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Abstract. Quality of Service (QoS) once deﬁned in a contract between
two parties may change during the life-cycle of Service-Based Applications (SBAs). Changes could be due to system failures or evolution of
quality requirements from the involved parties. Therefore, Web Services
need to be able to adapt dynamically to respond to such changes. Adaptation and evolution of services are playing an important task in this
domain. An essential issue to be addressed is how to eﬃciently select an
adaptation while, there exists diﬀerent strategies. We propose a fuzzy
service adaptation approach that works based on the degree of QoS satisfaction. In particular, we deﬁne fuzzy parameters for the QoS property
descriptions of Web Services. This way, partial satisfaction of parameters is allowed through measuring imprecise requirements. The QoS
satisfaction degree is measured using membership functions provided for
each parameter. Experimental results show the eﬀectiveness of the fuzzy
approach using the satisfaction degree in selecting the best adaptation
strategy.
Keywords: QoS, service adaptation and evolution, fuzzy logic.

1

Introduction

In Service-Based Applications (SBAs), Quality of Service (QoS) parameters may
change during the life cycle of the application. Web service adaptation is an important phase to deal with such changes. Handling changes in a demanding and
adaptive environment is a vital task. One main issue lies in QoS property descriptions of Web Services. This involves specifying service requirements in a formal
way, monitoring and dynamically adapting and evolving the services with respect
to the QoS changes. Static adaptation is impractical due to the changing environment and high cost of maintenance and development. Specifying all possible
alternative behaviour for adaptation at design time is impossible. Therefore, a
declarative approach is required at run-time to support adaptation decisions.
In order to perform run-time decisions for adaptation in a volatile environment, one issue is to consider the imprecise evaluation of QoS properties. Existing
approaches do not allow partial satisfaction of parameters. It is required that
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services should be able to tolerate a range of violation in their quality description. However, handling this toleration need to be done with special care. An
important issue to address in SBAs is to what extent the QoS parameters of a
Web Service are satisﬁable. The answer to this issue could be a basic for making
adaptation decisions. However, this issue has not been addressed adequately in
the literatures. Evaluating the extent of parameter satisfaction is necessary to
help the selection of best adaptation strategy.
As an initial step to this, in [3] we provided conditions under which QoS
changes are acceptable. We used a temporal logic namely Allen’s Interval Algebra
(AIA) [2] to formally specify the non-functional properties of web services. We
then used the AIA to reason about changes of quality parameters and their
evolution. In this paper, we extend [3] and propose a fuzzy approach to support
service adaptation and evolution. We deﬁne fuzzy parameters for QoS property
description of Web Services. Fuzzy parameters could be considered as fuzzy sets
and measured based on their value of membership. Satisfaction degree of fuzzy
parameters is measured according to their actual distance of the agreed quality
ranges in the contract. The goal of this paper is to provide ﬂexibility for service
speciﬁcation by applying fuzzy parameters. Using a fuzzy approach allows us to
deal with reasoning on the quality violations that is approximate rather than
accurate. At the end, we propose diﬀerent categories of adaptation that perform
based on the satisfaction degree. Experimental results show the eﬀectiveness
of using the fuzzy approach over the non-fuzzy one in making decisions for
adaptation.
The remainder of the paper is structured as follows. Section 2 describes the
major related work. In Section 3 we present a deﬁnition for QoS property description of services through introducing fuzzy parameters. In Section 4 we specify
satisfaction functions for each parameter to measure to what extend the QoS is
achieved with respect to the existing contract. We explain the decision making
mechanism in Section 5 that works based on the satisfaction degree. Section
6 provides experimental result using a simulator and evaluates the eﬀectiveness of the proposed approach. Section 7 concludes the paper and discusses our
future work.

