities: “Reviews” and “Approval”. In the context of software mainten-

ance, reviews are carried out to ensure that the maintenance is carried out appropriately.

In terms of adaptable SBAs, reviews can be carried out to ensure that adaptation occurs

correctly. The analysis of collected monitoring results can be used to perform a review

of SBAs which is why the “Reviews” activity was mapped to “Collect monitoring results

for adaptation”. Following a “Review”, “Approval” status may be given to an adaptation

engineer on satisfactory adaptation of an SBA. If adaptation occurs automatically it is

impossible to grant approval to the work of an individual(s) so it may be appropriate to

grant approval to the adapted application.

Migration In the context of traditional software engineering, migration is the modi-

fication of a system thus allowing it to run in a new environment or context. Rather than

migrate a SBA, it may be possible for the application to adapt in order to operate in a new

environment. Therefore, the migration process area may contain some useful activities

that can help a SBA adapt to context specific parameters. The maintenance process area
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has three activities that are useful to the adaptation of SBAs: “Migration”, “Migration

plan” and “Post-operation review”. “Migration” was mapped to “Define adaptation re-

quirements” because it is important to determine which software artifacts or which data

should be migrated (or adapted) during the requirements gathering stage. “Migration

plan” was mapped to “Design adaptation strategy” because a migration plan can be seen

as an adaptation strategy in that it specifies what tools are needed, how to convert software

product data and how to execute migration. Finally, “Post-operation review” was mapped

to “Collect monitoring results for adaptation” because the impact of changing to the new

environment can be achieved by monitoring.

Other Mappings Many of the adaptation support activity mappings are apparent, for

example “Maintenance plans and procedures” to “Design adaptation strategy” or “Modi-

fication request/problem report procedures” to “Provide monitoring functionality”. Some

of the other mappings however are not so apparent, such as the “Maintenance review/ac-

ceptance” activity that maps to “Collect monitoring results for adaptation”.

During the analysis I discovered that some of the maintenance activities are also rel-

evant to the evolution cycle of the S-Cube life-cycle. However, those mappings were

excluded as the focus of this thesis is adaptation. As previously mentioned five activit-

ies from ISO/IEC 14764 could not be mapped to adaptation activities because they are

too specific to the software maintenance process (see Table 4.6): the “Documentation

activity” and “Migration” activities. The “Documentation” activity from the maintenance

process does not get included or is paid little attention to in any of the adaptation activities

covered in the literature. The four migration activities mentioned in Table 4.6 are specific

to the maintenance of traditional software and can not be leveraged for service adaptation.

4.2.6 Observations on Adaptation Support Activities

The maintenance activities identified in this section were never previously identified in the

service engineering literature as candidate activities for supporting SBA adaptation. Many

of the activities identified from the service engineering literature tend to deal with the
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Table 4.6: Maintenance Activities not Mapped

Maintenance Practices

2 Problem and Modification Analysis

Documentation

5 Migration

Notification of intent

Implement operations and training

Notification of completion

Data archival

technical details of adaptation rather than focusing on support process details. A strengths

of eliciting activities from a software process standard is that there is a process focus with

process details such as inputs, tasks, controls, supports and outputs. The activities elicited

from the service literature tend to specify what needs to be done in order to adapt SBAs

while the maintenance activities identified can be tailored to specify how to support the

implementation of adaptation processes.

The suitability of maintenance activities for supporting SBA adaptation highlights

the commonalities between SBA adaptation and software maintenance. Both of these

processes involve the modification of software systems albeit in different contexts. Ad-

aptation is a light weight process which may only require the modification of simple

configuration details to facilitate adaptation, so it is important not to include maintenance

activities which would add unnecessary overhead to the process. The “Documentation”

activity falls into this category, “Documentation” would add a lot of overhead to the pro-

cess which is unnecessary due to Ad Hoc nature of SBA adaptation during runtime.

The activities identified from the maintenance literature are designed for the main-

tenance process which involves many manual activities, such as the analysis of problem

reports and the development of proposed changes. However, the adaptation process may

be a manual or automatic process. If the adaptation is manual, many of the mainten-

ance activities can be applied directly without modification. However, if the adaptation
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is automatic then many of the maintenance activities may become obsolete or require re-

interpretation. For example, the “Analysis of problem reports” activity by definition is a

manual activity carried out by a system maintainer, in the case of automatic adaptation it

becomes obsolete as the application analyses problems through its monitoring mechan-

isms.

4.2.7 Initial Evaluation

In this section, I present a case study that illustrates how the activities identified during

this exploratory study can aid in the development of adaptable SBAs. This documents

how a software company currently develops adaptable SBAs, then through an example

I will illustrate how their development process is improved upon with the results of this

study.

4.2.7.1 Introduction to SBA Solutions

SBA Solutions is a large multinational software development company with several off

shore development groups, sales and service centres. They develop software products

that are used primarily in the public sector. Their offshore development teams are self-

contained development units that have the skill sets required to undertake complete de-

velopment projects. They have found this to be an effective development approach as

many of the barriers to Global Software Development (GSD) are overcome by allowing

offshore teams to work effectively.

Their main product makes extensive use of services to exchange data and integrate

processes with different public sector departments. This is a key requirement of their

customers as public sector data systems are often non-centralised and usually have many

legacy systems.

SBA Solutions have embraced SOA as an enabling technology that can help them

to create the solutions that their clients need. They understand that SOA is a double

edged sword, along with its benefits, SOA is complex and the composition of services is a



4.2. EXPLORATORY STUDY 107

complex and skilled activity. In order to get the maximum benefit from SOC they follow

best practice development activities set out by IBM. They follow SOAD [7] architectural

practices where SOA is developed as a tiered architecture. There is a component tier with

software components from enterprise applications. Then, above this, there is a service tier

where these components are exposed as services. Finally, there is a business tier where

services are combined into business services which are in turn composed into business

processes used in functional domains.

4.2.7.2 SBA Development Process

The development process within SBA Solutions is similar to the Rational Unified Process

(RUP) [60] development life-cycle. It is a four phase linear life-cycle with phases of

requirements definition, architecture and design, coding and testing, and stabilisation and

release. The activities within the architecture and design, and coding and testing phases

are iterative resulting in scrum type development sprints. This is a typical development

process with product documentation being developed throughout the life-cycle. It is worth

noting that testing is an integral part of each development phase with test planning being

included in the initial requirements phase.

Key to the software process in SBA Solutions is their process model that breaks down

each process into discrete tasks, each assigned to relevant stakeholders. This model gives

each member of the development team clear roles and responsibilities and eliminates

redundancy. Since they employ GSD and their development is carried out iteratively,

development iterations can be carried out concurrently or staggered to increase the de-

velopment speed. This is a complicated development process so it is crucial for them to

manage the process model effectively.

4.2.7.3 SBA Adaptation Process

SBA Solutions implement runtime adaptation in an interesting way. They have an adapt-

ation dashboard that is used at runtime to make changes to the way that the application

executes. This allows the modification of business workflows and the addition or removal
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of business rules to suit real time business requirements. Another adaptation feature of

one of their key applications is that the execution path of the application is dynamically

determined based on parameters that are passed to the application. This is a type of built

in static adaptation that is implemented using a rule engine. These rules may also be sub-

sequently adapted using the adaptation dashboard that has been previously mentioned.

The distinguishing feature between this type of adaptation and that employed by oth-

ers is the way that it is enacted. Many of the adaptation approaches reported in the liter-

ature have adaptation processes that are carried out on production applications. In SBA

Solutions, adaptation is first tried on a test system to determine if there are any unforeseen

consequences. If after adaptation, the test system operates correctly, then the adaptation

configuration is transferred to the production system. This provides the safety of testing

adaptation configurations while still facilitating dynamic runtime adaptation. The basic

adaptation process for SBA Solutions can be seen in Figure 4.1.

One of the downsides to how adaptation is enacted in the products of SBA Solutions is

that, while they have a rigorous development process model, runtime adaptation processes

are ad-hoc and vary depending on their customers requirements. While it is important

to consider customer requirements for adaptation, it would also be beneficial to have a

process model to guide adaptation. This model could be adapted to customers needs

which would still allow flexibility in the process.

4.2.7.4 Improved Process

This section illustrates how the adaptation process at SBA Solutions can be enhanced

by following the adaptation activities identified during this study. Table 4.7 illustrates

SBA Solution’s development and adaptation processes mapped to the adaptation activities

previously shown in Table 4.5. The processes from SBA Solutions actual software process

have replaced the sample processes from the S-Cube reference life-cycle.

4.2.7.4.1 Evolution Requirements definition Within the requirements definition process there is

the single activity of “Define KPIs and management policies”. This activity can be used
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Figure 4.1: SBA Solutions Adaptation Process.

in SBA Solutions software process to specify SBA’s Key Performance Indicators (KPIs)

(non-functional adaptation requirements) such as service availability and performance.

These are factors that can be decided upon during the initial development (evolution) of

an SBA.

Architecture and design The architecture and design process has also one adaptation

activity which is to “Identify the service properties to specify”. This activity relates to the
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Table 4.7: Adaptation activities from ISO/IEC 14764 and Service Engineering Literature Mapped
to SBA Solutions Life-Cycle

Evolution Requirements Definition BEA: Define KPIs and management policies
Architecture and Design SeCSE: Identify the service properties to specify
Coding and Testing
Stabilisation and Release SeCSE: Insertion of monitoring rules and recovery actions in concrete

parts of the service composition executable description
SeCSE: Deploy the monitoring rules and recovery policies within the
monitoring system

Adaptation New business rules are identi-
fied

Define adaptation requirements

14764: Problem and Modification Analysis : MR/PR analysis
14764: Migration: Migration
Define requirements to the monitoring subject
14764: Modification Implementation: Analysis
SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs
Define monitored property
SeCSE: Specify monitoring rules according to the adopted SeCSE monit-
oring language (SECMOL)

Application testers make sure
the application behaves cor-
rectly

Provide monitoring functionality

14764: Process Implementation: MR/PR procedures
ASTRO: Monitor message sequences amongst services and its partners
BEA: Monitor service, application, middleware, OS, hardware, and net-
work
SDLC: Monitor workloads
SeCSE: Monitor services
Collect monitoring results for adaptation
14764: Problem and Modification Analysis : Verification
14764: Maintenance Review/Acceptance: Reviews
14764: Migration: Post-operation review
14764: Maintenance Review/Acceptance: Approval
ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics
Trigger adaptation
SeCSE: Recovery management: identify, by looking at the monitoring
data, the needs for a recovery action

Rules are added to the test sys-
tem using the adaptation dash-
board

Design adaptation strategy

14764: Process Implementation: Maintenance plans and procedures
14764: Problem and Modification Analysis: Options
14764: Migration: Migration plan
Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters
Select adaptation strategy
14764: Problem and Modification Analysis : Approval

Adaptation configuration is mi-
grated to the development sys-
tem

Perform adaptation

14764: Process Implementation: Configuration management
14767: Modification Implementation: Development process
SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery

identification of service properties that need to be identified for monitoring which is in

turn needed for adaptation. Within SBA Solutions most adaptation is related to business

rules, so the service properties that might need to be identified are service functionality

and functional specifications.

Coding and testing The activity “Insertion of monitoring rules and recovery actions
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in concrete parts of the service composition executable description” describes how monit-

oring rules and recovery capabilities need to be added to the executable SBA so that they

can be applied to adaptation scenarios during runtime. This activity is useful for SBA

Solutions to guide the development of monitoring based adaptation in their applications.

Stabilisation and release The activity “Deploy the monitoring rules and recovery

policies within the monitoring system” describes how monitoring rules are deployed sep-

arately from the SBA. This activity is necessary for SBA Solutions because each customer

is supplied with a standard application which is updated with their specific configurations.

In their case bare bones applications are updated with monitoring and adaptation config-

urations needed for out-of-box functionality.

4.2.7.4.2 Adaptation New business rules are identified The first sub-process in SBA Solutions

runtime adaptation is the identification of adaptation rules. This sub-process can be en-

hanced with several adaptation and adaptation support activities. The activity category

“Define adaptation requirements” has two adaptation support activities that can be ap-

plied to SBA Soultions:

• The “Modification Request (MR) / Problem Report (PR) analysis” activity is used

by SBA Solutions to manage requests for new business rules to be added to their

adaptable SBAs. This activity provides a structured set of tasks for handling the

business rules of SBA Solutions’ customers as they are identified. This makes sure

that they are valid and do not contain duplication.

• The “Migration” activity from IEEE 14764 can provide support tasks for when the

SBA is adapting or migrating from one state to another. Migration activities related

to planning and notifying users of changes would be useful for SBA solutions’

application users.

The activity category “Define requirements to the monitoring subject” has one adapta-

tion support activity and two adaptation activities that would be useful for SBA Solutions’

“New business rules are identified” process:
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• The “Analysis” activity provides useful guidance for the analysis of business rules

before runtime adaptation is implemented. This activity could be for business rule

validation so that illegal business rules are not added to the application causing it to

adapt unsafely.

• The activity for “Setting warning thresholds and alerts for compliance failures” is

useful for alerting stakeholders when the operating service-level agreements for

SBA Solutions’ customers’ applications are being reached or approached.

• “Gathering QoS metrics on the basis of SLAs” is a useful activity for determining

whether or not it is necessary to make an adaptation. This activity relates to non-

functional adaptation. However, non-functional adaptation requirements also need

to be considered when determining the impact if modifying business rules.

The final activities in the “Define monitored property” category is to “Specify mon-

itoring rules according to the adopted SeCSE monitoring language (SECMOL)”. This

activity is low-level as it specifies a particular monitoring language to be used for specify-

ing monitoring rules. The activity is not useful for SBA Solutions given that they already

have their own technical solutions for monitoring.

Rules are added to the test system using the adaptation dashboard In this adapta-

tion sub-process business rules that were identified in the previous sub-process are added

to the application. Execution workflows can also be changed using SBA Solutions ad-

aptation dashboard. Our adaptation framework has three adaptation support activities and

two core adaptation activities in the “Design adaptation strategy” category:

• The “Maintenance plans and procedures” activity from the IEEE 14764 process

implementation activity group is necessary for implementing the adaptation pro-

cesses and activities mentioned in this study. This activity is also useful for SBA

Solutions’ customers who want to implement the process formally.

• The “Options” activity from the IEEE 14764 problem and modification analysis

activity group can be used by SBA Solutions’ customers to evaluate the options for
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adaptation business rules and workflows in their applications.

• The “Migration plan” activity from the IEEE 14764 migration activity group can

be useful for the customers of SBA Solutions while they are planning adaptation.

• In the case of SBA Solutions’ adaptable SBAs, the “Specifying service decision

model” activity can be used when deciding on which services are going to be used

to enact new business rules.

• The “Designing service adapters” activity can be used by SBA Solutions to make

services adaptable when their products’ existing services are not sufficient for an

adaptation requirement.

In the final activity category in this process, “Select adaptation strategy” there is a

single adaptation support activity. The “Approval” activity from the IEEE 14764 problem

and modification analysis process group can be used by SBA Solutions to approve the

selected adaptation configuration after the various options have been considered.

Application testers make sure application behaves correctly There are many adapt-

ation activities, identified in this study, that can be used to assist this testing sub-process.

I suggest that the monitoring related activities can help testers to collect data that can be

used by them to determine the impact adaptations on the system. In the case of SBA

Solutions, these monitoring and testing activities would take place on test systems rather

than production systems.

To start with the “Provide monitoring functionality” category has four activities:

• The “Modification Request (MR) / Problem Report (PR) procedures” activity from

the IEEE 14764 process implementation group involves the implementation of the

Modification Request (MR) and Problem Report (PR) procedures. This is necessary

so that the Modification Request (MR) and Problem Report (PR) analysis tasks can

be carried out when new business rules are identified.

• The “Monitor message sequences amongst services and its partners” activity from

the ASTRO composition tool set can be used to gather monitoring data that can be
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used by testers to evaluate the impact of implementing new business rules in SBA

Solution’s applications.

• “Monitoring service, application, middleware, OS, hardware, and network” prop-

erties allow testers to evaluate the impact of adaptation on a wide variety of infra-

structural characteristics.

• The activities “Monitor workloads” and “Monitor services” like the previous activ-

ity can be used to capture data that can be used by testers for diagnostic purposes.

There are four adaptation support and two adaptation activities in the “Collect monit-

oring results for adaptation” category:

• The “Verification” activity from the IEEE 14764 problem and modification analysis

activity group can be used to support the verification of monitoring results. This

activity may be useful for testing stakeholders in SBA Solutions.

• The “Reviews” activity from the IEEE 14764 maintenance review/acceptance activ-

ity group can be used by testers to review and verify the integrity of the test system

after adaptation.

• The “Post-operation review” activity from the IEEE 14764 migration activity group

should be conducted by testers on production systems to determine the impact of

adaptation on live rather than test system. This post-operation review can be used

to determine the “true” impact of adaptation by SBA solutions’ testers.

• Once adaptation reviews have taken place it may be worthwhile for SBA Solutions

to have an “Approval” activity where the introduction of new business rules are

formally approved. This would close the loop in the business rules governance pro-

cess and assign responsibility to the approvers to make sure the adaptations valid.

• The “Detect protocol violations” activity from the ASTRO toolset is useful for de-

tecting protocol violations, using its monitoring capabilities, and storing the monit-
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oring data. This monitoring data can be then used by system testers for diagnostic

purposes.

• The “Evaluate SLA QoS metrics” activity from SLDC is another monitoring related

activity that help to evaluate monitoring data to see if SLAs have been breached,

this activity is useful for SBA Solutions’ testers to check if modifying business rules

or workflows cause application SLAs to be breached.

The final activity category for this sub-process, “Trigger adaptation”, contains a single

adaptation related activity: “Identify, by looking at the monitoring data, the needs for a

recovery action”. This activity again can be used by testers to trigger a recovery action if

the application fails after new business rules or workflows are implemented.

Adaptation configuration is migrated to the test system there are two adaptation

support and two core adaptation activities within the “Perform adaptation” category that

can be used by SBA Solutions to help migrate adaptation configurations between test and

production applications.

• The “Configuration management” activity from the IEEE 14764 process imple-

mentation activity group is a useful activity for SBA Solutions’ customers. They

can use it to keep track of their applications adaptation configurations. They would

also be able to keep track of the business rules that get introduced into the applica-

tion.

• The “Development process” activities from the IEEE 14764 modification imple-

mentation activity group can be used by SBA Solutions to implement adaptations

when adaptation is implemented with adaptation scripts. The development of these

adaptation scripts can be handled like small development projects.

• The “Readjust service weights for request queues” activity can be used by SBA

Solutions’ adaptable SBAs when their component services are unavailable or non-

responsive. This can often be the case when services are provided by various dis-

tributed public sector departments.
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• The “Runtime service discovery” activity is not particularly useful for SBA Solu-

tions because their customers’ services are usually listed in the application and dis-

covery is not strictly necessary.

These mapping shows how SBA Solution’s ad-hoc adaptation process can be greatly

enhanced by adding more detailed adaptation as well as adaptation support activities. It

may be the case that all activities are not needed depending on project requirements, but

these redundant activities can simply be excluded from implementation.

4.3 Frame of Reference Construction

The frame of reference for SOAdapt (SOAdapt-FoR) was constructed using adaptation

process attributes identified in a systematic literature review and the exploratory study

described in the previous section. Ahlemann et al. describe a frame of reference model

as the starting point for reference model development, with the purpose of facilitating

navigation of the problem domain. This frame of reference was used to guide Industrial

Empirical Studies (1) and (2) conducted in Phases 2 and 3 of this research. The study

participants are then able to reason about that knowledge and improve it with their exper-

ience.

Ten high-level generic adaptation activities were distilled from a set of 50 activities

that were identified in the systematic literature review and the exploratory study. There

were also additional adaptation support activities identified in Section 4.2. These support

activities will not be used in the construction of the frame of reference as it will focus on

the activities core to adaptation.

During the systematic literature review, there were 722 studies identified in the initial

search with 77 found to contain process details for developing SBAs. A total of 8 studies

from the SLR were found to have supported adaptation. The adaptation activities from

these 8 studies, the studies identified in the exploratory study (Section 4.2) and one other

relevant study [18] are listed in Table A.19 in Appendix D.
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Figure 4.2: SOAdapt-FoR Model

The 10 generic activities (Table 4.8) and their parent processes from the S-Cube life-

cycle were ordered into a sequential workflow. Figure 4.2 illustrates the SOAdapt-FoR

model represented in BPMN.

Generic Activities

Adapt SBA
Define Adaptation Requirements
Define Adaptation Strategies
Define Monitoring Requirements
Deploy Monitoring Mechanisms
Design Monitors
Design Adaptation Mechanisms
Event reasoning from Monitoring
Implement Monitoring and Adaptation Mechanisms
Runtime monitoring

Table 4.8: Generic Adaptation Activities

The high level process such as “Requirements Engineering” and “Design” that make
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up the skeleton of the model are primarily inherited from the S-Cube life cycle model with

some exceptions. The “Requirements Engineering and Design” process inherited from

the S-Cube life-cycle model was separated into two separate processes to accommodate

the numerous activities identified for each process. The S-Cube life-cycle was chosen

as a starting point because it is generic enough for practitioners to relate to while also

including processes for adaptation.

The frontier between SOAdapt-FoR and its inclusion in existing life-cycle models

depends on the type of model with which it is being integrated. In the evolution cycle,

adaptation activities should occur before the other activities in the process have been com-

pleted. This is necessary so that other activities can see the impact of the activities from

SOAdapt-FoR. For example, adaptation may require a particular service granularity and

service hierarchy and these aspects need to be decided before the remainder of the applic-

ation is developed. The activities from the adaptation cycle (left-hand side) are contained

in a self-contained loop. Therefore, these processes may occur during the operation of the

application regardless of the application’s development life-cycle.

4.4 Conclusion

In Section 4.2, activities and support activities which should be considered when carry-

ing out the adaptation of SBAs have been identified. This has been done through the

identification of activities within service-oriented development approaches and within

the software engineering maintenance process. The importance of this work is that the

consolidation of existing adaption activities is enhanced with support activities from ma-

ture software engineering process standards. While not directly involved with adaptation,

these support activities should support the development of adaptable SBAs. The result is

a collection of adaptation activities that can be used to guide practitioners in the develop-

ment of adaptable SBAs.

During the exploratory study, an industrial case study was used to show how the activ-

ities identified were able to enhance the process of a software company that specialises in
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developing adaptable SBAs.

After the exploratory study and the systematic literature review, documented in Sec-

tion 2.6, a list of adaptable SBA development activities were complied. These activities

were then used to construct SOAdapt-FoR.



Chapter 5

Phase 2: SOAdapt-V1 Construction

5.1 Introduction

In this Chapter I will present the updates to SOAdapt-V1 based on the findings from the

first empirical study - Industrial Empirical Study (1). I also describe the analysis of the 10

interview transcripts (275 minutes of audio) used to construct the SOAdapt-V1. Once the

content analysis is complete, the SOAdapt-FoR model is updated to represent the study’s

findings. The source of each process attribute will be discussed with exemplar quotations

provided as justification for inclusion in the model.

5.2 Industrial Empirical Study (1)

In the first subsection a description of the changes to the high-level parent processes will

be described. This will be followed by a more detailed analysis of the changes within

each of the process groups from SOAdapt-FoR. In this phase, the model is updated with

low level attributes adding a lot more detail than SOAdapt-FoR.

I will present the reasoning behind the inclusion of each attribute with the inclusion of

supporting quotations where appropriate. Reasoning will also be provided for cases where

process attributes are not taken directly from the data but added to fill the gaps where they

are logically needed. Activities, tasks and stakeholders will be shown in inverted commas

when mentioned while artifacts will be shown in bold.

120
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5.2.1 High-Level Processes

Interview participants agreed that the high-level processes from the SOAdapt-FoR model

should remain largely unchanged and that adaptation activities should occur in the tradi-

tional requirements engineering, design, construction, deployment and provisioning and

operation and management phases. However, the need for a separate testing process was

identified. Another notable deviation from the original high-level processes was the lack

of emphasis placed on the provisioning sub-process from the deployment and provision-

ing process.

The processes from the adaptation cycle of the SOAdapt-FoR model caused confu-

sion. For example, participants did not understand the difference between terms such as

strategies, mechanisms and their applications. These processes as well as their contained

activities have now been modified to make them more intuitive. For example, the activity

“Event reasoning from monitoring execution” was changed to the more straightforward

“Event reasoning from monitoring”.

Changes to the activities contained within the high-level processes were more extens-

ive than changes the changes to their parent processes. This is to be expected given that

the high-level life-cycle processes from the evolution cycle are almost de facto, featur-

ing in prominent life-cycle models such as RUP, ISO/IEC 12207 and the waterfall model

[100]. All of the changes made to the processes and activities from SOAdapt-FoR are

listed in Table 5.1. The first column of the table shows whether the processes or activities

were added or removed. In most of the cases activities were modified rather than being

removed completely. This is shown in the table as a Remove followed by an Add of the

modified version. Rows with both a Process and Activity entry refer to the activity and

show the process for reference, while rows with just a process entry refer directly to the

process.

In cases where there is no direct supporting data, changes were made to activities

so that they correspond to the activities that have supporting data. For example, the

modification of “Deploy Monitoring and Adaptation Mechanisms” to “Deploy Adapta-
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Add/Remove Process Activity
Remove Design Design Adaptation Mechanisms
Add Design Design Adaptation Strategies
Remove Construction Implement Monitoring and Adaptation Mechanisms
Add Construction Implement Adaptation Strategies
Add Construction Implement Monitors
Remove Provisioning
Remove Deployment Deploy Monitoring and Adaptation Mechanisms
Add Deployment Deploy Adaptation Strategies and Monitors
Remove Operation and Management Run-time monitoring execution
Add Operation and Management Run-time monitoring
Remove Identify Adaptation Triggers Event Reasoning from monitoring execution
Add Identify Adaptation Triggers Event Reasoning from monitoring
Remove Identify Adaptation Strategies
Add Select Adaptation Strategies
Remove Select Adaptation Strategies Select adaptation mechanisms to satisfy adaptation need
Add Select Adaptation Strategies Select adaptation strategies to satisfy adaptation need
Remove Enact Adaptation Adapt SBA
Add Enact Adaptation Execute selected adaptation strategy
Add Testing

Table 5.1: SOAdapt-V1 Process and Activity Changes

tion Strategies and Monitors” did not have direct supporting evidence. This activity was

changed in order to correspond with the activity “Design Adaptation Strategies” which

did have supporting data. The “Provisioning” sub-process was removed from the “De-

ployment and Provisioning” process, not as a result of comments from the interviewees to

remove it, but because when probed, they never offered any details on adaptation activities

that need to occur during provisioning.

5.2.2 Requirements Engineering

Activities, Tasks and Artifacts

The interview participants agreed with the 2 Requirements Engineering (RE) activities

from the SOAdapt-FoR model. There were 3 tasks identified for the “Define Adaptation

Requirements” activity as a result of the data analysis. The first task in “Define adaptation

requirements” is to “Define events that trigger adaptation”. Several variations of this

activity were identified by many of the interview participants, for example:

..knowledge that we have about why we would need to adapt, so at some level we

would want to have some fuzzy logic, under the circumstances maybe you should

contemplate, looking for the cheapest system, looking for a reliable system, so at

some level there would be a service level agreement..
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Several of the interview participants suggest that it is necessary to identify the events

relating to application reliability, availability and quality during requirements engineering.

The participants suggest that artifacts such as use cases, workflows and architectural

overviews can be used to capture these adaptation requirements.

The second task identified in the “Define adaptation requirements” activity is to “Choose

between manual and automatic adaptation”. This task was not elicited directly from in-

terview participants but was added because some participants suggested that adaptation

should be manual while others suggested automatic adaptation. The last task within the

“Define adaptation requirements” activity is to “Validate adaptation requirements”. Gen-

eral requirements are often validated so adaptation requirements should be no different:

..we need to have something that will test and validate the requirements, and that

usually comes from letting the end user try something and he says, boy you guys are

bosos, thats not what i told you, even though its completely within the specification..

There were 2 tasks identified for the “Define monitoring requirements” activity. The

first task was to “Define application components that have to be monitored”. This task was

identified by several of the interview participants with each suggesting several component

types that should be monitored so that adaptation requirements can be met:

I would monitor the state of the task, the external events, also the state of the inform-

ation, and the documents and the things that are exchanged.

Another participant identified that SBAs should be highly available and that they

should be able to deal with unavailable services. In order to do this he suggested that

it is necessary to monitor the availability of individual services:

Yes because, one of the basic requirements the customer always has is the the system

integration should be highly available meaning that you can cope with downtime of

service etc. etc.

The second task identified for this monitoring activity is to “Define how monitored

events are reported”. Participants stated that not only was monitoring important but that
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it was important to convey monitoring results to the applications administrators and end

users. Some of the participants also suggest the type of mechanisms that should be used

in order to report monitored events:

If you provide an XML service then the error message wants to be in XML format

as well.

The adaptation activities and tasks identified are self contained and can be carried out

in parallel with the other RE tasks that are necessary for a project. A number of adapta-

tion related artifacts and stakeholders were also identified for the process (see Table 5.3).

Unlike the activities and tasks, the artifacts and stakeholders identified are not exclusively

concerned with adaptation. For example, all of the adaptation stakeholders listed here

usually have other roles in other RE activities.

Stakeholders

For the purposes of brevity the artifacts included in the process model are summarised

in Table 5.2, each with a supporting exemplar quotation taken from the data.

There were two types of business stakeholders identified in the requirements engin-

eering process. “Business analysts” are part of the development team and the “Business

stakeholders” are the project’s business contacts. The “Business analysts” were sugges-

ted to be responsible for determining the adaptation requirements. Another participant

suggested that “Solution architects” and “System administrators” should be involved with

adaptation requirements for adaptation types such as service substitution. This is when

services are substituted with one another rather than being recomposed to create different

functionality. The stakeholders “Engineer” and “Developer” were identified as important

to the requirements engineering process. In some organisations these may be the same

role, i.e. writing code, however both have been kept in case engineer more specifically

means software engineer rather than just developer. The “Information security team”

stakeholder was described by one of the participants who himself is part of such a team.

He suggested that this team might participate in tasks such as governance, risk manage-

ment and compliance. The final stakeholders that were introduced were “End users”, as
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Artifact Exemplar Quotation
Business analyst “..maybe in the requirements phase the analyst

have to think about the adaptive requirements..”
Business stakeholders “..so people need to be involved, also you need to

involve possibly the business people around..”
Solution architects “So if its at the level of the endpoint determina-

tion, then the solution architects and possibly sys-
tem administrators.”

Engineers “ ..obviously there would always be some kind of
discussion within engineers to clarify that [xx] it
means in most specific [xx] and most possibly”

Developers “..so the stakeholders if you like as i see them
apart form managers there is the people who are
developing the adaptation tools..”

Information security
team

“There is actually quite a few stakeholders po-
tentially who need to be involved, so depending
on the size of the organisation you probably have
people involved in the governance, risk manage-
ment, compliance, maybe you have an inform-
ation Security team with policies that are docu-
mented within your company,n security team”

System administrators “So if its at the level of the endpoint determina-
tion, then the solution architects and possibly sys-
tem administrators.”

End users “Only if there is a failure you have to come back
to this, the end user decides what happens”

Table 5.2: RE Artifacts with supporting Quotations.

it was suggested that end users need to specify the actions to be taken when there is an

adaptation failure.

All of the enhancements to SOAdapt-V1 for the RE process, based on the data collec-

ted during the first empirical study, are shown in Table 5.3.

5.2.3 Design

Activities, Tasks and Artifacts

There was one prominent activity change between the SOAdapt-FoR and SOAdapt-

V1 for the design process. The “Design Adaptation Mechanisms” activity was changed

to “Design Adaptation Strategies”. Interviewees felt that the word “Mechanisms” was too

ambiguous to describe the way in which SBAs adapt:

Yeah, so I would call these three things out on the right side that I design my monitor,

my strategy and my adaptation. I do those three things because my monitor leads to
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REQUIREMENTS ENGINEERING
Adaptation Tasks Added
Define Adaptation Requirements:
-Define events that trigger adaptation (learning-based,context-
based,availability based, rule-based, QoS Based)

-Choose between manual and automatic adaptation

-Validate adaptation requirements

Define Monitoring Requirements:
-Define application components that have to be monitored

-Define how monitored events are reported

Adaptation Artifacts Added
Adaptation workflow
Use Cases
Architectural Overview
Adaptation Stakeholders Added
Business analyst
Business stakeholders
Solution Architects
Engineers
Developers
Information security team
System Administrators
End users

Table 5.3: Detailed Changes to the Requirements Engineering Process of SOAdapt-FoR

correct strategy.

Adaptation strategies such as service discovery and service substitution were also

identified during the inquiry. There were 8 adaptation tasks identified for designing these

adaptation strategies. The task “Design adaptation strategies [service discovery, service

substitution]” was described by several participants, each describing the various types

of strategy that could be enacted. One of the participants described that during service

substitution it is necessary for the service Interface definitions to be the same.

Another theme that was common amongst the interviewees for the design process was

to “Define adaptation workflows” where possible. Service topologies were identified as

necessary when designing adaptation workflows. In this context a service topology is an

artifact that defines the services within service compositions and how they relate to one

another. These adaptation workflows should then be incorporated into the application’s

Enterprise architecture.

..and you would have to define the workflows of their tasks are adaptive or not, so in
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some cases you have six workflows that you can model for business process modeling

notation, and then they is no adaptation on the structure of the workflow, however

in workflows such as hospitals the tasks can adapt to the business process and then

if this task are interconnected through web services then you need to adapt the web

services but I think it depends on the workflow, behind the systems..

In the case of manual adaptation there were many suggestions that the “Design of an

adaptation dashboard” is necessary to control adaptation configurations during runtime.

The participants suggest that the dashboard should have features that allow users to “Use

a guide for selecting services” within the dashboard:

“Yea in that case maybe the user needs some guide to select, if he has to select the

service manually..”

“Yes, so but hes not going to code WSDL or the URL, the end user, is going to decide

based on descriptions..”

In the case of automatic adaptation a dashboard would be redundant, the adaptation

logic would have to be programmed within the application. It still may be desirable to

configure certain aspects of SBAs that adapt automatically, for example, to change SLA

levels and other QoS parameters. The task “Design logic to match monitored events to

adaptation strategies” was included to allow monitored events to be assigned to adaptation

strategies during operation:

..it should be automatic although there are manual events, so if somebody is doing a

task, and maybe after performing this manual task, you consider to define an event

because its relevant..

The task “Design service interfaces” is necessary for both adaptable and non-adaptable

SBAs. The reason that it is specified in this adaptation model is to emphasise the import-

ance of service interfaces in adaptable applications. It is paramount that service interfaces

remain constant otherwise adaptation strategies such as substitution become more diffi-

cult. The Input/Output Data artifact is directly related to this activity as each interface

design should have a specification for input and output data.
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In order to design adaptable SBAs it is necessary to “Chose service alternatives” for

adaptation strategies such as service substitution and service negotiation, factors such as

price and trust are relevant when choosing these alternatives:

..yeah, so there is a few, one comes down to actually choosing the services, it’s a very

compeditive decision process so you may have preferred suppliers that you choose to

use because you have an ongoing relationship with them and you trust them, you may

not always choose the cheapest supplier that seems to me your needs for example..

The reliability of adaptation components was also a concern for the interview par-

ticipants. In order to alleviate this concern they suggested tasks such as “Adaptation

strategies prototyping” and to “Design tests for adaptation strategies”. Prototyping en-

sures that the proposed adaptation strategies will actually work, while designing tests for

these components ensure that the end product works:

..and you need to have some type of prototyping at least int the early days, to try

and understand what the captured requirements are in my experience, for capturing

requirements you talk to people like myself, and i’ve told you one thing and you’ve

heard something else, and you end up with something different..

There were two tasks identified within the “Design monitors” activity. The first task

was to “Design monitoring services”, which is quite an obvious activity, but more inter-

estingly participants stressed the need to “Determine performance impact of monitors”.

One participant suggested that it is important to monitor performance indicators such as

the volume of composition errors and basic response times.

All of the design activities and tasks in the design process should feed back into the

“Functional design” and “Software specifications” documentation for the overall applic-

ation. These artifacts are not specific to adaptation but form the bridge between these

adaptation activities and the rest of the development process.

Stakeholders

There were 4 adaptation stakeholders identified for the design process. The stakehold-

ers identified, like the RE process, are not exclusive to adaptation related activities. These
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stakeholders with supporting exemplar quotations are illustrated in Table 5.4.

Artifact Exemplar Quotation
Requirements engineers “Mainly architects, requirement engineers, and

maybe a system architect..”
Solution Architects “..for designing the system I would say a system

architect and developers..”
Developers “..for designing the system I would say a system

architect and developers..”
Maintainers “Stakeholders are functional application archi-

tects, technical maintenance people, sometimes
there are different people and sometimes there
enterprise architects, because you have to have
people present that know about he application and
the application architecture, and what the over-
all strategy should be when some monitored event
takes place..”

Table 5.4: Design Artifacts with supporting Quotations.

From the data collected about stakeholders it was often not possible to assign the

stakeholders to specific tasks. Often the participants would specify that the stakeholders

are relevant to the entire process rather then specific tasks or activities.

All of the enhancements to SOAdapt-FoR for the design process, based on the data

collected during the study, are shown in Table 5.5.

5.2.4 Construction

The construction activity “Implement monitoring and adaptation mechanisms” was up-

dated to “Implement adaptation strategies” to reflect the new design activity “Design ad-

aptation strategies”. The “Implement Monitors” activity was isolated as a separate activity

to show the “Construct monitors” task which was identified in its specific context.

Activities, Tasks and Artifacts

Within the activity of “Implement Adaptation Strategies” there were four tasks identi-

fied during the analysis process. In the “Implement monitors” activity there was a single

task. Most of the tasks relate to the implementation of the design features so nearly

all have a corresponding task in the design process. For example “Construct adaptation

strategies” relates to the design activity of “Designing adaptation strategies”. These tasks

were added to logically follow on from the design tasks but there is also evidence in
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DESIGN
Adaptation Tasks Added
Design Adaptation Strategies
-Design adaptation strategies [service discovery, service substitution]

-Define adaptation workflows

-Design adaptation dashboard (manual adaptation)

-Design logic to match monitored events to adaptation strategies (auto-
matic adaptation)

-Design servcie interfaces

-Choose service alternatives

-Use guide for selecting services

-Adaptation strategies prototyping

-Design tests for adaptation strategies

-Design monitoring services (Post mortem, real time monitoring)

-Determine performance impact of monitors

Design Monitors
-Design monitoring services (Post mortem, real time monitoring)

-Determine performance impact of monitors

Adaptation Artifacts Added
Service topology
Interface definitions
Input/Output Data
Software specifications
Functional Design
Enterprise architecture
Adaptation Stakeholders Added
Requirements engineers
Solution Architects
Developers
Maintainers

Table 5.5: Detailed Changes to the Design Process of SOAdapt-FoR

the data to support them. The tasks to “Construct adaptation strategies” and “Construct

monitors” can also be induced from participant descriptions such as:

Have monitor, and instead of the word mechanism, have monitor design the strategy

and design the way to enact an adaptation. And then in the construction, I construct

those same three things. I construct the monitor. I construct the strategy, because in

that strategy I’ll probably have some conditions saying if such and such, do such and

such. There’s probably a strategy selection. You’ll finally call the correct enactment.

Participants in the study identified that Middleware platforms are key enablers of

SBAs’ adaptation. Middleware platforms provide tools that are useful for integrating

disparate systems exposing homogeneous services that can be dynamically orchestrated
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to achieve adaptation.

Another two activities that follow on from the design process are to “Implement ad-

aptation dashboards” and “Early testing”. The “Implement adaptation dashboard” task is

necessary to implement the Dashboards that were designed during the design process,

while the “Early testing” task uses the test plans created in the design process. Testing

during the construction process was also identified by one of the participants:

Besides early testing , not really, I guess not only unit testing but also kind of system

testing if possible, should be done as early as possible.

The “Refinement” task follows on from the early testing task by improving the adapta-

tion mechanisms of the adaptable SBA based on feedback from the testing. This task was

also suggested by the participant who proposed early testing of adaptation components:

.. so for me construction is more or less kind of not only implementation but also

testing, and refinement..

All of the design tasks and activities that result in design documents and artifacts need

to have these artifacts added to the overall Technical design document of the adaptable

SBA.

Stakeholders

There were two stakeholders identified for the construction process, “Engineers” as

expected as well as “Maintainers”. The maintainers while not directly involved with

construction would need to familiarise themselves with the adaptation components during

construction so that they could support them when they go into production:

The people involved are always technical maintenance people, they have to support

the system when it goes into production, and application maintenance, those are

the people that see at a functional level what happens during the complete process

would span across multiple physical systems, you IT infrastructure and some type of

important stakeholder is somebody from the business, who does acceptance.

All of the changes to the process attribute details for the construction process, includ-

ing 3 artifacts and 2 stakeholders, are summarised in Table 5.6.
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CONSTRUCTION
Adaptation Tasks Added
Implement Adaptation Strategies
-Construct adaptation strategies
-Implement adaptation dashboards
-Early Testing
-Refinement
Implement Monitors
-Construct monitors
Adaptation Artifacts Added
Middleware
Technical Design
Dashboards
Adaptation Stakeholders Added
Engineers
Maintainers

Table 5.6: Detailed Changes to the Construction Process of SOAdapt-FoR

5.2.5 Testing

The testing process was added to SOAdapt-V1 as a result of 3 testing activities that were

identified by participants. Along with the testing process there were adaptation related

testing activities identified for the “Design”, “Construction” and “Deployment” processes.

Since the testing activities were identified from scratch, rather than being derived from

SOAdapt-FoR activities, the interviews did not provide a lot of detail about tasks, artifacts

and stakeholders.

Activities, Tasks

There were three adaptation tasks identified in total, with only one having specific

tasks identified. The “Functional testing of adaptation configurations” has the single task

to “Prove to customer that application will work in all adaptation cases”. It can be argued

that this activity and task are necessary for all types of applications, but it is particularly

important with adaptable applications because the number of adaptation configurations

may be vast. In some cases the number of adaptation may be up to infinity making the

testing of all configurations impossible. One of the participants felt that if each adaptation

configuration is not tested, it is impossible to be confident that the application is reliable,

leading to liability issues for software vendors:

This is hardly required because if this application breaks you are liable later on. So

you need to actually prove that the application would work in every case as reliably
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in what you’re saying the static application would. So the streets need for or up to

someone you can still need the same methodology for testing as you would in the

traditional sense. But in some cases you actually need different technology to be

able to even test these economic things.

Another two traditional testing activities were identified for the testing process, “Sys-

tem integration testing” and “User Acceptance testing of adaptation configurations”. Sys-

tem integration testing, while useful for many application types, becomes very useful for

component or service-based architectures. However, the problem with this task is that

if service composition combinations are not known in advance then this task cannot be

accomplished. The same applies for user acceptance testing of adaptation configurations.

Therefore, these tests only apply when there is a finite number of service combinations

and they are all known during the development cycle. One of the participants mentioned

that testing at this stage is the only way to measure the quality of the work products being

delivered by the development team:

..so if somebody wants to report it then we have a way to monitor it, but up until

then we don’t know the level of quality being delivered from the development team,

except for at, what we call integration system testing, and user acceptance testing

stages..

There were no adaptation artifacts or stakeholders identified during the study for this

sub-process. The activities and single task identified are illustrated in Figure 5.7.

TESTING
Adaptation Tasks Added
Functional testing of adaptation configurations
-Prove to customer that application will work in all adaptation cases
System integration testing
User Acceptance testing of adaptation configurations
Adaptation Artifacts Added

Adaptation Stakeholders Added

Table 5.7: Detailed Changes to the Testing Process of SOAdapt-FoR
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5.2.6 Deployment

Activities, Tasks

The “Deployment” process originated as the “Deployment and Provisioning” process

from the SOAdapt-FoR model. As previously mentioned (section 5.2.1) the “Provision-

ing” process was dropped because participants did not mention it in relation to adapta-

tion. The process contains one adaptation activity: “Deploy Adaptation Strategies and

Monitors” which was changed from “Deploy Monitoring and Adaptation Mechanisms”

in order to match the terminology of preceding processes. The deployment of monitors

and strategies were kept as a single activity as the deployment tasks apply generally to

both.

There were three tasks identified, the “Deploy components on separate systems” was

identified by a participant who suggested that since SBAs are often composed of distrib-

uted services, it is often necessary to deploy components to distributed locations. This

is also true of adaptation components, if adaptation components are contained in middle-

ware then is common for the middleware to be in a seperate deployment:

Maybe depending on the complexity of the system, if it is distributed you have to

deploy most of the systems that are collaborating, if they are web services maybe

you have this middleware with adaptation mechanisms in one side and you have the

same middleware in another place, they are working together..

