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Abstract 

When changes occur in the business processes and their implemented Web service compositions, the Web service compositions are 
required to be adapted at run-time to accommodate the changes. To guide development of new decision-making algorithms and 

corresponding frameworks for management of Web service compositions, there is a need to examine and classify problems involved 
in adaptation. In this paper, we studied the existing work in the area of adaptation of Web service compositions and performed a 
classification of problems in adaptation decision-making for business processes and their affected Web service compositions. We 
classify the adaptation decision-making problems using the 5WH question and propose six dimensions of classifications of problems 
in adaptation decision-making: causes of the adaptation (corresponding to “When”), goals of the adaptation (corresponding to 
“Why”), scope of the adaptation (corresponding to “Where”), adaptation decision-maker (corresponding to “Who”), planning of the 
adaptation (corresponding to “How”), and changes made by adaptation (corresponding to “What”). The classification identifies 
aspects that are not studied sufficiently in the past works and helps us explore the requirements for adaptation decision-making 

software. The study observes that autonomic business-driven decision-making is a promising research area, with many unsolved 
challenges and there is a gap on business-driven decision-making for concurrent adaptation of multiple Web service composition 
instances. 
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1 Introduction  

In the modern world, the globalized economy increasingly 

requires and supports various business relationships 

between diverse enterprises. Technical changes (e.g., 

server is down) and business changes (e.g., new customers 

added) happen frequently and increasingly in long-running 

business processes. Enterprise information technology (IT) 

systems are required to seamlessly interconnect with 

diverse IT systems of business partners irrespective of their 

implementations and to handle various technical and 

business changes. Service-oriented computing was deve-

loped to implement business processes and address these 

challenges. Service-oriented architecture (SOA) imple-

mented with Web service technologies [1] is the most 

popular approach to build distributed information tech-

nology (IT) systems for business processes, within and 

across organisations. Service-oriented systems [2] (such as 

Web services and their compositions) are composed in a 

loosely-coupled manner, possibly at runtime, and exposed 

as implementation independent services. However, diverse 

technical and business changes that affect business 

processes and their Web service compositions cannot fully 

be handled by just implementing and composing service-

oriented systems. To fully handle changes, business pro-

cesses and the affected Web service compositions have to 

be adapted. Adaptation of business processes and the 

affected Web service compositions is a set of controlling 

activities undertaken to ensure correct and secure ope-

rations, accommodate changes, maximise quality of ser-

vice (QoS) and business benefits. There are usually more 

than one ways to adapt business processes and the affected 

Web service compositions.  

In order to determine how to perform adaptation, 

decision-making algorithms are required to be developed. 

To be able to combine and compare various decision-

making algorithms, there is a need to identify and classify 

various problems of decision-making in adaptation. Also, 

the classification of problems is required to direct new 

decision-making algorithm development and correspon-

ding adaptation decision-making framework. Therefore, in 

this paper, we develop a novel classification of problems in 

decision-making for adaptation of business processes and 

the affected Web service compositions. 

This rest of the paper is organized in the following 

way. Section II discusses the state of the art. Section III 

concludes the paper.  
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FIGURE1. Six dimensions of classifications of problems in adaptation decision-making. 

 
2 Classifications of Problems in Adaptation Decision-

Making 

To successfully perform adaptation, it is necessary to 
precisely specify what is to be achieved by adaptation and 
how, where, when, and by whom this should be done. In 
journalism and some other areas, there are six questions 
(known as 5WH questions) used to guide the description of 
a situation: “What”, “Where”, “When”, “Why”, “Who”, 
and “How”. Therefore, we classify the adaptation decision-
making problems using these six questions.  

We examined the meaning of the 5WH questions in the 
context of adaptation of business processes and the 
affected Web service compositions. Then we proposed six 
dimensions of classifications of problems in adaptation 
decision-making: causes of the adaptation (corresponding 
to “When”), goals of the adaptation (corresponding to 
“Why”), scope of the adaptation (corresponding to 
“Where”), adaptation decision-maker (corresponding to 
“Who”), planning of the adaptation (corresponding to 
“How”), and changes made by adaptation (corresponding 
to “What”). Fig. 1 illustrates the above six dimensions. In 
this section we present the classification of problems and 
discuss which types of problems have been examined by 
representative past research projects.  