2

Related Work

Deviation of quality ranges from the existing contract may produce a system
failure and bring dissatisfaction for customers. To this end, the evolution and
adaptation of web services are becoming two important issues in reacting to
the various changes in order to provide the agreed QoS stated in the contract.
Recently, many adaptation strategies and methods have been proposed in the
literature. However, most of the work in service adaptation concentrates on the
technical issues and deﬁnition of mechanisms for adaptation rather than considering QoS perspective. A list of adaptation strategies for repair processes in
SBAs is provided in [6] and [1]. For example, [7] proposed a service replacement
approach for adaptive Web Service composition and execution, while Canfora
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et al. [5] presented a re-composition approach dealing QoS replanning issues at
run time using late binding technique. However, none of these works consider
the consequences and potential overheads of adaptation. To this end, for example, an environment for compensation of Web Service transactions is proposed
in [25]. In order to consider the overall value of a change, [15] presented an approach called value of changed information (VOC). Furthermore, an adaptation
mechanism is proposed based on VOC in [8]. However, these works have the
limitation that they do not take into account the satisfaction level of services.
Making adaptation decisions and evaluating them is therefore complicated and
has consequences that are often neglected. Some qualitative and quantitative
techniques has been proposed, however evaluating impacts of adaptation still
remains as an open challenge.
One core issue to address is the deﬁnition of a ﬂexible description for Web Services. Formulation of service speciﬁcations/requirements has been studied in the
literature. In autonomic systems and in particular web services, reasoning about
such speciﬁcation is a hard job due to the changing environment that aﬀects service requirements. Although a lot of research has been conducted for functional
Web Service description, only a few eﬀorts have been done with respect to nonfunctional properties description of Web Service. Among syntactic and semantic
WS description we refer to the work done in [30], [21] and [16] which they also
provided algorithms for service selection based on such description. A major limitation of those papers and other similar ones is due to not considering the partial
satisfaction of the QoS attributes. With this regards, [23] provided a semantic
Policy Centered Meta-model (PCM) approach for non-functional property description of web services. A number of operators (e.g. greaterEqual, atLeast) for
numeric values are deﬁned in the model for determining tradeoﬀs between various requests. Therefore, the approach can support the selection of Web Services
that partially satisfy user constraints. In [20] and [19], the authors extend the
approach proposed in [23] by proving a solution for Web Service evaluation based
on constraint satisfaction problem. The approach uses utility function to present
the level of preferences for each value ranges deﬁned in the service description.
However, it does not take care of adaptation issues and controlling values at
run-time. In [22], the authors discuss about ﬁxable and non-ﬁxable properties
to deal with bounded uncertainty issue. Constraint programming is used as a
solution, however, there is no evaluation of the work.
It is required to provide a framework to evaluate alternatives and quantify
their impact for making decision decisions. Each alternative has diﬀerent degree
of satisfaction and their impact has to be evaluated in order to select the best
adaptation strategy. A quantitative approach applying a probabilistic modeling
is used for partial goal satisfaction in [18]. Dealing with the uncertainty issue
is one major problem in order to formulate and manage service speciﬁcation.
Thus, recently researchers are investigating to incorporate this uncertainty into
the service speciﬁcation. In [14], the author provides support for reasoning about
uncertainty. A goal-base approach for requirement modeling in adaptive systems
is proposed in [9] which uncertainty of the environment is taken into account.
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Furthermore, a language named RELAX is developed for specifying requirements
in adaptive systems [26,27] in which certain requirements could be temporarily
relaxed in favor of others. In general, diﬀerent temporal logics have been used for
formal speciﬁcation of requirement. Linear Temporal Logic (LTL) has been used
in [4,11] to formally specify requirements in a goal oriented approach. In particular, LTL is extended in [31] and named A-LTL to support adaptive program
semantics by introducing an adaptation operator. [3] uses Allen’s interval algebra for the formal speciﬁcation of service requirement. Those approaches have
limitations such that they are unable to consider environmental uncertainty and
behave in a binary satisfaction manner.
Fuzzy approach [29] is an alternative to concur such limitations of aforementioned approaches. However, the fuzzy approach may not be the only alternative
to deal with uncertainty. Diﬀerent mathematical and frameworks are presented
in the literature to address the uncertainty issue and partial satisfaction of the
requirements. For example, making decisions about non-functional properties using Bayesian networks is proposed in [13] while [17] used a probabilistic method
for this purpose. Applying fuzzy logic to incorporate uncertainty and making
decisions has been proposed in other domains such as management, economy
and many aspects of computer science, however, to the best of our knowledge
there is very little of such application in adaptation of web services. As of such,
[10] proposed a fuzzy approach for assigning ﬁtness degrees to service policies in
a context-aware mobile computing middleware. A trade-oﬀ analysis using fuzzy
approach for addressing conﬂicts using imprecise requirements in proposed in
[28]. With respect to partial satisfaction of requirements, [12] provided a web
service selection approach using imprecise QoS constraints.
There are several diﬀerent approaches towards adaptation of web services.
This diversity yields from a missing consensus on the required decision making
to automatically perform web service adaptation. Therefore, in this paper we
propose a fuzzy adaptation approach as a possible way in providing a foundation
of such a consensus which is based on the satisfaction degree of QoS parameters.

