
Chapter 13
Service Selection in Web Service
Composition: A Comparative Review
of Existing Approaches

Mahboobeh Moghaddam and Joseph G. Davis

Abstract Web service composition (WSC) offers a range of solutions for rapid
creation of complex applications in advanced service-oriented systems by facilitating
the composition of already existing concrete web services. One critical challenge
in WSC is the dynamic selection of concrete services to be bound to the abstract
composite service. In this paper, we provide a comprehensive review of the existing
proposals for service selection, and a comparative analysis of the optimization and
automated negotiation-based approaches.

13.1 Introduction

Service-Oriented Computing (SOC) has emerged as an important computing
paradigm in recent years. Its main feature is that it utilizes one or more inter-
operable services (software components which implement specific functionalities) as
fundamental building blocks to support rapid, low-cost development of distributed
applications in heterogeneous environments [23]. SOC represents a new genera-
tion of distributed computing platforms which builds on past distributed computing
approaches. It is distinguished by the addition of new design layers, governance
considerations, and a set of preferred implementation technologies [18].
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More recently, web services have been advanced as the technology of choice for
realizing service oriented computing and its associated set of strategic goals. Web
services are self-contained, modular business applications with open, Internet-
oriented, standards-based interfaces [52]. The communication between web services
is via standards-based technologies which give users the opportunity to access differ-
ent web services, independent of their hardware, operating system, or even program-
ming environment. This supports organizations with a technology to create services
which can be easily discovered and consumed by external users.

One of the critical research challenges in realizing the vision of agile and
collaborative software development using web services is Web Service Composi-
tion (WSC) which involves creating a composite service by combining different web
services to provide a new value added service [5]. Service selection, as the problem
of selecting the most appropriate web services from the pool of available ones that
best match the functional and non-functional requirements and constraints specified
by the requester has been researched extensively. The primary goal of this paper is
to provide a comprehensive review of a range of proposals for service selection in
WSC. A comparative analysis of the two dominant approaches based on optimization
and automated negotiation is also included.

The remainder of this paper is organized as follows: Sect. 13.2 introduces web ser-
vice composition lifecycle to provide a common ground on WSC definition. A brief
overview of service discovery approaches is presented in Sect. 13.3. In Sect. 13.4,
we discuss the main challenges involved in arriving at a service selection solution. A
comprehensive review of the existing service selection approaches, optimization-
based, negotiation-based, and the hybrid approaches is presented in Sect. 13.5.
Section 13.6 includes a comparative analysis of the two main approaches. The paper
concludes with a brief summary and an outlook for future research in Sect. 13.7.

13.2 Web Service Composition

Although a single web service has its own value for its users, the functionality offered
by the individual web services is limited. The true potential of web services can only
be realized through assembling multiple web services into more powerful applica-
tions with more sophisticated functionalities; i.e. Web Service Composition (WSC).
Manual composition of web services is time consuming, error-prone, generally hard
and not scalable [5]. Hence, a family of approaches to web service composition aims
to fully or partially automate the composition process.

The two main streams in the automatic WSC approaches are: workflow-based
approaches and AI planning-based approaches [5, 47]. Workflow-based approaches
are inspired by the similarity of an abstract composite service to an abstract business
process, and the similarity of a concrete composite service to a running workflow
system. This similarity has helped web service research community to build on the
accumulated knowledge that has emerged in the workflow and business process
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Fig. 13.1 Web service composition lifecycle

design research area [5]. We will discuss this approach in more detail by developing
a model of Web Service Composition Lifecycle (Fig. 13.1).

In the AI planning-based approaches, service composition is viewed as a planning
problem. Generally, a planning problem has the following elements: description of
the initial state of the world, definition of the desired goal state(s), and a description
of the set of possible actions which can transform world’s state from one to another.
The planner agent aims at finding the sequence of actions that will transform the
world’s state from the initial state to the goal state. In the WSC realm, a composite
service is represented as a goal state to be achieved and the available web services are
represented as the set of actions that can transform the world (or agent’s) states. At
the end of a successful planning exercise, a plan is generated. This plan constitutes
the chosen web services and the order of their execution in such a way that they, in
combination, will deliver the required functionality.