2.1 GOALS OF THE ADAPTATION 

Different goals set for adaptation of Web service 
compositions have different influences on decision-
making. Here is an example showing how the goals 
influence adaptation decision-making. Web service X in a 
Web service composition costs $10 per month and 
promises that the response time is less than 10 ms. Assume 
that Web service X suddenly becomes unavailable for 

some reason. There are four alternative Web services 
which can replace Web service X. The response time and 
cost of each alternative Web service are shown in Table 1. 
Assume if the response time guarantee is not met, the 
penalty for each incident is $0.10 per incident. Also 
assume that there are no more than 100 invocations of the 
Web service per month.  

TABLE 1 Four Web service alternatives for Web service X. 

Options Response time Cost 

Web service A 10 ms $12 

Web service B 10.5 ms $10 

Web service C 7 ms $13 

Web service D 12 ms $4 

As shown in Fig. 2, the goals of adaptation are 

classified into:  

 Stick to the contract [3]. In this case, the goal of 

adaptation is to restore the previous situation, which is 

as the defined technical metrics in the contract, as 

much as possible. Thus, for the given example, Web 
service A is selected to achieve the goal, although the 

cost is higher than $10.  

 Minimize the impact of the change which is caused 

the adaptation [4]. In this case, the prices and 

penalties should be considered in the decision-

making. Thus, this goal is broader than the above goal 

“stick to the contract”. Thus, for the given example, 

Web service B would be the best option as it has 

minimal impact and it costs less than Web service A 

and C.  
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 Achieve the maximal technical quality of service – 

QoS [5-8, 47-49]. In this case, the goal of adaptation 

is to optimise technical QoS metrics, without taking 

into account costs. Thus, for the given example, Web 

service C is selected as the response time of Web 

service C is the fastest.  

 Achieve maximal business value [9]. In this case, 

the goal of adaptation is to achieve the optimal 

business value, which means the decision is made 

from a business perspective. This type of goal is 

opposed to the above goal which is from the technical 

perspective. Achieving business value considers not 

only penalties and costs to be paid but also considers 

intangible business metrics (such as customer 

satisfaction and market share) as they have impact on 

long-term business value. For the given example, 
Web service D is cheaper than the other options while 

its response time is higher than the others. Thus, Web 

service D is selected as it is the best option from the 

business perspective.  

 

FIGURE 2.Goals of adaptation. 

Most of the past works on adaptation decision-making 
mainly focus on optimization of technical QoS (such as 
availability and response time) [10-12]. However, business 
users view technical QoS metrics only as ways to optimise 
business value (i.e., business worth). A business metric 
(such as profit and market share) is any measure of 
business worth of a situation or an activity to a particular 
business party [13]. To business owners of IT systems, 
business metrics are more important than technical QoS 
metrics. For example, when response time of a service 
changes from 10ms to 30ms, a business owner is usually 
not very interested in the response time change, but wants 
to know the business impact of this change, e.g. how much 
it will cost the owner’s business. The business-driven IT 
management (BDIM) research area [10-12] studies 
models, algorithms, and architectures for mapping business 
metrics and technical QoS metrics and making IT 
management decisions best from the business viewpoint 
based on such mappings. For example, it tries to quantify 
impact on business profits of increased/decreased 
availability. Autonomic business-driven IT management, 
which is the intersection area of autonomic computing and 
business-driven IT management, adds processing of busi-
ness metrics to decision-making components of autonomic 
systems. As the complexity of business processes and Web 
service compositions is growing, autonomic business-
driven IT management has become a hot research topic for 
service-oriented systems [14-15]. 

Most past works on business-driven management of 
business processes have focused on maximising short-term 
profit of enterprises. However, business managers often 
differ in how they prioritise different business metrics in 
different time frames (e.g., short-term vs. long-term). 
Maximising short-term profit may not always be the best 
approach to achieve long-term business goals [13]. It is 
appropriate to incorporate business motivation in 
autonomic business-driven IT management solutions to 
direct decision-making in managing IT systems in response 

to runtime changes (e.g., system performance changes and 
business goal changes). Business motivation represents the 
factors (such as business vision, goals, and strategies) that 
motivate the establishing of business, which is a major 
differentiator of enterprises in a competitive market. Also, 
IT systems usually run as support of business actions to 
fulfil operational and strategic objectives of an organi-
zation. The execution and management of IT systems 
should be guided to meet the organisation’s business 
vision. The Business Motivation Model (BMM) [16] is the 
Object Management Group’s (OMG) standard for speci-
fication of high-level business motivation and intent as 
input into design, development and execution of IT sys-
tems. Therefore, it is beneficial to make adaptation 
decisions taking into account long-term business concerns 
described in the Business Motivation Model. 