3

Fuzzy Parameters for QoS Property Description

This section is devoted to present a formal deﬁnition of quality parameters in a
service description and is concerned with QoS property descriptions of Web Services. The formal speciﬁcation we propose has been inspired and is an extension
of our previous work [3]. We extended the work by deﬁning fuzzy parameters
for such service description. Fuzzy parameters could be considered as fuzzy sets
and measured based on their value of membership. Satisfaction degree of fuzzy
parameters is measured according to their actual distance of the agreed quality
ranges in the contract. Having introduced the fuzzy parameters it is possible to
understand to what extent the quality parameters are violated/satisﬁed. This
way, partial satisfaction of parameters is allowed through measuring imprecise
requirements.
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We deﬁne set D to contain the quality dimensions (such as availability, execution time, price or throughput) identiﬁed and agreed by the service provider
and consumer. Each quality dimension has a domain and range; e.g., availability is a probability usually expressed as a percentage in the range 0-100% and
execution time is in the domain of real numbers in the range 0.. + ∞. A quality
dimension d can be considered monotonic (denoted by d+ ) or antitonic (d− );
monotonicity indicates that values closer to the upper bound of the range are
considered better, whilst with antitonic dimensions values closer to the lower
bound are considered better. A parameter m associates a quality dimension to
a value range [3].
If a parameter is non-fuzzy (strict) its satisfaction degree will be evaluated in a
binary manner (Yes or No). In contrast, fuzzy parameters (relaxed) will be evaluated in a fuzzy manner which shows diﬀerent degree of satisfaction (x ∈ [0, 1]).
Note that we also provide value ranges for both parameters regardless of being
fuzzy or non-fuzzy. The satisfaction degree of fuzzy parameters will be measured
using membership functions provided for each parameter. In the following we
provide the extended deﬁnition of a parameter based on the deﬁnition introduced in [3]. In particular, we deﬁne a type t for a parameter that can be either
strict or fuzzy.
Definition 1 (Parameter). We define a Parameter m ∈ M as a tuple m :=
(d, v, t), d ∈ D, v ∈ V, t ∈ {s, f }. where D is the set of quality dimensions, V is
the set of ranges for all quality dimensions D, s represent a strict parameter and
f represent a fuzzy parameter.
QoS once deﬁned in a contract between two parties may change during a service life-cycle. Changes could be due to system failures or evolution of quality
requirements from the involved parties. Therefore, Web Services need to be able
to adapt dynamically to respond to such changes. Adaptation and evolution
of services are playing an important task in this domain. However, adaptation
of web services needs to be performed in an appropriate manner to accommodate QoS changes/violations by choosing the best adaptation strategy. Deﬁning
service description with the proposed fuzzy parameters provides a ﬂexible situation in dealing with adaptation decisions. We discuss how it can facilitate the
adaptation of web services through an example. According to the new deﬁnition
of parameters, we consider availability and response time as fuzzy parameters.
Let us assume an example of a contract with initial value ranges of availability
between 80% to 90% and response time between 2 to 5 seconds. We use this
example throughout the paper.
We provided situations in which new QoS ranges could be still acceptable for
both parties according to the existing contract [3]. We introduced a compatibility mechanism that used parameter subtyping relation and Allen’s Interval
Algebra [2] for comparing value ranges and their evolution. The provider and
requestor are compatible with each other according to the existing contract if
the QoS changes are in one of the acceptable situations. If the compatibility
is not provided, however it does not give any information about the degree of
satisfaction/dissatisfaction of the oﬀered service. For example if the new range
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Fig. 1. Membership functions for response time

of availability is less than 80%, this is not considered as an acceptable situation
and it is considered as a violation. In such cases, we would also like to understand to what extent the quality parameter and the aggregated service quality
are satisfactory. An availability of 75% might still be acceptable if we consider
the partial satisfaction of quality ranges.

4

Specifying Satisfaction Function

Having deﬁned the fuzzy parameters we are able to apply the fuzzy logic. As
for the ﬁrst step we need to know the right amount of quality satisfaction.
Previously in [3], we provided a compatibility mechanism to understand under
which conditions the changes are acceptable. The approach suﬀers from the
limitation that changes are considered either compatible or incompatible with
the contract. This means, quality changes are calculated in a binary approach
which it does not take into account clearly the relation of quality parameters
with their satisfaction. To say it in other way, the QoS parameters are measured
in a precise manner and their partial satisfaction is not taken into account.
In the following we provide mechanisms to allow partial satisfaction of quality
parameters imprecisely using fuzzy sets.
The main point of using fuzzy logic is to ﬁnd a relation and to map our input
space to the output space. The inputs here are namely service availability and
response time and the output is the overall satisfaction degree of them. For each
QoS parameter in the service description we provide a membership function that
represent the level of satisfaction of each parameter. The membership functions
map the value of each parameter to a membership value between 0 and 1. We
use a piece-wise linear function, named trapezoidal membership function, for this
purpose. Membership functions for ResponseTime and availability are shown in
Figures 1 and 2. Both membership functions have two linguistic states namely
compatible and incompatible and they are identiﬁed according to the initial value
ranges of the contract. Figure 1 shows that the response time of 0 to 5 has the
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maximum degree of compatibility; however, the membership degree decreases
while the response time increases. It also shows that response time has the minimum degree of incompatibility between 0 to 5 seconds; however, the membership
degree increases while the response time increases. Note that the response time is
set to be 2 to 5 seconds in the contract; however, the range between 0 to 2 is also
acceptable with the same membership value as the initial range in the contract
has [3]. With the same reasoning, the availability of 80 to 100 has the maximum
degree of compatibility illustrated in Figure 2. However, the membership degree
of compatibility decreases while the availability decreases.