The main difference between the two approaches is that AI planning-based tech-
niques generally do not make any assumption relating an abstract view of the com-
posite service.1 In contrast, this abstract view is a key element in the workflow-based
approaches. In this paper, our focus is on the workflow-based approaches as the
research in the business process and workflow-related areas have proven applica-
tions in industry, which has, in turn, helped to improve the academic research.

The lifecycle of a typical workflow-based WSC solution is illustrated in Fig. 13.1.
In this lifecycle, the first stage is the goal specification, where the service requester’s
goal and preferences are defined. Following this, the goal is decomposed
(semi)automatically into an abstract business process (BP) comprising a set of tasks,

1 There are exceptions to this generalization, such as the work of McIlraith and Son [39]. They have
a similar concept to an abstract business process, refered to as the high-level generic procedure.



324 M. Moghaddam and J. G. Davis

each with clear functionality, along with the control and data flow among them. The
Quality of Service (QoS) requirements for the BP (end-to-end quality) as well as for
each participating task are also specified.

During the next stage, service discovery, concrete web services that match the
tasks’ functional and non-functional requirements are located by searching a ser-
vice registry that holds information about available concrete web services. Service
discovery is performed to find a match for each of the participating tasks. At this
stage, it is very likely that more than one candidate will be found for each task that,
while satisfying the basic required functionality, may be offered with different QoS
attributes values, i.e. different levels of availability, price, etc.

Service selection is the stage following service discovery. At this stage, a variety
of techniques is proposed by the research community that helps the service requester
to select the web services that best match the specified requirements of the individual
tasks and the business process. After finding the matches for all tasks and binding
each task to its chosen web service, the concrete composite service is created. During
service execution stage, a process instance is created by executing the composite
service. The process instance would be continuously monitored for further responses
toward any failure or change in its status at the final stage of WSC, i.e. service
maintenance and monitoring.

Service discovery and selection, as two fundamental steps in the web service com-
position lifecycle, have been a major focus of service-oriented computing research.
Before any interaction happens between service requester and provider, the former
needs to locate the web service that best matches her task description. Researchers
have mainly focused on service discovery techniques for a single task. In contrast,
service selection has been addressed at two levels: for a single task, and for the com-
plex BP. This second level is specifically required during WSC and the complexity
level is exacerbated by the fact that service selection is performed for a set of depen-
dent tasks. Hence, many researchers have considered service discovery and service
selection as two separate stages to break down the complexity.

Following this approach, service discovery and service selection are treated as
two distinct stages in our discussion of WSC lifecycle (Fig. 13.1), where the output
of the former is the input to the latter stage. Even though our primary focus is service
selection, we present a brief overview of the approaches to service discovery in the
next section, before discussing a range of service selection approaches. This will
help clarify the expected output of service discovery which is used as the input to
service selection.

13.3 Service Discovery Approaches

In WSC, service discovery (also referred to as matchmaking) is the process of finding
a concrete service match for each task in the BP. WSC solutions need to define the
precise and specific search criteria to be executed against the web service registry
to find the match for each task.
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What to include in this search criteria varies among different solutions. The
matchmaking algorithm proposed in [15] ranks functionally equivalent services on
the basis of their ability to fulfill the service requester’s functional and non-functional
requirements while maintaining the price below a specified budget. The proposed
matchmaking framework in [40] is based on the web service context where context
is defined as all the information needed for enabling interactions between the service
requester and providers. Semantic and behavioural information are used in [8, 9] for
service matchmaking during WSC. Web service behaviour is the order of execution
of the service operations or the order of message exchange with a service and the con-
straints governing the operations’ execution sequence [17]. The selection algorithm
proposed in [17] takes into account not only the functional requirements but also the
transactional properties, and QoS characteristics of web services. Transactional prop-
erties guarantee consistent outcome and correct execution of the composite service.
An information retrieval approach is suggested in [26] for discovering and ranking
web services automatically, given a textual description of the desired services.