Another related activity is to “Monitor system dependencies”, when adaptation com-

ponents are deployed in distributed locations it may be necessary to monitor components

as they are deployed in order to make sure the complete deployment is successful. One of

the participants suggest that a deployment dashboard can be used to achieve this.

Finally, the task “Functional testing” was proposed during deployment to ensure that

the various adaptation configurations work as well during deployment as they do in the

development environment:

..of course you need to do your functional testing, so you need to run into test cases,

or into systems states to test all your defined changes..
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Stakeholders

There were two obvious stakeholders identified for the deployment process and two

not so obvious. The obvious ones were the “Developers” and the “Maintainers”. It is very

often the same stakeholders that are involved in both the construction and deployment

processes. The developers would have the most detailed knowledge of the application

while the maintainers would take over the management of the application once it goes

into production.

Interestingly “Service consumers” and “Service providers” were identified as neces-

sary for the deployment process. One of the participants suggest that it is necessary to

interact with the providers of services that the application depends upon. This is to en-

sure that the service are available and to assist with any production issues. The primary

“Service consumer” in the case of an adaptable would be the developers themselves, how-

ever, if the application uses composite services then there may be consumers between the

original service providers and the SBA who might need to be contacted.

..what I want to say is that considering adaptable service etc. they always have

to have stakeholders in place from providers and consumers, or automatically of

course, its quite hard to do that, the holy grail I suppose, in practice if you want to

do something automatically with your provided services to another infrastructure or

what ever you always have to deal with consumers.

As illustrated in Table 5.8, there were no adaptation artifacts and 4 adaptation stake-

holders added to SOAdapt-FoR along with the tasks previously mentioned.

5.2.7 Operation and Management

Activities, Tasks and Artifacts

The “Operation and Management” process has retained its activity “Run-time monit-

oring”, from the SOAdapt-FoR model, and has gained an activity called “Governance”.

The governance activity, as the name implies, contains tasks for governing how the SBA

adapts during run-time. The “Run-time monitoring” activity has been updated with tasks
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DEPLOYMENT
Adaptation Activities Added
Deploy Adaptation Strategies and Monitors
-Deploy components on separate systems
-Monitor System Dependencies
-Functional Testing
Adaptation Artifacts Added

Adaptation Stakeholders Added
Developers
Maintainers
Service providers
Service Consumers

Table 5.8: Detailed Changes to the Deployment and Provisioning Process of SOAdapt-FoR

for monitoring data, events and processes as well as a user notification task. The “Gov-

ernance” activity has tasks for the governing the adaptation as well as negotiating Service-

Level Agreements (SLAs).

The first task within the “Run-time monitoring” task is to “Audit service delivery in-

frastructure”. This is an important task to make sure the infrastructure underlying the

adaptable SBA is working within defined parameters. A key concern of one of the par-

ticipants was that once one has gone to the trouble of defining service-level agreements

and installing monitors, it is important to follow up with auditing the infrastructure against

those service levels.

The next task in this activity is to “Notify users of critical events” when they occur.

This task is relevant when adaptation is not completely automatic. When a user is notified

of the event they would begin proceedings for adaptation if they deem it necessary. One

of the participants suggest that it may be necessary to notify maintainers or administrators

via a wireless mechanism when they are not actively monitoring the application.

The last three tasks in the “Run-time monitoring” activity all relate to monitoring

different things. They relate to “Monitoring processes”, “Monitoring events” and “Mon-

itoring data”. Participants felt that it was necessary to monitor these artifacts in order to

get an impression of how the application is performing at various levels of abstraction.

Monitoring processes refers to the business processes that are implemented as service

compositions with events and data being at the individual service execution level.

In the new “Governance” activity that was identified, participants identified the tasks
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of “Governing adaptation” and “Negociate SLAs”. Several of the participants feel strongly

about business stakeholders having a level of governance over service configuration. This

governance adds some overhead to the adaptation process and prevents certain ad-hoc

automatic adaptations. It may be appropriate to govern the types of adaptation that occur

when the adaptation may be concerned with business criticality, safety or other critical

factors.

The inability of service consumers to govern the services that they use is cited by one

of the practitioners as one of the disadvantages of SBAs:

I would say that that’s the biggest challenge, cause you can get the sales pitch which

tells you its all of this, but how do you prove that, there’s no like, global quality of

service, so this is why I was talking about governance before, there’s no governance

body that says, if you go to this service on Google it gives you this level of perform-

ance.

A “Sate model” was the only adaptation artifact identified without any relevant stake-

holders being identified (see Table 5.9).

OPERATION & MANAGEMENT
Adaptation Activities Added
Run-time monitoring
-Audit service delivery infrastructure
-Notify users of critical events
-Monitor processes
-Monitor events
-Monitor data
Governance
-Govern adaptation
-Negociate SLAs
Adaptation Artifacts Added
State model
Adaptation Stakeholders Added

Table 5.9: Detailed Changes to the Operation and Management Process of SOAdapt-FoR

5.2.8 Identify Adaptation Triggers

The “Identify adaptation triggers” process has not changed in SOAdapt-V1, it still re-

tains the single Activity: “Event Reasoning from monitoring”, with no lower level tasks.
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However, this activity was confirmed as a relevant adaptation task during the interviews:

What are the kind of criteria that we would want for this type of adaptation, the

trigger points for doing some adaptation.

As Table 5.10 illustrates, there were no adaptation artifacts or stakeholders identified

during the interview process.

IDENTIFY ADAPTATION TRIGGERS
Adaptation Activities Added
Event Reasoning from monitoring
Adaptation Artifacts Added

Adaptation Stakeholders Added

Table 5.10: Detailed Changes to the Identify Adaptation Triggers Process of SOAdapt-FoR

5.2.9 Select Adaptation Strategies

The “Select adaptation strategies” process, like the “Identify adaptation triggers” process,

retains its original activity from the SOAdapt-FoR model. However, in this case the ‘Se-

lect adaptation strategies” activity has been updated with 3 tasks for selecting adaptation

strategies. The first task identified was to “Select adaptation strategies based on a recom-

mendation”. An interview participant felt that end users would be suitable candidates to

recommend services for adaptation:

End users, that they like or dislike one, can be one mechanism for recommending.

The task to “Select adaptation strategy from an end used adaptation dashboard” re-

flects some of the data in the earlier processes that suggests that dashboards should be

designed in order to facilitate the selection of adaptation mechanisms druing the opera-

tion of the application. The task “Select adaptation strategy to satisfy adaptation need”

reflects the goal of its parent activity to select an adaptation strategy that meets the ad-

aptation requirements of the application. A single stakeholder, “End user”, has also been

identified for the process (see Table 5.11), the “End user” is assigned to the tasks of

choosing or recommending strategies.
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An adaptation strategy, in the context of this study, is the means or mechanism by

which an SBA adapts. Two strategies encountered during the study were service substi-

tution and service re-composition. Service substitution involves exchanging one service

for a functionally identical alternative. Service re-composition on the other hand involves

re-composing the service workflow to an alternative configuration.

SELECT ADAPTATION STRATEGIES
Adaptation Activities Added
Select adaptation strategies to satisfy adaptation need
-Select adaptation strategy based on recommendation
-Select adaptation strategy from an end used adaptation dashboard
-Select adaptation strategy to satisfy adaptation need
Adaptation Artifacts Added

Adaptation Stakeholders Added
End User

Table 5.11: Detailed Changes to the Select Adaptation Strategies Process of SOAdapt-FoR

5.2.10 Enact adaptation

The final process, “Enact adaptation”, has also not had many process attributes identi-

fied. The wording of its single activity “Execute selected adaptation strategy” had been

reworded to match the terminology of other activities but its intent remains the same. The

“End user” stakeholder has also been identified for this process (see Table 5.12).

’

ENACT ADAPTATION
Adaptation Activities Added
Execute selected adaptation strategy
Adaptation Artifacts Added

Adaptation Stakeholders Added
End User

Table 5.12: Detailed Changes to the Enact Adaptation Process of SOAdapt-FoR

Figure 5.1 is a BPMN representation of the empirically grounded process model. The

illustration shows high-level life-cycle processes and activities.
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Figure 5.1: SOAdapt-V1 - Process Model for Adapting SBAs

5.3 Interim Evaluation

Two methods were employed to determine the external validity of SOAdapt-V1. In Sec-

tion 5.3.1 I describe the comparison between the process model and a previously validated

component-based software adaptation process model, indicating whether the model con-

tains the required activities for adaptation. In Section 5.3.2 the activities from the process

model are mapped to an SBA development life-cycle which demonstrates their transfer-

ability.

5.3.1 Inter-model Evaluation

To evaluate SOAdapt-V1’s capability of adapting SBAs we compared to a similar model

proposed and validated by Oreizy et al [85, 84] for adapting component-based applica-

tions. Component-based applications are similar to service-based applications, with both

application types being composed of loosely coupled self-contained software modules.

This similarity allows comparisons to be made between the two approaches.

The two models will be compared at an activity level since Oreizy et al’s model does
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not specify the life-cycle processes within which its activities occur. Each of Oreizy

et al’s activities will be analysed to see if they have equivalent or comparable activities

within SOAdapt-V1. The degree of similarity between the activities will also be judged

by degree of similarity between their component tasks. Oreizy et al’s do not explicitly list

the tasks within each activity. However, they are described verbally within their paper.

These task descriptions have been extracted for the comparative analysis.

5.3.1.1 High-Level Comparison

As with SOAdapt-V1, Oreizy et al’s adaptation model has two cycles: an adaptation

cycle and an evolution cycle. Both models implement changes to applications during

an offline evolution cycle. However, the overall approaches for adaptation are different.

In SOAdapt-V1, adaptation mechanisms are built into the application at runtime. Then

changes can be made to the operational application using these mechanisms. Oreizy et

al change the composition of the application during evolution, while during adaptation

implement the changes enacted during evolution. They argue that making changes during

evolution is safer because it allows the application to be tested thoroughly before reflect-

ing those changes in the running system. This is a valid consideration which is addressed

in SOAdapt-V1 by the task “Prove to customer that application will work in all adapta-

tion cases”. This task is completed during the testing process and ensures that possible

application configurations are tested off line during evolution before the application is

made operational. The differences in the adaptation approach may be rooted in the fact

that components are more tightly coupled than services and hence require a greater deal

of testing and integrity checks during evolution. The two approaches share many of the

same activities. For example, both approaches have runtime monitoring processes to de-

tect when adaptation should be enacted. Both methods also have activities to govern and

manage runtime adaptations.
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5.3.1.2 Detailed Comparison

Table 5.13 was constructed in order to get a better picture of whether SOAdapt-V1 con-

tains equivalent adaptation activities and tasks to those outlined by Oreizy et al. The left

hand column contains the complete list of activities and tasks from Oreizy et al while the

right hand side shows comparable or similar tasks and activities from SOAdapt-V1.

Oreizy et al SOAdapt-V1
A1: Maintain concistency and system integrety Governance/Design Adaptation Strategies/Functional test-

ing of adaptation configurations
T1: Preserve consistant model of application architecture Prove to customer that application will work in all adaptation

cases
T2: Preserve strict correspondence between architectural
model and execution implementation

Govern adaptation

T3: Develop architecture evolution manager (AEM) to mediate
changes to the AEM

Design adaptation dashboard (manual adaptation)

A2: Enact Changes Implement Adaptation Strategies
T4: Use an interactive editor to construct architectures and de-
scribe modifications
T5: Use design tools to critiqe architectures as they are con-
structed

Early Testing

T6: Use domain specific tools to check for semantic errors Refinement
T7: Use modification interpreter to interpret change descrip-
tion language scripts as AEM primitives

Construct adaptation strategies

A3: Collect observations Run-time monitoring
T8: Observe and provide notifications of exceptional events
such as resource shortages

Monitor Events/Noitfiy users of critical events

T9: Dynamic modification of monitors and monitored events
T10: Model application behavior as patterns of events
T11: Remote monitoring by human actors Audit service delivery infrastructure
A4: Evaluate and monitor observations Event Reasoning from monitoring/Functional testing of ad-

aptation configurations
T12: Monitor behaviors of the running application and
compere them to behavioral requirements
T13 Determine all possible architectural configurations to use
for concistancy checks

Prove to customer that application will work in all adaptation
cases

T14: Automatic runtime concsitancy checks
A5: Plan Changes Define Adaptation Requirements/Define monitoring re-

quirements
T15: Plan which observations are required for enacting adapt-
ations

Define events that trigger adaptation (learning-based,context-
based,availability based, rule-based, QoS Based)

T16: Plan which adaptations to make and when to make them Define application components that have to be monitored
A6: Deploy change descriptions Execute selected adaptation strategy
T17: Use AEM to translate change descriptions into specific
application modifications

Table 5.13: Oreizy et al vs SOAdapt-V1

There are six high-level adaptation activities in Oreizy et al’s model labeled from A1

to A6. Each of these activities have one or more tasks labeled form T1 to T17. The

activities, A1 to A6. were matched to activities from SOAdapt-V1, with 6 close matches

being made. The same procedure was carried out for the tasks between the two models. It

is worth noting that the tasks from SOAdapt-V1 that were mapped to Oreizy et al’s model
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do not necessarily belong to the SOAdapt-V1 activities that they are shown with in Table

5.13. The tasks were mapped on a best fit basis regardless of their parent activity.

It is evident from the table that all of the adaptation activities from Oreizy et al have

comparable activities in SOAdapt-V1. This shows that, at a high-level at least, SOAdapt-

V1 contains the basic ingredients for adaptation. The table does not show the adapta-

tion activities identified in SOAdapt-V1 which do not have counterparts in Oreizy et al’s

model. SOAdapt-V1 goes beyond the basic set of activities for adaptation and considers

adaptation more explicitly during evolutionary processes such as design, deployment and

testing. There are some activities where Oreizy et al has more detail than SOAdapt-

V1 particularly with regard to its monitoring activities. The similarities that can be seen

between the two models suggest that SOAdapt-V1 is a valid adaptation model. This, how-

ever, is based on the assumption that Oreizy et al’s model is itself valid and that adapting

component-based applications is a comparable process to adapting SBAs.

5.3.2 Demonstrating Transferability

In order to determine the transferability of SOAdapt-V1, each of its activities were mapped

to a component-based application development life-cycle. This life-cycle proposed by

Durvasula et al. [32], suggests a high-level process as well as best practice guidelines

for developing SBAs. The best practice guidelines are given in a non-sequential format,

providing practitioners with a menu of best practices that they can select to use in conjunc-

tion with the proposed life-cycle process model. If the activities and tasks from SOAdapt-

V1 can be intuitively mapped to Durvasula et al’s development life-cycle, this shows the

transferability of the model to a real-world development scenario.

Table 5.14 illustrates Durvasula et al’s development life-cycle annotated with the

activities from SOAdapt-V1 which are highlighted in bold. The mapping process here

is more high-level that the previous mapping with activities and processes rather than

tasks being considered.

The granularity of development activities from Durvasula et al’s life-cycle and SOAdapt-
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V1 are somewhat different, with Durvasula et al embedding some life-cycle processes

within others. For example, Deployment is embedded as an activity within the IT Op-

erations process. This is not a problem, but it does have some knock on effects to the

mappings contained in the Table 5.14. Some of the activities from SOAdapt-V1 are rep-

resented as tasks to satisfy the different level of process granularity used by Durvasula et

al.

Life-Cycle Process Activity Tasks
Requirements and Analysis Map high-level business processes

Prioritise business services
Capture business service requirements
Define Adaptation Requirements
Define Monitoring Requirements
Architecture Review Review requirements

Review alternatives and estimate effort
Propose solution

Prioritise and add to solutions portfolio
Design and development Assign resources to solutions development team

Design solutions - identify reuse opportunity
Design Adaptation Strategies
Design Monitors
Develop, QA and conduct UAT for business solution Implement Adaptation Strategies

Implement Monitors
Functional testing of adaptation configurations
System integration testing
User Acceptance testing of adaptation configura-
tions

IT Operations Assign resources to service operations teams
Identify infrastructure needs and establish systems
environment
Deploy business solution Deploy Adaptation Strategies and Monitors
Maintain souution to business requirements Run-time monitoring

Governance
Identify Adaptation Triggers Event Reasoning from monitoring
Select Adaptation Strategies Select adaptation strategies to satisfy adaptation

need
Enact Adaptation Execute selected adaptation strategy

Table 5.14: Mapping SOAdapt-V1 to Durvasula et al’s SBA Life-Cycle

It is evident from Table 5.14 that the activities from SOAdapt-V1 fit into the SBA

development life-cycle indicating their transferability. Changes in granularity have been

made in order to make the mapping. However, this is to be expected given the variation of

process attribute granularity in SBA development process models such as those reviewed

in [65].

In the requirements engineering, design and construction processes all of the artifacts

can be mapped to Durvasula et al’s life-cycle except for the software specifications and

functional design artifacts. These are common artifacts and are often present in software

development projects. They may not be mentioned by Durvasula et al as they focus on
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service-specific artifacts.

Most of the processes from the adaptation cycle of SOAdapt-V1 suh as “Identify ad-

aptation triggers” and “Select adaptation strategies” do not have equivalents in Durvasula

et al’s life-cycle. This is because Durvasula et al’s life-cycle does not cater for adaptation.

Therefore, the addition of these adaptation processes to the life-cycle essentially converts

it into a life-cycle with a runtime adaptation capability.

It is also useful to evaluate the degree of transferability between the deliverables or

artifacts of each process model. The mapping in Table 5.15 was constructed in order to

see the level of compatibility between the artifacts . The first column lists the artifacts

from SOAdapt-V1 while the third column shows the artifacts from Durvasula et al’s life-

cycle. The second column shows how the artifacts from SOAdapt-V1 would relate to the

artifacts from Durvasula et al’s life-cycle during a development project.

The state model artifact from the operation and management process was the only

other artifact without a match in the mapping. This shows a high level of interoperability

between the artifacts of the two models. Mapping the artifacts from SOAdapt-V1 has had

no negative impact on the artifacts already present in Durvasula et al’s life-cycle. The arti-

facts in Durvasula et al’s life-cycle focus on development of service-oriented applications

in general while the artifacts in SOAdapt-V1 are primarily concerned with adaptation.

Therefore, the artifacts from SOAdapt-V1 interact with those in Durvasula et al’s life-

cycle as specialised artifacts which enhance the overall development process.

5.4 Conclusion

In this chapter I presented the construction process for SOAdapt-V1 based on the findings

from the first empirical study conducted for this thesis. The construction process con-

sisted of some high-level changes to SOAdapt-FoR but the most of the chapter focused

on putting some flesh on the bones of the SOAdapt-FoR skeleton. This process involved

the identification of activities, tasks, artifacts and stakeholders for each of the processes

and sub-processes of the model.
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SOAdapt-V1 Artifact Relationship Durvasula Artifact
Requirements Engineering
Adaptation workflow is integrated into Design Models: UML, SCA service assembly model and others
Use Cases is integrated into Design Models: UML, SCA service assembly model and others
Architectural Overview uses Bindings: JMS, RMI, IIOP, HTTP(s), and others

Design
Service topology is integrated into Design Models: UML, SCA service assembly model and others
Interface definitions is integrated into Design Models: UML, SCA service assembly model and others
Input/Output Data is integrated into Design Models: UML, SCA service assembly model and others
Software specifications
Functional Design
Enterprise architecture uses Bindings: JMS, RMI, IIOP, HTTP(s), and others

Construction
Middleware uses Product specific metadata for configuration as well as service execution
Technical Design is used to guide development of Source code, Jave Documents, Release Notes
Dashboards form part of Source code

Operation and Management
State Model

Table 5.15: Mapping SOAdapt-V1’s Artifacts to Durvasula et al’s Artifacts

These process attributes were identified during a qualitative analysis process detailed

in the research methodology chapter. Here, the process attributes were isolated from the

interview transcripts and added to the model where relevant. In this chapter an overview

of the new attributes are given with some quotations showing their sources.

An interim evaluation process was conducted on SOAdapt-V1 that contained an inter-

model evaluation to show its adaptation capability while it was mapped to a SBA develop-

ment life-cycle to show its transferability. Internal validity was ensured through rigorous

analysis techniques and the triangulation of data sources.



Chapter 6

Phase 3: SOAdapt-V2 Construction

6.1 Introduction

In this Chapter I will present the updates to SOAdapt-V2 based on the findings from the

second empirical study - Industrial Empirical Study (2). The focus of this study is on

the adaptation cycle of the model, addressing the gaps in the data from the first empirical

study - Industrial Empirical Study (1). The changes that are made to SOAdapt-V2 are de-

scribed along with the data analysis process that was followed to identify those changes.

Most of the changes to the model are attribute additions while there were a few attrib-

ute modifications and removals. As with the first study, quotations are provided where

possible to support changes.

6.2 Industrial Empirical Study (2)

The data analysis in Phase 3 uncovered a lot of process attributes that can be used to

enhance SOAdapt-V1. Not surprisingly, many process details were uncovered for the

runtime adaptation cycle since this was the primary focus of this study. Additionally,

there were many process details uncovered for the evolution cycle.

It became clear during the data analysis that there were several variations of SBA ad-

aptation that would need to be facilitated with an adaptation process reference model. The

adaptation approaches encountered in the study were either dynamic (adaptation enacted

during runtime) or static (adaptation coded during development). Furthermore, within

dynamic adaptation the application may self-adapt or it may be adapted manually by an

application user. SOAdapt-V2 has been updated to meet the requirements of each of

147
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these types of adaptation. Flexibility points have been added to the model which provide

different options depending on the adaptation approach being followed.

While SOAdapt-V2 facilitates the major types of adaptation such as static and dy-

namic adaptation, it does not attempt to facilitate every conceivable type of adaptation

approach. Since every real world project is different there will always be a need for some

level of customisation. Therefore, the aim was to include enough detail to facilitate a

generic model without including low level implementation specific details.

6.2.1 Requirements Engineering

Activities and Tasks

In the requirements engineering process, 1 task was modified and 2 artifacts were

removed. The task “Choose between manual and automatic adaptation” was changed to

“Choose adaptation type” to accommodate the three types of adaptation identified in the

second part of the study. The artifact Use cases was removed as it is not specific to the

adaptation of SBAs. The artifact Architectural Overview was removed because it could

not be related to any of the activities or tasks in the model.

Apart from these changes to the existing process attributes there were 8 new tasks and

4 new artifacts added. The first task to be added was to “Define functional adaptation

requirements”. This task is a specialisation of the task to “Define adaptation adaptation

requirements” from the first version of the model. This task has been added to reflect

the importance that the participants put on differentiating between functional and non-

functional adaptation requirements.

I suppose not that...we would... I would kind of... I would concentrate on would

be the more functional stuff. So it wouldn’t be around system failure or anything

like that. And I to want every type...you know, the requirements document would be

broken down to it’s smallest part. And we would follow that right through, all the

way to testing.

The “Define non-functional adaptation requirements” task for capturing all other non-
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functional adaptation requirements such as QoS requirements, performance and security

requirements. In terms of performance monitoring, it is necessary to define the expec-

ted limits of the application’s infrastructure as well as the SBA itself. QoS requirements

might involve negotiations with service providers to work on service-level agreements

and other quality agreements. Security requirements have also been identified as im-

portant non-functional requirements. Decisions such as which security model to use and

permissions for each application user should be determined at this time. One of the par-

ticipants suggested that system developers and testers should not have direct access to

production systems to prevent accidental damage to the system.

Both the functional and non-functional adaptation requirements need to be added to

the Technical requirements for the project which is often part of a projects Require-

ments Specification document.

The next task suggested was to “Model adaptive business process workflow”. This

task was suggested by participants who are proponents of model driven development.

One of the participants suggested that modelling is key to the requirements engineering

process. She suggests that the challenge lies in capturing the real world process and

modelling it so that it can be incorporated into an application. In the case of adaptable

SBAs the adaptive business processes need to be modelled.

Another important task that was added was the ability to “Determine feasibility of

adaptation”. Once adaptation requirements have been identified it is worth checking to

see if this type of adaptation is possible with the tools and infrastructure that will be

used for the project. Similarly if an existing application is being adapted there may be

constraints built within the application that prevent adaptation.

Exactly. Yeah, yeah. I think that when the developers can often find that they can see

a really good solution it, but because they are constrained by what’s already there,

you know, we might have to work around what’s there to...get them what they want.

In the previous version of the model there was a task to chose between static and

dynamic adaptation. This task has been made more generic to suit the other more spe-
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cific types of adaptation that have been identified in the second study. The task has been

renamed, allowing analysts to simply “Choose adaptation type” rather than being con-

strained to the two previously mentioned.

The “Define alternative execution paths for adaptation” activity was identified as use-

ful during the RE process for dynamic adaptation. When there are exhaustive adaptation

requirements listing all of the adaptation scenarios, the execution paths for these require-

ments need to be captured so that they can be later incorporated into the designs of the

application.

The “Define business rules for adaptation” task is intended to be used to set up rules

in a rule engine that would be used for dynamic adaptation. Like the “Define alternative

execution paths for adaptation” task, this is only possible where all of the possible execu-

tion paths are known in advance. In the case of dynamic self-adaptation where adaptation

is determined on the fly, this task does not apply. One of the participants described how

this might be achieved in practice:

Yes well there is actually two ways we do it that way or we could also just have...

hard coded business logic.. java classes which will in turn call services...so one

example I can tell you about ...we done in Australia is ...your recording a persons

address..concept of primary and secondary addresses and depending on informa-

tion stored in the system you have a system invoking your system with a persons

details, addresses and stuff.. some of them only have secondary addresses, for

secondary address you wouldn’t call the main address function...our main address

service, you call the secondary address service....you get multiple address services

...primary...secondary ...

The task “Define runtime flexibility points” is common during the development of

many traditional application types with flexibility points. This allows a basic type of

static adaptation with a limited set of alternative execution paths. This adaptation activity

is intended for static adaptation where all of the adaptation logic is decided and hard

coded during the initial development of the application. One of the interview participants

referred to these flexibility points as change cases:
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Oh absolutely yes. And, I mean, from our perspective, these things become what

we call change cases at the requirement stage. So if the requirements talk about user

experience stuff and business data that needs to be recorded but also the change cases

that need to exist within that.

There was only one extra task identified for the “Define Monitoring Requirements”

process. The task “Calculate the cost/benefit of the proposed monitors” was proposed

by one of the participants who was concerned with the performance impact monitors on

adaptable SBAs. He suggested that the impact of monitors is particularly important for

applications with high transaction volumes.

Artifacts

There was one artifact identified that does not directly relate to the adaptation tasks

and activities identified. The Process documentation is the document that specifies all of

the process steps for the development and operations cycles. The document contains all of

the process details necessary for the project and is necessary to implement the SOAdapt

model itself.

The complete set of changes to the requirements engineering process are listed in

Table 6.1. The quantity of process attributes identified for the requirements engineer-

ing process was surprising given that the focus was on the adaptation cycle during the

interviews. Most of the activities that were identified relate to the “Define adaptation

requirements” process. The findings indicate that the data from the first study had also

not reached saturation point. It also points to the fact that when new adaptation tasks are

identified they often require corresponding tasks in the evolution cycle.

6.2.2 Design

Activities and Tasks

The design process has had many new process attributes even though the focus of

the second round of interviews was the adaptation cycle. This may be accounted for by

the fact that it is difficult to speak about runtime adaptation activities without mentioning
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’

REQUIREMENTS ENGINEERING
Adaptation Tasks Removed
-Choose between manual and automatic adaptation
Adaptation Tasks Added
Define Adaptation Requirements
-Define Functional Adaptation Requirements
-Define Non-Functional Adaptation Requirements
-Model adaptive business process workflow
-Determine feasibility of adaptation
-Choose adaptation type
-Define alternative execution paths for adaptation
-Define business rules for adaptation
-Define runtime flexability points
Define Monitoring Requirements
-Calculate the cost/benefit of the proposed monitors
Adaptation Artifacts Removed
Use Cases
Architectural Overview
Adaptation Artifacts Added
Change Cases
Technical requirements
Requirements Specification
Process documentation

Table 6.1: Detailed Changes to the Requirements Engineering Process of SOAdapt-V1

evolutionary activities that facilitate them.

At a high level the activity “Design adaptation strategies” activity was changed to

“Design adaptation functionality” to reflect the fact that other adaptation mechanisms

have to be designed in addition to adaptation strategies.

At a lower level 2 tasks were removed, “Design adaptation dashboard” was merged

with the more generic “Design UI for manual dynamic adaptation” and “Design service

interfaces” was merged with “Design business processes at appropriate granularity for

adaptation”.

A total of 7 new tasks and 7 new artifacts added to the design process, many of these

specific to the different types of adaptation (static, dynamic). The were 6 identified for

the “Design adaptation strategies” activity and a single task for the “Design monitors”

activity.

The first task added in the “Design adaptation strategies” activity is to “Design busi-

ness processes at appropriate granularity for adaptation”. Some of the participants were

concerned that some companies who want to adopt SOA do not design their services at

the correct level of granularity. This is a particular problem for adaptation as services
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cannot be combined usefully when they are not at the same level of granularity.

..some people have taken their scattergun approach, they’ve gone in and taken out

and technical equivalent of shotgun and said we need some services , catchinnnggg

!..

The “Specify adaptation architecture” task is aimed at the lower level technology spe-

cific architectural decisions. Many of the participants suggest that the use of platforms

such as an Open Services Gateway initiative framework OSGi would enable adaptation.

Other participants suggested implementing all of the adaptation functionality using cus-

tom adaptation patterns.

So, while the programs is still running and you can swap around bundles. You can

also receive events about bundles. Bundles can in fact initiate life cycle events them-

selves. So it’s a very powerful framework for what you’d call self-adaptation. The

[xxxxxxxx] product is now using OSGI technology, and we’re also using it in an-

other research project. It’s basically a quality assurance tool for emulating a very

large scale environment.

The tasks “Design mechanisms for static adaptation”, “Design UI for manual dynamic

adaptation” and “Design UI to configure self-adaptation parameters” were identified for

static, manual dynamic and dynamic self-* adaptation types respectively. The interview

participants each described the type of products and their development methods. Dur-

ing the analysis process it was determined that each of their adaptation types could be

categorised as one of the aforementioned adaptation types.

This is one of the key flexibility points of the model where the selection is based on

the adaptation type chosen in the RE process. The task selected here influences many of

the tasks which follow in the process model, particularly those in the adaptation cycle.

Some of the interview participants suggested that it may be necessary to have differ-

ent adaptation strategy types for non-functional adaptation requirements, hence the task

“Design adaptation strategies for non-functional adaptation” was added. They feel that

many non-functional adaptation requirements can be handled at the infrastructure level
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rather than the application level. For example, one participant suggests that performance

issues can be handled by spawning new virtual machines or servers.

I see this as a process where the evolution and adaptation of the process, to say we

have manual process for which we define requirements. The monitor might be static

today. Of course we have the dynamic monitoring, not only for performance for

a bunch of things. The adaptation mechanism might be deploying a new physical

server. Or it might be, starting up a new virtual machine.

The final task in the “Specify implementation architecture for monitors” was added to

the “Design monitors” activity. This task was added to reflect several different adaptation

architectures proposed by the interview participants. The interviewees suggested that

monitoring should be part of the infrastructure rather than the application, particularly for

non-functional monitoring requirements.

Artifacts

The artifacts Software specifications and Functional design were merged into Soft-

ware design specifications since functional designs are usually contained in the specific-

ation document. The term Software design specifications was also most commonly used

by the participants. The artifact Enterprise architecture was replaced with Applica-

tion architecture since this model is focused at the single application level, rather than

multiple applications that comprise the Enterprise architecture. Finally Input/Output

Data was replaced with Interface definitions to reflect the participants’ comments. The

complete set of changes is shown in Table 6.2.

6.2.3 Construction

Activities and Tasks

The construction process remains largely unchanged in SOAdapt-V2. The activity

“Implement adaptation strategies” was changed to “Implement adaptation functionality”

to match the terminology introduced in the design process. Additionally the task “Con-

struct mechanisms for static/dynamic adaptation” was identified during the interviews.
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DESIGN
Adaptation Tasks Removed
Design adaptation strategies
-Design adaptation dashboard
-Design service interfaces
Adaptation Tasks Added
Design Adaptation Functionality
-Design business processes at appropriate granularity for adaptation
-Specify adaptation architecture
-Design mechanisms for static adaptation
-Design UI for manual dynamic adaptation
-Design UI to configure self-adaptation parameters
-Design adaptation strategies for non-functional adaptation
Design Monitors
-Specify implementation architecture for monitors
Adaptation Artifacts Removed
Software specifications
Functional design
Enterprise architecture
Input/Output Data
Adaptation Artifacts Added
Configuration files design
User Interface design
Application architecture
Adaptation strategy designs
Adaptation mechanism designs
Software Design Specification

Table 6.2: Detailed Changes to the Design Process of SOAdapt-V1

Various types of adaptation mechanisms were suggested for this task. Rule/script en-

gines, flag based editors and process editors were all suggested as mechanisms by which

static and dynamic adaptation could be achieved.

Artifacts

The artifact Monitors was introduced as necessary for the activities and tasks relating

to monitoring. The complete set of changes are listed in Table 6.3.

CONSTRUCTION
Adaptation Tasks Removed
Implement adaptation strategies
Adaptation Tasks Added
Implement Adaptation Functionality
-Construct mechanisms for static/dynamic adaptation
Adaptation Artifacts
Monitors

Table 6.3: Detailed Changes to the Construction Process of SOAdapt-V1
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6.2.4 Testing

There are no changes to the testing process in SOAdapt-V2. While there were several ad-

aptation related testing activities and tasks identified in the interviews they already existed

in the previous version of the model. There were no new tasks or stakeholders identified

either in this version of the model.

6.2.5 Deployment

The deployment process has had only minor changes in this version of SOAdapt. Its sole

activity had been renamed from “Deploy Adaptation Strategies and Monitors” to “Deploy

Adaptation Functionality and Monitors” in order to match the design and construction

processes. The task “Plan deployment of adaptation components” was added in response

to participants describing various ways that adaptation components can be deployed. A

single artifact Adaptation components was added since it is adaptation components that

get deployed during the deployment process.

DEPLOYMENT
Adaptation Tasks Removed
Deploy Adaptation Strategies and Monitors
Adaptation Tasks Added
Deploy Adaptation Functionality and Monitors
-Plan deployment of adaptation components
Adaptation Artifacts Added
Adaptation components

Table 6.4: Detailed Changes to the Deployment Process of SOAdapt-V1
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6.2.6 Operation and Management

Activities and Tasks

The operation and management process has one new activity “Configuration manage-

ment” introduced in SOAdapt-V2. The existing “Runtime monitoring” and “Negotiate

SLAs” activities have had several tasks added, with no new artifacts or stakeholders be-

ing identified.

The “Run-time monitoring” activity had 3 activities added during the second study.

The first activity identified for this activity was to “Monitor services properties against

predefined rules”. This task is relevant to most types of adaptation whether it be static

or dynamic. This monitoring may be automatic or manual depending on the type of

adaptation. The predefined rules may be coded into the application or be deployed as

polices by end users who are monitoring the application:

Then they also provide monitoring mechanisms for these predefined rules or policies

to be monitored under the required service. [ Okay] What happens with their role

service, which is why the ..thinking policies, static trigger in the, what you call the

console.

The next task within the “Run-time monitoring” activity is to “Monitor non-functional

service properties”. Rather than being a completely new task, it is a specialisation of the

previous task about monitoring services properties. In this case the task more specifically

monitors non-functional properties when the application has non-functional adaptation

mechanisms.

The “Governance” activity has had 2 tasks added. The first was to “Manage adapta-

tion processes”. This task was added because participants were concerned that adaptation

might have unexpected affects that do not get managed by any process. One of the parti-

cipants was happy of a proposed reference model as that in itself would provide a level of

governance around the adaptation cycle.

Another concern with participants was that adaptation may pose some sort of finan-

cial, safety, ethical or other type of tangible risk. In order to prevent this risk participants
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suggested that application users or managers should “Authorise adaptations where neces-

sary”. Adaptation cases that require authorisation are context specific. If an SBA makes

trades on a stock market it may be necessary to approve an adaptation if the adaptation

makes the transaction more risky.

There was a single task identified for the newly added “Configuration management”

activity. The “Manage service versions during adaptation” task like many others in the

model depends on the type of adaptation. Participants used configuration management

for many reasons such as troubleshooting error, being able to revert to known working

versions when errors occur or just to be able to keep a log of the applications’ states.

Some of the participants stored their configurations in database tables while others used

metadata engines to store configurations.

The complete set of changes to the reference model are listed in Table 6.5.

OPERATION & MANAGEMENT
Adaptation Tasks Added
Run-time monitoring
-Monitor services properties against predefined rules
-Monitor non-functional service properties
Governance
-Manage adaptation processes
-Authorise adaptations where necessary
Configuration management
-Manage service versions during adaptation

Table 6.5: Detailed Changes to the Operation and Management Process of SOAdapt-V1
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6.2.7 Identify adaptation triggers

Activities and Tasks

The identify adaptation triggers process has completely evolved since the previous

version of SOAdapt. This is not surprising since the adaptation cycle was the primary

focus of the second study. The primary activity has changed from “Event Reasoning from

monitoring” to “Trigger adaptation from monitored events” so that the activity can apply

to both static and dynamic adaptation scenarios. It has three tasks that can accommodate

either static, dynamic-manual or dynamic-self adaptation. It has a final task that notifies

users of adaptations that have occurred.

The first task “Application adapts based on built in adaptation logic” was elicited from

participants describing static adaptation where all adaptation decisions are hard coded at

design time. One implementation of this task was described where policy makers decide

on adaptation rules during design time with purpose built monitors to check for policy vi-

olations. This would be a closed loop system with no end-user input during the operation

of the application:

But the thing is, you have people who are providing this design time policy, design

construct. Then they also provide monitoring mechanisms for these predefined rules

or policies to be monitored under the required service. [I1: Okay] What happens

with their role service, which is why the ..thinking policies, static trigger in the, what

you call the console.

This type of static adaptation is often used in application infrastructures for perform-

ance related adaptation such as fail-over and recovery type operations. It is also com-

monly used to implement business logic that is not subject to change. One of the parti-

cipants suggested that this type of adaptation would be useful for one of their adaptable

SBAs where availability of services is a concern.

The next task in this activity is that the “Application dynamically adapts based on

execution context”. This is an automatic task that occurs when the execution context

changes. The task does not require any input from end users or administrators but it
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has been added as an alternate for the static or manual dynamic adaptation operational

tasks. In some circumstances it may be desirable to have some level of control over this

automatic task. In some cases it may also be desirable to manually add parameters or

limits that control the automatic adaptation.

The “Application dynamically adapted by application user” task describes how admin-

istrators and end users manually adapt the SBA during runtime. This type of adaptation

gives the flexibility of run time adaptation without the added complexity having to calcu-

late its adaptation path on the fly. One of the participant companies used this adaptation

type in one of their SBAs to facilitate frequently changing business rules:

Yes, so the way we deal with that is that our administrative application allows you to

define what external services are in use, where there hosted, what a formal fail over

solution is “morin yeah”, so for us this one flips back over, you know what I mean,

because you can just go into the admin application and as you can for anything else,

say oh know that’s hosted somewhere else tappidy tap

Other participants described how this type of adaptation can be used to adapt an SBA

in response to performance issues. For example, one participant suggested that an ad-

aptation dashboard could be used to add additional hardware resources to an application

cloud when the volume of users reach a certain threshold. The dashboard could use ser-

vices to enable this type of infrastructure, with services representing each hardware or

virtual hardware instance.

The final task in the “Trigger adaptation from monitored events” activity is to “Notify

relevant stakeholders” that an adaptation had been triggered. Participants suggested that

the notification might be just to alert end users to an adaptation or it may be to notify them

on an action that they must take in relation to the adaptation. For example, in the case

of an order processing application, if an aspect of the process fails then the application

may adapt to cancel the order and release the stock. In this instance it might be a good

idea to notify relevant stakeholders of the adaptation/cancellation so that the order can be

rebooked.
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A summary of the changes to the “Identify adaptation triggers” process is illustrated

in Table 6.6.

IDENTIFY ADAPTATION TRIGGERS
Adaptation Tasks Removed -Event Reasoning from monitoring
Adaptation Tasks Added
Trigger adaptation from monitored events
-Application adapts based on built in adaptation logic
-Application dynamically adapts based on execution context
-Application dynamically adapted by application user
-Notify relevant stakeholders

Table 6.6: Detailed Changes to the Identify Adaptation Triggers Process of SOAdapt-V1

6.2.8 Initiate adaptation

Activities and Tasks

The “Initiate adaptation” process has been changed in name from the “Select adapta-

tion strategy” process. This name change is to reflect the fact that there are other activities

in the process apart from selecting the appropriate adaptation strategy. For example, the

process now has two new activities for managing adaptation strategies and determining

the impact that adaptation has on the overall Information Technology (IT) infrastructure.

All of the 4 existing tasks from the previous version of the reference model have been

changed or expanded to suit the data collected in the second empirical study. The “Select

adaptation strategy from an end used adaptation dashboard” task was moved to the “En-

act adaptation” process since participants felt this is where it should occur. The “Select

adaptation strategies to satisfy adaptation need” task was broken down into more detailed

tasks which will be introduced later in this section. The task “Select adaptation strategy

based on recommendation” was changed slightly to “Determine adaptation strategy based

on recommendation” based on user feedback. Finally, the task “Select adaptation strategy

to satisfy adaptation need” was removed from the process since participants considered it

too general.

The activity “Manage adaptation strategies” was added to the process with the single

activity “Add new adaptation strategies to the application”. This task facilitated the addi-

tion of new adaptation strategies at runtime, greatly adding to the flexibility of the SBA.
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One of the participants described an administration suite that their company uses to add

new adaptation strategies to their SBAs using custom scripts. These scripts contain cus-

tom adaptation logic that can be used when existing strategies do not suit new runtime

adaptation requirements.

The activity “Application adapts based on static business rules” encapsulates all of

the tasks that should occur when initiating static adaptation during runtime. Since static

adaptation is automatic, based on hard coded business rules, there may be no task to

be completed. Several of the participants described different SBAs that employ static

adaptation. In all cases there was no human input involved with some suggesting that

governance might be useful.

The new activity “Automatically adapt to satisfy adaptation need” was added with two

tasks. This activity is intended for dynamic self-adaptation. This type of adaptation is like

static adaptation in that it happens automatically, but different in that the adaptation path

is determined dynamically based on the application runtime context.

One of the participants described dynamic self-adaptation in one of their SBAs based

on performance properties. If the SBA becomes overloaded it has to decide whether to

spawn new server instances based on the number of users connected, available hardware

resources, the profile of connected users (whether they are idle or active) and other per-

formance related characteristics. The SBA takes all of these characteristics into account

and makes an adaptation decision based on the information available.

Application properties used to make dynamic adaptation decisions were identified in

the study as execution context or system based properties, with a single task identified to

determine adaptation strategies based on context.

The “Determine adaptation strategies based on context” task was identified by par-

ticipants who described adaptation based on execution contexts such as user role, user

location, user preferences, system properties such as operating system:

Exactly, yeah, the user context or user permissions. Like whether the user has certain

permissions to execute the code, or it depends on which role the user belongs to,

certain parts of the application would be not available. You know what I mean, this
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sort of stuff.

The next activity, “Manually adapt SBA with adaptation UI” was added to accom-

modate the descriptions received from interview participants of manual type dynamic ad-

aptation. During the interviews several participants from one of the companies described

how most of their products allow this type of adaptation by means of administration user

interfaces for adaptation.

Two tasks were identified for this activity. One was to “Determine adaptation strategy

based on recommendation”. Since adaptation gets initiated manually in this case it was

suggested that the appropriate adaptation strategy should be selected based on recom-

mendations from business stakeholders.

The second task “Develop adaptation script” should be completed during the “Manu-

ally adapt SBA with adaptation UI” activity when there is no adaptation strategy available

to meet the adaptation requirements:

So we’ve got a DSL, say, a rules engine, that’s crafted for the area. There’s certain

things, they’re not unique to the area, but certainly you don’t see them much else.

Like the need to have the concept of temporal rules that apply for a certain amount

of time; you have that in other areas as well. But there are even nuances in the way

we need to do it versus whatever other do.

The script should be then introduced to the application with the adaptation UI. Finally,

the “Determine impact of adaptation on IT infrastructure” was added with 2 tasks. This

activity touched on the more practical issues of adaptation such as whether the IT infra-

structure is actually capable for the adaptation being initiated. There were two related

tasks introduced: to “Determine if new hardware is needed” and to “Co-ordinate with IT

department”. These activities and tasks were elicited from a description provided by an

interviewee who has to take their practical issues into account during the daily manage-

ment of a large scale adaptable SBA:

So what will happen is, the adaptation will not happen at, so all of the monitoring

happens at runtime of course,we can tell in a matter of minutes if the infrastructure
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is adapting correctly or not,well its not adapting, its supporting the requirements cor-

rectly, if we need to do any corrective action lets say right,then all of the processes for

kicking out a new vm or any of that ,its more like an IT process,so we need support

from IT,it might take time to create the new vm or any physical server depending on

the case,but what we do is more of a proactive thing,we measure the requirements

that we have,we measure the infrastructure to see how many transactions per second

we have to support, and then we do an estimation on how much infrastructure we

need.