Fig. 2. Membership functions for ResponseTime and Availability

Having deﬁned the membership functions, the mapping between the input and
output space will be done by deﬁning a list of if-then statements called rules. We
have already deﬁned what do we mean being compatible and incompatible for
the quality parameters and speciﬁed their ranges using membership functions.
Since we are relaxing the antecedent using a fuzzy statement, it is also required
to represent the membership degree of the output (i.e. here satisfaction). Therefore, the satisfaction degree is also represented as fuzzy sets: satisfaction is low,
satisfaction is average and satisfaction is high.
We deﬁne three if-then rules as below. it represents the antecedent and consequent of the rule. All the rules are applied in parallel and their order in unimportant. We deﬁne the fuzzy union/disjunction (OR) and the fuzzy conjunction/
intersection (AN D) using max and min functions respectively. Therefore
A AN D B is represented as min(A, B) and A OR B is represented as max(A, B).
1. If (ResponseT ime is compatible) and (Availability is Compatible)
then (Satisf action is high).
2. If (ResponseT ime is incompatible) or (Availability is incompatible)
then (Satisf action is average).
3. If (ResponseT ime is incompatible) and (Availability is incompatible)
then (Satisf action is low).
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Decision Making for Adaptation and Evolution

We use the satisfaction degree calculated using the fuzzy inference system for
the adaptation and evolution decision making. The decision making mechanism
works based on the algorithm we provided in [24]. The algorithm evaluates the
evolution of the service and decides which adaptation strategy to take with
respect to the predeﬁned threshold degree for QoS satisfaction. The two main
decisions are the internal renegotiation in which the changes are compatible
with the service description in the contract and service replacement in which
the changes are incompatible with the existing contract. The former case deals
with the internal contract modiﬁcation with the same provider and requester
while the earlier case requires the selection of a new service and establishment
of a new contract which can result in a huge loss of time and money.
Having provided such a decision making mechanism allows us to oﬀer a ﬂexible
adaptation mechanism. This is done by identifying threshold to what constitutes
compatible and incompatible. Using satisfaction degree allows us to deﬁne the
criticality of a change/violation. Therefore, we are able to understand whether
a violation is critical and it results in a service replacement or the violation is
still acceptable. This way, a slight change from the quality ranges deﬁned in the
contract will not trigger the adaptation. Table 1 shows the result of checking
for compatibility for a possible set of changes. The comparison is between our
fuzzy approach and a traditional non-fuzzy one that works based on the precise
evaluation of the quality ranges in the contract.
Table 1. Comparing the adaptation decisions using fuzzy and non-fuzzy approach
Change
S1
S3
S5
S7
S9

=
=
=
=
=

(6, .90)
(5, .85)
(2, .85)
(2, .60)
(7, .95)

Replacement?
(Non-fuzzy/Fuzzy)

Change

Replacement?
(Non-fuzzy/Fuzzy)

Yes/No
No/No
No/No
Yes/Yes
Yes/Yes

S2 = (7, .75)
S4 = (3, .70)
S6 = (2, .78)
S8 = (3, .90)
S10 = (6, .50)

Yes/Yes
Yes/No
Yes/No
No/No
Yes/Yes

In the fuzzy approach the replacement is based on the satisfaction degree.
However, in the non-fuzzy approach a service replacement is necessary if any
parameters are violated from the initial range, albeit minor deviation. For example in S1 = (6, .90), changing the response-time to 6s will not result a service
replacement applying the fuzzy approach since it has the satisfaction degree of
almost 83%. While applying a non-fuzzy approach, it is considered a violation
because it does not respect the initial response-time range (2, 5) in the contract.
However, if a change results in a low satisfaction degree, service replacement is
necessary in both approaches as in the case S10 = (6, .50) which the satisfaction
degree is around 62%.
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Experiments and Implementation