The variation in what to include in the search criteria arises from the fact that
a web service can be defined from different perpectives, including: functionality,
QoS attributes, interface, semantics, behaviour, and context. Web service interface
is an essential aspect in the web service description (W3C working group note on
Web Service Architecture [7]). However, what additional aspects to be included in
the service definition is largely dependent on the application domain specificities.
Service discovery proposals, including the ones mentioned above, have each added
one or more aspects to the web service description, in addition to the interface.
Elements of service specification affect the criteria included in the search request
from the demand side, and the type of information to be stored in the service registry
from the supply side.

Based on the search query criteria, service registry returns a number of candidate
services. At this point, WSC enters the next stage, namely composite service selec-
tion. The input to the composite service selection stage is a set of classes of services.
Each class contains services that can perform the same functionality, but they may
differ on other aspects, such as QoS attributes.

13.4 Service Selection Challenges

In this section, we discuss the main challenges involved in the service selection
problem. These challenges are: the NP-hardness of this problem for a composite
service and the resulting scalability concern, the need to distinguish the abstract
business process from its possible set of execution paths, defining the aggregation
functions for the QoS attributes, and elicitation of the service user’s preferences about
different QoS attributes for the trade-off analysis of the candidate services.
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NP-Hardness and Scalability

Composite service selection can be modelled as a multi-dimension multi-choice
knapsack problem (MMKP), which is known to be an NP-hard problem in the strong
sense [46]. This means that for large problems, it is unlikely that an optimal solu-
tion can be found given a reasonable amount of computational effort. Hence, there
is a need for heuristic approaches when the problem size is too large to be solved
by optimization procedures [46]. A number of heuristic algorithms for the service
selection problem have been proposed in the literature; good exemplars include
[6, 41, 60]. Some researchers have proposed a Genetic Algorithm approach to solve
the scalability problem [10, 29, 37]. An alternative proposal to reduce the compu-
tational time of the service selection search algorithm is to shrink the search space.
For instance, Alrifai et al. [2] has proposed pruning the service candidates that are
not likely to be part of the optimal solution, by computing the service skyline for
each service class.2

From Business Process to Execution Path

The assumption in workflow-based service composition approaches is that the
required composite service is described at an abstract level as a high-level busi-
ness process [4]. The business process is a collection of generic service tasks with
defined control-flow and data-flow dependencies among them. Different languages
and models have been used for describing the composite service, or more precisely
its equivalent business process, such as UML activity diagram [4], statechart [62],
extended BPEL [1], or YAWL [17].

Regardless of the modelling notation, different control-flow constructs are allowed
in the existing process modelling languages such as sequence, loop, parallel execu-
tion, and conditional branching. Some control structures such as loop and conditional
branching need special consideration. For these, the runtime structure is different
from the abstract structure. For instance, only one of the tasks in the conditional
branching would be selected for execution. This means that a BP might be executed
along different paths, based on the control-flow at runtime. Each possible path of BP
execution is called an execution path. During service selection, an execution plan is
created by assigning web services to the tasks of an execution path.

Researchers have used different techniques to translate a BP to its corresponding
execution paths, such as loop peeling [4], or loop unfolding [60, 62] to treat loop
structures. In the former approach, every loop is annotated with the expected maxi-

2 For a set of d-dimensional data points, the skyline is a subset of the points where no point in
it is dominated by any other member. If −→p (p1, ..., pd ) and −→q (q1, ..., qd ) are two points in the
d-dimensional data set, p dominates q iff ∀i ∈ [1, d], pi � qi and ∃ j ∈ [1, d], p j � q j [59]. The
notation � is defined as being better than or equal, and � as better than. In the service domain,
a service skyline is the set of providers where no provider is dominated by any other, in terms of
the offered values for QoS attributes.
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mum number of its iterations, considering a probability distribution for the number
of loop iterations. In the latter case, the loop is unfolded by cloning the functions
in the loop for a number of times such as the maximal loop count, which can be
obtained from process execution history or the process designer.