The complete list of changes to the process are shown in Table 6.7.

INITIATE ADAPTATION
Adaptation Tasks Removed
Select adaptation strategies to satisfy adaptation need
-Select adaptation strategy based on recommendation
-Select adaptation strategy from an end used adaptation dashboard
-Select adaptation strategy to satisfy adaptation need
Adaptation Tasks Added
Manage adaptation strategies
-Add new adaptation strategies to the application
Application adapts based on static business rules
Automatically adapt to satisfy adaptation need
-Determine adaptation strategies based on context
-Determine adaptation strategies based on system properties
Manually adapt SBA with adaptation UI
-Determine adaptation strategy based on recommendation
-Develop adaptation script
Determine impact of adaptation on IT infrastructure
-Determine if new hardware is needed
-Co-ordinate with IT department

Table 6.7: Detailed Changes to the Select Adaptation Strategy Process of SOAdapt-V1

6.2.9 Enact adaptation

Activities and Tasks

The enact adaptation process has also had many activities and tasks added in SOAdapt-

V2. The previous activity “Execute selected adaptation strategy” has been replaced with

activities relating to the various types of adaptation. The three activities in this process

each match one of the adaptation types identified earlier in the analysis process. The “Ad-

apt application using UI” activity corresponds with manual dynamic adaptation, “Auto-

matic adaptation based on context” with dynamic self adaptation and finally “Automatic
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adaptation” with static adaptation.

There were four tasks identified in the “Adapt application using UI” activity of the

final process, “Enact adaptation”. The tasks in this activity were constructed from de-

scriptions provided by the interview participants on how they enact manual dynamic ad-

aptation. The first task “Adapt service composition using process editor” was added in

response to descriptions of how service compositions are adapted during runtime with

process editors:

Yeah. And if you don’t have it, just a general purpose scripting engine, you’ve got to

actually code those rules into your stuff as well. So when you’re writing a new rule

set or a new script, you need to write the stuff to handle this temporality. Whereas

we now have that in our engines, so you don’t need to worry about it basically. So

for that stuff we have a dedicated, for example, rules; we have a dedicated editor, a

GUI that we’ve built in house, with drag-and-drop ... do all this stuff.

The next task, “Adapt service end-points using a configuration manager”, is similar

but involves the modification of configuration parameters rather than process diagrams

directly. This is a more low-tech option where configurations are simply changed by

modifying source files or through simple interfaces for selecting predefined configuration

options. The ability to modify configuration files directly was cited as a powerful way

to adapt applications but it was also considered to be more technically challenging with

developers required to carry out the adaptation.

A more basic type of adaptation and possibly a more risky way of enacting manual dy-

namic adaptation that was identified during the study was to “Enact adaptation by patch-

ing live applications”. This type of adaptation relates to patching core software modules

rather than re-configuring how they execute. One participant suggested a less risky ap-

proach to patching a live system using the OGGi platform to manage adaptations.

One of the target companies employed a hybrid approach to manual dynamic adapta-

tion where the combined more traditional evolution processes during the adaptation cycle

to enact adaptation. During runtime they enact adaptation on development systems, then



166 CHAPTER 6. PHASE 3: SOADAPT-V2 CONSTRUCTION

migrate it to a test system and finally to the live application. This gives them the benefit

of development and test cycles of their adaptation configurations while also facilitating

runtime adaptation. The task “Enact adaptation in test and development application be-

fore production application” was added to reflect this participant data.

The next activity, “Automatic adaptation based on context”, had only a single task

identified. Since automatic adaptation is usually completely automatic the only task sug-

gested by participants was that it may be desirable to “Approve suggested adaptation”

before the adaptation is enacted by the SBA automatically. As previously mentioned in

some domains it may be compulsory to approve adaptation before enactment due to safety

or business critical concerns.

The final activity of the “Enact adaptation” process that of “Automatic adaptation”. As

mentioned this activity has been added to represent cases where the SBA adapts dynam-

ically by itself during runtime (dynamic self-adaptation). There were not many reports

from industry for implementations of this type of adaptation. Therefore, much of the data

used to construct the tasks for these activity types were anecdotal or opinion.

A concrete implementation example given for the enactment of automatic adaptation

was provided by one of the participants from the banking sector. He described a type of

broker that facilitated automatic runtime adaptation where the adaptation path was chosen

by the application based on message parameters. He described that various types of XML

service messages could be sent to the broker. The message types are not all known in

advance, the broker examines the message and tries to route it based on some fuzzy logic

rules:

It was service-oriented and we had a facade service in the first place and then de-

pending on what sort of request is coming in, where if one of the properties of a

service request was the name of the method to be invoked, that facade service then

invokes some kind of change request to one of the available services.

The task “Automatic adaptation based on service-request properties” was added to

reflect this example. The next task, “Automatic adaptation based on user input”, was
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suggested by a participant as a way to enact self-adaptation based on properties of the user

using the application. The final task, “Automatic adaptation based on business rules”, is

for self-adaptation based on business rules. The business rules are used to set limits for

an autonomous adaptation engine rather than to specify adaptation paths:

Or it’s more likely to take the format of rules about the business process, so for

example, you can add the rule about the man and his preferred bonds, so what you

do is put into the development system.

Table 6.8 shows the complete set of changes to the “Enact adaptation” process, there

were no additional stakeholders or artifacts added.

’

ENACT ADAPTATION
Adaptation Tasks Removed
Execute selected adaptation strategy
Adaptation Tasks Added
Adapt application using UI
-Adapt service composition using process editor
-Adapt service end-points using a configuration manager
-Enact adaptation by patching live application
-Enact adaptation in test and development application before production
application
Automatic adaptation based on context
-Approve suggested adaptation
Automatic adaptation
-Automatic adaptation based on service-request properties
-Automatic adaptation based on user input
-Automatic adaptation based on business rules

Table 6.8: Detailed Changes to the Enact Adaptation Process of SOAdapt-V1

6.3 Conclusion

In Phase 3 a second empirical study, Industrial Empirical Study (2), was conducted to

further develop SOAdapt-V1 resulting in SOAdapt-V2. Phase 3 focused on the areas that

remained under developed after Phase 2. The study focused specifically on the adaptation

cycle while also contributing the other evolution processes.

Data elicited during Phase 3 corroborated Phase 2 but also added important new con-

tributions. Industrial Empirical Study (2), showed that the model should be able to facil-

itate static as well as the different types of dynamic adaptation if it is to be truly generic.
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The study also uncovered other adaptation specific process attributes that added necessary

detail to the adaptation cycle. Furthermore, the study showed that the data had reached

saturation point with a diminishing return of process attributes as the data analysis con-

cluded.



Chapter 7

Phase 4: SOAdapt-V2 Evaluation

7.1 Introduction

In Phase 4 of this research project, the external validity of SOAdapt-V2 was evaluated.

The following sections contain a detailed analysis of each of the model’s attributes, out-

lining their modification or removal where necessary.

Each section contains a table representing a process area from SOAdapt-V2. The

tables contain the process attributes, the type of evaluation question, and the determination

as to whether the attribute is valid, based on the answers provided by the experts.

As mentioned in the methodology chapter there were two question types (example and

justification type questions) used to determine the validity of each attribute. For example,

a participant might have been asked to give an example of where they have seen one of

the tasks performed in a real-world scenario. If they can provide an example, then the

example indicates that the task has been observed in a context independent of the study.

This independent observation shows the transferability of the task and that it is fit for

purpose in a real-world scenario. In this instance the question type would be recorded as

Example in the process table.

Table 7.1 illustrates the process attributes from the requirements engineering process

area of SOAdapt-V2 along with its evaluation questions and results. The questions are

provided in Table 7.1 for illustrative purposes and are omitted for brevity in the later

sections. The question type is provided in all of the sections.

In columns P1 and P2 the letters K (Keep), M (Modify) or D (Delete) will be used to

indicate whether the answers given by the participants (P1, P2,..) suggest that the attribute

should be kept, modified or deleted. The final column “Decision”, also using the K , M

169
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and D abbreviations, represents the authors final decision on the attribute based on the

input from the experts.

Since there is a large volume of attributes, the detailed evaluation of each attribute

will not be described here. Detail are provided for various examples which illustrate how

evaluation decisions were made. The detailed commentary in the following paragraphs

can be matched to the evaluation table with the attribute identification number from the

evaluation table annotated to each paragraph.

7.2 Requirements Engineering

There were 26 questions asked to participants P1 and P2 as illustrated in the require-

ments engineering evaluation table (Table 7.1). Based on their answers, four attributes

were removed with one being modified. The remainder of the section details some of the

interesting examples or examples where consensus was not reached by both participants.

When asked “Can you provide an example of where you have defined functional ad-

aptation requirements?” (R1), P1 said he could not provide an example as the concept is

novel, while P2 was able to provide a novel real life example for adaptation requirements

in a safety critical transportation scenario. This real life example, added to the weak

rejection by P1, suggests the attribute should be kept.

With the question, “How does modeling adaptive business workflow help the require-

ments engineering process” (R3), the participants commented on how this task might not

explicitly be carried out on projects. P1 suggested that in his experience requirements are

usually textual while P2 suggested that requirements engineers may not treat adaptation

and non-adaptation requirements differently. For this reason, this task will be removed

on the basis that any modeling will be carried out during the traditional requirements

engineering activities where necessary.

For the question “What is the cost/benefit of defining the feasibility of adaptation”

(R5), P1 thinks that requirements engineering is about describing the problem domain

rather than checking the feasibility of adaptation. P2 sees this task as beneficial providing
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ID Adaptation Activities & Tasks Validation Question Type P1 P2 Decision
Define Adaptation Requirements:

R1 -Define Functional Adaptation Require-
ments

Can you provide an example of where you have
defined functional adaptation requirements?

Example D K K

R2 - Define Non-Functional Adaptation Re-
quirements

Can you give an example of where you have defined
non-functional adaptation requirements?

Example D K K

R3 - Model adaptive business process work-
flow

How does modelling adaptive business workflow help
the requirements engineering process?

Justification D D D

R4 - Define events that trigger ad-
aptation (learning-based,context-
based,availability based, rule-based,
QoS Based)

Why is it necessary to define events that trigger ad-
aptation?

Justification K K K

R5 - Determine feasibility of adaptation What is the cost/benefit of defining the feasibility of
adaptation?

Justification D K K

R6 - Choose adaptation type What is involved in the activity of choosing an adapt-
ation type?

Example K K K

R7 - Define alternative execution paths for
adaptation

How would alternative execution paths for adaptation
be defined?

Example K K K

R8 - Define business rules for adaptation Why is it necessary to define business rules to enable
hard-coded adaptation?

Justification K K K

R9 - Define runtime flexibility points Can you describe how adaptation/flexibility points are
identified during the requirements engineering pro-
cess?

Example D K K

R10 - Validate adaptation requirements What is the advantages and disadvantages of validat-
ing adaptation requirements?

Justification K K K

Define Monitoring Requirements
R11 - Define application components that

have to be monitored
How should the monitoring of application compon-
ents be specified in the RE process?

Example K M M

R12 - Calculate the cost/benefit of the pro-
posed monitors

How would you calculate the cost/benefit of SBA
monitors?

Example M D D

R13 - Define how monitored events are re-
ported

Can you explain how reporting monitored events
might lead to adaptation?

Example K K K

Adaptation Artifacts
R14 Change Cases Can you give an example of how change cases are

used in the RE process?
Example K K K

R15 Adaptation workflow Can you give an example of how an adaptation work-
flow is used in the RE process?

Example D K K

R16 Technical requirements What should be in the technical requirements of an
adaptable SBA?

Example M K K

R17 Requirements Specification How should the adaptation requirements interact with
the overall requirements specification?

Example D D D

R18 Process documentation How should process documentation be used in the de-
velopment of adaptable SBAs?

Example D K K

Adaptation Stakeholders
R19 Business analyst What adaptation related activities should business

stakeholders do in the requirements engineering pro-
cess?

Example K K K

R20 Business stakeholders What adaptation related activities should solution ar-
chitects do in the requirements engineering process?

Example D D D

R21 Solution Architects What adaptation related activities should engineers do
in the requirements engineering process?

Example K K K

R22 Engineers What adaptation related activities should engineers do
in the requirements engineering process?

Example K K K

R23 Developers What adaptation related activities should developers
do in the requirements engineering process?

Example K K K

R24 Information security team What adaptation related activities should security
stakeholders do in the requirements engineering pro-
cess?

Example K K K

R25 System Administrators What adaptation related activities should system ad-
ministrators do in the requirements engineering pro-
cess?

Example K K K

R26 End users What adaptation related activities should end users do
in the requirements engineering process?

Example K K K

Table 7.1: Evaluation of the RE Process
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an opportunity to see if adaptation or evolution is more appropriate depending on the

feasibility of adaptation. The task will be kept as it is important for requirements engineers

to examine all options when specifying an application.

Both participants were able to provide examples of “ What is involved in the activity

of choosing an adaptation type” (R6). P1 gave an abstract example while P2 gave another

example from a transport domain to strengthen his explanation. Based on this evidence

the task will be kept in the process.

P1 answered the question “How would alternative execution paths for adaptation be

defined?” (R7) by suggesting that the task is necessary but difficult to achieve. P2 sug-

gested that this type of task is common in requirements engineering and can be precisely

represented with logic programming languages such as Prolog. The consensus, therefore,

is to keep the task even though it is difficult to enact.

When asked “Can you describe how adaptation/flexibility points are identified during

the requirements engineering process?” (R9), both participants suggested that the activity

of defining adaptation points is difficult with P2 providing an example of the task. The

problem that P1 sees with this task is that the operating context of the application needs

to be modeled before the adaptation points can be modeled. He suggests that it may

be difficult to model the operating context of the application since real-life contexts are

constantly changing. P2 provided an example of how flexibility points can be modeled.

He described modeling adaptation points in a real project by logically evaluating all of

the possible execution paths at different points in the application. He warned that it is not

an exact science as each analyst may think differently.

For the question “What are the advantages and disadvantages of validating adaptation

requirements?” (R10), P1 provided the disadvantage that the task would be difficult,

however, also described how the task might be achieved. P2 stated that he could not see

any disadvantages and that the task could be used as a safety blanket to make sure that the

requirements were correct.

Both of the participants had difficulty answering the question “How should the mon-

itoring of application components be specified in the requirements engineering process?”
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(R11). P1 agreed that the task is useful but said that it can be difficult deriving monitoring

requirements. On the other hand P2 suggests that the task of specifying adaptation, while

necessary, may be beyond the scope of the requirements engineering process. P2 also

suggested that a specification language may be useful in defining application components

to be monitored. Since these suggestions are more design related the task will be merged

with the “Design monitoring services” task in the design process.

When asked “How would you calculate the cost/benefit of SBA monitors” (R12) both

P1 and P2 were of the opinion that the task is impractical in the requirements engineering

process. P1 suggested that the task would be only be possible after monitors have been

implemented or prototyped. P2 was also of the opinion that, if monitors are necessary then

poor performance is not reason enough to exclude them. Therefore, testing performance

is not necessary as no action would be taken based on the results of the tests.

Before answering “Can you explain how reporting monitored events might lead to

adaptation?” (R13), P1 highlighted that in real projects it is unlikely that a new evolution

cycle would commence based on monitoring reports. This, while slightly besides the

point, reinforces the justification for runtime adaptation. P2 explained that reporting of

monitoring events might be part of a monitoring, analysis, planning, execution adaptation

cycle with reporting being necessary for analysis.

Both of the participants believed that, although adaptation requirements should be ad-

ded to the requirements specification document (R17), there is nothing adaptation specific

about this task or artifact so it is not necessary in an adaptation specific reference model.

P1 argued that process models, specifically process model diagrams, are too rigid

when asked “How should process documentation be used in the development of adaptable

SBAs?” (R18). He said the requirements engineering process was too complex with too

many variations to be represented with any model. He suggested that there may be other

less rigid ways to guide the process without the constraints of a reference model.

Both participants suggested that the “Business stakeholders” (R20) do not play a sig-

nificant role in any adaptation related activities in the RE process. P1 suggested, if in-

volved, business stakeholders should take instruction from the business analysts.



174 CHAPTER 7. PHASE 4: SOADAPT-V2 EVALUATION

7.3 Design

The results of the evaluation for the design process are summarized in Table 7.2. There

were 28 questions asked to three different participants P3, P4 and P10. During the inter-

view with P3 there was a technical issue and the answers to the first two questions did not

get recorded. To compensate for for this, data from P10 who answered these questions

is used. His answers are only used for the missing segments as he stated that the design

process was not his primary area of expertise.

ID Adaptation Activities & Tasks Type P3 P4 Decision
Design Adaptation Functionality

D1 - Design business processes at appropriate granularity for
adaptation

Example M K K

D2 - Define adaptation workflows Example M M K
D3 - Specify adaptation architecture Example K K K
D4 - Design adaptation strategies [service discovery, service

substitution]
Justification K K K

D5 - Choose service alternatives Example K K K
D6 - Design mechanisms for static adaptation Example K K K
D7 - Use guide for selecting services Justification K K K
D8 - Design UI for manual dynamic adaptation Example K K K
D9 - Design UI to configure self-adaptation parameters Example K K K
D10 - Design logic to match monitored events to adaptation

strategies
Example K M K

D11 - Adaptation strategies prototyping Justification K K K
D12 - Design adaptation strategies for non-functional adaptation Example M M M
D13 - Design tests for adaptation strategies Justification K K K

Design Monitors
D14 - Specify implementation architecture for monitors Example K M M
D15 - Design monitoring services (Post mortem, real time mon-

itoring)
Example D D D

D16 - Determine performance impact of monitors Justification K K K
Adaptation Artifacts

D17 Service topology Example K K K
D18 Interface definitions Example K K K
D19 Configuration files design Example K D K
D20 User Interface design Example K K K
D21 Application architecture Example K K K
D22 Adaptation strategy designs Example K K K
D23 Adaptation mechanism designs Example K K K
D24 Software Design Specification Example K K K

Adaptation Stakeholders
D25 Requirements engineers Example K K K
D26 Solution Architects Example K K K
D27 Developers Example K K K
D28 Maintainers Example K K K

Table 7.2: Evaluation of the Design Process

When asked to provide an “example of how designing business processes at appro-
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priate granularity improve the design of adaptation functionality” (D1), both P10 and P4

suggested that business processes granularity is more related to the design process. P1

suggested more fine grained business processes can give rise to more fine grained adapt-

ation requirements.

When asked to provide an example of where he defined an adaptation workflow, P10

stated that he developed many workflows in many domains and the process is the same for

adaptive and non-adaptive systems. This suggests that the “Define adaptation workflow”

(D2) task is not adaptation specific. P4 mentioned that he has seen no practical examples

of this task but has seen it in papers. This task will be kept in the model since P4 provided

academic examples. A note will be added to the final version of the model suggesting that

the task could be combined with non-adaptation specific modeling tasks as suggested by

P10.

P3 suggested that service alternatives might not always be chosen at design time (D5),

when asked how service alternatives should be chosen during the design process. She

suggested that this may be also a runtime activity for dynamically adapting SBAs. P4

gave an example of this task being carried out manually with a recommendation that it

should be automatically enacted through the use of semantic service descriptions.

Both participants thought that it was advantageous to use a guide to aid the selection of

services (D7). P3 mentioned that guides makes large quantities of services available while

P4 highlighted that guides provide a standard method of finding services for designers.

P3 was concerned about how the integrity of the services within the guides would be

ensured. P4 was also concerned that the use of guides means that the service provider

is not readily available to negotiate the consumption of their services. On balance, the

advantages outweigh the disadvantages and the task will be retained in the model.

P3’s answer for the question “How might user interfaces be used to configure self-

adaptation parameters during runtime?” (D9) was unintelligible from the audio so data

from P10 was used once again. P10 articulated an example of how this task might get

executed, strengthening its case for retention in the model. P4 suggested that this task is

only appropriate in applications with this type of adaptation capability. In the model itself
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this task is in fact specified only for dynamic adaptation as P4 suggests.

P3 pointed out that one would only “Design logic to match monitored events to adapt-

ation strategies” (D10) when dealing with certain static adaptation types. P4 on the other

hand thinks that the task is necessary but might be more suited to the RE process since

monitoring rules and the adaptation strategies are derived from adaptation requirements.

Since there is no consensus on moving the task it will be kept in the design process.

When asked “How should non-functional adaptation strategies be designed” (D12),

P3 said that they should not be designed any differently for functional adaptation. She

also said that non-functional adaptation in her experience is one of the most common

adaptation types. P4 found it difficult to answer the question because he said that he was

not aware of any approaches for designing adaptation strategies. He said that this was a

gap in the area and specific guidance for designers of adaptable SBAs would be welcome.

Based on this feedback this task will be combined with the “Design adaptation strategies

for functional adaptation” task.

Both participants agreed that monitoring architecture is necessary for adaptable SBAs

(D14). P3 did not provide any examples of the task, while P4 provided an example of

an application framework that has built in monitoring capabilities. This suggests that the

design of monitoring architecture is only necessary when this capability is not already

part of the deployment infrastructure. This caveat will be added to the task in the final

version of the model.

When asked to provide examples of monitoring services such as postmortem or real

time monitoring services (D15), P3 suggested that real-time monitoring is necessary

while postmortem monitoring is not useful for SBA adaptation. She did not comment

on whether or not it is useful to provide monitoring capabilities as a service. P4 was not

able to cite any examples of monitoring services. Since neither participant acknowledged

a benefit of providing monitoring capabilities as a service it will be removed from the

model.

Once again data from P3 was unavailable for the question “Can you give an example

of where interface definitions are used in the design process?” (D18). In this case unfor-
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tunately P10 also did not answer that question. In his answer, P4 articulated how service

interfaces are used in the design process, providing a real-life example to support his

point. Based on the strength of evidence from P4 the task will be kept in the model.

P3 gave an example of where configuration files are used in adaptive SBAs (D19),

while P4 did not see the relevancy in specifying the storage medium of configuration

data. Since P3 provided an example and P4 did not provide strong basis for exclusion, the

task will be kept in the model.

When discussing how adaptation specifications should be treated in relation to the

overall design specification (D24) both participants felt that it was a good idea to keep

the specifications separate but to store them all within the design specification document.

Therefore, the design specification artifact will remain as it serves this purpose.

7.4 Construction

The results of the evaluation of the construction process is summarized in Table 7.3. There

were 12 attributes with the same number of questions asked to participants P3 and P5. All

of the original attributes were retained unmodified after the evaluation process.

ID Adaptation Activities & Tasks Type P3 P5 Decision
Implement Adaptation Functionality

C1 - Construct adaptation strategies Example K K K
C2 - Construct mechanisms for static/dynamic adaptation Example K K K
C3 - Implement adaptation dashboards Example K K K
C4 - Early Testing Justification K K K
C5 - Refinement Justification K K K

Implement Monitors
C6 - Construct monitors Example K K K

Adaptation Artifacts
C7 Middleware Example K D K
C8 Technical Design Example D D K
C9 Dashboards Example K K K
C10 Monitors Justification K K K

Adaptation Stakeholders
C11 Engineers Example K K K
C12 Maintainers Example K K K

Table 7.3: Evaluation of the Construction Process

When asked how adaptation strategies should be constructed (C1), P3 said it depends
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on the type of adaptation while P5 gave an example of how dynamic adaptation might be

implemented. Neither of these responses indicate that the task should be removed from

the model or modified.

Both participants agreed that it was necessary to “Implement adaptation dashboards”

(C3) for some or all adaptation types. P3 limited her recommendation to use dashboards

only when human actors are involved in the adaptation process. P5 on the other hand

suggested that adaptation dashboards would be beneficial for most types of adaptation

even if human actors were not directly involved in the adaptation process.

For the tasks “Early testing” and “Refinement” (C4,C5), both participants agreed that

adaptation components would receive the same benefit as typical software components.

In that regard it could be argued that these adaptation tasks are not adaptation specific and

should be built into any mature design process.

The single task “Construct monitors” (C6) from the “Implement monitors” activity

was evaluated with the question “Can you explain how monitors should be implemen-

ted?”. P3 provided a single example as justification for the task while P5 provided two

examples of how monitors should be constructed.

P3 was able to give an elaborate description of how middleware can form part of an

adaptable SBA (C7). She described how middleware can be used in the construction of

certain adaptation mechanisms. P5 was not able to provide an example so the artifact will

be weakly accepted.

Both participants thought that the “Technical design” (C8 ) document was not specific

to adaptation. They suggested that the adaptation designs be added to the technical design

document like all the other application design features. Even though the artifact is not

adaptation specific it will be kept in the model to show where SOAdapt interacts with

complete development life-cycles.



7.5. TESTING 179

7.5 Testing

The evaluation table for the testing process is illustrated in Table 7.4. There were only 3

questions in this process which were answered by P3 and P5. Two of the activities were

kept unchanged while the other was modified.

ID Adaptation Activities & Tasks Type P3 P5 Decision
Functional testing of adaptation configurations

T1 - Prove to customer that application will work in all
adaptation cases

Justification K K K

T2 System integration testing Example M M M
T3 User Acceptance testing of adaptation configurations Example K K K

Adaptation Artifacts

Adaptation Stakeholders

Table 7.4: Evaluation of the Testing Process

The first question asked to the participants in this section was “What are the advant-

ages and disadvantages of proving that the application will work in all adaptation cases?”

(T1). The objective here was to justify the inclusion of the task in the model. P3 agreed

that the task would be useful but there was a problem in that it is not possible to identify

all change cases in dynamic systems. P5 also identified the same limitation of this task

but suggested that one could test all known or desired adaptation cases and quarantine the

rest of them.

The problem that P3 had with integration testing of adaptation configurations (T2)

is that the integration tests become invalid when the SBA adapts. She suggested that

integration testing should be kept as close as possible to execution and that it might be

useful to build in some form of integration testing into the application. P5 suggests that

to solve this problem, integration tests could be conducted using assumed application

behaviors in the place of real behaviors. Therefore the task will be kept and annotated

with these suggestions.

The final task “User Acceptance testing of adaptation configurations” (T3) was subject

to the same limitations as the “System integration testing” task according to the interview

participants. This, they say, is because it is not possible to test adaptation configurations

that have not been pre-determined. Therefore, this suggests that this task is only suitable
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for static adaptation.

7.6 Deployment

Table 7.5 shows the evaluation table for the deployment process. All of the attributes

remain unchanged apart from one that was removed.

ID Adaptation Activities & Tasks Type P5 P6 Decision
Deploy Adaptation Functionality and Monitors

DP1 - Plan deployment of adaptation components Example D D D
DP2 - Deploy components on separate systems Justification D K K
DP3 - Monitor System Dependencies Example K D K
DP4 - Functional Testing Example K K K

Adaptation Artifacts
DP5 Adaptation components Example D D K

Adaptation Stakeholders
DP6 Developers Example K K K
DP7 Maintainers Example K K K
DP8 Service providers Example K K K
DP9 Service Consumers Example K M K

Table 7.5: Evaluation of the Deployment Process

Both participants suggested that planning the deployment of adaptation components

(DP1) works much the same as planning the deployment of typical software components.

They said that they should be packaged with the rest of the application and deployed at

the same time. For this reason this task will be removed from the model as the consensus

is that it is not adaptation specific.

P5 was not able to provide an example of where adaptation components should be

deployed on separate systems (DP2). P6 on the other hand suggested that this would be

necessary for distributed business processes where different system nodes enact different

parts of the process. Based on this one example the task will be kept in the model.

In the case of “Monitoring system dependencies” (DP3), P5 described at length a

scenario where the monitoring of system dependencies at deployment time would ensure

that all of the expected components are available. He also stressed that in the case of

adaptable SBAs, system dependencies might need to be checked after the application

adapts as well as during the deployment process. P6 was not able to provide any data for
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this task so it will remain unchanged.

Both participants again see functional testing (DP4) as useful during the deployment

process. P5 says the testing schedule would depend on whether one wants to test the SBA

itself or the adaptation configurations that are possible with the application. P6 says that

functional testing during deployment allows engineers delay choice of specific component

services until candidates have been tested.

When asked about the “Adaptation components” (DP5) artifact, participants were in

consensus that they shouldn’t be treated any differently to the rest of the application. How-

ever, previously there was some agreement that adaptation components in some circum-

stances might need to be deployed on different systems. Therefore, it is still necessary to

consider adaptation components as separate entities during some deployment processes.

For this reason the adaptation components artifact will be kept in the model.

While acknowledging the role of the “Service consumers” (DP9), P6 suggested that

the service consumers are really just the developers and their tasks include monitoring

and negotiating Service-Level Agreements (SLAs).

7.7 Operation and Management

Table 7.6 contains the evaluation details for the operation and management process attrib-

utes. All of the attributes remain unchanged after the evaluation process.

P7 felt that it would be very complicated to monitor functional service properties

against pre-defined rules (O2). He said that it would be easier to monitor the properties of

simple services but becomes more challenging for complex services or service composi-

tions. However, the difficulty of the task doesn’t warrant the modification or removal of

the task from the model.

P6 suggested that the task of “Monitoring non-functional service properties” (O3)

would be very similar to the task of “Monitoring functional service properties”. P7 dis-

agreed and suggested that it is much easier to monitor non-functional services such as

availability and response times by logging this data when services are called.
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ID Adaptation Activities & Tasks Type P6 P7 Decision
Run-time monitoring

O1 - Audit service delivery infrastructure Example K K K
O2 - Monitor services properties against predefined rules Example K K K
O3 - Monitor non-functional service properties Example K K K
O4 - Notify users of critical events Example K K K
O5 - Trigger adaptation from monitored events Example K K K

Governance
O6 - Manage adaptation processes Example K K K
O7 - Authorize adaptations where necessary Justification K K K
O8 - Negotiate SLAs Justification K K K

Configuration management
O9 - Manage service versions during adaptation Example K K K

Adaptation Artifacts
O10 State Model Example K K K

Adaptation Stakeholders

Table 7.6: Evaluation of the Operation and Management Process

P6 discussed some basic examples of how an “adaptation is triggered from a mon-

itored event” (O5) in an adaptable SBA. P7 went into detail about when the triggering of

adaptation should be automatic and when it should be based on a human in the loop. He

said that the task can be automatic when the adaptation would do no harm to the applic-

ation or the humans, but not otherwise. He said that there are also some ethical concerns

that should be addressed when the application is being designed.

P6 and P7 had different views on how to “Manage adaptation processes” (O6). P6

believes that the key to managing adaptation is to adapt conservatively minimizing any

problems that might occur. P6 believes that the key to managing adaptation successfully

is to document everything and lock down the system. He admitted that locking down an

adaptable SBA would be difficult but that it should be possible to lock down the non-

adaptive parts.

P6 feels that authorization should be sought for adaptation when the adaptation affects

the general execution process of the SBA rather than the execution of a single process in-

stance (O7). P7 provided a more philosophical answer and said that it would be necessary

to authorize adaptations if the adaptation could cause harm to humans. He also said au-

thorization would be necessary if the adaptation had the potential to cause financial loss

to the application’s owner.
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P6 was not able to provide an example when asked “Can you provide an example

of service version management during adaptation?” (O9). P7 said that service version

management or configuration management for SBAs would be very important if the ap-

plication contained rules or configurations that pertained to law. Since law is continuously

changing it would be necessary, as he sees it, to keep track of old configurations so that

they can be reviewed within the context of the times that particular laws were enacted.

Based on this compelling reason the task will be retained.

When asked to provide an example of the use of state models (O10), P6 said they

should be used for reasoning about the current state as well as potential adaptation con-

figurations in adaptable SBAs. P7 sees this type of reasoning only as practical when the

adaptable SBA has a small amount of adaptation configurations. He says that it is com-

putationally impossible to reason about the state of an application that has an exponential

number of adaptation configurations.

7.8 Identify Adaptation Triggers

The evaluation table, “Identify adaptation triggers”, for the first process in the adaptation

cycle is shown in Table 7.7. All of the attributes remain unchanged after the evaluation

process.

ID Adaptation Activities & Tasks Type P8 P9 Decision
Trigger adaptation from monitored events Example K K K

I1 - Application adapts based on built in adaptation logic Example K K K
I2 - Application dynamically adapts based on execution

context
Example K K K

I3 - Application dynamically adapted by application user Example K K K
I4 - Notify relevant stakeholders

Adaptation Artifacts

Adaptation Stakeholders

Table 7.7: Evaluation of the Identify Adaptation Triggers Process

The first question posed to participants P8 and P9 for the adaptation in the identify

adaptation triggers process category was “How might adaptation get triggered from built
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in adaptation logic?” (I1). Both participants were able to articulate how this might be

achieved using real examples. P8 suggested a rule based approach while P9 suggested

quality prediction and monitoring approaches.

P8 suggested that the enactment of the task “Application dynamically adapts based on

execution context” (I2) is similar to that of the previous task “Application adapts based on

built in adaptation logic”. P9 wasn’t able to provide much feedback on the task but said

that user task models might be useful for context based adaptation. Neither participant

provided negative feedback on the task so it will be retained in the model.

Both participants see the value in “Notifying relevant stakeholders” (I4) that an adapt-

ation has occurred. P8 highlighted that if there is too much feedback to end users then they

might become a cause of annoyance. P9 didn’t see any disadvantages to keeping end users

“notified or aware of adaptation in order to be prepared for example for co-sequences of

adaptation”.

7.9 Initiate Adaptation

The evaluation of the process attributes for the “Initiate adaptation” process are shown in

Table 7.8. The task “Develop adaptation script” was removed from the model while all of

the other attributes remained unchanged.

Both participants agreed that the “Application adapts based on static business rules”

(IA2) was the typical classic example of static adaptation that is enacted in both service

and non-service based adaptable applications. P8 provided an example of a travel reser-

vation application that would have business rules associated with its execution context.

P8 gave a basic example of how dynamic adaptation might involve “Determining ad-

aptation strategies based on context” (IA3) by using properties discovered over the inter-

net as context. P9 on the other hand was not able to provide any examples of this task.

On balance the task will be kept as there was no negative feedback.

When asked to provide an example of “where an SBA adapts based on system prop-

erties?” (IA4) both participants provided different answers. P8 suggested that system
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ID Adaptation Activities & Tasks Type P8 P9 Decision
Manage adaptation strategies

IA1 - Add new adaptation strategies to the application Example K K K
IA2 Application adapts based on static business rules Example K K K

Automatically adapt to satisfy adaptation need
IA3 - Determine adaptation strategies based on context Example D K K
IA4 -Determine adaptation strategies based on system

properties
Example K K K

Manually adapt SBA with adaptation UI
IA5 - Determine adaptation strategy based on recommend-

ation
Example K K K

IA6 - Develop adaptation script Example D D D
Determine impact of adaptation on IT infrastructure

IA7 - Determine if new hardware is needed Justification K K K
IA8 - Co-ordinate with IT department Justification K K K

Adaptation Artifacts

Adaptation Stakeholders
IA9 End user Example K K K

Table 7.8: Evaluation of the Initiate Adaptation Process

properties such as device type could be taken into consideration for certain adaptation

types. P9 took a different approach and suggested that service substitution could be en-

acted if individual services’ performance falls outside of acceptable ranges.

In the “Manually adapt SBA with adaptation UI” (IA5) activity, both participants were

positive about the suggestion of determining “adaptation strategies based on recommend-

ation”. P8 said that it is important to give users some control and to make them feel like

they are in control.

P8 was not sure when it was appropriate to “develop adaptation scripts” (IA6) for

manual adaptation. P9 on the other hand was confused with the question and felt that the

task was too low level to have included in a generic process reference model. For this

reason, this task will be removed form the model.

Both participants approved of the tasks to “Determine if new hardware is needed”

(IA7, IA8) and to “Co-ordinate with IT department”. They agreed that it would be neces-

sary to work with the IT department if performance of the adaptable SBA was impacted

by any type of adaptation during runtime.

When asked about the role of “End users” (IA9) in the initiate adaptation process,

once again, both participants were in agreement and suggested that the role of the end
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user very much depended on the type of adaptation being considered.

7.10 Enact Adaptation

Table 7.9 is the final process evaluation table showing the evaluation of the attributes

from the enact adaptation process. All attributes remain unchanged with consensus by the

participants for all questions apart from E1, E2 and E3.

ID Adaptation Activities & Tasks Type P8 P9 Decision
Adapt application using UI

E1 - Adapt service composition using process editor Example K D K
E2 - Adapt service end-points using a configuration man-

ager
Example K D K

E3 - Enact adaptation by patching live application Example K D K
E4 - Enact adaptation in test and development application

before production application
Example K K K

Automatic adaptation based on context
E5 - Approve suggested adaptation Justification K K K

Automatic adaptation
E6 - Automatic adaptation based on service-request prop-

erties
Example K K K

E7 - Automatic adaptation based on user input Example K K K
E8 - Automatic adaptation based on business rules Example K K K

Adaptation Artifacts

Adaptation Stakeholders
E9 End user Example K D K

Table 7.9: Evaluation of the Enact Adaptation Process

When asked about adapting “service composition using process editor” (E1) neither

participants gave detailed answers. P8 mentioned a travel application scenario that might

use a process editor but was not able to provide a real example. P9 was not able to provide

any example of the task being implemented. Since there was a single scenario description

and no negative feedback the task will be kept.

The feedback for the task “Adapt service end-points using a configuration manager”

(E2) was very similar to the previous task. P8 provided a trivial example and P9 did not

provide any example. The lack of data here seems to stem from lack of familiarity with

the concepts rather than disagreement with the tasks. Again since there was no explicit

disagreement the task will be kept.
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Again, P9 did not provide an answer when asked for an example of “where an SBA

has been adapted by patching a live application” (E3). P8 suggested that this task is

necessary when a security update needs to be pushed out to a live application.

The final three tasks in this process relate to automatic adaptation based on service-

request properties, user input and business rules (E6,E7,E8). Both participants provided

practical examples of when each task might be enacted with P8 providing more detail in

his answers.

For the final stakeholder, “End user” (E8), P8 thought that the end user should be

available to provide high-level guidance to the adaptation process when adaptation is

not completely automatic. P9 didn’t think the “End user” needs to be involved in the

enactment process. The stakeholder will be kept in the model despite the feedback from

P9 since in my opinion they are critical for manual adaptation scenarios.

7.11 Conclusion

In Phase 4, the final phase of the research, SOAdapt-V2 was evaluated through an expert

opinion survey. Each attribute from the model was the basis for an evaluation question in

the survey. During the survey each question was answered by at least two participants.

The results of the survey were used to determine whether the attributes from the model

should be modified, removed or left unchanged.

Based on the findings from the evaluation, the completed model, SOAdapt, is presen-

ted in Chapter 8.



Chapter 8

SOAdapt Final Model Description

8.1 Introduction

The process reference model, SOAdapt, outlined here, is intended for the development of

adaptable Service-Based Applications (SBAs). It is composed of tasks, activities, artifacts

and stakeholder processes attributes.

The model was developed using data from an extensive literature search and has been

iteratively enhanced with data from several industry based empirical studies. The empir-

ical studies consisted of expert opinion interviews and case studies. Finally, the model

was validated through an expert opinion evaluation process with academic experts.

The model has nine development processes each containing several activities which

are in turn composed of executable tasks. Additionally, the model outlines the stakehold-

ers and artifacts that are associated with each of the processes. Figure 8.1 is a Business

Process Modelling Notation (BPMN) representation of the high-level activities and pro-

cesses of SOAdapt.
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Figure 8.1: SOAdapt Process Reference Model
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8.2 Model Usage

This model does not attempt to guide the entire application development life-cycle. In-

stead, it focuses specifically on adaptation related activities. Therefore, it needs to be used

in conjunction with a software development process that deals with the non-adaptation

related aspects of software development. It may be used with an organisation’s existing

software development process or a software development process reference model such

as the Rational Unified Process (RUP). Throughout this chapter, process tables list the

process attributes for each process.

In addition to the process tables, each process is represented in BPMN which shows

the sequence of activities within each process. The BPMN diagrams also show how the

software development artifacts interact with the model’s activities.

8.2.1 Requirements Engineering

In the SOAdapt model, we are interested in capturing adaptation specific requirements

for SBAs. Adaptable SBAs will also have many other requirements that are not related to

adaptation, but those are outside the scope of the SOAdapt model. Within SOAdapt there

are 2 requirements engineering activities that are specific to adaptation.

Define Adaptation Requirements refers to the activity of defining or eliciting require-

ments relating to why it is necessary for the SBA to adapt. An adaptation require-

ment may be, for example, if the Quality of Service (QoS) of service A falls below

a minimum threshold then the application adapts by choosing an alternative service.

The adaptation requirement may also state how the adaptation occurs. Adaptation

might simply involve choosing between 2 hard coded service end points or in a

more complex way by negotiating with a service directory. An adaptation require-

ment may also specify whether or not the adaptation occurs with user intervention

or automatically with minimal or no user input.

Define Monitoring Requirements Once adaptation requirements have been determined,
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monitoring requirements need to be defined in order to monitor service attributes

that relate to adaptation requirements. For example, in order to enable an applic-

ation to adapt based on QoS, it is necessary to monitor relevant service quality

attributes such as service latency and service reliability. So, in this case, the monit-

oring of service latency and reliability is a monitoring requirement, relating to the

adapt if service QoS falls below a minimum threshold adaptation requirement.

The complete process table is shown in Table 8.1 1, with its BPMN representation

illustrated in Figure 8.2. Here we can see that the the process workflow splits in two

with alternative tasks for dynamic and static adaptation. Additionally, it shows how the

various adaptation tasks provided input into the requirements engineering document for

the overall development process.

1In the activities and tasks section of the process tables, activities are listed with their associated tasks
underneath them. The requisite artifacts and process stakeholders are also listed.



192 CHAPTER 8. SOADAPT FINAL MODEL DESCRIPTION

’

REQUIREMENTS ENGINEERING
Adaptation Activities & Tasks
Define Adaptation Requirements
- Define Functional Adaptation Requirements
- Define Non-Functional Adaptation Requirements
- Define events that trigger adaptation (learning-based,context-
based,availability based, rule-based, QoS Based)
- Determine feasibility of adaptation
- Choose adaptation type
- Define alternative execution paths for adaptation
- Define business rules for adaptation
- Define runtime flexibility points
- Validate adaptation requirements
Define Monitoring Requirements
- Define how monitored events are reported
Adaptation Artifacts
Change cases
Adaptation workflow
Technical requirements
Process documentation
Adaptation stakeholders
Business analyst
Solution architects
Engineers
Developers
Information security team
System administrators
End users

Table 8.1: Process Attributes for the Requirements Engineering Process
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Figure 8.2: Requirements Engineering Process Represented in BPMN
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8.2.2 Design

There are two adaptation specific design activities within the design process of SOAdapt:

Design Monitors is a design activity where monitors are designed in order to satisfy

the monitoring requirements defined during the requirements engineering process.

Details such as implementation technology and infrastructure need to be considered

at this stage. The monitor designs need to be included with a design specification

document or a similar alternative that can be used by the application developers.

Design Adaptation Functionality Once monitors have been designed, a means to ad-

apt the application based on monitored events must be designed. The application

must have the functionality to respond to monitored events and adapt by enacting

an adaptation strategy. Bucchiarone et al [18] identified many possible adapta-

tion strategies such as substituting services with known alternatives or service re-

negotiation which involves negotiation with a service directory in order to locate

alternative services. It is at this point that it must be determined which of these

strategies will be used in order to adapt during runtime. Once adaptation strategies

have been decided upon, the technical and infrastructural details of how they are

implemented and triggered, need to be designed.

The complete process table is shown in Table 8.2, with its BPMN representation illus-

trated in Figure 8.3. The process has three different workflows for static, self and manual

adaptation. Another interesting feature of the diagram is how the requirements engin-

eering document is required for many of the design activities and many of the activities

also feed into the design specification document. This shows how these adaptation related

activities relate to the overall application development life-cycle.
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DESIGN
Adaptation Activities & Tasks
Design Adaptation Functionality
- Design business processes at appropriate granularity for adapt-
ation
- Define adaptation workflows
- Specify adaptation architecture
- Design adaptation strategies [service discovery, service substi-
tution]
- Choose service alternatives
- Design mechanisms for static adaptation
- Use guide for selecting services
- Design UI for manual dynamic adaptation
- Design UI to configure self-adaptation parameters
- Design logic to match monitored events to adaptation strategies
- Adaptation strategies prototyping
- Design tests for adaptation strategies
Design Monitors
- Specify implementation architecture for monitors when neces-
sary
- Determine performance impact of monitors
Adaptation Artifacts
Service topology
Interface definitions
Configuration files design
User Interface design
Application architecture
Adaptation strategy designs
Adaptation mechanism designs
Software design specification
Adaptation Stakeholders
Requirements engineers
Solution architects
Developers
Maintainers

Table 8.2: Process Attributes for the Design Process
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8.2.3 Construction

There are two adaptation specific construction activities included in SOAdapt.