2.2 SCOPES OF THE ADAPTATION 

As shown in Fig.3, we classify the scopes of the adaptation 
into two types:  
 Schema level adaptation. In this case, the business 

process description (e.g., BPEL) is modified. All ins-
tances of the affected Web service composition are 
affected. Schema level adaptation is for all instances, 
which are further classified into two different sub-
types: one same adaptation for all users [17-19], or dif-
ferent adaptations for different classes of user [3].  

 Instance level adaptation [20]. In this case, instances 
are classified into different types according to their 
characteristics, such as current positions in the running 
process and classes of user. Thus, different classes of 
instances are adapted in different ways. For example, if 
there are ten instances with same characteristics and the 
resources are not enough to provide 99.999% availa-
bility to all instances, then some instances (this number 
depends on the available resources) are adapted to 
achieve 99.999% availability, while the others are 
adapted to achieve lower availability (e.g., 98%). 
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FIGURE 3 Scopes of adaptation. 

Most of past research projects make adaptation 
decisions in terms of one same adaptation for all users, 
while only a few research projects make different 
adaptation decisions for different classes of user. It is 
observed that instance level adaptation is studied rarely. 
Here, the concept “instance” is a runtime invocation of a 
business process or a Web service composition. 

A particular layer of complexity in adaptation decision-
making is that often the change affects not only one 
instance, but multiple instances and possibly different Web 
service compositions at the same time.  

Since the affected concurrent instances can have 
different characteristics, it is often necessary to adapt them 
in different ways. When a change occurs, instances in 
different classes of services or at different runtime posi-
tions in the business process model might require different 
adaptation. Adapting all affected instances in the same way 
can lead to sub-optimal solutions, e.g., due to limited 
underlying resources. Therefore, it is beneficial to examine 
how to concurrently adapt all affected instances 
individually to find the globally optimal adaptation. 

2.3 CAUSES OF THE ADAPTATION 

As shown in Fig. 4, we classify the causes of the adap-
tation of Web service compositions into:  

 Technical reasons [21-28]. The technical reasons are 

further classified into: some services do not run (e.g., 

implementations of services do not work), some 

services run with errors (e.g., because of a wrong 

input), some service cannot be accessed (e.g., due to 

overloaded services or broken network), some ser-
vices are not performing optimally (e.g., response 

time increases), some services have been replaced 

(e.g., new upgrade with backward compatibility), 

changes in connecting infrastructure (e.g., orchestrator 

software changes), changes in non-business context 

(e.g., new emerging technology, technology changes). 

 Business reasons [18, 24]. The business reasons are 

further classified into: business goal changes (e.g., 

triple the current annual profit goal”), business stra-

tegy changes (e.g., business focus changes from gold 

consumers to silver consumers), business structure 
changes (e.g., business partner changes), business rule 

changes (e.g., increase to 20 servers for gold con-

sumers), business customer changes (e.g., customer 

preference changes), business context changes (e.g., 

new emerging competitors).  

The majority of past works primarily examine adap-
tations caused by technical reasons, while only a few 
research projects [18, 24] concern the impact of business 
reasons without detailed analysis. It is necessary to under-
stand various reasons causing adaptation as they may need 
different monitoring and adaptation. For example, if 
business related events are not monitored, the corres-
ponding required adaptation will not be triggered by the 
management system. 

This rest of the paper is organized in the following 
way. Section II discusses the state of the art. Section III 
concludes the paper.  

 

 

FIGURE 4.Causes of adaptation.
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2.4 PLANNING OF THE ADAPTATION 

As shown in Fig. 5, according to whether a single action or 
a set of actions is to be determined, we classify adaptation 
decision-making into:  

 Single action [17, 19, 29, 30]: Only one optimal 

adaptation action is selected from several alternatives. 

 Single plan [31-32]: a single plan with a group of 

loosely couple sequential actions is determined.  

 Multiple parallel plans: this type of planning is rele-

vant to instance level adaptation which is discussed in 

Scope of the Adaptation. In this case, Different plans 

are needed for different classes of instances.  
The majority of past research projects mainly focus on 

determining single actions for adaptations. As the comp-
lexity of long-term plan determination, only a few past 
projects focus on plan set up, particularly on multiple 
parallel plans. 

 

FIGURE 5 Planning of adaptation 

2.5 CHANGES CAUSED BY THE ADAPTATION 

As shown in Fig. 6, adaptation could lead to changes in 
various aspects of system execution and configuration:  

 Changing the business process structure [17, 19, 
22, 33, 34], which includes creating a new business 

process, modifying the current business process, and 

terminating the services for some time.  

 Changing contracts with customers [35-36] include 

making new contracts, switching customers between 

existing contracts, changing existing extra-functional 

contracts, changing existing functional contracts.  