Aggregation Functions

A critical challenge in service selection is how to measure the end-to-end quality
of the composite service. The aggregated value of a QoS attribute should take into
account the QoS attribute value of the individual services participating in the com-
posite service, and the business process structure. For example, the overall price of
a composite service can be defined as the sum of the prices of all the participating
services. However, for execution time, we need a more complex aggregation func-
tion, e.g. one that returns the maximum execution time among the parallel services,
adds up the execution times of sequential services, and combines these two values if
there are both parallel and sequential structures in the BP.

In [30] and its extension [31], Jaeger et al. have proposed aggregation functions
for some QoS attributes such as execution time, cost and throughput, supporting
a comprehensive set of structural patterns that can be found in workflows. Zeng
et al. [62] has proposed aggregation functions for attributes such as execution price,
execution duration, and reputation, supporting basic workflow patterns such as loop,
sequence, conditional branching, and concurrent threads. Other aggregation func-
tions have been also developed [4, 10, 48, 62].

Defining the Weights of QoS Attributes

There is a general assumption in the literature that the service requester has a clear
idea of the importance of a QoS attribute which let her assign a scalar weight to
each QoS criterion. But this may not be realistic, especially as the number of QoS
attributes involved in the selection criteria increases. Some researchers have chal-
lenged this assumption. Wang [54] has proposed a resolution process for determining
the linguistic weights of QoS criteria based on a group of participants’ preferences.
Yu and Bouguettaya [59] has proposed two algorithms for calculating the service
skyline. Determining the skyline of a set of data requires pair-wise comparison of all
the members of the data set which can be very expensive in terms of computational
time and memory usage. The proposed algorithms in [59] exploit the indices of the
service operations to compute the skyline more efficiently. The computed skylines
guarantee the inclusion of the best user desired service providers without any user
intervention.
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13.5 Service Selection Spectrum

The input to the service selection stage is a set of classes of web services. The can-
didate web services in one class provide the same functionality, but they may vary
according to other aspects such as QoS attribute values. QoS attributes
(or non-functional properties) are the constraints defined over service functional-
ity [45]. They can be categorized as:

• Technical domain-independent attributes,3 such as: response time, availability,
reliability, robustness (the ability of the service to continue its work in the presence
of invalid, incomplete or conflicting inputs),

• Non-technical domain-independent attributes, such as: execution price, penalty,
discount, reputation,

• Domain-dependent attributes which are only meaningful in a specific application
domain, such as: refresh time for a traffic monitoring service [15].

Service QoS profile, provider’s offered values for service QoS attributes, plays a
central role in service selection research. Different providers may offer the same
service at different levels of quality to maintain their competitive advantage over
each other [40]. As well, a single provider might offer the same functionality with
ranging quality levels to cover a wider range of customers. Moreover, at the composite
service level, the QoS of the final composite service is the key factor to ensure service
requester’s satisfaction [62].

We have surveyed the range of service selection approaches discussed in the liter-
ature, based on the underlying assumptions regarding the QoS profile. The variation
in the assumptions is illustrated as a spectrum in Fig. 13.2. Corresponding to the two
extremes of the spectrum are the two important trends in the service selection lit-
erature: Optimization-based approaches which typically assume a predetermined
not-customizable QoS profiles and, negotiation-based approaches which permit
QoS profiles to be flexible and negotiable. In the following sections, we provide a

Fig. 13.2 Service selection spectrum based on QoS profile assumptions

3 Due to space limitations, attributes such as privacy, security, and trust are not included in this
paper.
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comprehensive review of the important contributions on service selection for a
composite service (or composite service selection).

13.5.1 Optimization-Based Approaches

Service selection can be modelled as an optimization problem. The optimization
approach has appeared under different names such as QoS-driven or QoS-aware
web service composition, web service composition optimization, and optimum con-
cretization. Optimization can be performed at two levels: local optimization for an
individual task, approaches such as [1, 17, 44] and global optimization for the BP,
followed by for example [4, 60, 62].