Implement Monitors This activity involves the implementation of the application mon-

itors that are designed in the design process.

Implement Adaptation Functionality This activity involves the implementation or cod-

ing of the adaptation functionality that was described in the design process. This

activity would occur along with all of the other application implementation activit-

ies within the software development project. There are no large design features to

be decided at this point as they are specified during the design process. However,

due to the complex nature of adaptation functionality, this implementation is one of

the most challenging parts of the development process.

The complete process table is shown in Table 8.3, with its BPMN representation il-

lustrated in Figure 8.4. The tasks in both activities are sequential without any alternative

paths that depend on adaptation type. This is because all construction tasks identified are

suitable for each type of adaptation.
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CONSTRUCTION
Adaptation Activities & Tasks
Implement Adaptation Functionality
- Construct adaptation strategies
- Construct mechanisms for static/dynamic adaptation
- Implement adaptation dashboards
- Early Testing
- Refinement
Implement Monitors
- Construct monitors
Adaptation Artifacts
Middleware
Technical design
Dashboards
Monitors
Adaptation Stakeholders
Engineers
Maintainers

Table 8.3: Process Attributes for the Construction Process
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Figure 8.4: Construction Process Represented in BPMN
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8.2.4 Testing

In SOAdapt, the testing process contains three activities that are used to test the adaptation

related components of an SBA.

Functional testing of adaptation configurations This activity is for testing all the pos-

sible application configurations of an adaptable SBA. This activity can only be car-

ried out when adaptation configurations are known in advance. Therefore, this

activity is not possible in dynamically adapting SBAs where adaptation configura-

tions maybe infinite depending on the operating context of the application.

System integration testing is an activity concerned with the testing of groups of soft-

ware modules or components. This activity is therefore useful for adaptable SBAs

since services are often combined to create novel functionality. Like the functional

testing activity, this activity can only occur in statically adapting SBAs or dynam-

ically adapting SBAs with a small number of possible adaptation configurations.

If possible, it may be useful to automatically conduct integration testing during

runtime when specific adaptation configurations are not known in advance.

User Acceptance testing of adaptation configurations is carried out to ensure user sat-

isfaction with adaptation configurations. When there is a small set of possible ad-

aptation configurations, user acceptance testing can be carried out on all possible

configurations. In a scenario with a large or infinite set of configurations, user ac-

ceptance testing of each configuration is not possible.

The complete process table is shown in Table 8.4, with its BPMN representation illus-

trated in Figure 8.5. As can be seen from the diagram, there are still 2 activities that do

not have component tasks. They are represented as collapsed activities, in sequence with

the “Functional testing of adaptation configurations” activity which has one task.
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TESTING
Adaptation Activities & Tasks
Functional testing of adaptation configurations
- Prove to customer that application will work in all adaptation
cases
System integration testing of predicted adaptation configur-
ations
User Acceptance testing of adaptation configurations
Adaptation Artifacts

Adaptation Stakeholders

Table 8.4: Adaptation Process Attributes for the Testing Process

Testing

Functional testing of adaptation configurations

Prove that the 
application will 

work in all cases

System integration 
testing of predicted 

adaptation 
configurations

User acceptance 
testing of adaptation 

configurations

Figure 8.5: Testing Process Represented in BPMN

8.2.5 Deployment

This process specifies how the adaptation related components of an SBA are deployed.

There is one adaptation specific deployment activity in the SOAdapt model.

Deploy Monitoring and Adaptation Functionality The deployment of monitoring and

adaptation functionality is most likely going to occur when the other parts of the

SBA get deployed and may not require any special treatment. However, if the mon-

itoring or the adaptation functionality is built in to a service infrastructure which is

external to the application, they will have different deployment requirements.

The complete process table is shown in Table 8.5, with its BPMN representation illus-

trated in Figure 8.6. It shows how the “Adaptation components” are used by the first two

tasks in the “Deploy adaptation functionality and monitors” activity.
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DEPLOYMENT
Adaptation Activities & Tasks
Deploy Adaptation Functionality and Monitors
- Deploy components on separate systems
- Monitor System Dependencies
- Functional Testing
Adaptation Artifacts
Adaptation components
Adaptation Stakeholders
Developers
Maintainers
Service Providers
Service Consumers

Table 8.5: Process Attributes for the Deployment Process

Deployment

Deploy adaptation functionality and monitors

Functional testing
Deploy 

components on 
seperate systems

Monitor system 
dependancies

Adaptation 
compoenets

Figure 8.6: Deployment Process Represented in BPMN
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8.2.6 Operation and Management

The operation and management of the SBA is one of the most critical processes with

respect to adaptation. Whether it be manual or automatic, it is during the operation of

the application when certain monitored events prompt the adaptation of the application.

Within the model, the operation and management process is the link between the evol-

ution cycle which typically occurs during maintenance and the adaptation cycle which

allows the application to adapt. As well as providing the link between the adaptation and

evolution cycles it also has its own activities.

Run-time monitoring execution Run-time monitoring is a key activity within the oper-

ation and management process, it monitors events that signal whether or not run

time adaptation should take place. This could be a manual or fully automatic activ-

ity depending on the application, but most likely it would be necessary to have some

form of involvement by a relevant stakeholder.

Governance The governance activity provides a level of control to the operation of an

adaptable SBA. Even where automatic adaptation is technically possible it is often

desirable to have some level of governance for tasks such as negotiating service

SLAs and authorising application adaptations.

Configuration Management is an activity typically used to manage different configur-

ations during the evolution of applications. However, this activity can also be used

in adaptable SBAs to manage and track the different runtime adaptation configur-

ations. This can be particularly useful when troubleshooting runtime errors that

occur after the application adapts.

The complete process table is shown in Table 8.6, with its BPMN representation illus-

trated in Figure 8.7.
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OPERATION & MANAGEMENT
Adaptation Activities & Tasks
Run-time monitoring
- Audit service delivery infrastructure
- Monitor services properties against predefined rules
- Monitor non-functional service properties
- Notify users of critical events
- Trigger adaptation from monitored events
Governance
- Manage adaptation processes
- Authorise adaptations where necessary
- Negociate SLAs
Configuration management
- Manage service versions during adaptation
Adaptation Artifacts
State Model
Adaptation Stakeholders

Table 8.6: Process Attributes for the Operation and Management Process

Operation and Management
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Figure 8.7: Operation and Management Process Represented in BPMN
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8.2.7 Identify adaptation triggers

Identify adaptation triggers is a process which makes use of monitoring mechanisms in

order to identify reasons to adapt. This process occurs during the adaptation cycle, thus

all of its sub-activities are related to adaptation. Within SOAdapt there is one activity in

this process.

Trigger adaptation from monitored events is an activity that involves the identification

of monitored events from application monitors. These events may be reasoned or

identified manually depending the application. In a fully automated system, events

would be identified based on application logic, however, in a manual scenario,

events might be manually identified by end users or developers through inspection

of application logs.

The complete process table is shown in Table 8.7, with its BPMN representation il-

lustrated in Figure 8.8. It shows how the workflow branches out to cater for the type of

adaptation that is occurring.

IDENTIFY ADAPTATION TRIGGERS
Adaptation Activities & Tasks
Trigger adaptation from monitored events
- Application adapts based on built in adaptation logic
- Application dynamically adapts based on execution context
- Application dynamically adapted by application user
- Notify relevant stakeholders
Adaptation Artifacts

Adaptation Stakeholders

Table 8.7: Process Attributes for the Identify Adaptation Triggers Process
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Figure 8.8: Identify Adaptation Triggers Process Represented in BPMN
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8.2.8 Initiate adaptation

During this process adaptation strategies are selected to suit the monitoring events that

were identified in the previous process. Different event types may be associated with dif-

ferent adaptation strategies, and again, this association may be built in to the application’s

logic or may be made at runtime by a stakeholder. One scenario is that an application

has many built in adaptation strategies, then the most appropriate one is chosen by an end

user at runtime.

Manage adaptation strategies This activity refers to the management of adaptation strategies

in an application where it is possible to modify those strategies at runtime. The

ability to introduce new adaptation strategies at runtime would greatly enhance the

flexibility of the application.

Application adapts based on static business rules This is an automatic adaptation activ-

ity that adapts the application by executing hard coded business rules at runtime.

Automatically adapt to satisfy adaptation need This is an adaptation activity that iden-

tifies an optimum adaptation strategy based on the execution context of an adaptable

SBA.

Determine impact of adaptation on Information Technology (IT) infrastructure If an

SBA needs to adapt due to non-functional adaptation requirements such as perform-

ance or availability this often necessitates the provision of additional hardware or

other IT resources. This activity addresses those concerns with tasks for assess-

ing the need for additional hardware and co-coordinating with an organisation’s IT

department.

The complete process table is shown in Table 8.8, with its BPMN representation il-

lustrated in Figure 8.9. This process has separate paths for each of the adaptation types

identified in study.
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INITIATE ADAPTATION
Adaptation Activities & Tasks
Manage adaptation strategies
- Add new adaptation strategies to the application
Application adapts based on static business rules
Automatically adapt to satisfy adaptation need
- Determine adaptation strategies based on context
Manually adapt SBA with adaptation UI
- Determine adaptation strategy based on recommendation
Determine impact of adaptation on IT infrastructure
- Determine if new hardware is needed
- Co-ordinate with IT department
Adaptation Artifacts

Adaptation Stakeholders
End User

Table 8.8: Process Attributes for the Select Adaptation Strategies Process

Initiate adaptation
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Add new adaptation 
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type

Dynamic 
adaptation type

Dynamic

ManualSelf

Static

Figure 8.9: Initiate Adaptation Process Represented in BPMN
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8.2.9 Enact adaptation

Adapt application using User Interface (UI) This task is intended for SBAs that adapt

manually during runtime (manual dynamic-adaptation). A user or administrator

adapts the SBA by editing its configuration or business rules using an administrative

UI.

Automatic adaptation based on context is an automatic adaptation activity that adapts

the SBA based on its execution context (dynamic self-adaptation). The exact ex-

ecution context of an SBA may be impossible to predict in advance so there are

potentially infinite contexts that each need specific adaptation strategies.

Automatic adaptation is an automatic adaptation activity that is based on hard coded

business rules (static adaptation). This is the most straight forward type of adapt-

ation as each possible adaptation configuration is programmed during the SBA’s

evolution cycle. During runtime there is often no user input with this type of adapt-

ation. However, it may be desirable to have some level of governance to approve or

be notified of a given adaptation.

The complete process table is shown in Table 8.9, with its BPMN representation illus-

trated in Figure 8.10. As with the two previous processes, enact adaptation has separate

activities for each type of adaptation.
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ENACT ADAPTATION
Adaptation Activities & Tasks
Adapt application using UI
- Adapt service composition using process editor
- Adapt service end-points using a configuration manager
- Enact adaptation by patching live application
- Enact adaptation in test and development application before pro-
duction application
Automatic adaptation based on context
- Approve suggested adaptation
Automatic adaptation
- Automatic adaptation based on service-request properties
- Automatic adaptation based on user input
- Automatic adaptation based on business rules
Adaptation Artifacts

Adaptation Stakeholders
End User

Table 8.9: Process Attributes for the Enact Adaptation Process

Enact adaptation
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Figure 8.10: Enact Adaptation Process Represented in BPMN



210 CHAPTER 8. SOADAPT FINAL MODEL DESCRIPTION

8.3 Conclusion

This chapter contains the final completed version of the SOAdapt process reference model.

SOAdapt contains nine processes spanning an evolution and adaptation cycle. The three

processes in the adaptation cycle are complete and self-contained while the activities

within the processes of the evolution cycle need to be used in conjunction with equival-

ent processes from a life-cycle model. Each process contains a detailed set of adaptation

activities, tasks, artifacts and stakeholders.

SOAdapt’s process attributes are listed in process attribute tables and its tasks, activ-

ities and processes are also represented in BPMN. The BPMN diagrams show the rela-

tionships between the attributes that cannot be represented in the attribute tables while the

attribute tables provide a quick reference for the contents of each process. The chapter

can be used in isolation by researchers or practitioners who are interested in investigating

or implementing the model.



Chapter 9

Instantiation of SOAdapt

In this chapter, SOAdapt is applied to the development of a hotel reservation applica-

tion. The hotel reservation application selected is a SBA which has been prototyped by a

group of distributed computing students1. This case was chosen because the application’s

architecture allows for runtime adaptation, the focus of SOAdapt.

9.1 Hotel Reservation Application

The hotel reservation application is a SBA with a broker that identifies the hotel that

most closely matches the requirements of the end user. Along with being able to chose

a hotel, the end user is also able to pay in his currency of choice. The foreign exchange

transactions are managed by a currency broker that consumes foreign exchange services

from multiple banks. The high-level architecture of the application is illustrated in Figure

9.1.

The architecture of the application allows hotels and foreign exchange services to

easily be added or removed. As it stands, the application is not designed to be adaptable

and each of its components services are hard-coded. I will show how this application

could be designed, developed and operated following best practice specified by SOAdapt.

I will show that, with adaptable SBAs, it is necessary to consider adaptation as a first

class concern from the requirements engineering process through to the operation and

management process.

1http://uwf.edu/nwilde/soaResources/
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Figure 9.1: Hotel Reservation Application Architecture

9.2 Requirements Engineering Elaboration

The SOAdapt requirements engineering process can be applied without modification to

the hotel reservation application scenario. In terms of software process, the “Process doc-

umentation” artifact from the requirements engineering process description would guide

the entire process.

The “Adaptation workflow” artifact would document the choices between the banks

and hotels that can be chosen during the execution of the application. The “Change cases”

deliverable would describe the adaptation choices from the “Adaptation workflow”. For

example, a change case would be the selection of a specific hotel if the other hotels are

unavailable or more expensive. In the hotel application scenario the business analyst in

cooperation with the other stakeholders would document the “Adaptation workflows” and

“Changes cases” with guidance from the tasks and activities of SOAdapt’s requirements
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Figure 9.2: Requirements Engineering Process for the Hotel Reservation Application

engineering process. These artifacts would be interpreted by the technical stakeholders

such as the “Solution architects” and “Engineers” who would provide feedback for the

“Technical requirements” of the application.

The requirements engineering process, with tasks relevant to the hotel reservation

application highlighted in orange, is illustrated in Figure 9.2.

9.3 Design Elaboration

SOAdapt specifies each of the activities and tasks that are required to design an adaptable

SBA. The design process can be used to guide either dynamic, manual or static adapt-

ation. The hotel reservation application needs to be dynamically adaptable so that the

appropriate hotel and bank services can be called during runtime.

Dynamic adaptation would allow runtime characteristics, such as availability and

currency rates, to be factored in to adaptation decisions. There are two types of dy-

namic adaptation catered for in SOAdapt, dynamic manual-adaptation and dynamic self-
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adaptation. Since the end users of the application make the final decision as to which

currency and hotels they choose, dynamic manual-adaptation is the most appropriate type

of adaptation. Once the adaptation type has been chosen the activities and tasks from that

workflow are followed.

Once the dynamic manual-adaptation specific activities have been completed, then

activities such as prototyping and designing tests, which are common to each type of ad-

aptation, are completed. The monitoring activities in the design process are also common

to each type of adaptation.

Some of the artifacts from the design process are particularly interesting to the hotel

reservation application. The “Service topology” artifact refers the type of service arrange-

ment required by the SBA. In the case of the hotel reservation application, the service

topology consists of a network of services with decision points that facilitate the selec-

tion of different hotels and banks during runtime. The service topology is illustrated in

Figure 9.1. “Interface definitions” in this type of application are very important because

the logic required to consume services with different interface definitions is much more

complicated than if the interfaces are uniform. It is, therefore, very important to finalise

“Interface definitions” during design.

The Stakeholders specified for the design process are typical of design teams and do

not have any specific implications for the hotel reservation application.

The design process, with tasks relevant to the hotel reservation application highlighted

in orange, is illustrated in Figure 9.3.
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Figure 9.3: Design Process for the Hotel Reservation Application

9.4 Construction Elaboration

The construction process describes how the adaptation designs specified in the design pro-

cess can be implemented. Each of the activities from this process, except for “Implement

adaptation dashboards”, applies to the hotel reservation process. Dashboards would only

be necessary if there was some adaptation configuration required which was not provided

by the end users. The artifacts required for the hotel reservation application would be

the adaptation “Middleware” as well as the application “Monitors”. “Engineers” are the

primary stakeholders in the hotel reservation application with “Maintainers” familiarising

themselves with the application for later maintenance. It is common for the initial devel-

opment engineers to be the subsequent maintainers.

The construction process, with tasks relevant to the hotel reservation application high-

lighted in orange, is illustrated in Figure 9.4.
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Figure 9.4: Construction Process for the Hotel Reservation Application
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Figure 9.5: Testing Process for the Hotel Reservation Application

9.5 Testing and Deployment Elaboration

Like the construction process, the testing and deployment processes have a single work-

flow regardless of the type of adaptation being implemented. All of the activities from the

testing process are applicable to the hotel reservation application. There are no artifacts or

stakeholders involved in this process. Perhaps of most importance to the application from

testing is the “System integration testing of predicted adaptation configurations”. Given

the low numbers of services consumed, it is possible to test all of the possible adaptation

configurations.

The testing process, with tasks relevant to the hotel reservation application highlighted

in orange, is illustrated in Figure 9.5.

Each of the activities from the deployment process also apply to the hotel reservation
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Figure 9.6: Deployment Process for the Hotel Reservation Application

application without special consideration. The “Service providers”, which are the banks

and hotels, may need to be consulted at this stage if there are any issues with consum-

ing their services after deployment. The “Service consumer” stakeholder is not relevant

since there are no third party service consumers providing service compositions for the

application.

The deployment process, with tasks relevant to the hotel reservation application high-

lighted in orange, is illustrated in Figure 9.6.

9.6 Operation and Management Elaboration

The operation and management process does not have workflows that are specific to any

of the adaptation types. However, some of the activities are more applicable to particular

types of adaptation than others. For example, the activity, “Monitor service against pre-

defined rules” is more applicable to static adaptation and is not very useful to the hotel

reservation application. The activity “Trigger adaptation from monitored events” may be

applicable to each type of adaptation but is particularly useful for dynamic self-adaptation

which is also outside of the scope of the hotel reservation application.

The tasks from the “Governance” activity are not particularly relevant since the users

of the reservation application make all of the adaptation decisions without external input.

The “Configuration Management” tasks would be useful to keep track of the versions of

the services being used by the application. The ability to store service versions and con-

figuration details would allow the application to roll back to known good configurations
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Figure 9.7: Operation and Management Process for the Hotel Reservation Application

in the event of unexpected runtime behavior.

The operation and management process, with tasks relevant to the hotel reservation

application highlighted in orange, is illustrated in Figure 9.7.

9.7 Identify Adaptation Triggers Elaboration

The “Identify adaptation triggers” process has three paths depending on the type of ad-

aptation. The path of interest to the hotel reservation application is dynamic manual-

adaptation. This path has the single task “Application manually adapted by the user”. The

common task “Notify relevant stakeholders” is also relevant to the application. The rel-

evant stakeholders in this case would be the hotels where the reservations are made. The

banks would not need to be notified of the currency lookup as this lookup is informational

and doesn’t involve a financial transaction.

The identify adaptation triggers process, with tasks relevant to the hotel reservation

application highlighted in orange, is illustrated in Figure 9.8.
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Figure 9.8: Identify Adaptation Triggers Process for the Hotel Reservation Application

9.8 Initiate Adaptation Process Elaboration

Following the dynamic manual-adaptation path in the initiate adaptation process there

there are four adaptation tasks. Like some of the other process in SOAdapt, some of

the tasks from this process are are more applicable to the hotel reservation application

than others. For example, the task “Add new adaptation strategies to the application” is

more suitable for complex applications with different types of adaptation strategy such as

service recomposition or service renegotiation.

Service substitution is the only strategy that is needed in the hotel reservation ap-

plication. Services are substituted for one another based on simple rules and based on

interactions with the end user. A more advanced version of the application might involve

service recomposition where adaptation configurations are based on user context inform-

ation such as location or personal details.

The task “Determine adaptation strategies based on recommendations” from the “Manu-

ally adapt SBA with adaptation UI” activity might be realized through a social rating fea-

ture. With this feature end users could comment and rate hotels that they have previously

used. These comments and ratings would then allow follow on users to make selection

decisions and adapt the application according to their preferences.
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The IT related activities from this process are aimed at adaptable SBAs where adapta-

tion configurations might have a performance or scalability impact on the application. In

the case of the hotel reservation application each transaction would involve exactly two

service calls so the performance of the application would not be affected by any of the

possible configurations. These activities are more concerned with adaptable SBAs that

support large adaptable processes.

The initiate adaptation process, with tasks relevant to the hotel reservation application

highlighted in orange, is illustrated in Figure 9.9.

9.9 Enact Adaptation Process Elaboration

Again, the enact adaptation process has three workflow paths, one of which is applicable

to the hotel reservation application. There are four tasks in the “Adapt application using

UI” activity from the dynamic manual-adaptation path.

The task, “Adapt service compositions using process editor” needs to be adapted to

suit the hotel reservation application. A task such as “Adapt service compositions us-
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Figure 9.10: Enact Adaptation Process Process for the Hotel Reservation Application

ing the application’s user interface” would be more applicable. The task “Adapt service

end-points using a configuration manager” can be used to add or remove bank and hotel

services form the application. The task “Enact adaptation by patching live application”

can be used to adapt parts of the application not involved in the booking process. For

example, the adaptation mechanisms within the application might be adapted with a live

patching task. The task “ Enact adaptation in test and development application before

production application” relates to testing service configurations on a test system before

migrating them to a production system. This task would be beneficial when introducing

new services to the application.

The enact adaptation process, with tasks relevant to the hotel reservation application

highlighted in orange, is illustrated in Figure 9.10.
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9.10 Conclusion

In this chapter, it was shown how SOAdapt could be used to guide the development of

an adaptable SBA. The SBA chosen for the demonstration was a hotel reservation ap-

plication that consumes services from hotels and banks. The hotels’ services are used to

facilitate reservation bookings while the banks’ services enable currency exchange calcu-

lations. In this scenario the SBA can adapt to choose different services depending on the

requirements of the application’s end users.

During the illustration the activities that were relevant to the hotel reservation applica-

tion were highlighted. In the processes with different workflows, depending on adaptation

types, the appropriate workflows were highlighted. In some instances, activities were not

relevant to the scenario so they were excluded. This illustration shows a practical demon-

stration of the model while also demonstrating its external validity.



Chapter 10

Conclusion

10.1 Introduction

In this thesis, SOAdapt, a process reference model for the development of adaptable

service-based applications, has been developed during four phases. Phase 1 was a lit-

erature study based on a systematic literature review and an exploratory study resulting in

SOAdapt-FoR. An initial validation process based on an industrial case study was used to

validate the adaptation activities that were used to construct SOAdapt-FoR. Phases 2 and

3 were industrial empirical studies, based on industrial expert opinion and an industrial

case study, that resulted in SOAdapt-V1 and SOAdapt-V2 respectively. An inter-model

evaluation and an evaluation demonstrating the models transferability was carried out

on SOAdapt-V1 before Phase 3 commenced. Phase 4 contained an evaluation process

used to validate SOAdapt-V2 through an academic expert opinion evaluation resulting in

SOAdapt. Finally, SOAdapt was applied to an adaptable SBA development scenario to

demonstrate the use of the model in a real-life application.

10.2 Meeting Research Objectives

The research objectives of this thesis were to develop and validate an empirically groun-

ded process reference model for the development of adaptable SBAs. In order to meet

these objectives, I studied the philosophical perspectives and more particularly epistemo-

logical perspectives that would suit the development of such a model. The epistemological

perspectives considered for this type of research were rationalism and empiricism. Em-

piricism was chosen as an appropriate perspective for the research due to the nature of

223
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reference model construction. Empiricism suits reference model construction since the

best practice contained in the model is more naturally obtained through empirical obser-

vation. These empirical observations were elicited from the participants who took part

in the research through the use of qualitative data collection and analysis methods. An

interpretivist qualitative approach was taken to data collection and analysis while also

incorporating positivism into aspects of the data collection and analysis processes where

appropriate.

For the second objective, SOAdapt was evaluated using an academic expert opinion

based survey with open ended questions. This evaluation method follows the qualitative

approach taken for the development of the model. An implementation of SOAdapt was

then illustrated to demonstrate the transferability of the model.

10.3 Review of Research Design

To fulfill the first research objective of this thesis, SOAdapt was developed using qual-

itative data collected during two industrial expert opinion based empirical studies that

followed from a comprehensive literature study. There was an interim evaluation between

the two empirical studies followed by a more comprehensive survey based evaluation after

the second study.

The interview for the first empirical study was based on predefined as well as ad-

hoc probing questions. The predefined questions were based on a frame of reference

model that was based on the literature. The predefined questions attempted to get the

participant’s view of the frame of reference and to add more detail to it. The probing

questions were used to get an idea of the participants background and experience. They

were also used to illicit any information that was relevant to the construction of the model

that were not covered by the structured questions. This format worked well, while adding

structure to the interviews, it allowed me to probe the participants on areas that might

not have been covered. Some of the participants worked better with structured questions

while others enjoyed the freedom allowed by open ended ad-hoc questions. The structured
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questions were a good method of gleaming information from participants who tended to

contribute short answers. The structured questions were also a good way to guide the

interview and prevent participants from going too far off topic.

The inter-model evaluation and the evaluation, demonstrating the transferability of

the model, were intended to evaluate the external validity of the SOAdapt-V1 before the

second study commenced. The external validity was evaluated with respect to generaliz-

ability and fitness for purpose. Its purpose was to make sure that SOAdapt-V1 was on the

right track and that it did not have to be drastically changed for the second study.

The interview format for the second empirical study was similar to the first study. The

same set of structured questions were used for second study as the first study. However, in

addition to the structured questions based on the frame of reference, the participants were

probed more specifically on areas of the model that had some gaps from the first version.

In this study, the participants were asked briefly about the frame of reference while being

probed in depth about the adaptation cycle. They were asked about any experience they

had relating to runtime adaptation rather then evolutionary adaptation activities.

The evaluation that took place after the second study attempted to gage the external

validity of SOAdapt’s process attributes, fulfilling the second objective of this thesis. Two

question types were used to gage the external validity of each artifact, example and jus-

tification type questions. The challenge with composing these types of questions is to

phrase them so that participants don’t feel like they are repeatedly being asked the same

type of question. The instantiation of SOAdapt to the hotel reservation application scen-

ario further demonstrated the external validity of the model, particularly its transferability.

One benefit of completing the study in two stages was that lessons learned from the

first study could be applied to the second study. Another benefit was that the first version

of the model could be reviewed for gaps allowing the focus of the second study to address

these gaps.



226 CHAPTER 10. CONCLUSION

10.4 Validation

Lincoln and Guba [69] argue that qualitative research should be internally valid, externally

valid, reliable and objective. Internal validity relates to “how” the research is carried out,

and whether the methods used are credible. Two suggested methods of ensuring internal

validity are data source and method triangulation [68]. External validity refers to the

transferability of the research results to other similar contexts. If research results are

transferable then they are arguably much more useful than results that are specific to a

particular context.

The internal validity of this research has been sought through the use of data source

and research method triangulation. There were several data sources used to construct the

process model, SOAdapt-FoR was constructed with data from relevant literature sources

documenting various adaptation approaches, while the empirically grounded versions of

the model were constructed using data gathered from an industrial case study and in-

put from industrial experts. SOAdapt-V2 was evaluated by a panel of academic experts

adding another data source to the construction of the model. There were also two research

methods employed, survey research where individuals were interviewed and case study

research comprising two case studies. The first case study, in SBA Solutions, was used

to validate the adaptation activities identified in Phase 1 while the second case study in

SbaSoft provided input for SOAdapt-V1 in Phase 2.

The primary threat to the external validity of this research is the generalisability of

the model constructed. Every effort was made to select interview partners from a diverse

set of companies and a diverse set of roles, but this does not guarantee that the results

are generally applicable. Both the interim evaluation of SOAdapt-V1 and the survey

based evaluation of SOAdapt-V2 were used in order to mitigate these risks. SOAdapt-

V1 was mapped to a SBA development life-cycle that was developed independently of

this research. The goodness of fit that was achieved during the mapping helps to show

that the model can be generally applied. The evaluation of SOAdapt-V2 was also used

to determine whether its processes’ attributes could be used in general SBA adaptation
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contexts.

In Chapter 9, it was shown how SOAdapt could be used to guide the development of

an adaptable SBA. In this scenario each of the models attributes were evaluated to see

how they could be implemented. The application used in the scenario was a dynamic

manually-adapting hotel reservation application. Some of the attributes from the model

were non-applicable since they are intended for static or dynamic self-adaptation. This

practical scenario demonstrated the usefulness of the model for developing a real-world

adaptable SBA.

I strived for reliability and objectiveness during all stages of the research by having

each phase audited by my supervisor. For example, during the systematic literature review

my supervisor audited the study selection process by repeating some of the decisions

independently. This was to make sure that the selection process was reliable and objective.

Similarly, the coding and analysis processes were audited for repeatability showing that

they were reliable and objective.

10.4.1 Threats to Validity

A remaining threat to the validity of the research is whether or not the data collected

reached a point of saturation. Saturation point for this study would be reached when

subsequent field work identifies no new process attributes. The later interviews did repeat

much of the earlier findings with the exception of the life-cycle processes in the adaptation

cycle, indicating that the study had neared or reached saturation point.

10.5 Meeting the Challenges to developing adaptable SBAs

In section 2.7, I discussed some of the challenges for developing adaptable SBAs that were

identified in the literature. The ability of SOAdapt to overcome some of these challenges

shows the maturity and capability of the model. In this section, SOAdapt is reviewed with

respect to each of these challenges. Table 10.1 summarizes the challenges that SOAdapt

specifically addresses.
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Runtime Adaptation The runtime adaptation challenges such as the ability to facilitate

fast, reliable and automatic adaptation were the main focus of this thesis. SOAd-

apt facilitates runtime adaptation through the specification of design and runtime

processes and activities that are necessary for the development of adaptable SBAs.

Development Process The development process challenges related to the provision of a

non-fragmented method for developing adaptable SBAs. SOAdapt addresses these

challenges by specifying a coherent development process for guiding all aspects of

adaptable SBA development and operation.

Monitoring The main challenges relating to monitoring suggested that monitoring im-

plementations needed to be efficient, non-fragmented and easy to diagnose. These

monitoring challenges are implementation specific and outside the scope of a gen-

eric reference model. However, following an efficient reference process such as

SOAdapt should enhance the quality of all implemented components. This is achieved

by eliminating unnecessary development tasks and making sure that development

tasks are completed in the correct sequence.

Adaptation Tools The challenges in the adaptation tools category were that service com-

position tools are too complex and adaptation tools are too fragmented. These are

ongoing challenges with SOA development in general. SOAdapt attempts to guide

the use of tools where appropriate but does not contain or endorse any specific ad-

aptation tools. The SOAdapt frame of reference is based on the S-Cube reference

life-cycle which has many advanced adaptation tools associated with its processes.

Service Terminology In an attempt to address the challenge of disjointed service ter-

minology the literature review carried out in this thesis adapted a common service

nomenclature allowing approaches with different terminologies to be compared.

This nomenclature was then carried forward into the empirical studies and the de-

velopment of SOAdapt.

Service Adaptability The challenge that services need to be adaptable to be useful to
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many service consumers is not addressed by SOAdapt. SOAdapt is intended for

the development of SBAs which are a type of service consumer. Since SOAdapt

is designed from a service consumer perspective it does not attempt to guide the

development of adaptable services. SOAdapt seeks to find services that are suitable

without adaptation rather than address the challenge of service adaptability.

Service Discovery There were two service discovery challenges identified in relation to

developing adaptable SBAs. The first was that runtime service discovery is diffi-

cult and the second was that it is difficult to match service clients to providers. In

the case of completely automatic adaptation, the implementation details for auto-

matic service discovery or service negotiation mechanisms are outside the scope of

a process model. In the case of manual adaptation SOAdapt suggests the use of

an adaptation dashboard to manage adaptation strategies. This would include the

discovery of new services for inclusion in an adaptation strategy.

Enterprise Integration the enterprise integration challenges refer to the ease that an ad-

aptable SBA can integrate with other applications within an organisation or enter-

prise. The organisations’ processes also need to be at a level of granularity where

they can be represented by software processes that can be composed into adaptable

compositions. SOAdapt handles these challenges in the design process with the

task “Design business processes at appropriate granularity for adaptation”.

Service Quality A major problem with SBAs is that services are not always under the

control of the application owners. Therefore, to solve the problem of unreliable

services, SBAs can adapt and choose more reliable alternatives. SOAdapt facilitates

this adaptation since it is a reference model for developing adaptable SBAs.

Service Semantics The challenges in the service semantics category are concerned with

services being annotated with semantic descriptions that allow them to be computer

readable. This facilitates the automatic discovery and negotiation that occurs during

automatic adaptation. SOAdapt describes these types of functionality as “adapta-
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tion mechanisms” and specifies how to design and implement these mechanisms at

a high level. Providing implementation specific tasks to deal with these types of

mechanisms, risks reducing the generalizability of SOAdapt.

Service Specifications The single challenge for service specifications was that “ Services

need to be at the same granularity as business processes ”. SOAdapt directly caters

for this challenge with the design task: “ Design business processes at appropriate

granularity for adaptation”.

Domain Knowledge In order to integrate domain knowledge with adaptable SBAs, SOAd-

apt has tasks such as “Define events that trigger adaptation (learning-based,context-

based,availability based, rule-based, QoS Based)” and “Define business rules for

adaptation”. During the empirical studies several participants suggested the use of

domain specific languages to capture domain knowledge. However, this task was

rolled up into the tasks mentioned as it was deemed too low level for a generic

process.

Service Testing is problematic for adaptable applications because once the applications

adapt, previous tests become obsolete. SOAdapt contains a testing process con-

taining integration and user acceptance testing activities. During the evaluation of

SOadapt-V2 one of the participants suggested integration testing of service com-

positions during the execution process before adaptation takes place. This recom-

mendation has been added to the final version of SOAdapt.

10.6 Contributions

The first contribution of the research is a state of the art literature review. This review

covers the areas of software process, SOC and software adaptation. Within the SOC

section a systematic literature review was carried out to identify software process models

for developing SBAs. The models identified in systematic literature review were analysed

in order to identify the ones that support the adaptation of SBAs. This literature review and
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Challenge Addressed by SOAdapt
Runtime Adaptation Yes
Development Process Yes
Monitoring No
Adaptation Tools Partial
Service Terminology Yes
Service Adaptability No
Service Discovery Partial
Enterprise Integration Yes
Service Quality Yes
Service Semantics Partial
Service Specifications Yes
Domain Knowledge Yes
Service Testing Yes

Table 10.1: Challenges addressed by SOAdapt

contained systematic review provide a useful starting for further research into adaptable

SBAs.

The main deliverable of the research is SOAdapt, this process reference model provides

an important consolidation of best practices form the literature as well as empirical sources.

The model is based around a high-level life-cycle allowing it to be mapped to other life-

cycles with similar processes. The validity of the model has been demonstrated with

respect to both internal and external validity. For academia, the reference model can be

used as a framework to which new techniques and tools can be added. For Industry,

this reference model can be used to guide their development to ensure that they have an

optimum process when developing adaptable SBAs.

Finally, the thesis addresses the challenges to the development of adaptable SBAs that

were identified at the beginning of the thesis.

10.7 Future Work

The next stage in SOAdapt’s development would be an industrial implementation to eval-

uate the effectiveness of the model is a real industrial context. The implementation would

likely identify any short comings that the model may have that were not previously iden-

tified. A documented implementation would also give confidence to other early adopters

increasing the uptake of the model.



232 CHAPTER 10. CONCLUSION

I encountered several companies during this research that would be suitable for an

implementation of the model. Two in particular stood out, Companies H and I. I conduc-

ted a case study in Company H for Industrial Empirical Study (1). This was a relatively

small company which would make it easier to implement a new process. The product that

they deliver facilitates static adaptation which is one of the adaptation types supported

by SOAdapt. Company H on the other hand is larger than Company I meaning an imple-

mentation would be more challenging. The reason that it would be a suitable target for the

implementation of SOAdapt is because its main product encompasses advanced dynamic

adaptation. This would provide a more thorough evaluation of the model.

Another research path which could be taken would be to analyse the compatibility of

SOAdapt with industry specific standards. For example, if developing software for the

automotive or health care domains, customers may insist compliance with development

standards specific to their domains. If SOAdapt is to be implemented in organizations

where this is the case, future work will have to include its evaluation for standards com-

patibility.

10.8 Conclusion

In this thesis I have presented SOAdapt, a model that was constructed and evaluated from

the study of literature and industrial practice. The model has been assessed using liter-

ature based evaluations as well as an interview based expert opinion survey. It is ready

for implementation in industry to support organisations in their efforts to develop adapt-

able SBAs. This model gives practitioners the benefit of SBA adaptation best practices,

elicited from practitioners who have already invested in developing their own adaptation

processes.

The primary barrier to adaption of SOAdapt by industry is the inherent inertia within

companies to adopting new practices. During the field work that was carried out for

this research, the experts that I spoke implied that companies needed a lot of persuasion

to change their existing processes. This is especially true when they believe that they
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existing processes are sufficient. The challenge is to demonstrate to practitioners that

adaptable SBAs are distinct from more traditional application types. It also needs to be

highlighted that adaptable SBAs need to be developed with a process model that takes the

subtleties of these types of applications into consideration.

In Section 2.3, I discussed three attributes that Watts and Kellner [111] suggest an

effective process model should have. Effective process model should be effective in com-

municating a software process, reusable given the cost and time associated with their

development, and evolveable since real software processes inevitably evolve. I argue that

SOAdapt possesses all of these qualities. Its process attribute tables and BPMN repres-

entations ensure that it is effective in communicating its software process. Its generalisab-

ility, achieved through the use of multiple data sources and evaluation processes, allows

the model to be reused by practitioners developing different types of adaptable SBAs. Fi-

nally, through the iterative model development process presented this thesis, I have shown

how the model can be easily evolved to incorporate new information.
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a b s t r a c t

Context: Service-Oriented Computing (SOC) is a promising computing paradigm which facilitates the
development of adaptive and loosely coupled service-based applications (SBAs). Many of the technical
challenges pertaining to the development of SBAs have been addressed, however, there are still outstand-
ing questions relating to the processes required to develop them.
Objective: The objective of this study is to systematically identify process models for developing service-
based applications (SBAs) and review the processes within them. This will provide a useful starting point
for any further research in the area. A secondary objective of the study is to identify process models
which facilitate the adaptation of SBAs.
Method: In order to achieve this objective a systematic literature review (SLR) of the existing software
engineering literature is conducted.
Results: During this research 722 studies were identified using a predefined search strategy, this number
was narrowed down to 57 studies based on a set of strict inclusion and exclusion criteria. The results are
reported both quantitatively in the form of a mapping study, as well as qualitatively in the form of a nar-
rative summary of the key processes identified.
Conclusion: There are many process models reported for the development of SBAs varying in
detail and maturity, this review has identified and categorised the processes within those process
models. The review has also identified and evaluated process models which facilitate the adaptation of
SBAs.

� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Repeatable software development process are a key component
in the development of high quality software [1]. Implementing a
repeatable process ensures that all of the necessary development
tasks get completed, and in the correct sequence. In order to make
a process repeatable it needs to be documented so that project
stakeholders can adhere to the process. In software engineering
it is common to document a process by means of a process model.
Software process models come in many forms from high level
models such as the traditional waterfall model [2] to comprehen-
sive improvement models such as CMMI [3] or the ISO-15504
[4]. Many domains such as the medical device or automotive
industries require that software used in their products follow one
of these comprehensive process models.

With the recent emergence of Service-Oriented Computing
(SOC) many industries are interested in reaping its benefits. These
benefits include the loose coupling of services which facilitates
software reuse and the flexibility of service-based applications
(SBAs) which allows them to be adapted with minimal effort.
Unfortunately, because of the diversity of business requirements
and operating contexts that accompanies the development of Ser-
vice-Oriented Architectures (SOA), older software development
paradigms cannot be blindly applied [5]. Many existing process
models were designed with object-oriented or component based
development in mind [6], therefore, since SOC requires a new
development approach it will also require new supporting process
models.

In this work we will have completed a systematic literature re-
view in order to document the state of art in development pro-
cesses models for developing service-based applications (SBAs).
This will provide a useful starting point for further research in
the area. Section 3 outlines the research method for this review,
followed by Section 4 which outlines the results of the review. Sec-
tion 5 contains a meta-model of the processes identified in the
study, with Section 6.1 providing detailed descriptions of each of
the process from the meta-model. Section 6.2 looks in detail at
each study that facilitates adaptation in response to the second re-
search question of the study. Section 7 contains a discussion of the
results, followed by the conclusions in Section 8.

2. Background

2.1. Processes models for service-based applications

There have been many service-oriented process models pro-
posed by proponents of SOC, for example IBM have proposed the
SOMA [7] methodology while a group of industry practitioners
have proposed the Service-Oriented Architecture (SOA) practitio-
ners guide [8]. Similarly there have been efforts to tailor the RUP
framework so that it can be used for SBA development. There are
many SBA process models reported in grey literature such as white
papers or technical reports. Lane et al. [9] report many of these,
however, there may also be many other proprietary models main-
tained by organisations who keep them confidential for competi-
tive advantage. Apart from proprietary models or the models
reported in grey literature, there are many models published in sci-
entific publications such as conference or workshop proceedings as
well as peer reviewed journals. In order conduct an exhaustive re-
view of relevant SBA process models using these sources, a system-
atic literature review (SLR) was conducted by the authors. A SLR is
a comprehensive review carried out based on a set of predefined
search criteria, which follows documented and repeatable guide-
lines. This is a popular review method in areas such as evidence
based medical research and is being conducted increasingly in soft-
ware engineering. The particular SLR procedure used for this re-
view was proposed by Kitchenham and Charters [10] to meet the
requirements of a software engineering review. In the next sec-
tions the review method and results of the review will be described
in detail.

2.2. Taxonomy

Within the research areas of Software Process and Service-Ori-
ented Computing (SOC) the terminology used is often ambiguous
and non-standard. Having a consistent set of terms is important
when evaluating or comparing different studies during a system-
atic review. In this section a taxonomy is presented where a brief
description of the most common terms used throughout the
review will be given with reference to synonyms found in the
literature. The software process definitions used in the review
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are from Derniame et al.’s (1999) ‘‘Software process: principles,
methodology, and technology’’ [11] which gives a comprehensive
view of the software process research area. The SOC terms used
in this review are defined the S-Cube project’s knowledge model
[12].

Software process refers to the organisation, manage-
ment, measurement and improve-
ment of the activities involved in
software development. Every software
development project has a process
whether or not it is explicitly or
implicitly defined. At a bare minimum,
software development will consist of a
set of related activities whether or not
they are measured or improved. Syn-
onyms in the literature for software
process include: software develop-
ment process or software life-cycle
[11].

Software process models or process models are representations
of real world software processes. Ide-
ally process models should perfectly
reflect the software processes they
are trying to represent. Organisations
often measure and improve their soft-
ware process by documenting it and
comparing it to reference process
models such as CMMI or ISO-15504.
Similarly, organisations may choose
to implement an existing process
model from the many types available
[11].

Service-Oriented Computing (SOC) refers to the computing para-
digm that has evolved from object-
oriented and component based
design. The SOC paradigm facilitates
ad-hoc, platform independent com-
munication between unintroduced
parties through the use of software
services [12].

Services play a central role in SOC, they are
self-contained loosely coupled com-
putational elements that expose the
functionality of underlying software.
Services can be combined or com-
posed into more complex services or
they can be used in combination with
other services to form service-based
applications. Services can be pub-
lished on public registries and made
available for use by third party clients
[12].

Service-based applications (SBAs) are applications that are
composed of software services, the
services may be controlled by the
application developers or they may
be third party services. A common
example given for a SBA is the travel
booking application: this is composed
of a hotel booking service, a car rental
service and an airline reservation ser-
vice each of which are provided by
third parties. Synonyms in the litera-
ture include service-oriented systems
or service-based systems [12].

3. Research method

This review follows the guidelines set out in Kitchenham and
Charters’ [10] guide for SLRs in software engineering. This research
method provides a verifiable method of summarizing existing ap-
proaches as well as identifying gaps in the current research.

3.1. Systematic literature review protocol

A review protocol is a written plan that is completed before the
review begins. Therefore, the success of the review depends on the
quality of the protocol. The protocol also provides a means by
which the review itself can be repeated or updated at a later date
to include subsequent publications. The protocol describes every
aspect of the review from searching electronic databases to creat-
ing the final report and lays the groundwork for an unbiased sys-
tematic review Because the review is a snapshot in time it is
impossible to replicate exactly. It would, however, be possible to
update an existing review by including only new studies from a
subsequent literature search.