Having deﬁned the membership functions and rules in the previous sections,
we have built and simulated a fuzzy inference system to interpret rules. The
process has diﬀerent steps including: fuzziﬁcation of input quality parameters,
applying fuzzy operators to the antecedent, implication from the antecedent to
the consequent, aggregation of the results for each rule, and defuzziﬁcation. A
view of the simulator including the previous steps is illustrated in Figure 3 in
which a complete fuzzy inference system is represented.
The ﬁrst step is to apply the membership functions to map each QoS parameters to the appropriate fuzzy set (between 0 and 1). We used two inputs of
Availability (interval between 0 to 100) and Response-time (interval between 0
to 10). The inputs are mapped to fuzzy linguistic sets: availability is compatible,
availability is incompatible, response-time is compatible, and response-time is
incompatible. Figures 1 and 2 show to what extent the availability and responsetime are compatible. The next step is to give the result of the fuzziﬁed input
parameters to the fuzzy operators. According to the rules, AND and OR operators are applicable. This will give us a degree of support for each rule. Next
is applying the implication method that uses the degree of support to calculate
the output fuzzy set. We used a minimum method to truncate the output fuzzy
set for all the rules separately. However, we apply all the rules in parallel and
we do not deﬁne any priority and weight for them.
At the end of the implication, we apply an aggregation method to combine all
the rules. This way, the outputs of each rule represented in fuzzy sets are combined into a single fuzzy set. A maximum method is used for the aggregation.
The last step is to defuzzify the fuzzy set resulted after the aggregation step.
We applied a centroid method to calculate the defuzziﬁcation process. The
method returns the center of the area under the curve. Figure 3 shows that the

Fig. 3. A view of the simulator for fuzzy inference system
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Fig. 4. The output of satisfaction degree according to ResponseTime and Availability
membership function

Fig. 5. Satisfaction degree

response-time of 3.67 seconds and availability of 68.6% result a satisfaction degree of 82.8. Figure 4 shows a surface map for the system and the dependency
of the satisfaction degree on the response-time and availability.
We evaluate the eﬀectiveness of the fuzzy approach with a non-fuzzy approach
with respect to the stability of the system in terms of number of times a service
needs to be replaced. The fuzzy approach performs the adaptation based on the
QoS satisfaction. Only if the result of the satisfaction is lower than a threshold
a service replacement occurs. While in the non-fuzzy approach, the replacement
decision is done based on the precise evaluation of the QoS value ranges. We
have conducted our experiment 200 times, each time providing random data for
the input parameters. Figure 5 illustrates the output (satisfaction degree) of the
experiment. The satisfaction threshold was set to 70%.
Figure 6 represents the stability of the fuzzy and non-fuzzy systems. As it
is shown, the number of service replacement in a non-fuzzy approach is much
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Fig. 6. System stability of using fuzzy and non-fuzzy approach

higher than when we apply a fuzzy approach. This actually is a direct proof of
our approach. Using fuzzy parameters we allow partial satisfaction of the parameters. Therefore, the decision making for adaptation is not based on the precise
evaluation of the quality ranges and it is rather imprecise and allows the parameters to be relaxed. The non-fuzzy approach involved the maximum number of
service replacement which includes more queries for the service selection. This
can results in a huge loss of time and money. The cost of establishing a new
contract is also considerable.

7

Conclusions and Future Work

In this paper, we used fuzzy parameters for the QoS property descriptions of Web
Services and a fuzzy approach is taken in order to select adaptation strategy.
However, interpreting and presenting adaptation decisions based on fuzzy logic
is still a hot research area that requires to be investigated more in the research
community of software and service engineering.
In particular, we used linear trapezoidal membership function for the sake of
simplicity. Currently, we are conducting more experiment to investigate the usage
of Gaussian distribution function and Sigmoid curve that have the advantages
of being smooth and non-zero all the time.
As for the future work, we aim to continue exploring the use of fuzzy parameters for the QoS matching. Applying more sophisticated functions using AI
to Map the satisfaction degree to the appropriate adaptation decision might be
worth exploring. However, there are still challenges that need to be addressed.
For example, to what extent a parameter could be relaxed yet consider no violation? We also plan to incorporate more QoS parameters for calculating the
overall satisfaction degree that inﬂuence the process of decision making. This
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requires the deﬁnition of more complex rules that represent the relation and
dependencies between parameters.
Last but not least, applying an appropriate decision making requires an analytical evaluation based on a cost model. We would like to know under which
circumstances the proposed approach is beneﬁcial considering both QoS and
business value criteria.
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