Local Optimization

At the local level, the best service for individual tasks is chosen, one task at a time,
regardless of the task dependencies with other tasks in the BP or the end-to-end
quality requirements of the composite service. In this approach, services are ranked
based on some criteria, including all service QoS attributes. The dominant technique
to rank services is to assign a score to each web service, using utility theory. In utility
theory (from microeconomics), the service requester or provider preferences can be
mapped to values of utility, where higher utility means greater preferences [56]. To
avoid the complexities of multi-dimensional utility function elicitation, each QoS
attribute and the price have an independent utility function, based on the assumption
of the independence of the outcomes of utility functions originating from Multi-
attribute Utility Theory (MAUT) [34].

The offered value for the j th QoS attribute, q j , ( j ∈ J : set of all QoS attributes),
by web service s, is mapped to a value between 0 and 1 using a single attribute linear
utility function, denoted as U j in Eq. (13.1). In this equation, qmax

j and qmin
j are the

maximum and minimum values offered for q j by all the candidate web services of
the same functionality class.

U j (q j ) =

⎧
⎪⎪⎨

⎪⎪⎩

q j −qmin
j

qmax
j −qmin

j
if larger q j more desirable

qmax
j −q j

qmax
j −qmin

j
if smaller q j more desirable

(13.1)

To get the aggregated utility of all the QoS attributes offered by service s (denoted
as U (s) in Eq. (13.2)), the weighted sum of the individual utility functions is cal-
culated using a normalized weight (w j ) for each attribute specifying its impor-
tance. The sum of the normalized weights assigned to different QoS attributes
(by service requester) should add up to 1, Eq. (13.3).
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U (s) =
∑

j∈J

w j × U j (q j ) (13.2)

∑

j∈J

w j = 1 (13.3)

Global Optimization

Even though the local optimization approach optimizes local service selection, it may
not lead to a global optimality for the end-to-end QoS of the BP. Besides, it is not
possible to set global constraints for the composite service in the local approach. To
overcome these limitations, global optimization approaches have been proposed. In
one such approach, optimization is carried out for the overall BP, and the requester
can define end-to-end requirements and constraints for the overall BP. It is still
possible to have a local selection strategy, beside the global optimization process,
to address service requester’s concerns about individual task quality. This can be
achieved by applying the local QoS constraints as filters to the list of the candidate
services returned by the service registry. The realization of the optimization problem’s
elements for composite service selection is as follows:

• Objective Function: The general objective function illustrated by research commu-
nity for service selection is to maximize service requester’s satisfaction from the
execution of the composite service. To measure such satisfaction, researchers again
draw on utility theory. The objective function is constructed by the weighted sum
of the end-to-end QoS attributes’ utility functions. An example objective function
is presented in Eq. (13.4) below, where the service requester wants to minimize
the price (or maximize the price utility, UP ) of the composite service, at the same
time, maximizing the availability’s utility, UA.

Maximize wP · UP + wA · UA (13.4)

Subject to: UP =
∑

i

P M AX − ∑
j pi j · xi j

P M AX − P M I N
(13.5)

UA =
∑

i

∏
j ai j · xi j − AM I N

AM AX − AM I N
(13.6)

m j∑

i=1

xi j = 1, xi j ∈ 0, 1 (13.7)

The price offered by servicei j for executing task j in the BP is denoted as pi j ,
the aggregation of all the offeres for the tasks in the BP as

∑
j pi j · xi j , and

the maximum and minimum price offers for the business process as P M AX and
P M I N . A similar explanation applies to Eq. (13.6) for availability. Given a BP
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with J number of tasks, there will be J classes of candidate services where all
the m j candidate services in the j th class, can execute j th task ( j ∈ J ). Then,
the decision variable xi j is defined to be equal to 1 if the candidate web servicei j ,
in service class j , is assigned to execute task j or zero otherwise. Equation (13.7)
ensures that only one service is selected from each class to execute the related
task.