3.1.1. Research questions
The review protocol begins with the construction of the re-

search question or questions. Every systematic review has at least
one primary research question with the possibility of one or more
secondary questions. The research questions can be freely formed
or they can contain a Population, Intervention, Comparison, and
Outcomes as per Kitchenham and Charters’ guide. The following
are the primary and secondary research questions for this study:

1. What software processes models are proposed for developing
SBAs ? (RQ-1)
� Population: software
� Intervention: process for SBAs
� Comparison: process for traditional software
� Outcomes: set of processes and techniques.

2. Do proposed SBA development processes models facilitate SBA
adaptation ? (RQ-2).

3.1.2. Data sources
For this SLR, the electronic data sources in Table 1 were

searched as these are the primary sources for software engineering
research publications. Other software engineering SLRs such as
[13],[14] use similar or the same sources. Other resources such
as CiteSeer and Google Scholar are powerful search tools which re-
turn many of the same results as the databases mentioned. This
duplication as well as the volume of non-relevant publications
means that they were excluded as sources for this review.

3.1.3. Search string
The primary research question was be broken down to give a

list of search terms to use in the electronic databases. Since the sec-
ondary question is based on the first, it is not necessary to have
separate search terms. The search string will use the logical oper-
ator OR to include synonyms for each search term, and the logical

Table 1
Literature sources.

Source URL

IEEE Explore http://Ieeexplore.ieee.org
ACM Digital Library http://portal.acm.org
ISI Web of Knowledge http://www.isiknowledge.com
SpringerLink http://www.springerlink.com
ScienceDirect http://www.sciencedirect.com
Wiley InterScience http://www3.interscience.wiley.com
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operator AND to link together each set of synonyms. Table 2 lists
all of the search synonyms used in the construction of the search
string. When concatenated using the appropriate boolean expres-
sions the following generic search string was produced:

(‘‘software process’’ or ‘‘software engineering process’’ or ‘‘engi-
neering process’’ or ‘‘engineering methodology’’ or ‘‘sose framework’’
or soad or soma or ‘‘architecture framework’’ or ‘‘architecture frame-
works’’ or ‘‘engineering methodology’’ or ‘‘development technique’’
or ‘‘development approach’’ or ‘‘development methodology’’ or ‘‘devel-
opment process’’ or ‘‘development processes’’ or ‘‘development life-
cycle’’ or ‘‘development life cycle’’ or ‘‘process model’’ or ‘‘process
framework’’ or ‘‘development model’’ or ‘‘development framework’’
or sdlc or cmm or cmmi or 15504 or spice or 12207 or 15288) and
( sba or sose or soa or ‘‘service-based’’ or ‘‘service based’’ or ‘‘ser-
vice-oriented’’ or ‘‘service oriented’’ or ‘‘service-centric’’ or ‘‘service
centric’’ or ‘‘service computing’’ or ‘‘service engineering’’).

Some of the databases such as IEEEXplore, can take this string
directly while others, such as Web of Science, required slight mod-
ification. SpringerLink has a 10 term length on search strings which
meant that a series of strings had to be used instead of one generic
string. In all cases the string was applied to the abstracts contained
in the databases. Applying the string to titles produced too few re-
sults while applying the string to full texts produced thousands of
inaccurate results.

3.1.4. Study selection
The studies that were selected for inclusion in this study were

identified from on-line electronic databases during October 2009.
In order to determine whether or not a study is included, the ab-

stract was evaluated based on the inclusion/exclusion criteria in
Table 3. The inclusion and exclusion criteria we selected in order
to exclude irrelevant publications while keeping studies of interest.
Most of the criteria are self explanatory, however, some of the cri-
teria need a little explanation. The criterion: ‘‘Papers that describe
more than one process’’ was included because hundreds of the the
results returned in the initial search detailed single low level pro-
cesses that were too specialised to be applied generally by practi-
tioners. We were looking for studies that were aimed at guiding
the high level development process such as life-cycle models or
process models with several high-level processes. The criterion:
‘‘Must describe service-oriented process activities/practices’’ was
included to filter out studies that do not contain processes/activi-
ties that can be used to develop SBAs.

In many cases it was not possible to determine whether or not a
study should be included due to the quality of its abstract. In these
cases the studies were either included or excluded based on their
entire full text. After the initial set of studies were selected their
details were recorder using the citation management tool Zotero.1

Full texts were obtained where possible for the data extraction part
of the SLR. It is also important to note that many papers were ex-
cluded based on their full text as it became apparent that they
failed to meet the inclusion/exclusion criteria during the data
extraction process.

The study selection process is one of the most critical processes
of the review process and also one of the most time consuming. It
is therefore vital that the search string only returns studies that are
closely related to the research questions to prevent unnecessary
study selection effort. It is also vital not to exclude important rel-
evant studies by using search strings with an overly narrow focus.
To strike a balance between too many and too few results of the
selection process, the search string was validated using a selection
of 5 known relevant publications. The search string was tested
against the publisher’s websites for those known publications to
ensure that the studies were returned in the publisher’s search en-
gine results.

The selection process was undertaken by the first author, with a
random selection of 20 of the original results audited by the second
author in order to ensure minimal selection bias. There was a close
correlation between the studies chosen for selection by the two
authors which indicates minimal selection bias.

3.1.5. Data extraction
After the full text of the studies were retrieved the data extrac-

tion phase begun. For this activity a custom data extraction form
was created using MS Access™. This allowed for convenient data
entry as a paper’s full text was being reviewed. Another benefit
of using this approach was the ease with which reports could be
generated from the underlying data table. Meta-data such as
author, title and publication source was collected with descriptive
data fields such as study type and focus during this activity. Table 4
shows the data fields that were extracted from each study along
with their descriptions and their associated research questions.
The first research question, RQ1, which refers to the identification
of process models for developing SBAs requires all of the data
extraction fields for analysis. The data fields are used to illustrate
frequency distributions as well as to map the various processes
for developing SBAs. Some of the more content-oriented fields such
as ‘‘Processes’’ and ‘‘Study Focus’’ are used to determine whether
the identified processes facilitate SBA adaptation, in answer to
the second research question, RQ2.

Like the study selection process, the data extraction process was
conducted by the primary author and audited by the secondary

Table 2
Search synonyms.

Software process Service-based

Development technique SBA
Development approach SOSE
Development process SOA
Development life-cycle Service based
Development life cycle Service-oriented
Development methodology Service oriented
Process model Service-centric
Process framework Service centric
Development model Service computing
Development framework Service engineering
sdlc
cmm
cmmi
15504
spice
12207
15288

Table 3
Inclusion/exclusion criteria sources.

Included
– Peer reviewed research papers from electronic databases.
– Papers that describe more than a single specialised process.
– Must describe processes for developing SBAs.

Excluded
– Non-English papers.
– Papers specific to a particular technology.
– Papers that only address once specific process area.
– Papers that are application domain specific.
– Papers which are obviously not related to the research questions in this

protocol.
– Letters and editorials.
– Duplicate publications on the same approach.

1 http://www.zotero.org/.
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author. A random selection of 10 of the selected studies were re-
viewed by the second author and the appropriate data fields ex-
tracted. The fields that were extracted by both authors were
compared and found to be sufficiently similar not to warrant fur-
ther validation.

3.1.6. Data synthesis
The data synthesis phase of this review aims at addressing the

two research questions posed at the beginning of the review. The
first research question was to identify process models for develop-
ing SBAs. In order to address this research question, details of the
process models contained in the selected studies were extracted.
In order to get an idea of the scope of the process models identified,
the individual processes identified within each process model were
synthesised into a meta-model. This meta-model provides an over-
view of the area and will also highlights gaps in the research. Once
the meta-model is completed a narrative summary of each of the
process areas is provided based on the studies that make up each
category. The second research question asks whether or not the
development processes that are identified address adaptation of
SBAs. In order to answer this question studies which contain SBA
adaptation related processes are also critically reviewed through
a narrative summary.

A meta-model is similar to a map from a mapping study as out-
lined by [15,16]. Rather than looking at each study in detail, the
aim is to scope out the breath of the research area. The narrative
summary of each process within the meta-model is more typical
of SLRs than mapping studies. For this reason the data synthesis
process is divided into two parts, a mapping study to scope the
area and an SLR to evaluate the included studies. Petersen et al.
[15] recommend that rather than use these synthesis approaches
in isolation, they can be used to complement one another. For
example, in this case, the systematic map is first created, then
the specific processes are critically evaluated through the narrative
summary. A noteworthy exclusion from this study is a quality
assessment, as these are often present in systematic reviews.
However, in this study there are many qualitative studies included
which makes it difficult to apply a non-subjective quality score.

For this study, a UML2 (Unified Modeling Language) meta-mod-
eling approach was taken as an alternative to the bubble plot ap-
proach often used in mapping studies. The processes used in this
meta-model were constructed using Noblit and Hare’s reciprocal
translation technique [17]. This is the synthesis technique suggested
by Kitchenham [10] when researchers are attempting to create an
additive summary of the literature. Reciprocal translation summa-
rises concepts by translating similar concepts into a single concept.
This processes is continued until it is not possible to translate any
more concepts into one another. For example, if the following terms
are encountered: ‘‘service-based application adaptation’’, ‘‘service-
oriented system adaptation’’ or ‘‘dynamic modification of service-
oriented systems’’ they may all be translated into ‘‘service-based
application adaptation’’. This technique then produces a normalised
set of development processes covering the entire research area
assuming that the included studies are representative. Other statis-
tical data such as frequency distributions were reported in tables
which illustrate how the research area changes over time.

In our meta-model we have made use of the following UML
constructs some of which, for simplicity, have been tailored
slightly from their official definitions:

� Class: A class (square box) in our mata-model is used to repre-
sent concepts or processes.
� Association: An association in our model is used to represent a

relation between two concepts (processes, sub-processes). In
our model we have used standard associations (arrow without
arrowhead) and directional associations (arrow with open
arrowhead). Directional associations imply precedence and
sequence between classes (processes).
� Aggregation: An aggregation (arrow with diamond head) is used

in the context of this model to represent ‘‘has a’’ relationships.
� Generalization: A generalization (arrow with closed arrowhead)

relation in our model represents a relationship between two
classes (processes) where one class is a sub-type of the other.

The narrative summary synthesis method is used twice during
this study, firstly to summarise the key processes from the meta-
model and secondly to summarise and critically discuss each of
the studies that contain processes for adapting SBAs. Since there
are to many studies to discuss individually, it seems appropriate
to discuss the process themes emerging from the studies. SBA
development processes that also facilitate adaptation are expected
to be a much smaller subset of the total number of studies which
permits a narrative summary at an individual study basis. There-
fore the meta-model and process summaries address RQ-1, while
the summaries of each study with adaptation processes address
RQ-2.

4. Results

After an exhaustive literature search, our data contained 722
studies. The two largest set of results came from IEEE Xplore
(185) and the Web of Science (333). Studies were then excluded
if they focused on a single process or technique or were specific
to a particular application domain. If the exclusion criteria were re-
laxed there would be many more interesting studies. However
they are beyond the scope of this review. After the abstracts and
titles of each study were read the number of studies was reduced
to 77. However, on fully reading each of these papers a further
20 were excluded leaving a total of 57 valid studies. The categorical
data that was extracted from the selected studies is shown in
Table 5.

Table 4
Data extraction fields.

Data field Purpose Research
questions

Reviewer Name of reviewer RQ1
Title Name of study RQ1
Authors Study authors RQ1
Publication source Where the paper is

published, name of journal,
conference, etc.

RQ1

Publication type Is the paper a conference
paper, journal paper, etc.

RQ1

Year of publication When study was published RQ1
Primary/secondary Deos the study use primary

or secondary data
RQ1

Study type Type of research methods
used

RQ1

Study context Industry, lab based study,
etc.

RQ1

Study population Study participants,
students, academics,
industry experts, etc.

RQ1

Research questions Research question(s) of the
study

RQ1, RQ2

Study focus Primary objective of the
study

RQ1, RQ2

Processes Process described in the
study

RQ1, RQ2

Findings/conclusions Main conclusions from the
study

RQ1, RQ2

IS valid Was it a valid study RQ1, RQ2

2 http://www.uml.org.
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4.1. Summary of selected studies

From the 57 papers selected there was a wide variation in the
approaches described, the quality of the research and the maturity
of the studies. There were 45 secondary research and 12 primary

research studies which suggest that the research area is lacking
in primary studies. Analysis shows that there were 40 academic
studies compared to 17 industry based studies. Although second-
ary or academic studies may be as valid as their counterparts this
trend suggests that the area is lacking mature industry-based

Table 5
Categorical data extracted from selected studies.

Study Source Lifecycle processes Sub processes End to end model Supports adaptation

[S1] Conference paper RED, CON MDD No Yes
[S2] Conference paper RED, CON MDD No No
[S3] Journal paper RED, CON, DP, EM Discovery, composition Yes No
[S4] Conference paper RED, CON, DP MDD Yes No
[S5] Workshop paper RED, CON Agent-oriented development No No
[S6] Conference paper RED, CON MDD No Yes
[S7] Conference paper RED, CON MDD No No
[S8] Workshop paper RED, CON Service composition Yes No
[S9] Conference paper RED, CON MDD, security No No
[S10] Conference paper RED, CON, DP MDD Yes No
[S11] Conference paper RED Agent-oriented development No Yes
[S12] Journal paper RED, CON, DP Service composition No No
[S13] Conference paper RED, CON Service composition Yes Yes
[S14] Conference paper RED, CON Service specification No Yes
[S15] Conference paper RED, CON, DP Service specification No No
[S16] Conference paper RED Service identification, service specification, service

realisation, service composition
Yes Yes

[S17] Conference paper RED Service identification, service specification, service
realisation, service composition

Yes No

[S18] Conference paper RED, CON, DP, Yes No
[S19] Conference paper RED, CON, DP, EM Service discovery, service composition No No
[S20] Conference paper RED, CON, DP No No
[S21] Workshop paper RED, CON MDD No No
[S22] Conference paper RED, CON Collaborative modelling Yes No
[S23] Thesis RED, CON MDD No No
[S24] Journal paper RED, CON, DP No No
[S25] Workshop paper RED Security No No
[S26] Workshop paper RED, CON Formal methods No No
[S27] Conference paper RED, CON MDD for SOMA No No
[S28] Book section RED, CON Service composition No No
[S29] Journal paper RED Formal methods No No
[S30] Conference paper RED, CON Context aware MDD No Yes
[S31] Journal paper RED, CON MDD No No
[S32] Conference paper RED, CON MDD No Yes
[S33] Conference paper RED Formal methods No No
[S34] Conference paper RED, CON MDD No No
[S35] Workshop paper RED, CON MDD No No
[S36] Conference paper RED, CON Formal methods No No
[S37] Journal paper RED, CON Semantic modelling No No
[S38] Symposium RED, CON, DP, EM MDD, service specification, service realisation,

service composition
Yes Yes

[S39] Conference paper RED, CON MDD No No
[S40] Conference paper RED, CON No No
[S41] Journal paper RED, CON, DP, EM Yes No
[S42] Conference paper RED, CON No No
[S43] Conference paper RED, CON Service identification, service specification, service

realisation
No No

[S44] Conference paper RED, CON Service identification No No
[S45] Conference paper RED, CON No No
[S46] Workshop paper RED, CON MDD No No
[S47] Journal paper RED, CON, DP MDD, service identification, service specification,

service realisation
Yes No

[S48] Conference paper RED, CON Aspect-oriented development No No
[S49] Workshop paper RED, CON, DP Yes No
[S50] Conference paper RED, CON Aspect-oriented development No No
[S51] Conference paper RED, CON, DP MDD Yes No
[S52] Conference paper RED, CON, DP Web based MDD Yes No
[S53] Conference paper RED, CON, DP MDD Yes No
[S54] Journal paper RED, CON, DP Yes No
[S55] Journal paper RED, CON MDD No No
[S56] Conference paper RED, CON, DP Service discovery Yes No
[S57] Conference paper RED, CON, DP, EM Yes No

RED – requirement engineering and design.
CON – construction.
DP – deployment and provisioning.
EM – execution and management.
MDD – model driven development.

S. Lane, I. Richardson / Information and Software Technology 53 (2011) 424–439 429



research. A good indication of the maturity of an area is the type of
publications in that area. Journal articles are often more mature
than conference or workshop papers. Table 6 shows the number
of each type of publication by year. Conference papers, workshop
papers and journal articles make up the majority of publications.
There are only 10 journal articles with a total of 44 workshop
and conference papers.

As illustrated in Fig. 1, the first service-oriented development
approaches appeared in 2004, with the number of publications ris-
ing rapidly from 2006 to 2008. Then interestingly the number of
publications drop off again in 2009. One interpretation for the
2009 drop is that some publications were not yet indexed by the
electronic databases when the searches were conducted in October
2009. Another interpretation for the drop in 2009 may be that the

publication trend is following the Gartner Hype-Cycle3 in Fig. 2, in
this case the trend would suggest that the research area has already
reached its peak of inflated expectations with 2009 representing its
trough of disillusionment. This corroborates the Hype-Cycle of Ser-
vice-Oriented Software Engineering (SOSE) challenges reported in
[13]. Its is advisable not to draw draw conclusions from the trend
without knowing the true number of publications indexed in 2009.

Another interesting way to view the selected studies is by study
type, this may also give us a view into the quality and maturity of
the selected studies. As can be seen in Table 7, the most popular
study type was literature based studies. In this context, ‘‘Literature
based’’ means that existing approaches from the literature were
used or derived from to create service-oriented development ap-
proaches. The next most popular study type were discussion based
papers. The discussion based papers that were reviewed were
mostly short papers based on the authors’ experiences rather than
being based on primary or secondary research. The remaining
studies were either example applications or case studies. Example
applications were used to illustrate tool supported approaches
such as Model Drivel Architectures (MDA).

5. RQ-1: Mapping study

In this section a quantitative mapping analysis of the selected
studies is provided, each study is categorised according to the pro-
cesses they contain and mapped to a process meta-model. The
publication and study type distributions are shown in tables, while
the process category relationships are mapped using a subset of
UML (Unified Modeling Language). This approach was chosen be-
cause it is an intuitive representation format with the ability to
represent associations between processes.

5.1. Software process meta-model

The meta-model shown in Fig. 3 displays the processes identi-
fied in this study along with their inter-relations.

The meta-model construction was a multi-stage process that
was completed after the data collection activity of the SLR. The first
step of constructing the meta-model was to classify the processes
extracted from the literature into groups of related processes using
reciprocal translation. One of the decisions during reciprocal trans-
lation is which process description to use in order to describe a
group of processes. In our earlier example we encountered the fol-
lowing processes: ‘‘service-based application adaptation’’, ‘‘ser-
vice-oriented system adaptation’’ or ‘‘dynamic modification of
service-oriented systems’’. Any of these individual terms can be
used to describe the process in our meta-model. In order to keep
the resultant processes consistent with one another the processes
from Papazoglou and Van Den Heuvel’s [5] Service Development
Life-Cycle (SLDC) approach were used as a base point for the trans-
lation process. The four life-cycle processes from the SLDC which
were used as the base point are highlighted in Fig. 3. This approach
was chosen as a base point because it is a detailed approach that
has high-level processes for the entire development life-cycle.

Table 6
Types of publication by year.

Publication type Year Total

04 05 06 07 08 09

Book section 1 1
Conference paper 3 3 3 9 14 4 36
Journal paper 1 1 1 2 2 3 10
Symposium 1 1
Thesis 1 1
Workshop paper 1 3 3 1 8

Total 5 4 7 15 18 8 57

Fig. 1. Publication trend.

Fig. 2. Gartner Hype Cycle.

Table 7
Study type.

Literature based 25
Discussion 12
Example application 9
Case study 8
Exploratory case study 2
Experience report 1

3 http://en.wikipedia.org/wiki/Hype_cycle.
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There are several other high-level life-cycle models that could have
been chosen for the base point, however, the same meta-model
should result regardless of which one is chosen if the reciprocal
translation process is followed accurately. Processes encountered
during the review were evaluated as to whether or not they could
be translated into one of the base point processes. If they could be
translated they were eliminated. If not, they were added to the
meta-model as a separate process or sub process.

The next step was to construct these related processes into a
meta-model where associations between processes were repre-
sented. The completed meta-model gives a comprehensive view
of the state of the art in software processes for SBAs. In the follow-
ing sections an overview will be given of each of the prominent
software processes proposed in the studies selected for this review.

6. Systematic review

6.1. RQ-1: Process categories

6.1.1. End to end models
Many of the studies encountered in this review propose com-

plete SBA development methodologies with processes for design-
ing, implementing and operating them. These methodologies
often borrow concepts from existing software development tech-
niques or methodologies, for example, Kruger and Meisinger
[S15] propose an extension of the V-Model for use with SBAs. Sim-
ilarly Christou et al. [S24] propose the use of Agile methods along
with the Rational Unified Process (RUP) development methodology
for the development of SBAs. The use of Software Product Lines
(SPL) development techniques are also suggested in combination
with Agile methods by Karama at al [S12]. Deubler et al. [S51] have
developed a tool to support the development of SBAs, the tool’s pri-
mary functions are to formally verify service-based systems as well
as the generation of system code.

Many of the end to end process models in the literature follow
the classical waterfall development model with some modifica-
tions that are particular to SOC. Adamopoulos [S18] proposes an
iterative development methodology which includes many of the
waterfall model’s processes, however they are adapted to suit

Web Service Based Applications (WSBAs). Papazoglou and van
den Heuvel [S41] suggest a process model that also bears a close
resemblance to the waterfall model. However, it has processes
such as ‘‘Execution and Monitoring’’ that are specific to SBAs.
Processes in this model such as ‘‘Analysis and Design’’ bear resem-
blance to traditional processes not intended for SBA development.
However, they are tailored specifically to meet the requirements of
such applications.

Along with the fully defined process models, there are many
‘‘work in progress’’ models in the literature. Many of the ‘‘work
in progress’’ models attempt to discover all of the service related
concepts and aspects that make development of SBAs unique from
the development of traditional software applications. One such
work by Engels and Assmann [S42] set out the several develop-
ment challenges of service-oriented enterprise architectures.
Ivanyukovich et al. [S54] are also working towards a service-ori-
ented process model They propose a model with the following
three dimentions: managing the software change, specifying the
development process and targeting stakeholders goals.

The final type of end to end process model encountered in this
review are interdisciplinary development models. These develop-
ment models involve expertise from several domains. For example,
Lamparter and Sure [S19], propose a development methodology
that includes aspects of web service engineering, market engineer-
ing and ontology engineering.

6.1.2. Analysis and design
There are many analysis and design process models reported for

the development of services and SBAs. Most approaches fall in to
the categories of top down, meet in the middle or ground up ser-
vice realisation [S41]. The top down design approach involves
working backwards from existing service interfaces. The compo-
nents required to implement the service are constructed based
on the functionality described by these interfaces. This design
technique is considered best practice as business requirements
shape the service interfaces which in turn drive the development
process. The bottom up approach differs in that the functionality
of existing applications are made available by wrapping existing
system functions with services. Finally, the meet in the middle

Analysis and Design

Deployment and Provisioning

Execution and Monitoring

Adaptation

Static Adaptation

Dynamic Adaptation

Construction and Testing

SBA Life-Cycle

Model Driven Development

Formal Methods

Agent-Orientation

Service Discovery

Service Composition

Service Security

Semantic MDD

MDD for SOMA

Web Based MDD

Web Based MDD

Service Identification

Service Specification

Service Realisation

Fig. 3. Service development process meta-model.
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approach combines features of both top down and bottom ap-
proaches. This technique is useful when a service needs to be cre-
ated to implement an existing service interface. However, rather
than create a new software component to implement this service,
which would be done with top down design, an existing software
component that has all of the required functionality would be
wrapped with the required service.

The top down approach is more business oriented than its coun-
terparts because services are created to meet specific business
requirements. The same can be said for the meet in the middle ap-
proach when software components exist to suit service require-
ments. The ground up service realisation approach is least
business oriented in that existing software components are
wrapped with services which limits the capability of resultant
applications.

After reviewing the development models that address the anal-
ysis and design processes, it appears that many of these models in-
herit characteristics from the popular Service-Oriented Modelling
and Architecture (SOMA) methodology [S47,S43] developed by
Arsanjani et al. at IBM. The SOMA methodology is one of the most
mature design process models encountered in the review. Its
developers claim that methodology was developed during involve-
ment with hundreds of SOA projects. SOMA’s design activities are
divided into three processes: ‘‘Service Identification’’, ‘‘Service
Specification’’ and ‘‘Service Realisation’’. These processes appear
in many other models in some form or another. For example,
Engels et al. [S4] propose a method for engineering SOAs which
contain the design processes of: ‘‘Identify top-level business ser-
vices’’, ‘‘Refine business services’’ and ‘‘Specify business services’’.
The SOMA processes: Service Identification, Service Specification
and Service Realisation and the other analysis and design processes
encountered will be discussed in more detail in the following sub-
sections.

Service identification is a process that identifies the candidate
services required for developing a SBA. It involves the identifica-
tion of the required services as well as the software that will realise
those services. SOMA identified three techniques for the identifica-
tion of services: goal-service modeling (GSM), domain decomposi-
tion, and existing asset analysis. Kenzi at al [S6] propose a Model
Driven Architecture (MDA) framework for the development of
adaptable SBAs that uses service identification models for the iden-
tification of candidate services.

Service specification involves the development of service inter-
faces and the management of service dependencies, once the re-
quired services have been identified. Most service development
methodologies either implicitly or explicitly contain a service spec-
ification process specifying services is one of the fundamental
building blocks of SBAs.

Service realisation, like service specification, is a vital step in the
development of SBAs. Realisation is the final process before the
implementation of services. It involves the implementation of the
service specification into usable design documents that can be
used by the service implementers. Service design documents need
to include artifacts such as component implementation details and
SOA solution stack details. An extremely common approach being
proposed for the realisation of services is the application of Model
Driven Architecture (MDA). This is a model driven design approach
with the added benefit of automatic code generation from design
models. MDA will be discussed in more detail later in this review.

Another description given to the analysis and design processes
for SBAs is service-oriented analysis and design (SOAD). This is an
extension of the Object-Oriented Development (OOD) and Compo-
nent-Based Development (CBD) paradigms. SOAD is often used as a
general term in the literature to describe analysis design ap-
proaches for service oriented systems. Different SOAD methodolo-
gies take different approaches to service design. For example,

Chang and Kim [S17] propose a 5 phase design process within
the following phases: ‘‘Identifying Business Processes’’, ‘‘Defining
Unit Services’’, ‘‘Discovering Services’’, ‘‘Developing Services’’, and
‘‘Composing Services’’. Comparatively Kambhampaty [S40] pro-
poses a SOAD methodology with four processes which are quite
different from Chang and Kim’s methodology: ‘‘Activity Services
Development’’, ‘‘Business Process Services Development’’, ‘‘Client
Services Development’’ and ‘‘Data Services Development’’.

Servicediscovery for static SBAs occurs during application design ,
while the discovery of services for dynamically adapting SBAs may
occur during system runtime. There are many ways that service
discovery can be achieved, from manually searching service directo-
ries to automatically scanning directories for candidate services that
match a given criteria. Howard and Kerschberg [S3] present a
framework to support the preparation, publication, requisition,
discovery, selection, configuration, deployment, and delivery of
semantic web services. Their framework specifies that both pub-
lished services and service clients contain semantic descriptions
of their capabilities and various types of requirements.

Service composition is a service design/construction process that
involves the combination of services into new complex services or
SBAs. Service composition spans several processes of the software
development life-cycle – how services are composed needs to be
established during the design of SBAs, the composition gets en-
acted during the development of a SBA and finally service compo-
sitions need to be monitored and possibly adapted during the
operation of SBAs. Ren et al. [S8] propose a framework that facili-
tates the visual design, validation and development of web service
compositions.

Agent-orientation describes a computer architecture that is
made up of a system of intelligent agents. The agents have charac-
teristics such as autonomy, social ability, reactivity, and pro-active-
ness [18]. Lu and Chhabra [S5] propose a service-oriented design
methodology that involved the wrapping of intelligent agents with
web services which speeds up the development process and results
in more competent web services.

6.1.3. Construction
Many of the process models encountered in the literature focus

on the construction of services [S52], SBAs [S10] or both [S7]. The
construction of services is a role undertaken by service providers
whereas the construction of SBAs is a role undertaken by service
consumers. Service providers and service consumers have differing
roles but may be in the same organisation. The focus of this review
is the construction of SBAs rather than services alone, however in
the absence of suitable existing services, the construction of ser-
vices is a sub-process of the SBA construction process.

The SBA development processes proposed vary in their ap-
proach. A common proposal is to adapt an existing traditional engi-
neering approach or framework to suit the service-oriented
paradigm. Meisinger and Kruger [S15] suggest an adapted version
of the traditional V-Model for the development of service-oriented
systems. Similarly there have been many Model Driven Develop-
ment (MDD) techniques suggested for the construction of SBAs.
MDD is a popular approach for the design and implementation of
object-oriented software. During MDD analysis and design models
can be used to automatically generate system code automatically
constructing the system. MDD can greatly simplify the construc-
tion process of SBAs by abstracting complex implementation stan-
dards and service interface details from developers. This process
will be discussed in more detail in the next section.

Model Driven Development (MDD) is a development paradigm
that uses models to represent and reason about problem and solu-
tion domains [S7]. Modeling is a useful method of working towards
a solution which enables the representation of dependencies
between the components being modeled. Once a model has been
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created it is possible to view the effects of changing part of the
model by examining dependencies within the models. A model
can be used as a reference in order to construct a software system,
alternatively using the appropriate technology a well defined mod-
el can be used to automatically generate a platform specific model
and then application code which can form the skeleton of a system.
This use of modeling to generate system code is referred to as Mod-
el-Driven Architecture (MDA).

Models are an intuitive method of developing solutions while at
the same time they abstract the specific details of implementing
the solution. This proposition is particularly appealing to SOC
where there are many protocols and standards involved in imple-
menting SBAs. In order to implement a basic WSBA the solution
may involve the SOAP protocol for messaging, WSDL for describing
service interfaces, and BEPL for implementing service composi-
tions. Each of these are verbose XML based languages which are
difficult to interpret by humans and are error prone when
constructed manually. For this reason there have been many
service development processes proposed that are based on MDD.
In this systematic review 17 different MDD approaches were
encountered.

A common approach proposed is to develop system models
with UML [S35] diagrams. This is a logical choice as there are many
MDA tools in existence that can handle UML. Johnson and Brown
[S7] outline an MDD technique for developing SBAs using a UML
profile suitable for service modelling. Many of the MDD ap-
proaches proposed conform to MDA principles where there are
several models created during development and these different
model types can be transformed into one another and finally into
source code. The most common model types proposed in the liter-
ature were Computation Independent Models (CIM), Platform
Independent Models (PIM) and Platform Specific Models (PSM)
[S32,S37]. Each of these models are one order of abstraction higher
than their successor, for example, a CIM models domain specific
artifacts which would use vocabulary familiar to domain practitio-
ners, while PIM models refer to the structure of a system without
referring to platform specific details [19].

There are too many MDD approaches in the literature to review
in detail, so a list is presented to briefly summarise some of the ap-
proaches suggested:

Collaborative modeling is a collaborative MDD approach where
stakeholders involved in system develop-
ment may collaborate remotely using
XML nets [S22].

Semantic modeling is a MDD approach that uses semantic
technologies to automatically translate
between the different abstraction levels
in MDA [S37].

SOMA Bercovici et al. [S27] propose a MDD
approach that complies with IBMs SOMA
methodology. It complements all of the
SOMA development processes with the
added benefits of MDD.

Context aware Samyr and Slimane [S30] propose a MDD
development approach that can be used
to develop context aware SBAs. Context-
aware applications have the added bene-
fit of adapting to variable contextual
parameters.

Web based Tavor et al. [S52] (2008) propose a web
based model editor which is part of a
model driven service engineering process.
It has advantages such as ease of accessi-
bility, zero client foot print and simple
consumption.

MDD automates many of the proceses involved in software
development such as analysis, design or implementation. However,
the use of MDD does not negate the advantages of a software pro-
cess model for the other processes in the development life-cycle. In
conjunction with MDD it is often necessary to implement
processes such as requirements engineering, operation and
management, or adaptation all of which would benefit from the
adherence to a suitable process model.

6.1.4. Deployment and Provisioning
Papazoglou and van den Heuvel [S41] describe service provi-

sioning as a process that contains practices such as service meter-
ing, service rating and service billing. In other words it is an
activity that allows service providers to monitor service usage
and charge where appropriate. Provisioning may not be a concern
when service producers and consumers are within a single
organisation. Service deployment on the other hand involves
making services available to service consumers which may
include SBAs. There were 19 out of the 57 primary studies which
contained details about the activities required for deployment or
provisioning.

6.1.5. Execution and Monitoring
The execution and monitoring processes are concerned with the

runtime activities of services and SBAs [S41]. Services need to be
monitored during runtime in order to ensure that they are avail-
able and functioning correctly. Similarly SBAs need to monitor each
of their component services to ensure that they are available and
functioning correctly. Monitoring can be an automatic or manual
process depending on the level of sophistication of the service or
application. If the monitoring process for a SBA detects that a ser-
vice becomes unavailable or its characteristics have changed to a
state that are no longer suitable then it may be desirable to adapt
the application. Adaptation in the context of (SOC), (covered in
more detail in Section 6.1.7) is a process which either automati-
cally or manually facilitates the re-configuration of services within
SBAs to a more desirable level. Only four of the primary studies
explicitly address Execution and Monitoring. However, nine pri-
mary studies address adaptation which is implicit in Execution
and Monitoring. Curiously, only one of the papers that explicitly
supports Execution and Monitoring also included processes sup-
porting adaptation [S38].

The Security process is usually regarded as an ongoing concern
for services and SBAs. As with traditional software systems, secu-
rity has to be considered at each stage of the development life-cy-
cle. Fernandez et al. [S25] propose the extension of a secure
development methodology to the development of SBAs. Delessy
and Fernandez [S9] propose a pattern-driven security process for
SBAs.

6.1.6. Formal Methods
Formal Methods (FM) is a software engineering discipline that

centres around mathematical techniques that can be applied to
processes such as formal specification, development and verifica-
tion of software systems [20]. These techniques are expensive to
implement so they are usually reserved for safety or security crit-
ical applications. Due to the complexity of implementing these
techniques they are applied sparingly. However, there have been
many applications of FM proposed to aid in the analysis, design
and construction of SBAs. FM techniques such as formal specifica-
tion can be beneficial for the construction of SBAs as they will en-
sure that the complex applications are constructed correctly. The
SENSORIA project [S38], amongst others, proposes a method for
Augmenting Service Engineering with various types of formal
methods for the analysis, transformation and dynamicity of
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service-oriented systems. Formal methods are often used in
conjunction with other software engineering techniques for the
development of SBAs. For example, Nguyen et al. [S29] propose
an SBA engineering methodology developed using techniques from
formal methods as well as Model Driven Architecture (MDA). One
of the problems with using Formal Methods during the develop-
ment of SBAs or using Formal Methods in general is the steep
learning curve involved. Since Formal Methods uses mathematics
in order to validate or specify software applications this can be
off-putting for practitioners.

6.1.7. Adaption
One of the research questions set out at the beginning of this

review was whether or not the software process models encoun-
tered would facilitate the adaptation of SBAs. Adaptation has
varying definitions depending on the context in which it is used.
In terms of SOC, adaptation is most often defined as the enact-
ment of an adaptation strategy in order to satisfy adaptation
requirements [21]. Adaptation requirements can range from fail-
ure recovery, to the consumption of services from providers
who offer better business propositions. Prior to the emergence
of SOC, software adaptation has been defined as a discipline that
provides techniques which enable the reuse of existing pieces of
software to create systems with new functionality [22]. This type
of adaptation is facilitated through the use of software adaptors
which enable software component reuse. Prior to the concept of
adaptation, software engineers have been using Component-
Based Software Engineering (CBSE) [23] or Component-Based
Development (CBD) [24] to reuse software components. Tradi-
tionally, it has been very difficult for software engineers to find
software components that exactly meet their requirements so
implementing CBSE/CBD has proven difficult. Software adapta-
tion, however, solved this problem by facilitating the adaptation
of components to meet the necessary requirements. Adaptation
of SBAs can be achieved with greater ease than traditional com-
ponent based systems because services implementations such as
Web Services are loosely coupled and expose standard interfaces.
Standard interfaces provide greater interoperability between ser-
vice providers and consumers, thus alleviating the requirement
for components to be adapted. SBAs can easily be adapted by
exchanging their services for alternative services that expose
the required functionality.

Services can also be adapted; as we have seen SBAs can be
adapted by re-arranging their component services. Chang and
Kim [S14] outline a service-oriented analysis and design process
for the development of adaptable services. In certain circumstances
it may also be desirable to adapt services in order to meet the
requirements of SBAs. In a scenario where a service has many ser-
vice clients which all may differ slightly, it may be beneficial for
the service to adapt to meet each of the individual client’s require-
ments. This, however, may also be viewed as suboptimal design as
there can be many versions of the same service or many similar
versions in operation at the same time. This can lead to problems

with maintainability as well as problem resolution. A detailed nar-
rative summary of each of the process models from the selected
studies follows in Section 6.2.

6.2. RQ-2: Adaptation process models

In this section our second research question is addressed.
Process models from the selected studies which contain adaptation
related processes are critically reviewed with emphasis on the
approaches taken as well as any validations that have been
conducted. A summary of these process models is illustrated in
Table 8 with detailed reviews in the following sub-sections.

6.2.1. ProDAOSS
Achbany et al. [S11] propose a Process for Developing Adaptable

and Open Service Systems (ProDAOSS) as a plugin for the I-Tropos
framework. I-Tropos is a comprehensive end to end agent-oriented
development methodology which assigns a crucial role to require-
ments analysis and specification processes [25]. The ProDAOSS
process model concentrates on three process areas. The first is
Organizational Modeling and Requirements Engineering using a
framework called FaMOs which models at the service level. The
second contribution of ProDAOSS is an Architectural Design pro-
cess which uses a Multi-Agent Software (MAS) architecture to
facilitates the adaptation of SBAs. This aspect of ProDAOSS appears
to focus on providing an architecture rather than specifically out-
lining the process details of how to implement it in an adaptable
SBA. Finally, the last item described in ProDAOSS is a Detail Design
process area that contains process details for a Reinforcement
Learning Model which focuses on exploration and exploitation
and a Probabilistic Reputation Model used to estimate the reputa-
tion of a service providers Quality of Service (QoS). The ProDAOSS
process model has been applied to two case studies which contrib-
utes towards its validity.

6.2.2. PLASTIC
Autili et al. [S1] take a different approach to adapting SBAs

where the services rather than the applications themselves adapt.
When an application’s context changes, adaptable SBAs should
adapt by choosing a service more suited to the new context. How-
ever, if individual service adapt to meet context changes it negates
the need to adapt the application itself. The advantage of service
adaptability over SBA adaptation is that it is more straight forward
to implement adaptable services, however adaptable SBAs are
more flexible and allow the dynamic binding of services from alter-
native providers during run-time. The PLASTIC development pro-
cess addresses adaptation in relation to context change only, and
does not support other forms of adaptation. It consists of a design
phase where all possible run-time contexts are models, where
these model are used to automatically generate code skeletons that
are manually coded to satisfy each context type. Then, at run-time,
the code segment that best suits the current context is executed to
achieve the desired functionality. It is a useful adaptation approach

Table 8
Adaptation specific process model summary.

Adaptation process model References Adaptation approach Based on Development approach Evaluation

ProDAOSS [S11] SBA adaptation I-Tropos Agent-oriented development Case study
PLASTIC [S1] Service adaptation Bespoke Other None
Muliview SOAD [S6] Service adaptation SOAD MDD None
BCDF [S13] SBA adaptation Bespoke Other Worked example
Chang et al. [S14, S16] Service adaptation SOAD Other None
CSOMA [S32] Service adaptation SOMA MDD None
CSOA [S30] SBA adaptation Bespoke MDD Worked example
Dino [S38] SBA adaptation Bespoke MDD None
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but is limited to context only adaptation and by the fact that the
services adapt rather than the SBA itself.

6.2.3. Muliview SOAD
Kenzi et al. [S6] propose a service-oriented anaylsis and design

(SOAD) development process with the same gaol as PLASTIC to
adapt services rather than SBAs Therefore, their approach is subject
to the same pros and cons as PLASTIC mentioned in the previous
sub-section. Kenzi et al. take a different approach however, opting
to for a Model Driven Development (MDD) process. The process fo-
cuses on providing a base or core set of functionalities for all ser-
vice clients with specific functionality being provided by means
of multiple views to clients with specific adaptation requirements.
The services required to implement these base and multiview
functionalities are modeled at design time. Then, these models
are used to generate implementation code. Once the services are
implemented at runtime the base and multiview services are com-
bined in order to provide the necessary functionality to meet the
contextual requirements of each client. This is a useful approach
but it lacks the ability to adapt by binding to services which are
provided by third parties.

6.2.4. BCDF
The Business Collaboration Design Framework (BCDF) [S13] is a

rule based development approach for the development of adapt-
able SBAs which facilitate ad-hoc business collaborations based
on predefined rules. They propose many types of rules such as
business rules, operational rules and services rules, all of which
are specified using an XML based standard called RuleML. Specify-
ing the rules as RuleML allows them to be transmitted to third par-
ties as well as for use in automated processes. This is a useful
approach that can be employed for automatic adaptation as the
rules that are encoded in RuleML may be parsed at runtime to
guide SBA adaptation. One of the key challenges with this approach
is the accurate representation of business rules. If the coded rules
do not accurately reflect reality then the consequences of any sub-
sequent adaptation may be undesireable. Orriens et al. [S13] illus-
trate the feasibility of BCDF with an example in the auto-insurance
domain. Unfortunately the example focuses on how rules are en-
coded and interpreted, rather than how BCDF fits into the overall
development process.

6.2.5. Chang et al.
Chang et al. [S14,S16] provide details of a SOAD approach which

can be used to develop adaptable services. This is another of those
approaches that achieves adaptability through the adaptation of
services rather that the adaptation of SBAs. They motivate their
work by hilighting the benefits of software reuse; pointing out that
adaptable services are more suitable for reuse than static services.
They explain that service variability is necessary when there are
many clients each with slightly different functional requirements
and contexts. The SOAD process that they present contains five
phases: Defining Target Services, Defining Unit Services, Planning
Service Components Acquisition, Acquiring Service Components
and Acquiring Service Components. Throughout the development
phases attention is paid to provision of adaptable services that
can cope with variation in factors such as compositions, interfaces
and logic. This is a useful service adaptation approach and has the
added benefit of being very process focused with low level details
of adaptation phases, processes, activities and artifacts.

6.2.6. CSOMA
The Contextual Service-Oriented Modeling and Analysis (CSO-

MA) [S32] development methodology is a SOMA approach aimed
at designing services that can adapt during runtime in order to
meet contextual adaptation requirements. The approach, which in-

cludes a UML modeling profile for creating Platform Independent
Models (PIMs), proposed an outline for a wider MDD approach.
The authors highlight that their PIM modeling profile has advanta-
ges of being platform independent (not tied to Web Services) as
well as specifically addressing adaptation requirements at design
time. The CSOMA development approach consists of process details
for three layers which are also common with many MDD ap-
proaches: a Computational Independent Model (CIM), their UML
based PIM profile, and a Platform Specific Model (PSM).

The CSOMA PIM modeling profile contains modeling constructs
which can represent variability in business logic and orchestration
logic. When used as part of a wider MDD approach, the modeled
variability can be transformed into application code which can
facilitate the runtime adaptation of business services. This MDD
approach is useful because it hides the complexities of low level
implementation technologies from system developers.

6.2.7. CSOA
Like the previous approach (CSOMA), CSOA [S30] is an MDD ap-

proach for the context-aware development, however, in this case
CSOA relates to the development of context-aware SBAs rather
than services. The approach employs viewpoint principles from
the Object Management Groups (OMG) Enterprise Collaboration
Architecture (EDOC-ECA). Among the many viewpoints used in
the modeling process is an adaptation view which facilitate the
modeling of Business Components, Contextual Components and
Connectors which handle bindings and middleware activities be-
tween business and context components. An application of the ap-
proach is illustrated using a mobile GPS application as an example,
where the application adapts to meet a contextual environment
where the user is a wheelchair user. In this case the application
adapts by putting more emphasis on map items such as pedestrian
crossings which are necessary for wheel chair users while also pro-
viding voice input functionality for hands free use. This is a useful
approach with the added benefit of providing adaptation at the
application level rather than just at the service level. Unfortunately
the approach focuses on specifying the MDD architecture and does
not give much detail on how the approach fits into the overall
development process.

6.2.8. Dino
SENSORIA was a large European project aimed at developing a

comprehensive service engineering approach, Wirsing et al. [S38]
describe it as:

SENSORIA is developing a novel comprehensive approach to the
engineering of service-oriented software systems where foun-
dational theories, techniques and methods are fully integrated
into pragmatic software engineering processes.