 Changing execution of the business process [18, 23, 

25], by taking some actions such as skip, rollback, 

termination and retry of the business process instance.  
Research projects [18, 24] concern the impact of busi-

ness reasons without detailed analysis. It is necessary the 
past research projects support the above types of changes 
well, although there is no one supporting all types of 
changes. The classification of changes caused by 
adaptations can guide the outputs of adaptation decision-
making algorithms.  

 

FIGURE 6 Changes caused by the adaptation. 

 

FIGURE 7 Adaptation decision-makers. 
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2.6 ADAPTATION DECISION-MAKERS 

As shown in Fig. 7, we classify decision-makers into: com-
puter systems with minimal help from human admi-
nistrators [22, 25], human administrators with support from 
computer systems [37], human administrators. Corres-
pondingly, adaptation decisions can be determined automa-
tically, semi-automatically, or manually.  

In industry practice, adaptation decision-making of 
business processes and their affected Web service com-
positions is still manually done by human administrators. 
The majority of past management products for adaptation 
mainly act as decision-making support tools for human 
administrators. These products show summaries of moni-
tored information and often automate execution of some 
simple control actions, but human administrators are ulti-
mately responsible for making complex decisions about 
control actions. However, human administrators might not 
always be available, might take too long to analyse comp-
lex situations and respond, or might be too expensive. 
Further, it is difficult for human administrators to handle a 
large number of Web services and understand multifaceted 
interdependencies between many diverse components and 
metrics at various levels of abstraction. Due to the high 
complexity of management tasks and cost of experienced 
human system administrators, IT systems should be 
managing themselves with minimal human intervention. 
Self-management has been a research goal for several 
decades, but was made prominent by the vision of 
autonomic computing. Autonomic computing [38] is an 
approach towards reducing complexity in IT system 
management, where IT systems self-manage themselves 
directed by configurable high-level management policies 
with minimal human intervention. A prerequisite for 
performing system adaptation is existence of a machine 
process able and precise format for specification of 
adaptations [39-40]. Policies are a frequent approach to IT 
system management, which is not limited to autonomic 
computing. A policy formally specifies a collection of 
high-level and implementation-independent operation, 
goals, and rules. 

Autonomic systems should be carefully designed 
because various policies and the interdependencies bet-
ween them may increase the complexity of systems, which 
is in contrast to the aim of autonomic computing. Further, 
most of previous works in autonomic computing mainly 
assume that autonomic systems are fully specified via 
perfect policies written by human administrators and the 
autonomic system execution is predictable. However, 
sometimes human administrators are not sure about exact 
values for policies or the values they know might have 
become obsolete due to runtime unpredictable runtime 
changes or human errors. Therefore, it is necessary to 
introduce specification of uncertainty in policies and 
algorithms for decision-making under uncertainty.  

Table 2 shows different features of several represen-

tative research projects in the area of self-adaptation for 
service-oriented systems. There are some other research 
projects, but with similar strengths and weaknesses as the 
discussed representative projects, so the overall conclu-
sions of the analysis also apply to them. Most of the auto-
nomic systems only focus on some of the self-management 
capabilities. For example, Unity [44] focuses on self-
configuration, self-healing and self-optimization while 
Dynamo [42] and Adaptive Server Framework [43] mainly 
work on the self-healing capabilities of autonomic systems. 
[18, 24] identify and classify adaptation problems at high-
level. Many research projects have developed self-healing 
approaches using policies [18, 41]. Most of existing 
research projects focus on self-healing framework deve-
lopment [21, 25, 28, and 41]. Only a few research projects 
[45-46] work on recovery without taking into account 
business metrics and they do not consider long-term 
business metrics.  

TABLE 2  Representative research projects on self-adaptation of business 
processes and the affected Web service compositions. 

Paper 
Self-

healing 

Self-

optimisation 

Policy-

based 

Uncertainty 

handling 

[22] Yes No No No 

[24] No No No No 

[18] Yes No Yes No 

[21] Yes No No No 

[25] Yes No No No 

[28] Yes No No No 

[41] Yes No Yes No 

[42] Yes No Yes No 

[43] Yes No Yes No 

[44] Yes Yes Yes No 

[45] Yes No No No 

[46] Yes No No No 

3 Conclusion 

In this paper, we performed a classification of problems in 
adaptation decision-making for business processes and 
their affected Web service compositions. The classification 
identifies aspects that are not studied sufficiently in the 
past works and helps us explore the requirements for 
adaptation decision-making software. 
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