• Constraints: Service requester may have some constraints over the value of the
QoS attributes which affects the choice of services for the BP. For example,
a maximum budget is available to get the composite service, or the execution
time might not exceed a maximum for the composite service to be useful.

• Decision Variables: The choice of what will represent the decision variables deter-
mines the type of optimization problem. The dominant approaches are modelling
the problem as Integer Linear Programming (ILP), Genetic Algorithm (GA), Con-
straint Satisfaction, and Stochastic Programming.

Integer Linear Programming (ILP)

One way of solving this optimization problem is to model it as an integer linear
programming problem [4, 62]. In the ILP approach, decision variables are integers
representing whether a particular service is selected for executing a specific task or
not, similar to xi j in Eq. (13.7).

This approach helps researchers utilize any of the many available ILP solvers
today. However, these solvers are effective when the size of the problem is small. An
increase in the number of candidate web services leads to the increase of the number
of decision variables, which in turn results in the explosion of the search space, and
the number of the conditions to be checked. Thus, the ILP approach is limited by how
large the BP (number of the tasks) is and how many candidate services exist. Another
limitation of the linear programming approach is that both the objective function and
the constraints should be linear, regardless of the complexity of the QoS attributes
and different structures that can be found in the BP.

Genetic Algorithm (GA)

To overcome the limitations of ILP approaches, researchers such as [10, 29, 37]
have proposed to apply genetic algorithm for the service selection problem. Any GA
starts with encoding the candidate solution in a computer processable manner, called
genome. The GA creates a population of generally random solutions which will be
evaluated according to a fitness function. Then, based on some selection criteria,
some individuals are selected for reproduction. The motive to the reproduction is
that the new generation will contain better solutions than the old one. Near optimal
solutions can be found by repeating these steps. The algorithm stops when some
conditions are met, e.g. a specific number of generations.

In the service selection domain, Canfora et al. [10] and Jaeger and Muehl [29]
applied a simple one-dimensional coding schema for the problem representation,
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while others, including Ma and Zhang [37], have used more complex representations
such as a relation matrix coding schema. In the former case, each individual repre-
sents the assignment of the candidates to the tasks. In the latter one, the matrix can
represent all the execution paths of the BP at the same time. The GA’s fitness func-
tion is designed to maximize some QoS attributes and minimize some others. When
dealing with end-to-end QoS attributes, the aggregation function for each QoS
attribute needs to be defined. Evidently, there is no need to build “linear” aggre-
gation functions (in contrast to the ILP approach).

GA is an unconstrained search technique [21], making it necessary to find ways
for integrating service selection constraints into the search process. The widely used
technique is the additive penalty method where a penalty cost that is proportional
to the total violation of each of the constraints is added to the fitness function [27].
Other techniques to incorporate constraints into the GA search, such as [11] and [42],
have not found application in service selection literature.

Constraint Satisfaction

One variant of the optimization approach is presented by Lecue and Mehandjiev
[36]. They argue that future semantic web will cater for millions of services, making
scalability (in terms of the time required for WSC) the main objective to achieve.
They proposed a fast selection approach which might not lead to an optimal com-
position. Modelling service selection as a constraint satisfaction problem, they use a
stochastic search method (more precisely, a hill-climbing algorithm) to find the first
set of services that satisfy the set of defined constrains (both in terms of functional
and non-functional requirements).

Rosenberg et al. [50] has proposed to model the service selection problem as
a Constraint Optimization Problem (COP). COP is a generalization of the con-
straint satisfaction problem where constraints are weighted and the goal is to find a
solution maximizing a function of weighted constraints. The main idea in their pro-
posal is that instead of having all the constraints as hard ones, i.e. must be satisfied,
there can be defined soft constraints which are optional and it would be “nice” to
have them. This will lead to a more flexible composition process. Based on this idea,
the proposed CO algorithm does not find the best solution that exists in the search
space (in terms of the utility gained by service requester). Rather it searches for the
best solution within the boundaries of constraints. They add up all soft constraints to
form an objective function, trying to maximize it. However, as they have mentioned,
this approach has scalability problem, not suitable for large problems.