A key goal of this project was to facilitate the design of adapt-
able open ended service-oriented systems that can adapt at run-
time to meet a changing environmental conditions or by
optimizing an existing composition by selecting cheaper or better
quality services. A deliverable from the project which attempts to
meet these goals is a service broker engine called Dino [26] with
an associated development methodology. The approach is based
on MDD engineering create models in UML2 using a Mode profile.
A Mode in terms of SOC abstract a set of services that contribute to
a shared goal. They are particularly useful when modeling systems
that self-heal, self-optimise and self-assemble.

This approach has all the advantage of the other MDD ap-
proaches such as the abstraction of low level interface details
and service descriptions. However, the use of MDD has an associ-
ated learning curve which may be off putting to many developers
and architects.

S. Lane, I. Richardson / Information and Software Technology 53 (2011) 424–439 435



7. Discussion

The results of this review have given us a useful insight into the
state of the art of the research in the area of service-oriented soft-
ware process models. What is interesting to note is that out of all of
the approaches reviewed, only a few of them [7],[5] appear mature
enough for use in the development of real-life SBAs. Arsanjani et
al.’s process model is the only one that is based on extensive
empirical evidence. They claim that it was constructed based on
the experiences of developing hundreds of service based projects.
Unfortunately, in their publication they do not clearly show how
the processes and activities from SOMA were elicited from the
experiences on which it is based. Papazoglou et al.’s SLDC do not
draw on empirical evidence but they have based their approach
on RUP and CBSE which are both mature proven approaches. Even
with the lack of empirical validation, the SLDC is a complete life-
cycle model with enough detailed activities to guide the develop-
ment of SBAs.

On reviewing the data collected in the review, specifically
summaries, one of the strongest research themes in the complete
dataset is Model Driven Development (MDD) of SBAs. Given the
complex standards used in SBAs such as Business Process
Execution Language (BPEL) and Web Service Definition Language
(WSDL), many authors believe that the model driven approach is
the only way to achieve a high level of quality and productivity
while developing these systems.

7.1. Literature Gaps

There is a lot of opportunity for further research in this area.
Most of the studies that were reviewed only address particular
areas of the development life-cycle. Of the studies that attempt to
address the entire life-cycle, few of them are validated with real-life
scenarios. The process that are spread over many different process
models and studies need to be consolidated in order to address the
entire SBA development life-cycle. Then, once more complete pro-
cess models have been developed, they need to be validated so that
they can be adopted with confidence by SBA practitioners.

Other obvious areas of opportunity are the phases of the pro-
cesses that are not addressed often in the literature. The most obvi-
ous of these processes are operation and management, and
deployment and provisioning. Similarly, the type of research that
has been completed in this area are primarily secondary studies.
This lack of primary studies suggest that existing primary studies
are being repeatedly cited producing similar secondary studies.

7.2. Limitations of the Review

As with SLRs, there are some limitations associated with this SLR.
With SLRs in general there is often a lot of subjectivity involved in
the study selection as well as the data extraction processes. In order
to minimise the subjectivity involved in this study the reviewers
strictly adhered to the instructions set out in the review protocol.
The majority of the study selection and data extraction activities
were conducted by the first author of this report. In order to test
for reviewer bias a random selection of studies were reviewed and
extracted by the second author and compared to the results of the
first author. The difference between the results of the two authors
were small enough not to warrant further investigation.

Another limitation of this study is how the search string was
constructed and validated. This process often involves trial and er-
ror in order to strike the balance between the minimum set of rep-
resentative results and getting thousands of results which would
be impossible to process. During this study it was found that the
initial set of terms used were too generic and returned far too

many results. For example, using the term ‘‘process’’ alone gener-
ates thousands of results, however, using the term ‘‘development
process’’ greatly reduces the number of results while keeping rele-
vant studies. The search strings in this study were validated by
ensuring that some well known relevant studies were returned
with the results from the various electronic databases. The con-
struction and validation of the search string was found to be one
of the most critical factors in the design of the review protocol. A
high quality search string provides a smaller set of relevant results
which allows the reviewer to focus more effort on reviewing the
relevant studies rather than spending a lot of time filtering irrele-
vant studies. The key is not to have an overly conservative search
string which could risk the exclusion of relevant studies.

Two exclusion criteria used in this study which had a big impact
on the number of results returned were the exclusion of technol-
ogy-specific and application domain-specific process models. A
decision was chosen to exclude these studies in an attempt to iden-
tify studies that contained more generic processes that can be used
by anyone not just individuals from a specific domain or who em-
ploy a certain technology. The downside to this is that many useful
approaches may have been excluded at the expense choosing only
generic studies. A more positive observation from using these
criteria is that many technology specific or domain specific
approaches are specialisations of previously reported generic ap-
proaches which are already included in the review.

The final noteworthy limitation of this review is that grey liter-
ature such as technical reports or unpublished material are ex-
cluded from the study. From a search point of view, excluding
this material make the SLR more straight-forward and repeatable
but at the cost of potentially excluding valuable studies. It is com-
mon for process models to be reported in standards documents
which are often excluded from research databases so, unfortu-
nately, they are also excluded from this report.

8. Conclusions and future work

There are clearly a lot of studies in the public domain with a
many process models that can be used to guide the development
of SBAs. This review has identified and categorised the processes
within those process models to give an overview of the entire re-
search area. It has also identified studies that contain processes
that can facilitate the adaptation of SBAs. This review is a useful re-
source for practitioners and researchers who want to find process
models for specific SBA development processes or the entire SBA
development life-cycle. It is a particularly useful resource for those
interested in SBA adaptation.

Within the results it was found that there were some strong
process themes emerging, such as MDD is a particularly popular
theme. Another common approach was the modification of exist-
ing development methodologies to meet the needs of SOC. A prom-
ising indication from the results is that 8 process models include
adaptation processes. This is a welcome result since adaptability
is one of the key benefits of using a SOA.

One of they key findings within the study is that the published
process models lack empirical validation. Existing approached
while promising need to be strengthened with data from empirical
research to prove their applicability in real-life scenarios. Future
work planned for this research area is to codify the results of this
review using content analysis as well as enhancing existing re-
search with empirical data gathered through industry interaction.
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1 Introduction

Service-Based Applications (SBAs) are software ap-
plications which are composed of software services

and those services may be owned by the applica-
tion developers or by a third party. The ability of
SBAs to adapt in order to choose more suitable

services is a desirable attribute. When services are
provided by a third party there is often no guar-
antee that they will be available when required.

Another concern is that their functional or non-
functional parameters such as cost or quality may
change without notice. SBAs may be required to

adapt for many reasons such as business agility or
failure recovery. When adpating it may be desir-
able to replace or re-configure services within an

SBA through self-adaptation or through manual
adaptation.

In order for SBAs to be adaptable there are
both technical and software process challenges. The
technical challenges refer to the implementation

details of the adaptation mechanisms, while the
software process challenges refer to the way in which
adaptation affects the application’s development

life-cycle. The focus of this paper is the software
process challenges. We address the process chal-
lenges by eliciting adaptation related activities from

existing service literature and elicit adaptation sup-
port activities from the software maintenance lit-
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erature. The maintenance process was chosen as

a source of activities because of the similarities
that can be drawn between software adaptation
and software maintenance.

Since we are only focusing on adaptation re-

lated activities in this paper, they will need to be
used in conjunction with a life-cycle model that
addresses the remaining areas of the SBA develop-

ment life-cycle. The life-cycle model that we will
use is the S-Cube [1] reference life-cycle. S-Cube
is a European consortium that conducts research

on software services and systems of which the the
authors of this paper are contributors. One of the
aims of the S-Cube consortium is to develop a life-

cycle for the development of adaptable SBAs. The
S-Cube reference life-cycle is a skeleton life-cycle
model that will be populated with tools, techniques

and methods by S-Cube participants. This paper is
one such contribution relating specifically to adap-
tation activities for the development of adaptable

SBAs.

The S-Cube life-cycle consists of two cycles (see
Figure 1). In the evolution cycle, shown on the
right hand side of the figure, the software engi-

neer concentrates on the development of the SBA
through the traditional stages of requirements en-
gineering, design, construction and deployment, while

also focusing on quality assurance. However, as adap-
tation is a desirable feature in SBAs, the software
engineer must also consider how the application

will adapt during its life-time. The adaptation cy-
cle, shown on the left hand side, ensures that the
software engineer follows the processes: Identify adap-

tation needs, Identify adaptation strategy and En-
act adaptation. Within the complete life-cycle, there
must also be a focus on Operation and management

and Deployment and provisioning.

In related work, Oreizy et al [2] propose a devel-
opment life-cycle for adaptable component-based
applications with both development time and run-

time cycles. This paper proposes a development
process and a supporting application architecture.
However, since this approach is not specifically fo-

cused on service-oriented computing and is not en-
tirely process focused the S-Cube life-cycle was cho-
sen as a basis for this paper.

The S-Cube life-cycle as presented here is a con-

ceptual framework and it presents the processes
that need to be followed in order to develop adapt-
able SBAs. It does not, however, present the ac-

tivities that need to be followed within each of the
processes when developing SBAs. The activities re-
quired for many of the processes within the evolu-

tion cycle of the life-cycle are currently being inves-
tigated by participants of the S-Cube project [3].

The aim of this paper is to develop the adaptation

related activities for the the life-cycle. The adapta-
tion cycle is the major difference between this life-
cycle and standard software engineering life-cycles

such as waterfall [4], or spiral [5] life-cycle models.

Adaptation of SBAs is different from mainte-

nance in traditional software engineering in that it
is a less inexpensive process that usually involves
the substitution of component services compared

to expensive maintenance which usually involves
rewriting parts of an application. However, because
at a basic level both adaptation and maintenance

involve the modification of an application, similar-
ities can be drawn between the two.

Once a set of activities have been developed
for each of the processes of the S-Cube life-cycle

it will provide a useful guide for software engineers
intending to build adaptable SBAs. In order to con-
tribute to this life-cycle model, we elicit adapta-

tion activities from existing service-based develop-
ment approaches. We also elicit activities from soft-
ware maintenance literature that can support SBA

adaptation. The maintenance process was chosen
as a source of practices as it bears resemblance to
the SBA adaptation process. By taking this ap-

proach existing engineering practices are reused in
a novel way to fulfill the adaptation cycle of the
S-Cube life-cycle. The use of engineering practices

from the maintenance process ensure that a level
of quality assurance is built into the life-cycle.

This paper is organised as follows: Section 2 de-
scribes the motivation for carrying out this work,
followed by Section 3 which describes our research

methodology. Section 4 provides some background
information on SBA adaptation and service engi-
neering process models. The remainder of the pa-

per contains the body of the work in Sections 5
and 6, a case demonstrating an application of the
framework in Section 8 followed by conclusions in

Section 9.

2 Motivation

The adaptation of SBAs is important because they
are meant to operate in open-world contexts. Ser-
vices are dynamically integrated in larger service

compositions and/or SBAs, whose structure, fea-
tures, location and qualities are unknown when
they are developed. Their execution environments

are distributed, non-deterministic, unpredictable,
heterogeneous and highly dynamic. All these vari-
ables demand that SBAs be highly adaptable, and

that they are developed using a software develop-
ment process that accommodates their adaptation
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Fig. 1 The Life-Cycle of Adaptable SBAs.

requirements. Implementing a best practice soft-
ware development process ensures quality through
the optimisation of the engineering processes and

methods during the development life-cycle.

Service-Oriented Computing (SOC) promises com-
panies the ability to conduct ad-hoc business col-

laborations that are supported by software services
that can be orchestrated to meet the business re-
quirements of each participating company. Soft-

ware supported ad-hoc business collaborations are
not new but SOC promise to provide greater power
and flexibility than predecessors such as electronic

data interchange, distributed components and email.
The benefit of SOC is that it is platform and tech-
nology neutral with the lowest common denomina-

tors usually XML and HTTP capabilities. In or-
der to realise the benefits of SOC it is important
for SBAs to be able to adapt to meet changing

business needs and service quality characteristics
as previously mentioned.

The problem with existing development approaches
is that they do not suit development SBA that

are composed of distributed services with runtime
adaptation capabilities. Existing development ap-
proaches usually do not have any processes to sup-

port runtime adaptation. The closest engineering
process to adaptation is the maintenance process.
Although the maintenance process can provide some

level of support to adaptation it is clear that spe-
cific adaptation processes and activities are neces-
sary.

A key benefit of adaptation is that it facili-
tates agility, reliability and resilience of applica-
tions. These attributes are particularly important

for applications operating within critical domains.
Therefore, a framework that can facilitate adapta-

tion is valuable for developing applications within
these domains. In their Evolving Critical Systems
white paper [6], Lero researchers discuss four types

of criticality: safety-critical, mission-critical, business-
critical and security-critical. Failure of safety-critical
systems can cause serious injury or even death to

individuals. Such cases normally come under the
auspices of regulation bodies. These include the
medical device, automotive and financial domains,

where software is becoming more prevalent and
regulations are inherent within the domain. For
example, development of software for medical de-

vices is governed in many jurisdictions by the U.S.
Food and Drugs Administration (FDA). In Eu-
rope, major car companies - Audi, BMW group,

DaimlerChrysler, Porsche and Volkswagen - have
come together to form the Herstellerinitiative Soft-
ware (HIS) process assessment working group [7].

One of the aims of this group is to achieve stan-
dardization, and they require that suppliers of soft-
ware follow particular process models. Another view

of criticality to be considered is that of business-
critical. Of course, for organisations depending on
regulation, not achieving certification will result

in the company being prevented from entering or
continuing in a particular market. However, sys-
tems down-time can also be business-critical. This

would be the case, with a company such as Ama-
zon [8] who sells much of its product on the web. In
this case, the reliability of the service is important

because down-time could cause significant loss of
business.

Given the growth and increased availability of
services, many SBAs are being used in these crit-

ical environments. These systems are expected to
be adaptable, and, as software engineers, we need
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to ensure that during the adaptation cycle of the

SBA, the software continues to be operationally
successful. To do this, software engineers need adap-
tation activities to be defined.

3 Research Method

The aims of this paper are to determine the design
and runtime activities required for SBA adaptation
and to identify suitable support activities that can

be used to supplement them. These activities are
then mapped to the S-Cube SBA development life-
cycle at the point where they can be enacted. As
illustrated in Figure 2, the work is divided into two

phases. The adaptation activities are identified in
Phase I. These activities are then mapped to the
S-Cube life-cycle in Phase II. The end result is a

framework of adaptation activities that can be used
to guide software practitioners in the development
of adaptable SBAs.

To determine the activities required for SBA
adaptation we examined 16 service-oriented engi-

neering approaches. We found that 5 of these ap-
proaches supported adaptation in one way or an-
other. Even if the approaches did not specifically

support runtime adaptation they were still searched
for activities that are implicit to adaptation. For
example, in self-adapting systems monitoring needs

to occur in order to trigger adaptation. Although
monitoring is not directly related to adaptation it
is classified as an adaptation activity because it is

needed by the application to adapt. Activities were
classified as adaptation related if they could be re-
lated to the adaptation processes defined in the
reference life-cycle proposed by the S-Cube con-

sortium [1].

The set of disjointed adaptation activities iden-

tified were grouped together into categories of re-
lated activities. These categories were based on
high-level adaptation activities that were identified

in several technical reports from the S-Cube con-
sortium (CD-JRA-1.1.2[1], CD-JRA-1.2.1[9], CD-
JRA-1.2.2 [10]).

In order to satisfy the the second part of the re-
search objective, identification of adaptation sup-
port activities, we examined relevant maintenance

standards and process reference models. This es-
tablished adaptation support activities that could
be used to supplement the core activities identified

in the previous step.

Once the activities were identified they were
mapped to the skeleton SBA development life-cycle

proposed by S-Cube. This mapping shows the ac-
tivities in context and lays the foundations for a

process model that can be used for developing adapt-

able SBAs.

4 Background

4.1 SBA Adaptation Definitions

Within the context of SBAs, adaptation is the mod-
ification of an application in order to satisfy adap-
tation requirements [9]. There are many adaptation

requirements that can be desirable in SBAs, for ex-
ample, the facilitation of interoperability amongst
services [11], the optimisation of Quality of Service

(QoS) [12] or the implementation of failure recov-
ery [13]. SBA adaptation may involves the sub-
stitution, replacement, re-configuration or removal

of component services from a SBA. Once adapta-
tion requirements have been determined, it is then
necessary to create an adaptation strategy. After

the adaptation strategy has been developed, it will
then be possible to enact the adaptation.

This is in contrast to the evolution of SBAs

which refers to the initial requirements, design, im-
plementation and operation of SBAs. In order to
appropriately determine whether or not adaptation

is required, it is useful to monitor the execution of
SBAs. Monitoring can be done automatically by an
application or can be achieved manually by review-

ing error logs. There have been many monitoring
frameworks proposed. Pistore et al (2004) [14] pro-
pose a methodology for the monitoring of web ser-

vices based applications, so they can be adapted if
an error occurs of if QoS requirements are not met.

Adaptation strategies depend on many factors.

One such factor is whether adaptation will be dy-
namic or static. Static adaptation involves the adap-
tation logic being hard coded into the initial SBA

implementation while dynamic adaptation allows
adaptation logic to be introduced or altered at run-
time. Modifying the adaptation logic for a SBA

with static adaptation requires that the application
code is changed during a maintenance or evolution
cycle. Dynamic adaptation, on the other hand, al-

lows the introduction of new adaptation logic or
the reconfiguration of existing adaptation logic at
runtime.

Adaptation of an SBA can by partially or fully
automatic. A scenario where adaptation is partially
automated is where a service becomes unavailable

requiring an actor to choose from alternative ser-
vices using functionality built-in to a SBA. In a
fully automatic SBA this substitution could be en-

acted automatically by the application based on
the QoS or availability of alternative services.
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Fig. 2 Research Methodology

4.2 Software Maintenance Definitions

Many software engineering reference life-cycles and
assessment models do not make direct reference

to software maintenance. We have observed that
there is little or no coverage of the maintenance
process in the major assessment models despite
the fact that software maintenance can take up to

60 percent of the time [15] and 70 percent of the
budget [16] of a software project. April et al [17]
propose a Software Maintenance Maturity Model

(SMMM) which can be used as an add-on to the
CMMITM. It takes best practice processes and ac-
tivities from a variety of sources such as ISO/IEC

14764, IEEE 1219, ISO/IEC 12207, CMMITMand
SWEBOK [18] in order to construct the model.

Software maintenance has a variety of defini-
tions. However, most agree that it is the process of

modifying software after initial delivery. The fol-
lowing list outlines the five most recognised types
of software maintenance [19] [20] [21]:

– Perfective Maintenance is performed to improve
performance or maintainability.

– Corrective Maintenance is carried out in re-

sponse to system failures.
– Adaptive Maintenance is carried out in response

to a change in operating environment or in re-

sponce to new functionality requirements.
– Preventive Maintenance: is maintenance car-

ried out in a system to detect future errors in

a software product.
– Emergency Maintenance: is unplanned main-

tenance that is carried out in order to keep a

system operational.

4.2.1 Gap in Traditional Software Engineering

When comparing the engineering of SBAs to the
engineering of traditional software applications, the

focus of engineering SBAs is shifted to developing
compositions of services, the control of services is

passed from their users to their owners, and the
ability of adapting to ever-changing requirements
become more important. Due to the different focus

and additional requirements, traditional software
engineering approaches are no longer sufficient for
engineering SBAs.

In particular, the ability to be self-adaptable
is an important research topic in the service de-
velopment community. We propose the following

adaptation processes which are missing from the
software engineering literature, each of the pro-
cesses are based on similar software maintenance

processes:

– Perfective Adaptation aims at improving or op-
timizing the quality attributes of a SBA even it
runs correctly. This corresponds with Perfective

Maintenance.
– Corrective Adaptation aims at removing any faults

in the behavior of a SBA. This corresponds with

Corrective Maintenance.
– Adaptive Adaptation modifies a SBA when its

execution environment changes. This corresponds

with Adaptive Maintenance.
– Preventive Adaptation aims at preventing po-

tential or possible future faults before they oc-

cur. This corresponds with Preventive Mainte-
nance.

– Extending Adaptation extends a SBA by adding

new functionalities as required. To an extent,
this corresponds with Emergency Maintenance
in that adding new functionalities that are re-

quired during the execution of a SBA can be
seen as unplanned maintenance activities.

5 PHASE I: Identifying Adaptation

Activities

In this section we present the activities that can

be used to develop adaptable SBAs which we iden-
tified in the software and service engineering liter-
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ature. The activities may be involved directly in

adaptation or they may be adaptation support-
ing activities. The latter, while not essential for
adaptation, provide for support activities, such as

change management. These support activities add
to the overall quality of adaptable SBAs.

5.1 Adaptation Activities Categories

Table 1 lists high-level conceptual adaptation ac-
tivities proposed by the S-Cube consortium for the
adaptation of adaptable SBAs. These activities were

used to categorise the adaptation activities identi-
fied in the service-engineering literature. The three
S-Cube deliverables examined were:

– CD-JRA-1.1.2 Separate Design Knowledge Mod-

els for Software Engineering and Service Based
Computing [1]

– PO-JRA-1.2.1 State of the Art Report, Gap

Analysis of Knowledge on Principles, Techniques
and Methodologies for Monitoring and Adapta-
tion of SBAs [9]

– CD-JRA-1.2.2 Taxonomy of Adaptation Prin-
ciples and Mechanisms [10]

5.2 Adaptation Activities from Service-Oriented
Engineering Approaches

There have been many software development pro-
cesses and life-cycles proposed for the development

of SBAs as well as their underlying services. Many
of these proposed approaches do not take the adap-
tation of SBAs into consideration [1]. Several ap-

proaches such as those proposed by Cortellessa et
al [22] or Adil kenzi et al [23] include adaptation as
a primary concern when developing services. How-

ever, these approaches are aimed at the develop-
ment of services rather than compositions of ser-
vices required by SBAs.

5.2.1 Service-Oriented Engineering Approaches

For the research presented here, we analysed 16

SOA approaches, and note that only five approaches
explicitly mentioned some activities or tasks that
are related to adaptation. These five approaches

are presented in this section.

ASTRO [24] is a toolset that is made up from

four component tools: WS-gen, WS-mon, WS-console
and WS-animator. The aim of ASTRO is to sup-
port the automated composition of distributed busi-

ness processes. Distributed business processes are
represented as distributed software services, and

these services can automatically be composed with

the ASTRO tools to make a useful combined busi-
ness process. The WS-gen tool is used to generate
business process or service compositions by taking

BPEL4WS as input and generation a composition
based on the BPEL4WS specification. BPEL4WS
is a Business Process Execution Language tailored

to meet the needs of Web Services. WS-mon is a
monitoring tool which is used to implement and
deploy monitors to monitor the composed business

processes. The WS-console tool is a front end which
displays the status of the monitors deployed by the
WS-mon tool and the final tool WS-animator is

a graphical tool which allows the execution of the
composed services/processes. ASTRO facilitates ser-
vice composition which makes it a suitable candi-

date to look at for service adaptation activities.

The BEA reference life-cycle [25] outlines
the activities for each of the following SBA life-
cylce processes: Requirements and Analysis, De-

sign, Service Development and IT Operations. For
each of these processes it looks at the concerns
such as actors, tools, deliverables, key consider-
ations, recommended process and best practices.

The life-cycle also has a business dashboard which
monitors the life-cycle as it progresses. Along with
the dashboard the life-cycle had a governance pro-

cess which promotes interoperability, discoverabil-
ity and standardisation of service technologies. To
some extinct the BEA life-cycle caters for adapt-

ability as it provides service monitoring, runtime
correctness analysis and operational management
activities.

Chang [26] proposes a process model which

focuses on developing highly adaptable web ser-
vices. It follows the sequence of steps specified in
the SOAD [27] framework, namely: service identifi-

cation, service specification and service realisation.
The process model contains six processes each of
which contain several activities. The processes are:

analyzing target services, defining unit services and
compositions, planning for acquiring service com-
positions, acquiring service components, develop-

ing service adapters and verifying service compo-
nents. Each of the processes are targeted at the end
result of developing adaptable web services. Sim-

ilarly, each of the processes refer to one or more
of the key artifacts in SOAD. The process model,
although concise, addresses a lot of key concerns

relating to adaptable services.

The Web Services Development Life Cy-
cle Methodology (SLDC) [28] is influenced by
several established life-cycles such as RUP [29],

CBD [30] and BPM [31]. The life-cycle contains one
preparatory planning process and eight other incre-
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Table 1 Adaptation Activities from S-Cube Deliverables

Activity Description

Define adaptation requirements Identify the aspects of the SBA model that are subject to change, and
what the expected outcome of the adaptation process is.

Define requirements to the moni-
toring subject

In order to satisfy the adaptation requirements, this practice focuses
on specifying what artifacts are expected to be monitored.

Define monitored property Specify which properties of the monitoring subject should be moni-
tored.

Provide monitoring functionality Monitoring functionalities that satisfy the monitoring requirements
are provided through monitoring realization mechanism.

Collect monitoring results for
adaptation

Results of monitoring are collected and analyzed.

Trigger adaptation Evaluate the results from the monitoring analysis against adaptation
requirements. If the need for adaptation is identified, send a request
to trigger adaptation process.

Design adaptation strategy Design the ways through which the adaptation requirements are sat-
isfied.

Select adaptation strategy Decide which particular adaptation strategy to be chosen based on
the specific adaptation needs.

Perform adaptation The actual adaptation process is performed through adaptation real-
ization mechanisms based on the selected adaption strategy.

mental processes: Analysis, Design, Construction,

Testing, Provisioning, Deployment, Execution and
Monitoring. Along with the life-cycle, the method-
ology contains a number of principles such as ser-

vice coupling, service cohesion and service gran-
ularity that aid in the development of SBAs. The
SLDC methodology contains adaptation specific ac-

tivities such as Quality of Service (QoS) monitor-
ing and alerts for compliance failures.

The SeCSE methodology [32] is a set of
functional areas and processes that focus on service-

centric engineering, service engineering and service
acquisition. The methodology also provides practi-
tioners with the information required to adopt the

various tools and methods developed by the SeCSE
consortium. The SeCSE methodology is conveniently
divided into two sections: design time processes

and run-time processes. Design time processes con-
tain many of the traditional software engineering
processes such as analysis, design and development,

while the run-time processes contain mostly service
centric processes such as service binding/rebinding,
run-time service composition and recovery man-

agement. Processes such as run-time service com-
position and service monitoring illustrate that the
SeCSE methodology was designed with adaptation

in mind.

5.2.2 Adaptation Activities Identified

Having reviewed these five approaches in detail
the activities encountered relating to adaptation

or monitoring were recorded. We included monitor-

ing activities because adaptation cannot take place
without monitoring, so monitoring is sub-process
of adaptation. The activities are summerised in Ta-

ble 2. They are categorised based on the activity
categories identified in Section 5.1. We include four
activities in an evolution activity category. These

activities, while not directly involved with run-time
adaptation, need to be carried out during SBA evo-
lution in order to facilitate runtime adaptation.

The Astro toolset contains a monitoring tool
which facilitates the two adaptation activities: Mon-

itor message sequences amongst services and its
partners and Detect protocol violations. The ac-
tivity Monitor message sequences amongst services

and its partners monitors messages exchanged be-
tween services and service consumers which could
be used as an adaptation trigger. Detect protocol

violations monitors whether service consumers be-
have as expected, if they do not, the monitoring
activity could also trigger adaptation.

The BEA life cycle also contains monitoring

related activities that could trigger adaptation, the
Define KPIs and management policies activity could
be used to determine which properties should be

monitored, while Monitor service, application, mid-
dleware, OS, hardware, and network describes the
monitoring of services and other system compo-

nents.

Chang’s approach contains two adaptation re-
lated activities: Specifying service decision model
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Table 2 Adaptation Activities from Service-Oriented Engineering Approaches

Define adaptation requirements

Define requirements to the monitoring subject

SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs

Define monitored property

SeCSE: Specify monitoring rules according to the adopted SeCSE monitoring language (SECMOL)

Provide monitoring functionality

ASTRO: Monitor message sequences amongst services and its partners
BEA: Monitor service, application, middleware, OS, hardware, and network
SDLC: Monitor workloads
SeCSE: Monitor services

Collect monitoring results for adaptation

ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics

Trigger adaptation

SeCSE: Recovery management: identify, by looking at the monitoring data, the needs for a recovery
action

Design adaptation strategy

Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters

Select adaptation strategy

Perform adaptation

SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery

Evolution Activities

BEA: Requirements and analysis stage - define KPIs and management policies
SeCSE: Requirements and analysis stage - identify the service properties to specify
SeCSE: Service deployment - insertion of monitoring rules and recovery actions in concrete parts of the
service composition executable description
SeCSE: Service deployment - deploy the monitoring rules and recovery policies within the monitoring
system

aims at specifying the variability between available
services and expected services. Designing Service
Adapters aims at bridging the variability between

service providers and consumers by allowing ser-
vices to be dynamically adapted.

SDLC defines five adaptation related activities

which revolve around the monitoring of quality at-
tributes and alerting system users when they ex-
ceed predefined SLAs: Gather QoS metrics on the

basis of SLAs (Service Level Agreements) refers to
the collection of quality attribute data for monitor-
ing, Set warning thresholds and alerts for compli-

ance failures refers to the setting of threshold val-
ues for the monitored quality attributes, Monitor
workloads refers to the monitoring of system utili-

sation, if utilisation is high and response times are
affected then the service provider may have to take

the appropriate actions to ensure SLAs are met.
Readjust service weights for request queues refers
to the re-evaluation of SLAs if they are not being

met due to high demand or utilisation. Evaluate
SLA QoS metrics involves the comparison of QoS
metrics to predefined SLAs.

The SeCSE approach contains many detailed
activities relating to the monitoring (Monitor ser-
vices, Specify monitoring rules according to the adopted

SeCSE monitoring language) and runtime adapta-
tion (Runtime Service Discovery) of SBAs. It con-
tains two activities which support corrective adap-

tation: Service deployment: insertion of monitor-
ing rules and recovery actions in concrete parts
of the service composition executable description

refers to the implementation of monitoring mech-
anisms, while Recovery management: identify, by
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looking at the monitoring data, the needs for a re-

covery action refers to the runtime corrective adap-
tation of a SBA. Service specification: identify the
service properties to specify states that the ser-

vice properties to be monitored are determined
during the service specification phase of develop-
ment. Finally Service deployment: deploy the mon-

itoring rules and recovery policies within the moni-
toring system states that the appropriate monitor-
ing mechanism is deployed during the deployment

phase.

5.3 Adaptation Activities from Maintenance

Process Models

We also identified activities from the software main-

tenance process as useful for the adaptation of SBAs.
There are many software maintenance processes,
definitions, models and standards encountered in

the literature. However, ISO/IEC 14764 was the
only source that contained detailed activities. In
the next Section (5.3.1) we review ISO/IEC 14764

as well as the other ISO/IEC standards from which
it inherits some of its attributes.

5.3.1 ISO/IEC 14764

ISO/IEC-15504 also known as the Software Pro-
cess Improvement and Capability Determination
(SPICE) model contains a detailed reference pro-

cess model which covers most of the process ar-
eas in software engineering. The reference process
model from ISO/IEC 15504 is also published as the

separate standard ISO/IEC 12207. ISO/IEC 12207
was first published in 1994 and contained descrip-
tions for sub-processes from the software mainte-

nance process. ISO/IEC 12207 contains the follow-
ing sub-processes: Process Implementation, Prob-
lem and Modification Analysis, Modification Im-

plementation, Maintenance Review/Acceptance, Mi-
gration and Retirement.

The standard was updated in 2008 to include a

purpose and outcome for the software maintenance
process. The reference life-cycle from ISO/IEC 15504
has descriptions for each process in the software en-

gineering life-cycle. They need to be relatively con-
cise. Otherwise, completing a capability assessment
would become too labor intensive. Generally, there

are more detailed ISO/IEC standards for the indi-
vidual process areas from the software engineering
life-cycle. In the case of the maintenance process

there is a separate standard ISO/IEC 14764, which
contains more detail than the process description

from ISO/IEC 15504 or ISO/IEC 12207. It speci-

fies the details of the inputs, tasks, controls, sup-
ports and outputs for each of the sub process for
the maintenance process. Processes and their as-

sociated tasks in ISO/IEC 14764 are summarised
here. Each process also has inputs, controls, sup-
ports and outputs which are not discussed.

Process Implementation requires maintenance
plans and procedures to be created. The mainte-
nance plan should document the plan for carry-

ing out maintenance, while the maintenance pro-
cedures should contain more specific details for im-
plementing this maintenance. Modification Request/Problem

Report procedures are also listed. Procedures need
to be put in place for receiving, recording and track-
ing modification requests and problem reports. A

Configuration Management process also needs to
be put in place to track the modification of an ex-
isting system.

Problem and Modification Analysis requires
modification request and problem report analysis

before deciding on how to proceed with changes.
This may involve scoping the maintenance, doc-
umenting possible solutions and documenting im-

pact on existing systems. Similarly the maintainer
will need to verify or replicate the problem or is-
sue. The maintainer needs to develop options for

implementing the modification. Options to be de-
veloped include alternative work-arounds or solu-
tions. Finally, the maintainer needs to document

and ensure approval of the the modification request
or problem report, the analysis and potential solu-
tions.

Modification Implementation requires the
maintainer to carry out analysis in order to deter-
mine which documents and software versions need

to be modified. After the analysis the required soft-
ware changes should be implemented during the
development process.

Maintenance Review/Acceptance is a pro-
cess which involves the maintainer carrying out re-
views to ensure the integrity of the modified sys-

tem. Following this task, the maintainer seeks ap-
proval from the appropriate authority that the main-
tenance has been completed satisfactorily.

Migration begins with the identification of all
software or data that is modified if migration from

an old platform to a new platform is performed.
If migration is going to occur, it is necessary to
create and document a migration plan and then

execute the migration according to the plan. Prior
to migration a notification of intent should be pro-
vided to all system users before migration occurs.

Following migration the old and new environments
should be run in parallel while providing training
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to end users in order to ensure a smooth transition.

Once migration has been completed, notification
of completion needs to be sent to the appropriate
stakeholders. Post migration review should be con-

ducted after migration in order to assess the impact
of the migration. Finally, all of the data associated
with the old environment should be achieved in ac-

cordance with the appropriate data protection and
audit policies.

Software retirement takes place once a de-

cision has been made to retire an active software
product. A retirement plan should be developed
and documented by the system maintainer. Af-

ter deciding to retire software, a notification of
retirement intent should be sent to the appropri-
ate software product stakeholders. During retire-

ment, a parallel operation of new and retiring soft-
ware software should be carried out along with the
training of end users. Once complete, notification

should be sent to the appropriate stakeholders and
finally, data relating to the retiring product should
be archived should it be required at a later date.

5.3.2 Activities Identified

In total there were 19 maintenance practices iden-
tified from ISO/IEC 14764. They are categorised
in Table 3 according to the processes they come

from in ISO/IEC 14764, and represent the com-
plete set of activities that need to be carried out
to implement a maintenance process . The first set

of activities refer to the actual implementation of
the required process guidelines, while the other ac-
tivities detail the execution of those guidelines.

6 PHASE II: Mapping Adaptation
Activities

6.1 Adaptation Activities Mapped to the S-Cube
Life-Cycle

Table 4 shows each of the adaptation activities that
were identified in Section 5.3.2 mapped to the ap-

propriate phases of the S-Cube life-cycle. Where
possible the activities are grouped in related cat-
egories. The categories used are those identified

from the S-Cube deliverables in Section 5.1. The
activities within each life-cycle phase are not in a
specific order and they can be executed as needed.

6.2 Observations on Adaptation Activities

Unfortunately, the adaptation activities identified
from the service-oriented engineering approaches

Table 3 Adaptation Support Activities from ISO/IEC
14764

Define adaptation requirements

14764: Problem and Modification Analysis : MR/PR
analysis
14764: Migration: Migration

Define requirements to the monitoring subject

14764: Modification Implementation: Analysis

Define monitored property

Provide monitoring functionality

14764: Process Implementation: MR/PR procedures

Collect monitoring results for adaptation

14764: Problem and Modification Analysis : Verifi-
cation
14764: Maintenance Review/Acceptance: Reviews
14764: Migration: Post-operation review
14764: Maintenance Review/Acceptance: Approval

Trigger adaptation

Design adaptation strategy

14764: Process Implementation: Maintenance plans
and procedures
14764: Problem and Modification Analysis: Options
14764: Migration: Migration plan

Select adaptation strategy

14764: Problem and Modification Analysis : Ap-
proval

Perform adaptation

14764: Process Implementation: Configuration man-
agement
14767: Modification Implementation: Development
process

do not form a complete view of all the necessary ac-

tivities required to enable the adaptation of SBAs.
This is due to the fact that the activities were
identified from many different sources that do not

treat service adaptation as a primary concern. As
we can see from Table 4, many activities were in
the process: Identify adaptation needs, while only

a few processes were identified in Identify adap-
tation strategy and Enact adaptation. This implies
that the state of art of adaptation processes focuses

much more on gathering requirements and identi-
fying when adaption is needed. These are highly
relevant to what needs to be monitored. However,

as soon as the need for adaption is identified, little
efforts have been put in to defining, selecting and
executing adaptation strategies.

Only two SOA approaches, SDLC and SeCSE,

explicitly describe the actual execution of adapta-
tion. Indeed, in these cases, the adaptation is lim-
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Table 4 Adaptation Activities Mapped to S-Cube Life-Cycle

Requirements engineering and
design

BEA: Define KPIs and management policies

SeCSE: Identify the service properties to specify
Construction

Deployment and provisioning SeCSE: Insertion of monitoring rules and recovery actions in concrete parts of the
service composition executable description
SeCSE: Deploy the monitoring rules and recovery policies within the monitoring
system

Operation and management

Identify adaptation needs Define adaptation requirements
Define requirements to the monitoring subject
SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs
Define monitored property
SeCSE: Specify monitoring rules according to the adopted SeCSE monitoring
language (SECMOL)
Provide monitoring functionality

ASTRO: Monitor message sequences amongst services and its partners
BEA: Monitor service, application, middleware, OS, hardware, and network
SDLC: Monitor workloads
SeCSE: Monitor services
Collect monitoring results for adaptation
ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics
Trigger adaptation

SeCSE: Recovery management: identify, by looking at the monitoring data, the
needs for a recovery action

Select adaptation strategy Design adaptation strategy
Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters
Select adaptation strategy

Enact adaptation Perform adaptation
SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery

ited to corrective adaptation - the replacement of
services when quality attributes do not meet ex-
pectations. Other types of adaptation such as per-

fective adaptation, adaptive adaptation, preventive
adaptation and extending adaptation are not sup-
ported.

None of the existing service-oriented engineer-
ing approaches specifies how to select an adapta-
tion strategy. In the two approaches that actually

describe the execution of adaptation, the adapta-
tion strategies are (implicitly) pre-defined.

While adding these activities to the S-Cube
life-cycle, we noticed that some of them belong to

the adaptation cycle, while there are others which,
while coming under adaptation within service-oriented
engineering approaches and S-Cube life-cycle liter-

ature, actually belong to the evolution cycle of the
S-Cube life-cycle. For instance, KPIs and manage-
ment policies (from BEA) as well as service prop-

erties (from the SeCSE methodology) are defined
at the requirement engineering process. There not
directly used by adaptation practices but are rele-

vant in that specifying these attributes makes cor-
responding monitoring and assessment possible.

6.3 Adaptation Support Activities Mapped to the
S-Cube Life-Cycle

Out of the 19 adaptation support activities identi-
fied from ISO/IEC 14764, 13 of them were mapped
to the S-Cube life-cycle. Table 5 shows the cumu-

lative mapping of the adaptation as well as the
adaptation support activities to the S-Cube life-
cycle.

Process Implementation The process imple-

mentation process area from ISO/IEC 14764 has
three activities: Maintenance plans and procedures,
Problem reports/modification requests (MR/PR) pro-

cedures and Configuration management each of which
were mapped to one of the high level adaptation
activities of the S-Cube life-cycle from Phase I. The

implementation of MR/PR procedures was mapped
to Provide monitoring functionality in the life-cycle.
The implementation of problem report procedures

would allow application engineers to receive and
track problem reports which would allow them to
determine if adaptation is necessary. Similarly, a

modification request procedure would allow engi-
neers to track modification requests and determine
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Table 5 Adaptation activities from ISO/IEC 14764 and Service Engineering Literature Mapped to S-Cube Life-Cycle

Requirements engineering and
design

BEA: Define KPIs and management policies

SeCSE: Identify the service properties to specify
Construction

Deployment and provisioning SeCSE: Insertion of monitoring rules and recovery actions in concrete parts of the
service composition executable description
SeCSE: Deploy the monitoring rules and recovery policies within the monitoring
system

Operation and management

Identify adaptation needs Define adaptation requirements
14764: Problem and Modification Analysis : MR/PR analysis
14764: Migration: Migration
Define requirements to the monitoring subject

14764: Modification Implementation: Analysis
SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs
Define monitored property

SeCSE: Specify monitoring rules according to the adopted SeCSE monitoring
language (SECMOL)
Provide monitoring functionality
14764: Process Implementation: MR/PR procedures
ASTRO: Monitor message sequences amongst services and its partners
BEA: Monitor service, application, middleware, OS, hardware, and network
SDLC: Monitor workloads
SeCSE: Monitor services
Collect monitoring results for adaptation
14764: Problem and Modification Analysis : Verification
14764: Maintenance Review/Acceptance: Reviews
14764: Migration: Post-operation review
14764: Maintenance Review/Acceptance: Approval
ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics
Trigger adaptation
SeCSE: Recovery management: identify, by looking at the monitoring data, the
needs for a recovery action

Select adaptation strategy Design adaptation strategy

14764: Process Implementation: Maintenance plans and procedures
14764: Problem and Modification Analysis: Options
14764: Migration: Migration plan
Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters
Select adaptation strategy
14764: Problem and Modification Analysis : Approval

Enact adaptation Perform adaptation

14764: Process Implementation: Configuration management
14767: Modification Implementation: Development process
SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery

if the modification request requires adaptation. The

Maintenance plans and procedures activity was mapped
to Define adaptation strategy in the S-Cube life-
cycle. The Define adaptation strategy activity refers

to the definition of plans and procedures for adapt-
ing a SBA, so it makes sense that Maintenance
plans and procedures could be used for this ac-

tivity given the commonalities between adaptation
and maintenance. Configuration management was
mapped to the Enact adaptation activity, because

the resolution of problems after applications adapt
would be much easier if configuration details of
component services are recorded. Fang et al [33]

illustrate how the configuration management pro-

cess would be beneficial to adaptation of SBAs.

Problem and Modification Analysis The
problem and modification analysis process area con-
tains four activities that are useful for SBA aadap-

tation: Problem reports/modification requests (MR/PR)
analysis, Verification, Options and Approval. In
the context of software maintenance these activi-

ties are undertaken in order to analyze problem re-
ports or modification requests and determine their
impact on the application (MR/PR analysis). If

the reports or modification requests are valid (Ver-
ification) potential solutions are proposed (Options)
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and approval is sought to implement the required

changes (Approval). The MR/PR analysis activity
is mapped to Define adaptation requirements in the
S-cube life-cycle. The analysis of maintenance re-

quests and problem reports could be altered to the
analysis of adaptation requests and problem reports
to suit the adaptation of SBAs. This analysis ac-

tivity could provide valuable input which could be
used to Define adaptation requirements for a SBA.
Verification is mapped to the Collect monitoring

results for adaptation activity because replicating
or verifying the problem can be seen as an analysis
on the monitoring results. Options is mapped to

Design adaptation strategy because options for im-
plementing the modification can be seen as adapta-
tion strategy. Finally Approval is mapped to Select

adaptation strategy because obtaining approval is
part of adaptation strategy selection in that the it
finalises the decision on the selection.

Modification Implementation contains two
activities Analysis and Development which are mapped

to Define adaptation requirements and Perform adap-
tation respectively. Analysis is usually carried out
before any Development or maintenance activity in

order to determine which artifacts need to be mod-
ified. This may also be useful during the require-
ments gathering phase of SBA adaptation in order

to determine which parts of the application need
to be changed. In the context of traditional soft-
ware engineering Development means the modifi-

cation of application code in order to implement re-
quirements, this activity could be tailored to mean
the modification of an applications configuration

to meet the adaptation requirements of a SBA.

Maintenance Review/Acceptance The Main-
tenance Review/Acceptance process area contains
two activities: Reviews and Approval. In the con-

text of software maintenance, reviews are carried
out to ensure that the maintenance is carried out
appropriately. In terms of adaptable SBAs, reviews

can be carried out to ensure that adaptation oc-
curs correctly. The analysis of collected monitoring
results can be used to perform a review of SBAs

which is why the Reviews activity was mapped to
Collect monitoring results for adaptation. Follow-
ing a Review, Approval status may be given to an

adaptation engineer on satisfactory adaptation of
an application. If adaptation occurs automatically
it is impossible to grant approval to the work of

an individual(s) so it may be appropriate to grant
approval to the adapted application.

Migration In the context of traditional soft-
ware engineering, migration is the modification of

a system thus allowing it to run in a new envi-
ronment or context. Rather than migrate a SBA,

it may be possible for the application to adapt in

order to operate in a new environment. Therefore,
the migration process area may contain some use-
ful activities that can help a SBA adapt to context

specific parameters. The maintenance process area
has three activities that are useful to the adapta-
tion of SBAs: Migration, Migration plan and Post-

operation review. Migration was mapped to De-
fine adaptation requirements because it is impor-
tant to determine which software artifacts or which

data should be migrated (or adapted) during the
requirements gathering stage. Migration plan was
mapped to Design adaptation strategy because a

migration plan can be seen as an adaptation strat-
egy in that it specifies what tools are needed, how
to convert software product and data and how to

execute migration. Finally Post-operation review
was mapped to Collect monitoring results for adap-
tation because the impact of changing to the new

environment can be achieved by monitoring.

Other Mappings Many of the adaptation sup-

port activity mappings are apparent, for example
Maintenance plans and procedures to Design adap-
tation strategy or Modification request/problem re-

port procedures to Provide monitoring functional-
ity. Some of the other mappings however are not so
apparent, such as the “maintenance review/acceptance”

activity that maps to Collect monitoring results for
adaptation.

During our analysis we discovered that some of
the maintenance activities are also relevant to the
evolution cycle of the S-Cube life-cycle. However,

those mappings were excluded as we are focusing
on adaptation in this paper. As previously men-
tioned five activities from ISO/IEC 14764 could

not be mapped to adaptation activities because
they are too specific to the software maintenance
process (see Table 6): the Documentation activity

and Migration activities. The Documentation ac-
tivity from the maintenance process does not get
included or is paid very little attention to in any of

the adaptation activities covered in the literature.
The four migration activities mentioned in Table 6
are specific to the the maintenance of traditional

software and should not be leveraged for service
adaptation.

6.4 Observations on Adaptation Support
Activities

The maintenance activities identified in this sec-
tion were never previously identified in the ser-

vice engineering literature as candidate activities
for the adaptation of SBAs. Many of the activities
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Table 6 Maintenance Activities not Mapped

Maintenance Practices

2 Problem and Modification Analysis
Documentation

5 Migration
Notification of intent
Implement operations and training
Notification of completion
Data archival

identified from the service engineering literature
tend to deal with the technical details of adapta-

tion rather than focusing on process details. One of
the strengths of eliciting activities from a software
process standard is that there is a process focus

with process details such as inputs, tasks, controls,
supports and outputs. The activities elicited from
the service literature tend to specify what needs to

be done in order to adapt SBAs while the mainte-
nance activities identified can be tailored to specify
how to implement the adaptation processes.

The suitability of maintenance activities for SBA
adaptation highlights the commonalities between

SBA adaptation and software maintenance. Both
of these processes involve the modification of soft-
ware systems albeit in different contexts. Adapta-

tion is a light weight process which may only re-
quire the modification of simple configuration de-
tails to facilitate adaptation, so it is important not

to include maintenance activities which would add
unnecessary overhead to the process. The Docu-
mentation activity falls into this category, Docu-

mentation would add a lot of overhead to the pro-
cess which is unnecessary due to Ad Hoc nature of
SBA adaptation during runtime.

Since we are reusing activities from a process

model designed for the maintenance process we
cannot be guaranteed that the activities we have
chosen form the complete set of activities required

for adaptation. However, when combined with the
activities from the service literature the resultant
set of activities are one step closer to the complete

set of activities required for SBA adaptation.

The activities identified from the maintenance
literature are designed for the maintenance process
which involves many manual activities, such as the

analysis of problem reports and the development
of proposed changes. However, the adaptation pro-
cess may be a manual or automatic process. If the

adaptation is manual, many of the maintenance
activities can be applied directly without modifica-
tion. However, if the adaptation is automatic then

many of the maintenance activities may become
obsolete or require re-interpretation. For example,

Table 7 Software Metrics (Reifer,2006)

Category Examples

Project performance Budget performance
Schedule performance
Earned value performance
Technical performance

Process performance Rework rate
Defect rates

Product quality Product complexity
Defect density

Personnel performance Personnel productivity

Orgainisational performance Process maturity
Product quality
Productivity

Enterprise performance Profitability
Return on equity
Cost of sales
Competitiveness

the Analysis of problem reports activity by defini-
tion is a manual activity carried out by a system

maintainer, in the case of automatic adaptation it
becomes obsolete as the application analyses prob-
lems through its monitoring mechanisms.

7 Measuring the Performance of the
Process Framework

7.1 Process Metrics

When implementing a software process reference

model or framework it is important to have the
ability to measure the performance of that new
process. This allow the software engineer to evalu-

ate any improvement or disimprovement that may
have occurred. There are many quantitative met-
rics that can be used to measure the performance

impact of implementing a software process.
Reifer [34] proposes a comprehensive set of per-

formance metrics that can be used to measure a

software organisation’s performance. The set is il-
lustrated in Table 7.

An improved software process promises to im-

prove product quality and organisational perfor-
mance [35]. Improvements in these metric cate-
gories should also have a cascading effect on higher

level metrics such as Enterprise performance. To
measure the impact of the framework proposed in
this paper, metrics from the process performance,

product quality, personnel performance and orgain-
isational performance categories of Table 7 are sug-
gested. These categories were chosen because pro-

cess improvement should be readily reflected by
metrics from these categories. Table 8 illustrates
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the framework developed in this paper. A column

has been added representing the metrics suggested
for the measuring the impact of each process.

The productivity and complexity related met-

rics were suggested for the “Requirements engi-
neering” process since defect type metrics don’t
apply this early in the life-cycle. Defect type met-

rics were suggested for the “Deployment and pro-
visioning”, and the “Enact adaptation” processes
because it is expected that defects in adaptable

SBAs may be identified at these points. Finally
productivity type metrics are suggested also for the
“Identify adaptation needs” and the “Select adap-

tation strategies” processes since the efficiency of
these processes would be reflectivity of organisa-
tional and personnel productivity.

8 Case Study

In this section we present a real-life case study

that illustrates how the activities identified during
this research can aid in the development of adapt-
able SBAs. The case documents how a software

company currently develops adaptable SBAs, then
through an illustrated example we will show how
their development process is improved upon with

the results of this research. In the following sub-
sections we will introduce SBA Solutions and there
existing process for the development of adaptable

SBAs. Then we will apply our framework to their
process illustrating its effectiveness.

8.1 Introduction to SBA Solutions

SBA Solutions is a large multinational software de-

velopment company with several off shore develop-
ment groups, sales and service centres. Their off-
shore development teams are self-contained devel-
opment units with the required skillets to under-

take complete development projects. For them, this
is an effective approach, as many Global Software
Development complexities are bypassed. Their main

product makes extensive use of services to exchange
data and integrate processes with different public
sector departments.

8.2 Research within SBA Solutions

Our research within SBA solutions was undertaken
as part of the S-Cube project [1]. We carried out
interviews with a lead architect, a developer who

works within the construction process and a mem-
ber of the sales department who previously worked

within the companys services organisation. Inter-

views focused on their roles within the company,
the development of adaptable SBAs, the develop-
ment process and their approach to adaptation.

They gave insight as to why SBA Solutions chose
the SOA paradigm. Supporting documentation such
as process models, development artefacts and com-

pany presentations were made available. Interview
transcripts were analysed using Miles and Huber-
man’s content analysis techniques [36].

8.3 Case Study Discussion

A key to the software process in SBA Solutions
is their process model that breaks down each pro-

cess into discrete tasks. These are each assigned to
relevant stakeholders. This gives each member of
the development team clear roles and responsibili-

ties and eliminates redundancy. Since they employ
GSD and their development is carried out itera-
tively, development iterations can be carried out

concurrently or staggered to increase the devel-
opment speed. This is a complicated development
process so the process model is crucial for them to

effective management.

SBA Solutions implement runtime adaptation
in an interesting way. They have an adaptation
dashboard that is used at runtime to make changes

to the way that the application executes. This al-
lows the modification of business workflows and
the addition or removal of business rules to suit

real time business requirements. Another interest-
ing adaptation feature of one of their key applica-
tions is that the execution path of the application is

dynamically determined based on parameters that
are passed to the application. This is a type of
built-in static adaptation that is implemented us-

ing a rule engine. These rules may also be subse-
quently adapted using the adaptation dashboard.

In SBA soft adaptation is first tried on a test
system to determine if there are any unforeseen
consequences. If, after adaptation, the test system

operates correctly, then the adaptation configura-
tion is transferred to the database of the produc-
tion application. The basic adaptation process for

SBA Solutions can be seen in Figure 3.

One of the downsides to how adaptation is en-
acted in the products of SBA solutions is that,
while they have a rigorous development process

model, runtime adaptation processes are ad-hoc
and vary depending on their customers require-
ments. While it is important to consider customer

requirements for adaptation, it would also be ben-
eficial to have a process model to guide adaptation.
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Table 8 Adaptation Framework and Assessment Metrics

Process Activity Metrics

Requirements engi-
neering and design

BEA: Define KPIs and management policies Productivity, Per-
sonnel productivity,
Product complexity

SeCSE: Identify the service properties to specify
Construction

Deployment and pro-
visioning

SeCSE: Insertion of monitoring rules and recovery actions in concrete
parts of the service composition executable description

Defect rates, Rework
rate, Defect density

SeCSE: Deploy the monitoring rules and recovery policies within the
monitoring system

Operation and man-
agement

Identify adaptation
needs

Define adaptation requirements Productivity, Per-
sonnel productivity,
Product complexity

14764: Problem and Modification Analysis : MR/PR analysis
14764: Migration: Migration
Define requirements to the monitoring subject

14764: Modification Implementation: Analysis
SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs
Define monitored property
SeCSE: Specify monitoring rules according to the adopted SeCSE
monitoring language (SECMOL)
Provide monitoring functionality

14764: Process Implementation: MR/PR procedures
ASTRO: Monitor message sequences amongst services and its partners
BEA: Monitor service, application, middleware, OS, hardware, and
network
SDLC: Monitor workloads
SeCSE: Monitor services
Collect monitoring results for adaptation
14764: Problem and Modification Analysis : Verification
14764: Maintenance Review/Acceptance: Reviews
14764: Migration: Post-operation review
14764: Maintenance Review/Acceptance: Approval
ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics
Trigger adaptation
SeCSE: Recovery management: identify by looking at the monitoring
data, the needs for a recovery action

Select adaptation
strategy

Design adaptation strategy Productivity, Person-
nel productivity

14764: Process Implementation: Maintenance plans and procedures
14764: Problem and Modification Analysis: Options
14764: Migration: Migration plan
Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters
Select adaptation strategy
14764: Problem and Modification Analysis : Approval

Enact adaptation Perform adaptation Rework rate, Defect
rates, Defect density

14764: Process Implementation: Configuration management
14767: Modification Implementation: Development process
SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery

This model could be adapted to customers needs

which would still allow flexibility in the process.

8.4 Improved SBA Adaptation Process

In this section we will illustrate how the adaptation
process at SBA Solutions can be enhanced by fol-

lowing the adaptation activities identified in this
paper. Table 9 illustrates SBA Solution’s devel-
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Fig. 3 SBA Solutions Adaptation Process.

opment and adaptation processes mapped to the

adaptation framework previously shown in Table
5. These processes have replaced the sample pro-
cesses from the S-Cube reference life-cycle.

These mapping shows how SBA solution’s ad-

hoc adaptation process can be greatly enhanced by
adding more detailed adaptation as well as adap-
tation support activities. It may be the case that

all activities are not needed depending on project
requirements, but these redundant activities can
simply be excluded from implementation.

9 Conclusion

In this paper, we identified activities and support
activities which should be considered when carry-

ing out the adaptation of SBAs. This has been

done through the identification of activities within
service-oriented development models, and the soft-
ware engineering maintenance process. The impor-

tance of this work is that while consolidating ex-
isting work for service-oriented development into a
SBA development life-cycle, it enhances this with

support activities from mature software engineer-
ing process standards. The result is an adaptation
framework that can be used to guide practitioners

in the development of adaptable SBAs. This point
has been illustrated through the documentation of
a case where the framework has been mapped to

the existing development processes of a company
that develops adaptable SBAs.

We have observed that, in isolation, the service-

oriented development approaches that we reviewed
do not adequately facilitate adaptation. We have
also observed that, when combined, the adaptation

activities identified may not cover every aspect of
adaptation. They do however, present a set of ac-
tivities that can be combined into a useful frame-

work for developing adaptable SBAs. In addition
to the core adaptation activities, we identified a set
of adaptation support activities that add a level of

governance and control to the adaptation process.
While not directly involved with adaptation, these
best practice support activities increase the quality

of the adaptable applications being developed.

We have also observed that adaptation and main-
tenance, while separate processes, share common

attributes. Maintenance involves the modification
of an application’s source code while adaptation
allows an application to adapt without modifying

its code. However, the similarities between the two
processes allow us to reuse many maintenance ac-
tivities as adaptation support activities.

During this research, we have seen how the the
SBA adaptation cycle can be detailed using service-
oriented development and software engineering ac-

tivities, based particularly on service development
models and on the maintenance standard ISO/IEC
14764.

In addition, while we have identified the activ-
ities which should be used during the adaptation
cycle, we have also demonstrated how these can

be implemented within an industrial case study.
The next stage of this research project will fo-
cus on identifying SBA adaptation practices from

other industrial case studies. These will be com-
bined with the activities elicited from the literature
to create an incremented version of the model pre-

sented here. We then hope to run experiments with
the framework to evaluate its effectiveness and de-
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Table 9 Adaptation activities from ISO/IEC 14764 and Service Engineering Literature Mapped to SBA Solutions
Life-Cycle

Evolution Requirements Definition BEA: Define KPIs and management policies
Architecture and Design SeCSE: Identify the service properties to specify
Coding and Testing
Stabilisation and Release SeCSE: Insertion of monitoring rules and recovery actions in

concrete parts of the service composition executable description
SeCSE: Deploy the monitoring rules and recovery policies within
the monitoring system

Adaptation New business rules are
identified

Define adaptation requirements

14764: Problem and Modification Analysis : MR/PR analysis
14764: Migration: Migration
Define requirements to the monitoring subject
14764: Modification Implementation: Analysis
SDLC: Set warning thresholds and alerts for compliance failures
SDLC: Gather QoS metrics on the basis of SLAs
Define monitored property
SeCSE: Specify monitoring rules according to the adopted
SeCSE monitoring language (SECMOL)

Application testers make
sure the application be-
haves correctly

Provide monitoring functionality

14764: Process Implementation: MR/PR procedures
ASTRO: Monitor message sequences amongst services and its
partners
BEA: Monitor service, application, middleware, OS, hardware,
and network
SDLC: Monitor workloads
SeCSE: Monitor services
Collect monitoring results for adaptation

14764: Problem and Modification Analysis : Verification
14764: Maintenance Review/Acceptance: Reviews
14764: Migration: Post-operation review
14764: Maintenance Review/Acceptance: Approval
ASTRO: Detect protocol violations
SDLC: Evaluate SLA QoS metrics
Trigger adaptation
SeCSE: Recovery management: identify, by looking at the mon-
itoring data, the needs for a recovery action

Rules are added to the test
system using the adapta-
tion dashboard

Design adaptation strategy

14764: Process Implementation: Maintenance plans and proce-
dures
14764: Problem and Modification Analysis: Options
14764: Migration: Migration plan
Chang’s: Specifying Service Decision Model
Chang’s: Designing Service Adapters
Select adaptation strategy

14764: Problem and Modification Analysis : Approval
Adaptation configuration
is migrated to the develop-
ment system

Perform adaptation

14764: Process Implementation: Configuration management
14767: Modification Implementation: Development process
SDLC: Readjust service weights for request queues
SeCSE: Runtime Service Discovery
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termine the overhead of implementing it in real

projects.
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Context: The loose coupling of services and Service-Based Applications (SBAs) have made them the ideal
platform for context-based run-time adaptation. There has been a lot of research into implementation
techniques for adapting SBAs, without much effort focused on the software process required to guide
the adaptation.
Objective: This paper aims to bridge that gap by providing an empirically grounded software process
model that can be used by software practitioners who want to build adaptable SBAs. The process model
will focus only on the adaptation specific issues.
Method: The process model presented in this paper is based on data collected through interviews with 10
practitioners occupying various roles within eight different companies. The data was analyzed using
qualitative data analysis techniques. We used the output to develop a set of activities, tasks, stakeholders
and artifacts that were used to construct the process model.
Results: The outcome of the data analysis process was a process model identifying nine sets of adaptation
process attributes. These can be used in conjunction with an organisation’s existing development life-
cycle or another reference life-cycle.
Conclusion: The process model developed in this paper provides a solid reference for practitioners who
are planning to develop adaptable SBAs. It has advantages over similar approaches in that it focuses
on software process rather than the specific adaptation mechanism implementation techniques.
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1. Introduction

The Service-Oriented Computing (SOC) paradigm is centered
around the publication and consumption of loosely coupled com-
putational elements known as services. These software services
are often owned and controlled by third parties rather than the
application developers who consume them. A key benefit of SOC
is the ability to rapidly compose distributed software services into
useful Service-Based Applications (SBAs). These applications are
able to offer complex and flexible functionalities in widely distrib-
uted environments by composing different types of services. Such
services are often not under the control of systems developers, but
they are simply exploited to obtain a specific functionality.

The possibility of rapidly composing SBAs opens up new oppor-
tunities for conducting ad hoc business transactions. However,
with this new freedom there are also new challenges, for example,
when services are owned and controlled by third parties their reli-
ability or availability are not guaranteed. Adaptable SBAs change

their behavior, reconfigure their structure and evolve over time
reacting to changes in the operating conditions, so as to continu-
ously meet users’ expectations. This concept is fundamental since
those systems live in distributed and mobile devices which have
frequently changing environments. Also, user goals and needs
may change dynamically, and systems should adapt their function-
alities accordingly without intervention from technicians.

When designing and developing traditional software, modeling
and implementing the application’s logic is usually the only prob-
lem to consider. With SBAs, adaptability should also be considered
during the requirements engineering, design and construction
phases of SBA development. Similarly the adaptation of an SBA
needs to be monitored and controlled when these applications
are in operation.

Many of the existing SBA development methodologies are based
on the results carried out in the fields of classical software and sys-
tem engineering and do not easily facilitate SBA adaptation [1–3].
Some of the reported SBA development approaches such as SOUP
(Service Oriented Unified Process) [4], ASTRO [5] or an approach
by Linner et al. [6] do support some level of adaptation, however,
lack sufficient process details. Lane and Richardson [7] carried
out a systematic literature review of SBA development approaches,
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they identified 57 such approaches of which there were only eight
that specifically dealt with adaptation. Only four of the eight ap-
proaches were concerned with adaptation of SBAs, the others were
concerned with the adaptation of services.

Each of the four approaches show interesting features, but even
those that enable the definition of various adaptation strategies
lack a coherent design approach to support designers in this com-
plex task. Moreover, they tend to focus on the implementation pro-
cess without considering what impact adaptation has on the rest of
the development and operational life-cycle [8–11]. Finally, they
also tend to focus on particular types of adaptation, such as adap-
tation due to requirements violations [12], or substitution services
due to application constraints [13], so it is difficult to elicit generic
adaptation specific processes from them. In summary, each of
these four approaches focused on the analysis and design processes
without consideration for any other development or runtime pro-
cesses. The solution proposed in [14] can be considered as a first
step in this direction. The authors of this paper have proposed a
process model for SBAs where adaptation is a first class concern.
This process model provides a number of steps that, if imple-
mented during the life-cycle of a SBA, will allow the SBA to adapt
in response to changing runtime contexts.

1.1. Objectives

The primary objective of this paper is to develop an empirically
grounded process model that can be used as a reference for service
practitioners who want to develop adaptable SBAs. The process
model will focus on activities related to adaptation only, meaning
that it will have to be used in conjunction with an other SBA devel-
opment life-cycle. In order for an SBA to be adaptable, certain
adaptation mechanisms need to be put in place when the applica-
tion is initially developed. These mechanisms then facilitate adap-
tation when the application is in operation.

There are two types of adaptation, static adaptation and dy-
namic adaptation [15]. With static adaptation, adaptation mecha-
nisms are hard coded into the application at development time
and the adaptation logic cannot be changed without recoding. Dy-
namic adaptation on the other hand allows the adaptation logic to
be modified or replaced during runtime without shutting the sys-
tem down. Dynamic adaptation is more flexible than static adapta-
tion but it requires some process to guide the manual intervention
during runtime.

Process details will be elicited from relevant SBA development
and adaptation approaches as well as qualitative data gathered
from interviews with industry practitioners. The validity of the
SBA adaptation process model will be demonstrated through a
comparison with a previously validated adaptation process model.
This comparison will show that the process model contains the
minimum set of activities required for runtime software adapta-
tion. The minimum set of activities for adaptation exclude activi-
ties that are not specifically related to adaptation. The processes
and activities from the process model will also be mapped to an
empirically based SBA development life-cycle. This will illustrate
whether or not the model is suitable for use in a real world SBA
development context.

1.2. Taxonomy

The terminology used in the areas of software process and ser-
vice engineering research are often ambiguous and conflicting. In
order to define what is meant by the more common software pro-
cess and service engineering terms used in this paper a brief out-
line will be given for each. The definitions for the service
engineering terms are based on the S-Cube knowledge model

[16] while the software process terms are based on Derniame et
al. [17].

Service-based applications are composite applications composed
of multiple software services. Software services or services are
computational elements that expose their functionality over
computer networks. Because services are self-contained and
loosely coupled it is possible to build SBAs from unrelated ser-
vices that may or may not be in the control of the SBA develop-
ers. An example SBA is the travel booking application, which is
composed of three third party services: a car rental, flight reser-
vation and hotel reservation services. These three unrelated ser-
vices are composed to provide useful SBA, synonyms for SBAs
include service-oriented systems or service-based systems.
Adaptable service-based applications. ASBAs are a specific type of
SBA that adapt during operation by following built-in adapta-
tion strategies. Adaptation of SBAs is facilitated by monitoring
mechanisms that monitor changes in monitored properties.
Adaptation may be desirable for many reasons such as changes
in quality characteristics, change in business requirements or
change in the cost of services being consumed. Adaptation
may occur through the selection of alternative services from
pre-defined lists or through discovery of new services from ser-
vice directories.
Software process. Software process refers to the set of processes
and activities undertaken to develop software. This process is
often measured so that it can be managed or improved. Some
software developers follow predefined processes while others
have a more ad hoc software process. Nevertheless, whether
defined or not, each software development project will follow
a particular set of processes. Synonyms for software process
include: software development process or software life-cycle.
Process models are a documented representation of a set of real
world processes, activities and their interrelations. A software
process model is specific type of process model for software
development. Creating a process model for a software develop-
ment process allows reasoning about the model so that it can be
improved. Ideally a process model should perfectly articulate
the real world processes and activities that they are attempting
to describe.
Process reference models are best practice or exemplar process
models that can be used as a reference by individuals or groups
to improve on their own processes. A specific type of process
reference model is a software process reference model which is
an exemplar process model used for developing software, for
example, the Capability Maturity Model Integration (CMMI)
and ISO-15504 document process reference models.
Life-cycle models in software engineering are process models that
define the entire software development life-cycle. This is differ-
ent from a process model which may only address particular
parts of the development cycle.
Life-cycle process is a collection of software development activ-
ities that occur in sequence and make up one logical part of the
software development life-cycle. For instance, ‘‘Requirements
engineering’’ is a software life-cycle process that may contain
activities such as ‘‘Elicit requirements’’ or ‘‘Develop require-
ments specifications’’.

2. Background

2.1. A life-cycle to develop adaptable SBA

The life-cycle model shown in Fig. 2, proposed by the S-Cube
consortium [18], highlights the typical design-time iteration cycle
that leads to the design of adaptable SBAs. It introduces an itera-
tion cycle at run-time that is undertaken in all cases in which
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the adaptation needs are addressed on-the-fly. The two cycles
coexist and support each other during the lifetime of the applica-
tion. In particular, the design-time activities allow for evolution of
the application, that is, for the introduction of permanent and, usu-
ally, important changes, while the run-time activities allow for
temporary adaptation of the application to the specific circum-
stances that are occurring at a certain time.

2.2. Design guidelines for adaptation

The design of SBAs with runtime adaptation capabilities may be
motivated by variety of needs. Such needs may concern the com-
ponent services or the context of SBAs. These include:

Changes in the service functionality due to variation of the service
interface (e.g., signatures, data types, semantics), variation of
service interaction protocol (e.g., ordering of messages) or
Application failures.
Changes in the service quality due to service availability, degrade
of QoS parameters, violation of SLA or decrease of service repu-
tation (e.g., black lists), etc.
Changes in the service context as a result of changes in the busi-
ness context, changes in agile service networks, or new business
regulations and policies.
Changes in the computational context such as different devices,
protocols, and networks.
Changes in the user context such as different user groups and
profiles, social environment, physical settings (e.g., location/
time), and different user activities.

Some of these aspects may be interleaved. For example, if a user
moves to a new location (change in the user context), a new set of
services may be available (change in the business context) with
different bandwidth (change in the computational context). Each
factor can be associated with a set of adaptation strategies that
are suitable to re-align the application within the system and/or
context requirements. In order to select the adaptation strategy
which should be applied, it is necessary to consider that adaptation
needs may be associated with other requirements that are impor-
tant for designing and performing adaptation. In particular, the
scope of the change (whether the change affects only a single run-
ning instance of the SBA or influences the whole model) and the
impact of the change (the possibility of the application to accom-
plish its current task) should be considered. Depending on these
parameters different strategies may apply.

Among the adaptation strategies, it is possible to distinguish do-
main-independent or domain-dependent strategies. The former
are applicable in almost every application context while the adop-
tion of the latter is limited to specific execution environments.

Table 1 defines the most common domain-independent adaptation
strategies.

The identification of the most suitable strategy is supported by
a reasoner that also bases its decisions on multiple criteria ex-
tracted from the current situation and from the knowledge ob-
tained from previous adaptations and executions. After this
selection, the enactment of the adaptation strategy is automati-
cally or manually performed. The execution of all activities and
phases in all runtime phases may be performed autonomously by
SBAs or may involve active participation of the various human
actors.

2.3. Component-based software engineering

Component-Based Software Engineering (CBSE) is often de-
scribed as the precursor to service-oriented computing [19]. In
CBSE software applications are composed of self contained soft-
ware components that contain all of the functionality necessary
for a system of business process. In component-based applications
communication occurs through interfaces that are described with
some interface description language. Components do not have to
be implemented using the same programming languages providing
there is some intermediary mechanism that can serialize data and
objects between components.

In several Service-Oriented Software Engineering (SOSE) meth-
odologies components are first implemented before being exposed
as services over a network [3]. This shows the high degree of over-
lap between the two development paradigms. Although, services
and components may differ on their levels of granularity. For
example, software components are usually composed of more fine
grained objects while in turn they often form the basis of more
coarse grained services [20].

When looking at service-oriented adaptation techniques it may
first be beneficial to review related component-oriented ap-
proaches given the relationship between the two paradigms. Ore-
izy et al. [21] have proposed such an approach for component-
based adaptation. Their approach contains two cycles that run in
parallel, and evolution management cycle and an adaptation man-
agement cycle. The evolution management cycle manages modifi-
cations to the application through the use of tools and adaptation
mechanisms. Modifications permitted include the addition, re-
moval or replacement of application components and their connec-
tors. The evolution management cycle examines changes to the
application and prevents and changes that might make the opera-
tion of the application unsafe or inconsistent. The adaptation man-
agement cycle on the other collects observations while the
application is running. These observations are then analyzed in or-
der to determine if it is necessary to adapt the application. Should

Table 1
Description of the most common domain-dependent adaptation strategies.

Adaptation strategy Description

Service substitution Reconfiguration of the SBA with a dynamic substitution of the a service with another one
Re-execution The possibility of going back in the process to a point defined as safe for redoing the same set of tasks or for performing an alternative

path
(Re-)negotiation Simple termination of the service used on the requester side and re-negotiation of the SLA properties to complex management on

reconfiguration activities on the provider side
(Re-)composition Reorganization and rearrangement of the control flow that links the different service components in the business application
Compensation Definition of ad hoc activities that can undo the effects of a process that fails to complete
Trigger evolution Insertion of workflow exception able to activate the application evolution
Log/update adaptation

information
Storage of all the information about the adaptation activities for different goals (e.g., service reputation, QoS analysis, outcome of
adaptation)

Fail The system reacts to the changes by storing the system status and causing the failure of the service and re-executing it
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an adaptation be deemed necessary, then the adaptation cycle pro-
vides the necessary tools for deploying alternative components.

3. Research method

There were two phases involved in the construction of the pro-
cess model during this study. The first phase involved the develop-
ment of a Frame of Reference (FoR), named SOAdapt-FoR, based on
relevant literature. This was enhanced with empirical evidence
gathered during the second phase of the study, resulting in the
SOAdapt process model. The research design largely follows Ahle-
mann and Gastl’s [22] process for empirically grounded reference
model construction.

3.1. Construction of the SOAdapt-FoR model

The SOAdapt-FoR model was constructed by analysing existing
publications that contain activities for adapting SBAs. Both peer-re-
viewed and non-peer-reviewed publications were analyzed to
compile these process details. One of the key sources of adaptation
activities was a Systematic Literature Review (SLR) of SBA develop-
ment process models. The SLR, that was carried out by Lane and
Richardson [7], identified which of the process models supported
SBA adaptation. Many of the activities identified were similar
and at varying levels of abstraction. In order to eliminate duplica-
tion and to show the activities at the same level of abstraction,
each activity was assigned a generic name. Similar activities were
assigned the same generic name, resulting in a smaller list of un-
ique generic activities.

In their Systematic Literature Review (SLR), Lane and Richard-
son identified 8 publications which contain high-level processes
and activities for adapting SBAs. Similarly Lane et al. [23] identified
several additional publications, during an ad hoc literature search,
which contained SBA adaptation activities. Unfortunately, most of
the approaches identified the in SLR [7] and the ad hoc search [23]
are non-holistic and lacking the required processes to fully guide
SBA adaptation. Each of these publications as well as two other pa-
pers from Bucchiarone et al. [24,14], were searched, resulting in a
total of 50 SBA adaptation activities (see Appendix A).

There is a wide variety of process modeling notations such as
the Business Process Modeling Notation1 (BPMN) or the Unified
Modeling Language2 (UML), and domain specific process meta-mod-
els such as the Software and Systems Process Engineering Meta-
Model3 (SPEM) of the meta-model described in ISO/IEC 15288 [25].
BPMN and UML both facilitate the graphical representation of pro-
cess models which is not the goal of this exploratory research. SPEM
is a very detailed meta-model which also uses UML in order to
instantiate process models. Rather than these graphical modeling
approaches, the aim of this research is to document key process
attributes such as activities, tasks, artifacts and stakeholders. The
process meta-model defined in ISO/IEC 15288 contains these key
process attributes.

The ‘‘activity’’ abstraction level, as defined in ISO/IEC 15288,
was chosen for the generic activity names. ISO/IEC 15288 defines
activities as a group of related tasks that are required to achieve
the outcomes of a process. Using UML class diagram notation,
Fig. 1 [25] illustrates the ISO/IEC 15288 process constructs and
their interrelations. The figure shows that a Process can have zero
or more Sub-Processes and one or more Activities. In turn, it shows
that an Activity can have one or more tasks which can have zero or
more Notes. It also shows that each process has a Name, a Purpose,

and an Outcome. The meta-model will be slightly adapted for this
research with the removal of the process outcomes and the addi-
tion of stakeholders and artifacts. Stakeholders are the individuals
that participate in the activities of a process while artifacts are the
physical entities such as code or documentation that are produced
by or modified by activities.

The S-Cube life-cycle, illustrated in Fig. 2 [18], was chosen as a
starting point to develop the SOAdapt-FoR model. The S-Cube life-
cycle is a high-level life-cycle model skeleton proposed for the
development of adaptable SBAs. The generic adaptation activities
identified were mapped to the appropriate processes of the S-Cube
life-cycle resulting in the SOAdapt-FoR model. This approach was
taken in order to leverage the existing research which has been
conducted by the S-Cube consortium. Additionally, the S-Cube
life-cycle covers each aspect of the development cycle without
being too detailed. This allows it to be easily modified and en-
hanced with activities reported in the service engineering litera-
ture. The SOAdapt-FoR model is a high-level model and only uses
the Process and Activity constructs as defined in ISO/IEC 15288.

3.2. Construction of SOAdapt

SOAdapt was constructed with data gathered from an expert-
opinion survey and an interview-based case study. This data was
then used to modify and extend SOAdapt-FoR. Therefore process
attributes discovered during the interviews that were not present
in SOAdapt-FoR represent the gaps in the literature. Altogether
there were 198 passages of interview transcript which were as-
signed codes because they contained information about adaptation

Fig. 1. ISO/IEC 15288 process constructs.

1 http://www.bpmn.org/.
2 www.uml.org.
3 http://www.omg.org/spec/SPEM/.
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processes, activities, tasks, stakeholders, or artifacts. Additionally
there were 12 passages of text which were coded because they
contained information about the background’s of interview
participants.

3.2.1. Expert opinion survey
The first stage in the expert-opinion survey was the develop-

ment of an interview guide for use during the survey interviews.
The interview guide was divided in two parts: the first part deals
with the participants backgrounds and their roles, while the sec-
ond part focuses on the elicitation of adaptation activities. Partici-
pants discuss the activities within the SOAdapt-FoR model, and to
provide feedback. The respondents were asked whether or not they
agreed with the activities contained in the SOAdapt-FoR model,
and what changes they would make. Then they were asked to de-
scribe the tasks required to complete these activities, the stake-
holders involved and the artifacts produced by the activities.

The interviews conducted were semi-structured interviews
[26]. Interview guides for this type of interview contain open-
ended questions which allow interviewers to ask follow on ques-
tions when necessary. This flexibility allows the interviewer to
ask the interviewees detailed questions about their specific areas
of expertise. This methods allowed the model to be expanded in
depth as well as breath, existing processes received much more de-
tail while new processes were also added. Background questions
were asked to provide context information for each of the partici-
pants. Each of the participants were asked back ground questions
such as:

� What is you current position?
� Do you work with adaptable Service-Based Applications (SBAs)?

Then they were asked to identify adaptation process attributes
that could be used to develop the SOAdapt-FoR further. For exam-
ple, for each of its activities the were asked:

1. At what stage in the SBA development life-cycle should it occur,
or should it occur at all?

2. What stakeholders should be involved in the activity?
3. What lower level activities or tasks should it contain?
4. What artifacts are required by or produced by the activity?

They were asked to describe the SBA development processes
within their organisations, focusing specifically on there individual
roles, where they could provide the most insight. These questions
were used to elicit details of processes and activities that were not
contained in SOAdapt-FoR.

A pilot interview was conducted using this interview format.
This results of the pilot showed that this approach struck a good
balance between flexibility and structure. A strictly structured
questioning approach would have prevented the interviewer from
probing concepts that were not considered while developing the
SOAdapt-FoR model.

Once the interview guide was completed and piloted, the next
step was to identify and contact suitable interview partners. This
proved to be one of the most challenging aspects of the study given
the specialized nature of the process model being constructed. In
order to participate, interview partners needed to be experts in
Service-Oriented Computing (SOC) and be able to provide opinion
based on experience, on how best to adapt SBAs. Suitable practitio-
ners were identified through user groups on the Linkedin4 profes-
sional network as well as SOC conference proceedings. After
sending out invitations to over 100 practitioners there were 15 re-
plies with seven eventually committing to interviews. At the end
of each interview participants were asked to identify others who
may participate with some initial positive responses. However, the
initial interview partners did not provide leads for additional inter-
views indicating that chain sampling can be ineffective for such a
specific research project topic. Table 2 provides an anonymous pro-
file of the SOC experts that participated in the survey. The company
specific details are intentionally vague to protect their identities.

In advance of the interviews the interviewees were sent a copy
of the interview guide as well as some background information on
the study, allowing them to familiarise themselves with the con-
cepts and terminologies involved in the study. It also gave them
extra time to think about the adaptation activities that they
encountered while developing SBAs. The interviews were con-
ducted either on site or through the Skype™Voice Over Internet
Protocol (VOIP) service which allows the recording of interviews.
Once all of the interviews were complete, they were transcribed
in preparation for data analysis.

Fig. 2. The S-Cube life-cycle of adaptable SBAs.

4 http://www.linkedin.com.
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3.2.2. Case study
A single case study was also conducted in order to supplement

the survey conducted during this inquiry. The case study was
based on a typical company with expertise in developing SBAs.
The aim of this study [27] was to identify how a SBA development
team approaches the adaptation of SBAs. The company where the
case study was carried out will be referred to as SbaSoft.

Interviews were used in order to collect qualitative data during
the case study. Three stakeholders involved in different aspects of
the application development life-cycle were interviewed: the Chief
Technology Officer (CTO), a business analyst and a developer. The
interviews for the case study were conducted on site at SbaSoft. Ta-
ble 3 provides an anonymous profile of the case study participants.
Again, the company specific details are intentionally vague to pro-
tect its identity.

The interviews for the case study were based on a semi-struc-
tured interviews similar to that used in Section 3.2.1. However,
rather than focusing on adaptation specific activities, the questions
were aimed at documenting SbaSoft’s entire development life-cy-
cle including adaptation specific activities. Participants in the case
study were asked questions such as:

1. Does your company use service based applications, provide ser-
vices for internal use or third parties: i.e. service client, service
provider, or both.

2. Can you briefly outline how requirements are gathered for your
services?

3. Can you briefly outline the process followed for designing web
services in your company (i.e. people involved, activities carried
out)?

4. Are your services designed to be adaptable?

Their entire development life-cycle was documented in order to
view their adaptation specific activities in context. After the inter-
views were complete they were analyzed and provided input for
the model.

3.2.3. Data analysis
Once the data collection from the survey and case study was

complete the interview transcripts were analyzed using data anal-
ysis techniques as described in Miles and Huberman’s [28] ex-
panded source book. The raw data was first open coded with
descriptive codes being added to segments of the data. A starting
list of codes was based on the frame of reference model con-
structed in the first half of this study. Starting codes, as illustrated
in Table 4, were created for activities, stakeholders and artifacts re-
lated to SOAdapt-FoR’s high-level processes. New codes were
added and existing ones modified to accurately reflect the raw data
as the coding proceeded. Participant background information was
coded in chunks containing information about their current roles
as well experience which provides context for their interview
responses.

The coding was conducted with ulQda [29], a 5 qualitative
data analysis package. This package allows codes to be embedded
within the raw data where they can be easily reviewed and edited
in context. The package also allows the raw data to be typeset to a
high quality document, and annotated with the appropriate codes.
Finally, this package allows the codes and their corresponding raw
data to be exported to a Comma Separated Value (CSV) file. CSV files
are easily imported into spreadsheet applications for subsequent

Table 2
Survey participants.

Participant 1 2 3 4

Role Security R&D Business analyst Sales/product development Service composition R&D, commercialising
research

Experience with adaptable
SBAs

Yes Yes No Yes

Location USA Mexico UK Germany
Company A B C D
Size Very large multinational Large Large Very large multinational
Sector Hardware/software

development
Banking Mechanical engineering Communications

5 6 7

Role Performance testing Consultant Business process
improvement

Experience with adaptable
SBAs

No No Yes

Location Germany Netherlands USA
Company E F G
Size Very large multinational Very large

multinational
Very large multinational

Sector Industrial, healthcare Software
development

Software development/
services

Table 3
Case study participants.

Participant 8 9 10

Role Chief technology officer Business analyst Developer
Experience with adaptable SBAs Yes Yes Yes
Location UK UK UK
Company H H H
Size Medium Medium Medium
Sector Software development Software development Software development

5 http://www.latex-project.org/.
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analysis.her than being described by a single code, each passage was
broken down into 5 categories of: processes, activities, tasks, stake-
holders and artifacts. Processes, activities and tasks, in this context,
relate the the process constructs defined in ISO/IEC 15288 where
each process is made up of activities which are in turn made up of
tasks. For example, the following passage was assigned the code
‘‘activity!operation and management!monitoring’’ during open
coding:

I would monitor the state of the task, the external events, also the
state of the information, and the documents and the things that are
exchanged

During the refinement process, a high-level process, an activity
and 3 tasks were identified, with no stakeholders or artifacts being
identified. The process constructs identified during this example
are shown in Table 5.

In another example the following quotation provided the activ-
ity ‘‘Adaptation strategy based on system learning’’:

. . .it would be great to have some type of learning system, in order
to be able to learn from the jobs that have been run, failure modes
and then to adapt the system according to what it has learnt, and
any knowledge we have put in as to why the jobs might fail.

Once these process attributes were identified they were orga-
nized into a conceptually clustered matrix [28]. Similar concepts,
in this case the process attributes, were grouped together in to a
matrix with activities, stakeholders and artifacts assigned to the
appropriate high-level life-cycle processes. They were then or-
dered into a logical process hierarchy making it is easier to identify
duplicate or disjointed attributes. Duplicate attributes were elimi-
nated, while disjointed attributes were reevaluated to see where
they might fit into other processes or activities. Finally, the SOA-
dapt-FoR model was updated to reflect the processes, activities,
tasks, stakeholders and artifacts identified during the data analysis.
As well as additions, SOAdapt excluded some of the original SOA-
dapt-FoR constructs to reflect the findings of the empirical inquiry.
All of the stakeholders and artifacts from SOAdapt have come from
the empirical inquiry since there were none identified in SOAdapt-
FoR. A graphical representation of SOAdapt was constructed using
the Business Process Modeling Notation (BPMN) notation, showing
the processes and activities. This approach was chosen because
there were 38 stakeholders, 35 tasks and 17 artifacts identified
which would clutter a complete BPMN representation. Tables were
constructed to show the complete set of process attributes for each
of the processes in the process model.

3.2.4. Evaluation
The model was evaluated to get an impression of its external

validity. Several studies were chosen from the literature to be used
during this evaluation. These studies were not used in the construc-
tion of the reference model since they could not later be used for an
impartial evaluation. Oreizy et al.’s process model [30,21] was cho-
sen for the evaluation rather than construction since component-
oriented development is related rather than part of service-oriented
development. Durvasula et al.’s life-cycle [31] was reserved for eval-
uation since it could be used to evaluate each of the attributes of our
model during a development life-cycle scenario.

To show that the process model is suitable for adaptation it was
also compared to a related process model proposed by Oreizy et al.
[30,21] for component-based software adaptation. Oreizy et al.’s
process model was validated through a worked example where it
is used to adapt a cargo routing application. The objective of this
comparison is to show that SOAdapt is suitable for runtime adapta-
tion in general but not necessarily component-based adaptation.
Therefore, the comparison will be at a high-level of granularity
without much emphasis on the lower-level component or service-
based entities. If this comparison shows that SOAdapt is useful for
adaptation in general, it remains to be seen whether SOAdapt is use-
ful in a service-oriented environment. This will be investigated in
the next part of the evaluation.

To demonstrate the transferability of the process model to a ser-
vice-oriented environment, an evaluation was conducted in order
to determine if it is compatible with a SBA development life-cycle
proposed by Durvasula et al. [31]. Durvasula et al.’s life-cycle was
collaboratively developed by 10 SBA development practitioners
from 8 different companies. During the evaluation, each of the
activities from the adaptation process model was mapped to life-
cycle processes within Durvasula et al. life-cycle. Mapping the
activities to the life-cycle without conflict, shows that the process

Table 5
Data analysis example.

Code Text Process Activity Task Stakeholder Artifact

Activity!oam!monitoring I would monitor the state of the task,
the external events, also the state of
the information, and the documents
and the things that are exchanged

Operation and management Monitoring Monitor processes

Operation and management Monitoring Monitor events
Operation and management Monitoring Monitor data

Table 4
Starting codes.

Category Process Code

Activity Requirements
engineering

activity!requirements engineering

Design activity!design
Construction activity!construction
Deployment and
provisioning

activity!deployment and
provisioning

Operation and
management

activity!operation and
management

Adaptation triggers activity!adaptation triggers
Adaptation strategy activity!adaptation strategy
Enact adaptation activity!enact adaptation

Artifacts Requirements
engineering

artifacts!requirements
engineering

Design artifacts!design
Construction artifacts!construction
Deployment and
provisioning

artifacts!deployment and
provisioning

Operation and
management

artifacts!operation and
management

Adaptation triggers artifacts!adaptation triggers
Adaptation strategy artifacts!adaptation strategy
Enact adaptation artifacts!enact adaptation

Stakeholders Requirements
engineering

stakeholders!requirements
engineering

Design stakeholders!design
Construction stakeholders!construction
Deployment and
provisioning

stakeholders!deployment and
provisioning

Operation and
management

stakeholders!operation and
management

Adaptation triggers stakeholders!adaptation triggers
Adaptation strategy stakeholders!adaptation strategy
Enact adaptation stakeholders!enact adaptation
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model is suitable for use with an empirically based SBA develop-
ment life-cycle.

4. Company backgrounds

All of the companies that participated in this study have suc-
cessfully developed adaptable SBAs or frameworks that facilitate
the development of adaptable SBAs. These applications consisted
of Commercial Off-The-Shelf (COTS) products or bespoke cus-
tomer solutions. Each of the applications have strengths and
weaknesses and each have been developed using different devel-
opment processes. By reviewing the type of applications devel-
oped by the participant companies, we can judge the relevance
of the participants to the project. Here are some examples of
those applications:

Company A provide a service monitoring COTS framework
which facilitates SBA adaptation. The framework monitors applica-
tion events that may trigger adaptation. These events are also per-
manently stored for later investigation or troubleshooting. Here is
an excerpt from Participant 1’s description of the framework:

. . .and it will actually store all of these audit events that come in
there and so later even the year two years later you can see was
I compliant with this particular control objective during this
particular time window two years ago.

On the other hand Company B have implemented a bespoke
adaptation solution to facilitate adaptation in their in house enter-
prise application suite. This solution consists of a service broker
that intercepts service and re-routes their path depending on their
properties. Here is a description of the application:

. . .on one of the systems I worked on there were rules that allowed
some adaptation, and we had to interview financial users that they
knew the rules, so for example they were saying that if you have a
message of number type 100 in one filed, and one field was filled
with some value then this message has to be sent to this office if
not it has to be sent to some to some other office. But sometimes
you have to decide when you receive the message where to send
it, so there was a kind of automatic broker.

Company 4 like Company 1 also provide a COTS adaptation
framework, the application focused on compositional adaptation.
A problem with this framework is that there is no runtime moni-
toring or governance which will rescue the application during an
expected event, so all adaptation configurations are tested thor-
oughly during design time.

With our mechanism you can use in run time so the adaptation
process itself can enforce boundaries but there’s no, there’s no
multi level that will somehow, you know, play some kind of arbi-
trator role and stop the execution if something goes wrong. But
that’s exactly the reason why it’s so important to actually be able
to test in advance and guarantee that nothing will actually go
wrong.

Company H where the case study was conducted was another
COTS development company. In this case they developed user
interface software for large enterprise customers. Their application
allow the consumption of data services that could be merged into
collated views. Their framework allows their clients to adapt their
SBAs through ‘‘drag and drop’’ admin interfaces. Here is an excerpt
from a description of the framework:

. . .yeah customers can do it if they got like some, you know a
degree of technical ability, because it is just basically a drag
and drop environment, so yeah we do that, quite a lot of cus-
tomers have wanted to do it for themselves so they get training
courses from us.

5. SOAdapt-FoR model

Ten generic adaptation activities were distilled from a set of 50
activities that were identified in from Lane and Richardson’s SLR
[7] as well as other related literature. The SLR included a method-
ical search of computer science related digital libraries such as IEEE
Xplore and the Web of Science. In total 722 studies were identified
in the initial search with 77 found to contain process details for
developing SBAs. These SBA development processes were then
investigated to see whether or no they support the development
of adaptable SBAs. A total of 8 studies from the SLR were found
to have supported adaptation. These 8 studies along with two oth-
ers found in the literature are listed in Appendix A.

The 10 generic activities and their parent processes identified in
the S-Cube life-cycle were ordered into a sequential workflow
which shows how each activity relates to one another creating a
process model. BPMN is used to visualise the model. BPMN has a
standard modeling notation which should be understandable by
a large number of business as well as technical stakeholders [32].
Fig. 3 illustrates the SOAdapt-FoR model represented in BPMN in
contrast with the block diagram used to construct the S-Cube
life-cycle.

5.1. SOAdapt-FoR model description

Our description of the SOAdapt-FoR model pays particular
attention to the activities and their interrelations. The high level
process such as ‘‘Requirements Engineering’’ and ‘‘Design’’ that
make up the skeleton of the model are primarily inherited from
the S-Cube life cycle model with some exceptions. The ‘‘Require-
ments Engineering and Design’’ process inherited from the S-Cube
life-cycle model was separated into two separate processes to
accommodate the numerous activities identified for each process.

The S-Cube life cycle is an amended version of Papazoglou and
Van Den Heuvel’s [2] service development life cycle with an adap-
tation cycle added to it’s left hand side [18]. Papazoglou and Van
Den Heuvel’s original life-cycle was influenced by approaches such
as the Rational Unified Process (RUP) [1], Business Process Model-
ling (BPM) [33] and Component-Based Development (CBD) [19].

It is important to reiterate at this stage that the SOAdapt-FoR
model is not a complete life-cycle model as it only contains activ-
ities that are related to adaptation. These activities are mapped to
the S-Cube life-cycle model which indicates where they should oc-
cur during the software development life-cycle. The activities
could also be mapped to similar processes within other develop-
ment life-cycles with similar high level process of the S-Cube life
cycle.

The frontier between SOAdapt-FoR and its inclusion in an exist-
ing life-cycle models depends on the type of model it is being inte-
grated with. In the evolution cycle, adaptation activities should
occur before the other activities in the process have been com-
pleted. This is necessary so that other activities can see the impact
of the activities from SOAdapt-FoR. For example, adaptation may
require a particular service granularity and service hierarchy and
these aspects need to be decided before the remainder of the appli-
cation is developed. The activities from the adaptation cycle (left-
hand side) are contained in complete processes. Therefore, these
processes may occur autonomously during the operation of the
application regardless of the application’s development life-cycle.

If SOAdapt-FoR was used in a development project employing a
waterfall development method, each of the process groups in the
evolution cycle would have to be mapped to their equivalent pro-
cess in the waterfall model. This is a straightforward example as
each of the procesess from the evolution cycle of SOAdapt-FoR usu-
ally have an equivalent in most waterfall model instantiations. The
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adaptation cycle of SOAdapt-FoR would then need to occur in ser-
ies with the other processes from the waterfall. This would result
in a hybrid linear/iterative development life-cycle not to dissimilar
to the SCRUM development life-cycle. If was mapped to an existing
SCRUM model the result would be a hybrid linear/iterative life-cy-
cle with an iterative development cycle and an iterative adaptation
cycle in series with the other linear SCRUM processes.

5.1.1. Requirements engineering
In the SOAdapt-FoR model we are interested in the capturing

adaptation specific requirements for SBAs. Adaptable SBAs will also
have many other requirements that are not related to adaptation,
but those are outside the scope of the SOAdapt-FoR model. Within
SOAdapt-FoR there are two requirements engineering activities
that are specific to adaptation:

Define adaptation requirements refers to the activity of defining
or eliciting requirements relating to why it is necessary for
the SBA to adapt. An adaptation requirement may be, for exam-
ple, if the Quality of Service (QoS) of service A falls below a min-
imum threshold then the application adapts by choosing an
alternative service. The adaptation requirement may also state
how the adaptation occurs, adaptation might simply involve
choosing between two hard coded service end points or in a
more complex way by negotiating with a service directory. An
adaptation requirement may also specify whether or not the
adaptation occurs with user intervention or automatically with
minimal or no user input.
Define monitoring requirements Once adaptation requirements
have been determined, monitoring requirements need to be
defined in order to monitor service attributes that relate to
adaptation requirements. For example, in order to enable an
application to adapt based on QoS, it is necessary to monitor

relevant service quality attributes such as service latency and
service reliability. So, in this case, the monitoring of service
latency and reliability is a monitoring requirement, relating to
the adapt if service QoS falls below a minimum threshold adapta-
tion requirement.

5.1.2. Design
There are two adaptation specific design activities within the

design process of SOAdapt-FoR:

Design monitors is a design activity where monitors are designed
in order to satisfy the monitoring requirements defined during
the requirements engineering process. Details such as imple-
mentation technology and infrastructure need to be considered
at this stage. The monitor designs need to be included with a
design specification document or a similar alternative that can
be used by the application programmers.
Design adaptation mechanisms. Once monitors have been designed,
a means to adapt the application based on monitored events must
be designed. The adaptation mechanism must have the ability to
respond to monitored events and adapt by enacting an adaptation
strategy. Bucchiarone et al. [24] identified many possible adapta-
tion strategies such as substituting services with known alterna-
tives or service re-negotiation which involves negotiation with a
service directory in order to locate alternative services. It is at this
point that it must be determined which of these strategies will be
used in order to adapt during runtime. Once adaptation strategies
have been decided upon the technical and infrastructural details
of how they are implemented and triggered need to be designed.

5.1.3. Construction
The adaptation specific construction activity included in SOA-

dapt-FoR is outlined below:

Fig. 3. SOAdapt-FoR model.
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Implement monitoring and adaptation mechanisms. This activity
involves the implementation or coding of the monitoring and
adaptation mechanisms that were discussed in Section 5.1.2.
This activity would occur along with all of the other application
implementation activities within the software development
project. There are no large design features to be decided at this
point as they are specified during the design process. However,
due to the complex nature of adaptation mechanisms, this
implementation in one of the most challenging parts of the
development process.

5.1.4. Deployment and provisioning
The S-Cube life-cycle has inherited its deployment and provi-

sioning process from Papazoglou and Van Den Heuvel’s [2] service
development methodology, which itself in influenced by the RUP
methodology. The process specifies how a software system is de-
ployed as well as provisioned or metered, which would allow
charging for a service. Here is an outline of the single, adaptation
specific, deployment and provisioning activity from the SOAdapt-
FoR model:

Deploy monitoring and adaptation mechanisms. The deployment
of monitoring and adaptation mechanisms are most likely going
to get deployed with the other parts of the SBA and may not
require any special treatment. However, if the monitoring or
the adaptation mechanisms are built into a service infrastruc-
ture which is external to the application they will have different
deployment requirements.

5.1.5. Operation and management
The operation and management of the SBA is one of the most

critical processes with respect to adaptation. Whether its manual
or automatic, its during the operation of the application when
certain monitored events prompt the adaptation of the applica-
tion. Within the SOAdapt-FoR model and the S-Cube life-cycle,
the operation and management process is the link between the
evolution cycle which undergoes typical maintenance and the
adaptation cycle which allows the application to adapt. As well
as providing the link between the adaptation and evolution cycles
it also has its own activities, and one in particular that relates to
adaptation:

Run-time monitoring execution. Run-time monitoring is a key
activity within the operation and management process; it mon-
itors events that signal whether or not run time adaptation
should take place. This could be a manual activity or fully auto-
matic depending on the application, but most likely it would be
necessary to have some form of involvement by a relevant
stakeholder.

5.1.6. Identify adaptation triggers
Identify adaptation triggers is a process which makes use of

monitoring mechanisms in order to identify reasons to adapt. This
process occurs during the adaptation cycle, thus all of its sub-activ-
ities are related to adaptation. Within SOAdapt-FoR there is one
activity in this process which will now be explained:

Event reasoning from monitoring execution is an activity that
involves the identification of monitored events from application
monitors. These events may be reasoned or identified manually
depending the complexity of the application. In an fully auto-
mated system events would be identified based on application
logic, however, in a manual scenario, events might be manually
identified by end users or developers through inspection of
application logs.

5.1.7. Identify adaptation strategies
During this process, adaptation strategies are selected to suit

the monitoring events that were identified in the previous process.
Different event types may be associated with different adaptation
strategies, and again, this association may be built into the applica-
tions logic may be made at runtime by a stakeholder. One scenario
is that an application has many built in adaptation strategies
where the most appropriate one is selected by an end user at
runtime.

Select adaptation mechanism to satisfy adaptation need. This
activity is the only activity within the identify adaptation strat-
egies process. This activity completes all of the goals of its par-
ent process which is to select and adaptation mechanism which
is most suited to the monitored event that triggered the adap-
tation. The specifics actions within this activity are difficult to
determine with out having some knowledge about the adapta-
tion engine used in the underlying application.

5.1.8. Enact adaptation
This process is the last process in the adaptation cycle which

simply involves the enactment of the adaptation strategy that
was selected. Within the context of SOAdapt-FoR, this process
has only one activity which is to adapt the SBA.

Adapt SBA. This activity refers to physically adapting the appli-
cation. If it is an autonomous application this activity is auto-
matic. If the application is not autonomous enacting the
adaptation of the SBA may require configurations modifications
by end users or developers.

6. SOAdapt

In this section we will present the results of the content analysis
that carried out on the 10 interview transcripts (275 min of audio)
conducted during this study. Once the content analysis was com-
plete the SOAdapt-FoR model was updated to represent the study’s
findings. Fig. 4 is a BPMN representation of the empirically
grounded process model. The illustration shows high-level life-cy-
cle processes and activities. Tasks, stakeholders and artifacts are
listed separately in the following sub-sections.

6.1. Processes and activities

Interview participants agreed that the high-level processes
from the SOAdapt-FoR model should remain largely unchanged
and that adaptation activities should occur in the traditional
requirements engineering, design, construction, deployment and
provisioning and operation and management phases. However, a
need for a separate testing process was identified. Another notable
deviation from the original high-level processes was the lack of
emphasis placed on the provisioning sub-process from the deploy-
ment and provisioning process.

The processes from the adaptation cycle of the SOAdapt-FoR
model caused confusion among some participants during the inter-
views. There was confusion between terms such as strategies,
mechanisms and their applications. These processes as well as
their contained activities have now been modified to make them
more intuitive.

Changes to the activities contained within the high-level pro-
cesses were more extensive than changes to their parent pro-
cesses. This is to be expected given that the high-level life-cycle
processes from the evolution cycle are almost De facto, featuring
in prominent life-cycle models such as RUP, ISO/IEC 12207 and
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the waterfall model [34]. All of the changes made to the processes
and activities from the SOAdapt-FoR are listed in Table 6. The first
column of the table shows whether the processes or activities
were added or removed. In most of the cases activities were mod-
ified rather than being removed completely. This is shown in the
table as a remove followed by an add of the modified version.
Rows with both a process and activity entry refer to the activity
and show the process for reference, while rows with just a pro-
cess entry refer directly to the process. In cases where there is
no directly supporting data, changes were made to activities so
that they correspond to the activities that have supporting data.
For example, the modification of ‘‘Deploy monitoring and adapta-
tion mechanisms’’ to ‘‘Deploy adaptation strategies and monitors’’
did not have directly supporting evidence. This activity was chan-
ged in order to correspond with the activity ‘‘Design adaptation
strategies’’ which did have supporting data. The ‘‘Provisioning’’
sub-process was removed from the ‘‘Deployment and provision-
ing’’ process, not as a result of comments from the interviewees
to remove it, but because when probed, they never offered any
details on adaptation activities that need to occur during
provisioning.

6.2. Detailed process attributes

The following subsections provide an outline of the activities in
each of the process groups from SOAdapt. The activities and tasks
in Tables 7–15 are color coded depending on whether or not they
can be modified to meet the needs of a particular project scenario.
The main flexibility points relate to whether or not the type of
adaptation chosen for the project will be static (adaptation paths
determined at design time) or dynamic (adaptation paths chosen
at runtime).

6.2.1. Requirements engineering
The two Requirements Engineering (RE) activities from the

SOAdapt-FoR model remain unchanged in SOAdapt, with three
tasks having being identified for the ‘‘Define Adaptation Require-
ments’’ activity and 2 for ‘‘Define monitoring requirements’’ (see
Table 7). There were several types of adaptation triggers identified
for ‘‘Define events that trigger adaptation’’ task. For example,
learning-based, context-based, availability based, rule-based and
QoS Based triggers were identified. The availability and QoS based
adaptation trigger was elicited form the following quotation:

. . .so if one of the systems go down, to be able to say, hey one of
the systems has gone down, identify what are possible reasons
for it to go down, and then make decisions based on the infor-
mation that you’ve got as to whether to retry it on that system,
retry it on another system, go back to the customer, or what
ever, thats the kind of think that we were looking at.

These adaptation activities and tasks are self contained and can
be carried out in parallel with the other RE tasks that are necessary
for a project. A number of adaptation related artifacts and stake-
holders were also identified for the process.

Unlike the activities and tasks, the artifacts and stakeholders
identified are not exclusively concerned with adaptation. For
example, all of the adaptation stakeholders listed here usually have
other roles in other RE activities.

6.2.2. Design
There was one prominent activity change between the SOA-

dapt-FoR and SOAdapt for the design process. The ‘‘Design
Adaptation Mechanisms’’ activity was changed to ‘‘Design Adapta-
tion Strategies’’. Interviewees felt that Mechanisms was too ambig-
uous to describe the was in which SBAs adapt:

Fig. 4. SOAdapt – process model for adapting SBAs.
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‘‘Yeah, so I would call these three things out on the right side that I
design my monitor, my strategy and my adaptation. I do those
three things because my monitor leads to correct strategy’’.

Adaptation strategies such as service discovery and service sub-
stitution were also identified during the inquiry. There were eight
adaptation tasks identified for designing these adaptation strate-
gies, along with two tasks for designing monitors (see Table 8).
There were eight adaptation artifacts and four adaptation stake-
holders also identified for this process. The artifacts and stakehold-
ers identified, like the RE process, are not exclusive to adaptation
related activities. In this process artifacts such as ‘‘Functional De-
sign’’ documents are contributed to be adaptation activities, but
are also contributed to be non-adaptation activities.

6.2.3. Construction
The construction activity ‘‘Implement monitoring and adapta-

tion mechanisms’’ was updated to ‘‘Implement adaptation strate-
gies’’ to reflect the new design activity ‘‘Design adaptation
strategies’’. The ‘‘Implement Monitors’’ activity was isolated as a
separate activity to show the ‘‘Construct monitors’’ task in its spe-
cific context. A noteworthy task identified for the implementation
process was ‘‘Early Testing’’ with the other tasks specifically re-
lated to construction. The complete adaptation process attribute
details for the construction process, including three artifacts and
two stakeholders, can be seen in Table 9.

6.2.4. Testing
The testing process was added to SOAdapt as a result of three

testing activities that were identified by interviewees. Along with
the testing process there were adaptation related testing activities
identified for the ‘‘Design’’, ‘‘Construction’’ and ‘‘Deployment’’ pro-
cesses. Since the testing activities were identified from scratch,
rather than being derived from SOAdapt-FoR activities, the inter-
views did not provide a lot of detail about tasks, artifacts and

stakeholders. The activities and single task identified are illustrated
in Fig. 10.

6.2.5. Deployment
The ‘‘Deployment’’ process originated as the ‘‘Deployment and

Provisioning’’ process from the SOAdapt-FoR model. As previ-
ously mentioned (Section 6.1) the ‘‘Provisioning’’ process was
dropped because interviewees did not mention it in relation to
adaptation. The process contains one adaptation activity: ‘‘Deploy
Adaptation Strategies and Monitors’’ which was changed from

Table 6
SOAdapt process and activity changes.

Add/
remove

Process Activity

Remove Design Design adaptation mechanisms
Add Design Design adaptation strategies
Remove Construction Implement monitoring and adaptation

mechanisms
Add Construction Implement adaptation strategies
Add Construction Implement monitors
Remove Provisioning
Remove Deployment Deploy monitoring and adaptation

mechanisms
Add Deployment Deploy adaptation strategies and

monitors
Remove Operation and

management
Run-time monitoring execution

Add Operation and
management

Run-time monitoring

Remove Identify adaptation
triggers

Event reasoning from monitoring
execution

Add Identify adaptation
triggers

Event reasoning from monitoring

Remove Identify Adaptation
strategies

Add Select adaptation
strategies

Remove Select adaptation
strategies

Select adaptation mechanisms to satisfy
adaptation need

Add Select adaptation
strategies

Select adaptation strategies to satisfy
adaptation need

Remove Enact adaptation Adapt SBA
Add Enact adaptation Execute selected adaptation strategy
Add Testing

Table 7
Adaptation process attributes for the requirements engineering process.

Requirements engineering
Adaptation activities and tasks
Define adaptation requirements:
– Define events that trigger adaptation (learning-based,context-based,

availability based, rule-based, QoS Based)
– Choose between manual and automatic adaptation
– Validate adaptation requirements
Define monitoring requirements:
– Define application components that have to be monitored
– Define how monitored events are reported

Adaptation artifacts
Adaptation workflow
Use cases
Architectural overview

Adaptation stakeholders
Business analyst
Business stakeholders
Solution architects
Engineers
Developers
Information security team
System administrators
End users

Table 8
Adaptation Process Attributes for the Design Process.

Design
Adaptation activities and tasks
Design adaptation strategies:
– Design adaptation strategies (service discovery, service substitution)
– Define adaptation workflows
– Design adaptation dashboard (manual adaptation)
– Design logic to match monitored events to adaptation strategies (automatic

adaptation)
– Design service interfaces
– Choose service alternatives
– Use guide for selecting services
– Adaptation strategies prototyping
– Design tests for adaptation strategies
– Design monitoring services (post-mortem, real time monitoring)
– Determine performance impact of monitors
Design monitors:
– Design monitoring services (post-mortem, real time monitoring)
– Determine performance impact of monitors

Adaptation artifacts
Service topology
Interface definitions
Input/output data
Software specifications
Functional design
Enterprise architecture

Adaptation stakeholders
Requirements engineers
Solution architects
Developers
Maintainers
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‘‘Deploy Monitoring and Adaptation Mechanisms’’ in order to
match the terminology of preceding processes. The deployment
of monitors and strategies were kept as a single activity as the
deployment tasks apply generally to both. As illustrated in Table
11, there were 0 adaptation artifacts and four adaptation stake-
holders identified.

6.2.6. Operation and management
The Operation and Management process has retained its moni-

toring ‘‘Run-time monitoring’’, from the SOAdapt-FoR model, and
has gained an activity called ‘‘Governance’’. The governance activ-
ity, as the name implies, contains tasks for governing how the SBA
adapts during run-time. The ‘‘Run-time monitoring’’ activity has
been updated with tasks for monitoring data, events and processes
as well as a user notification task. The ‘‘Governance’’ activity has
tasks for the governing the adaptation as well as negotiating Ser-
vice-Level Agreements (SLAs). A ‘‘State model‘‘ was the only adap-
tation artifact identified without any relevant stakeholders being
identified (see Table 12). A state model is an important artifact in
the operation of autonomous adaptable SBAs. The state model is
the blue print which tells the application how to respond to certain
states or events.

6.2.7. Identify adaptation triggers
The ‘‘Identify adaptation triggers’’ process has not changed in

SOAdapt, it still retains the single Activity: ‘‘Event Reasoning from
monitoring’’, with no lower level tasks. However, this activity was
confirmed as a relevant adaptation task during the interviews:

‘‘What are the kind of criteria that we would want for this type of
adaptation, the trigger points for doing some adaptation’’.

Table 9
Adaptation process attributes for the construction process.

Construction
Adaptation activities and tasks
Implement adaptation strategies:
– Construct adaptation strategies
– Implement adaptation dashboards
– Early testing
– Refinement
Implement monitors:
– Construct monitors

Adaptation artifacts
Middleware
Technical design
Dashboards

Adaptation stakeholders
Engineers
Maintainers

Table 10
Adaptation process attributes for the testing process.

Testing
Adaptation activities and tasks
Functional testing of adaptation configurations:
– Prove to customer that application will work in all adaptation cases
System integration testing
User acceptance testing of adaptation configurations

Adaptation artifacts

Adaptation stakeholders

Table 11
Adaptation process attributes for the deployment process.

Deployment
Adaptation activities and tasks
Deploy adaptation strategies and monitors:
– Deploy components on separate systems
– Monitor system dependancies
– Functional testing

Adaptation artifacts

Adaptation stakeholders
Developers
Maintainers
Service providers
Service consumers

Table 12
Adaptation process attributes for the operation and management process.

Operation and management
Adaptation activities and tasks
Run-time monitoring:
– Audit service delivery infrastructure
– Notify users of critical events
– Monitor processes
– Monitor events
– Monitor data
Governance:
– Govern adaptation
– Negociate SLAs

Adaptation artifacts
State model

Adaptation stakeholders

Table 13
Process attributes for the identify adaptation triggers process.

Identify adaptation triggers
Adaptation activities and tasks
Event reasoning from monitoring

Adaptation artifacts

Adaptation stakeholders

Table 14
Process attributes for the select adaptation strategies process.

Select adaptation strategies
Adaptation activities and tasks
Select adaptation strategies to satisfy adaptation need:
– Select adaptation strategy based on recommendation
– Select adaptation strategy from an end used adaptation dashboard
– Select adaptation strategy to satisfy adaptation need

Adaptation artifacts

Adaptation stakeholders
End user

Table 15
Process attributes for the enact adaptation process.

Enact adaptation
Adaptation activities and tasks
Execute selected adaptation strategy

Adaptation artifacts

Adaptation stakeholders
End user
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As Table 13 illustrates, there were no adaptation artifacts or
stakeholders identified during the interview process.

6.2.8. Select adaptation strategies
The ‘‘Select adaptation strategies’’ process, like the ‘‘Identify

adaptation triggers’’ process, retains its original activity from the
SOAdapt-FoR model. However, in this case the ‘Select adaptation
strategies’’ activity has been updated with three tasks for selecting
adaptation strategies. A single stakeholder, ‘‘End user’’, has also
been identified for the process (see Table 14). End users play an
important role in identifying the correct adaptation strategies
when the adaptation process is not fully automatic.

6.2.9. Enact adaptation
The final process, ‘‘Enact adaptation’’, has also not had many

process attributes identified. The wording of its single activity
‘‘Execute selected adaptation strategy’’ had been reworded to
match the terminology of other activities but its intent remains
the same. The ‘‘End user’’ stakeholder has also been identified for
this process (see Table 15). Again end users have the final say on
enacting adaptation when the application is not fully automatic.

7. Evaluation

We employed two methods to determine the external validity
of the process model developed during this research. In Section
7.1, we describe the comparison between the process model and
a previously validated component-based software adaptation
process model, indicating whether the model contains the required
activities for adaptation. In Section 7.2, the activities from the pro-
cess model are mapped to an SBA development life-cycle which
demonstrates their transferability.

7.1. Inter-model evaluation

To evaluate SOAdapt’s capability of adapting SBAs we compared
to a similar model proposed and validated by Oreizy et al. [30,21]
for adapting component-based applications. Component-based
applications are similar to service-based applications, with both
application types being composed of loosely coupled self-con-
tained software modules. This similarity allows comparisons to
be made between the two approaches. However, the different
development paradigms being addressed by each means that a like
for like comparison is not being made.

The two models will be compared at an activity level since Ore-
izy et al’s model does not specify the life-cycle processes within
which its activities occur. Each of Oreizy et al.’s activities will be
analyzed to see if they have equivalent or comparable activities
within SOAdapt. The degree of similarity between the activities
will also be judged by degree of similarity between their compo-
nent tasks. Oreizy et al.’s do not explicitly list the tasks within each
activity, however they are described verbally within their paper.
These task descriptions have been extracted for the comparative
analysis.

7.1.1. High-level comparison
As with SOAdapt, Oreizy et al.’s adaptation model has two cy-

cles: an adaptation cycle and an evolution cycle. Both models
implement changes to applications during an offline evolution cy-
cle. However, the overall approaches for adaptation are different.
In SOAdapt, adaptation mechanisms are built into the application
at runtime. Then changes can be made to the operational applica-
tion using these mechanisms. Oreizy et al change the composition
of the application during evolution, while during adaptation imple-
ment the changes enacted during evolution. They argue that mak-

ing changes during evolution is safer because it allows the
application to be tested thoroughly before reflecting those changes
in the running system. This is a valid consideration which is ad-
dressed in SOAdapt by the task ‘‘Prove to customer that application
will work in all adaptation cases’’. This task is completed during
the testing process and ensures that possible application configu-
rations are tested off line during evolution before the application
is made operational. The differences in the adaptation approach
may be rooted in the fact that components are more tightly cou-
pled than services and hence require a greater deal of testing and
integrity checks during evolution. The two approaches share many
of the same activities. For example, both approaches have runtime
monitoring processes to detect when adaptation should be en-
acted. Both methods also have activities to govern and manage
runtime adaptations.

7.1.2. Detailed comparison
Table 16 was constructed in order to get a better picture of

whether SOAdapt contains equivalent adaptation activities and
tasks to those outlined by Oreizy et al. The left hand column con-
tains the complete list of activities and tasks from Oreizy et al.
while the right hand side shows comparable or similar tasks and
activities from SOAdapt.

It is evident from the table that all of the adaptation activities
from Oreizy et al. have comparable activities in SOAdapt. This
shows that, at a high-level at least, SOAdapt contains the basic
ingredients for adaptation. The table does not show the adaptation
activities identified in SOAdapt which do not have counterparts in
Oreizy et al.’s model. SOAdapt goes beyond the basic set of activi-
ties for adaptation and considers adaptation more explicitly during
evolutionary processes such as design, deployment and testing.
There are some activities where Oreizy et al. has more detail than
SOAdapt particularly with regard to its monitoring activities. The
similarities that can be seen between the two models suggest that
SOAdapt is a valid adaptation model. This, however, is based on the
assumption that Oreizy et al.’s model is itself valid and that adapt-
ing component-based applications is a comparable process to
adapting SBAs.

7.2. Transferability

In order to determine the transferability of SOAdapt, each of its
activities were mapped to a component-based application devel-
opment life-cycle. This life-cycle proposed by Durvasula et al.
[31], suggests a high-level process as well as best practice guide-
lines for developing SBAs. The best practice guidelines are given
in a non-sequential format, providing practitioners with a menu
of best practices that they can select to use in conjunction with
the proposed life-cycle process model. If the activities and tasks
from SOAdapt can be intuitively mapped to Durvasula et al.’s
development life-cycle, this shows the transferability of the model
to a real-world development scenario.

Table 17 illustrates Durvasula et al.’s development life-cycle
annotated with the activities from SOAdapt which are highlighted
in bold. The granularity of development activities from Durvasula
et al.’s life-cycle and SOAdapt are somewhat different, with Durva-
sula et al. embedding some life-cycle processes within others. For
example, Deployment is embedded as an activity within the IT
Operations process. This is not a problem, but it does have some
knock on effects to the mappings contained in the Table 17. Some
of the activities from SOAdapt are represented as tasks to satisfy
the different level of process granularity used by Durvasula et al.

It is evident from Table 17 that the activities from SOAdapt fit
into the SBA development life-cycle indicating their transferability.
Changes in granularity have been made in order to make the map-
ping. However, this is to be expected given the variation of process
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attribute granularity in SBA development process models such as
those reviewed in [7].

It is also necessary to evaluate the degree of transferability be-
tween the deliverables or artifacts of each process model. The map-
ping in Table 18 was constructed in order to see the level of
compatibility between the artifacts. The first column lists the arti-
facts from SOAdapt while the third column shows the artifacts
from Durvasula et al.’s life-cycle. The second column shows how
the artifacts from SOAdapt would relate to the artifacts from Dur-
vasula et al.’s life-cycle during a development project.

In the requirements engineering, design and construction pro-
cesses all of the artifacts can be mapped to Durvasula et al.’s life-
cycle except for the software specifications and functional design
artifacts. These are common artifacts and are often present in
software development projects. They may not be mentioned by
Durvasula et al. as they focus on service-specific artifacts. The state
model artifact from the operation and management process was the
only other artifact without a match in the mapping. This shows a
high level of interoperability between the artifacts of the two mod-
els. Mapping the artifacts from SOAdapt has had no negative impact
on the artifacts already present in Durvasula et al.’s life-cycle. The
artifacts in Durvasula et al.’s life-cycle focus on development of ser-
vice-oriented applications in general while the artifacts in SOAdapt
are primarily concerned with adaptation. Therefore, the artifacts
from SOAdapt interact with those in Durvasula et al.’s life-cycle as
specialized artifacts which enhance the overall development
process.

8. Discussion

The research presented in this paper has addressed a gap. In the
first instance, while there have been many implementation

techniques proposed for adapting services and SBAs, they are not
process focused. Secondly, studies have not been based on the expe-
riences and opinions of expert SBA development practitioners.
When developing a process model for adapting SBAs it is important
to look at the broader perspective of the entire SBA development
life-cycle, taking into account the various actors and stakeholders
involved. By analysing interviews carried out with developers, ana-
lysts, architects, and business stakeholders from various domains, a
useful real-world SBA adaptation process model has been
constructed.

The approach taken in this paper has leveraged the existing lit-
erature, which was used to construct a conceptual framework to
guide the fieldwork and qualitative data analysis. There are argu-
ments against this approach, with some suggesting [35] that the
use of a conceptual framework influences research participants
and results in biased findings. Miles and Huberman [28], however,
argue that all qualitative research is inherently biased by the re-
searcher and that the benefits of using a conceptual framework
outweigh the drawbacks. In completing this study, we found that
participants offered insights that they might not have thought
about in the absence of prompts from the conceptual framework.

The data analysis conducted followed a best practice positivistic
approach which allows the results to be audited and reviewed by
secondary researchers. This rigorous, repeatable approach aims
to eliminate researcher bias and enhance the credibility of the re-
search. Furthermore, this approach allows for the findings to be ex-
tended by conducting additional interviews and analysing the
additional data with the original analysis method.

It was discovered during the interview process that participants
were able to readily relate to the processes in the evolution cycle
and to provide relevant insights into the adaptation activities that
should occur during these phases. This is likely to be due to the fact

Table 16
Oreizy et al. vs SOAdapt.

Oreizy et al. SOAdapt

A1: Maintain concistancy and system integrity Governance/design adaptation strategies/functional testing of adaptation
configurations

T1: Preserve consistant model of application architecture Prove to customer that application will work in all adaptation cases
T2: Preserve strict correspondence between architectural model and execution

implementation
Govern adaptation

T3: Develop architecture evolution manager (AEM) to mediate changes to the
AEM

Design adaptation dashboard (manual adaptation)

A2: Enact changes Implement adaptation strategies
T4: Use an interactive editor to construct architectures and describe

modifications
T5: Use design tools to critique architectures as they are constructed Early Testing
T6: Use domain specific tools to check for semantic errors Refinement
T7: Use modification interpreter to interpret change description language

scripts as AEM primitives
Construct adaptation strategies

A3: Collect observations Run-time monitoring
T8: Observe and provide notifications of exceptional events such as resource

shortages
Monitor events/notify users of critical events

T9: Dynamic modification of monitors and monitored events
T10: Model application behavior as patterns of events
T11: Remote monitoring by human actors Audit service delivery infrastructure

A4: Evaluate and monitor observations Event reasoning from monitoring/functional testing of adaptation configurations
T12: Monitor behaviors of the running application and compere them to

behavioral requirements
T13 Determine all possible architectural configurations to use for concistancy

checks
Prove to customer that application will work in all adaptation cases

T14: Automatic runtime concistancy checks

A5: Plan changes Define adaptation requirements/define monitoring requirements
T15: Plan which observations are required for enacting adaptations Define events that trigger adaptation (learning-based,context-based,availability

based, rule-based, QoS based)
T16: Plan which adaptations to make and when to make them Define application components that have to be monitored

A6: Deploy change descriptions Execute selected adaptation strategy
T17: Use AEM to translate change descriptions into specific application

modifications
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that these life-cycle processes are present in many of the formal
development life-cycles that are reported in the literature. Respon-
dents found it more difficult to relate to the processes introduced
in the adaptation cycle, which resulted in significantly less data
being collected for this these processes. Another interesting finding
was that many practitioners did not consider the use of a service
specific life-cycle. They normally develop SBAs using traditional
waterfall style methods. However, on reviewing the frame of refer-
ence model with an additional adaptation cycle they considered
this to be a useful approach.

8.1. Threats to validity

The primary threat to the validity of this research is the gener-
alisability of the adaptation model constructed. Every effort was
made to select interview partners from a diverse set of companies
and a diverse set of roles, but this does not guarantee that the re-
sults are generally applicable. In order to mitigate these risks the

process mode was mapped to a SBA development life-cycle that
was empirically developed independently of this research. The
goodness of fit that was achieved during the mapping helps to
show the model can be generally applied.

In the absence of having used the model in a real-life scenario it
is difficult to determine its capability of adapting SBAs. There are
two conceivable methods of determining its real world adaptation
capabilities, the first being to actually use it in a real adaptable SBA
development project, the second being to compare it to a similar
model that has been validated in a real scenario. The latter option
was chosen mainly for practical reasons. While it is arguably better
to validate the model in real scenario, there is also a lot to be
learned by comparison with an existing approach. In this paper
the comparison shows that the adaptation process model does
contain the activities required to safely adapt an SBA during
runtime.

The final threat considered is whether or not the data collected
reached a point of saturation where activities and tasks identified

Table 17
Mapping SOAdapt to Durvasula et al.’s SBA life-cycle.

Life-cycle process Activity Tasks

Requirements and analysis Map high-level business processes
Prioritise business services
Capture business service requirements
Define adaptation requirements
Define monitoring requirements
Architecture review Review requirements

Review alternatives and estimate effort
Propose solution

Prioritise and add to solutions portfolio

Design and development Assign resources to solutions development team
Design solutions – identify reuse opportunity
Design adaptation strategies
Design monitors
Develop, QA and conduct UAT for business solution Implement adaptation strategies

Implement monitors
Functional testing of adaptation configurations
System integration testing
User acceptance testing of adaptation configurations

IT operations Assign resources to service operations teams
Identify infrastructure needs and establish systems environment
Deploy business solution Deploy adaptation strategies and monitors
Maintain solution to business requirements Run-time monitoring

Governance
Identify adaptation triggers Event reasoning from monitoring
Select adaptation strategies Select adaptation strategies to satisfy adaptation need
Enact adaptation Execute selected adaptation strategy

Table 18
Mapping SOAdapt’s artifacts to Durvasula et al.’s artifacts.

SOAdapt artifact Relationship Durvasula artifact

Requirements engineering
Adaptation workflow is integrated into Design models: UML, SCA service assembly model and others
Use cases is integrated into Design models: UML, SCA service assembly model and others
Architectural overview uses Bindings: JMS, RMI, IIOP, HTTP (s), and others

Design
Service topology is integrated into Design models: UML, SCA service assembly model and others
Interface definitions is integrated into Design models: UML, SCA service assembly model and others
Input/output data is integrated into Design models: UML, SCA service assembly model and others
Software specifications
Functional design
Enterprise architecture uses Bindings: JMS, RMI, IIOP, HTTP (s), and others

Construction
Middleware uses Product specific metadata for configuration as well as service execution
Technical design is used to guide development of Source code, Jave documents, release notes
Dashboards form part of Source code

Operation and management
State model
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begun to re-occur in the later interviews. The later interviews did
repeat much of the earlier findings with the exception of the life-
cycle processes in the adaptation cycle. Had the interview ques-
tions relating to the adaptation cycle been focused on more during
the interviews this would have resulted in more data. The problem
seemed to be that the questions for the evolution cycle often took a
lot of time and by the time the adaptation cycle questions came
around the respondents enthusiasm diminished resulting in less
data being collected. A solution may have been to focus solely on
the adaptation cycle in later interviews, however, this would have

been at the cost of valuable data collected by the evolution related
questions. We plan to take this approach in future research.

8.1.1. Validation
Lincoln and Guba [36] argue that qualitative research should be

internally valid, externally valid, reliable and objective. In this pa-
per we focused on internal and external validity. Internal validity
relates to ‘‘how’’ the research is carried out, and whether the meth-
ods used are credible. Two suggested methods of ensuring internal
validity are data source and method triangulation [37]. Externally

Table A.19
Adaptation activities.

Source Adaptation activity Generic activity

Lane et al. Monitor message sequences among services and its partners Runtime monitoring
Lane et al. Runtime service discovery Adapt SBA
Lane et al. Requirements and analysis stage: define KPIs and management policies Define Adaptation Requirements
Lane et al. Service specification: identify the service properties to specify Define Adaptation Requirements
Lane et al. Specifying service decision model Define Adaptation Strategies
Lane et al. Set warning thresholds and alerts for compliance failures Define Monitoring Requirements
Lane et al. Specify monitoring rules according to the adopted SeCSE monitoring language (SECMOL) Define Monitoring Requirements
Lane et al. Service deployment: deploy the monitoring rules and recovery policies within the monitoring system Deploy Monitoring Mechanisms
Lane et al. Gather QoS metrics on the basis of SLAs Design Monitors
Lane et al. Evaluate SLA QoS metrics Design Monitors
Lane et al. Readjust service weights for request queues Design Monitors
Lane et al. Designing service adapters Design Adaptation Mechanisms
Lane et al. Recovery management: identify, by looking at the monitoring data, the needs for a recovery action Event reasoning from Monitoring
Lane et al. Detect protocol violations Runtime monitoring
Lane et al. Monitor service, application, middleware, OS, hardware, and network Runtime monitoring
Lane et al. Monitor workloads Runtime monitoring
Lane et al. Insert monitoring rules and recovery actions in concrete parts of the service composition executable description Runtime monitoring
Lane et al. Monitor services Runtime monitoring
Bucchairone

et al.
Define adaptation and monitoring requirements Define Adaptation Requirements/

Define Monitoring Requirements
Bucchairone

et al.
Design for monitoring and adaptation Design Monitors/Design

Adaptation Mechanisms
Bucchairone

et al.
Construction of monitors and adaptation mechanisms Implement Monitoring and

Adaptation Mechanisms
Bucchairone

et al.
Deployment-time adaptation Define Adaptation Requirements

Bucchairone
et al.

Run-time Monitoring Runtime monitoring

Bucchairone
et al.

Decide between adaptation and evolution Define Adaptation Requirements

ProDAOSS Organisational services realization paths are documented by a dynamic service hypergraph Define Adaptation Requirements
ProDAOSS Organisational services are designed as service centers in the architectural design discipline Define Adaptation Requirements
ProDAOSS Services realization environment is open and adaptable through the use of a reinforcement learning algorithm and

a probabilistic reputation model
Event reasoning from Monitoring

PLASTIC Runtime Analyser Runtime monitoring
PLASTIC SLA monitor Runtime monitoring
PLASTIC On-line validation Runtime monitoring
PLASTIC Evolution policies decoder Event reasoning from Monitoring
BCDF Take enterprises business and technical requirements as well as dependencies between them into consideration Define Adaptation Requirements
BCDF Enterprises describe their purpose and high level requirements for a business collaboration Define Adaptation Requirements
BCDF Define the operational conditions under which businesses can cooperate Define Adaptation Requirements
BCDF Negotiation agreement describing the interactions among the services from the different parties Design Adaptation Mechanisms
Chang Defining Target Services Define Adaptation Requirements
Chang Defining Unit Services Define Adaptation Requirements
Chang Planning service component acquisition Design Adaptation Mechanisms
Chang Acquiring service components Design Adaptation Mechanisms
Chang Composing services Adapt SBA
Multi-view

SOAD
Develop use case models Define Adaptation Requirements

Multi-view
SOAD

Service identification by viewpoint Define Adaptation Requirements

Multi-view
SOAD

Service interface conception Design Adaptation Mechanisms

Multi-view
SOAD

Mapping to platform specific models and code generator Event reasoning from Monitoring

CSOMA Model services with variability points Define Adaptation Requirements
CSOMA Select orchistration schema based on the context of the incoming request Event reasoning from Monitoring
CSOA Design adaptation views for Platform Specific Models (PSMs) Define Adaptation Requirements
Dino Develop UML2 Modes Model Define Adaptation Requirements
Dino Generate requirements and capabilities of broker services Define Adaptation Requirements
Dino Set dynamic service broker configuration Design Adaptation Mechanisms
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validity refers to the transferability of the research results to other
similar contexts. If research results are transferable then they are
arguably much more useful than results that are specific to a par-
ticular context.

The internal validity of this research has been sought through
the use of data source and research method triangulation. There
were two data sources used to construct the process model, SOA-
dapt-FoR was constructed with data from relevant literature
sources, while the empirically grounded version of the model
was constructed using data gathered during field work. There were
also two research methods employed, survey research where indi-
viduals were interviewed and case study research where a the
development process of SbaSoft was documented through inter-
views with several practitioners working at SbaSoft.

8.2. Conclusions and future work

During this research, the authors conducted a review of the lit-
erature and identified adaptation activities that could be used to
adapt SBAs. These activities in combination with a skeleton life-cy-
cle model proposed by the S-Cube consortium [18] formed the ba-
sis for a frame of reference process model for adapting SBAs. This
frame of reference was used to guide interviews with SBA develop-
ment practitioners who had experience with or who could provide
expert opinion on how to adapt SBAs. The data that was collected
in these interviews was transcribed and analyzed using qualitative
content analysis techniques. The resulting adaptation activities and
tasks were constructed into a detailed process model identifying
the relevant stakeholders and development artifacts for each stage
of the process. The model’s transferability and capability were
demonstrated during an evaluation process where the model was
systematically compared to a component-based application adap-
tation model and an empirically based SBA development life-cycle.
The approach taken in this paper has advantages over similar ap-
proaches in that its process focused and is based on input provided
by experts from the field.

Future work will focus in refining the process model and inves-
tigating whether or not the activities identified for the adaptation
cycle can be enriched with more detail. In order to determine the
applicability of the model in the field, efforts will be made to use
the model during an adaptable SBA development project.

Appendix A. Adaptation activities

See Table A.19.
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