Stochastic Programming

Stochastic Programming is another optimization approach to solve the service
selection problem in the presence of uncertainty. For example Wiesemann et al.
[55] argues that the nature of QoS attributes such as response time and price is
non-deterministic, and hence the WSC should be treated as a decision problem under
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uncertainty. To incorporate the uncertainty, they assume that the decision maker
(the service requester) uses a particular quantile-based risk measure called average
value-at-risk (AVaR) to quantify the risks associated with time and cost uncertainties.
In the optimization objective function, they minimize the AVaR of the random vari-
ables defined for the service response time, and invocation cost. More precisely, they
build the worst-case risk functions corresponding to execution time and price, using
the associated AVaR measures. These two criterion functions constitute the opti-
mization’s objective function. In their experiment, they compared their risk-aware
formulation of WSC in terms of the execution time and the price of the resulted com-
posite services, with those of the deterministic formulation of the problem. According
to their findings, for every deterministic composite service, there exists a risk-aware
composition with smaller cost and execution time.

13.5.2 Negotiation-Based Approaches

Negotiation-based approaches constitute an important stream of contributions to
the composite service selection problem. Negotiation is a process of reaching an
agreement that is beneficial to the involved parties through information exchange and
compromises [35]. Negotiating parties usually have different preferences over the
negotiation issues and they seek to reconcile these differences through negotiation.

In computer science and related research, negotiation as distributed search through
a space of potential agreements [32], has been used for many years to solve a variety of
problems, e.g. resource allocation in grid computing, and getting agents to cooperate
or compete over a common goal in multi-agent systems. In the context of computer
science research, we should make it clear that what we mean by negotiation here
is an automated process where negotiation is performed automatically by a piece
of software such as an agent, a web service, or a third-party broker system. The
automated negotiator replaces the human negotiator and performs negotiation on
negotiator’s behalf.

In the web service domain, researchers have employed negotiation mainly for
(semi)automatic creation of Service Level Agreement (SLA). In general terms, SLA
is an agreement between the service consumer and the provider. It may also be
referred to as contract, policy, or license. In service oriented infrastructure, SLA is
an automatically processable contract between a service and its client, where the
client can be an organization, a person, or another service [53]. In SLA negotiation,
service provider and requester negotiate over SLA terms such as QoS attributes,
rewards, penalties, and deliverables, in order to come up with a formal SLA at the
end of the process [63]. SLA negotiation solutions are divided by the assumption
that the service provider is predetermined before the negotiation or not. The two
corresponding approaches are called pre-contractual SLA negotiation, and dynamic
provider selection.
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• Per-contractual SLA Negotiation [25]: In this case, the negotiation is performed
after service discovery and selection, meaning that the service provider is already
determined. Service parameters are negotiated and fixed in order to define the
concrete service which will be carried out. This is a one-to-one negotiation process
between service requester and the selected service provider. Proposals in this area
include, but not limited to [14, 24, 64].

• Dynamic Provider Selection: Here, the negotiation is performed after the service
discovery and as a service selection mechanism, aiming at dynamically select-
ing the service provider that best matches the service requester’s non-functional
requirements. This is a one-to-many negotiation process between the service
requester and the candidate service providers. A successful negotiation output
can be used for contract specification.

Basically in the dynamic provider selection approach, a high-level negotiation
process (overall negotiation process) is conceptualized that negotiates for the over-
all BP. It consists of multiple negotiation sub-processes (briefly negotiation process)
each associated with one task in the BP. Each negotiation process, in turn, may include
multiple negotiation threads, one thread for each candidate provider, to choose the
best service for the specific task.

When building an automated negotiation solution, several key components com-
prising the general negotiation framework [19, 43] should be addressed. These critical
components are:

1. Negotiation Object: the set of issues that the parties negotiate to reach an agree-
ment over their values,

2. Negotiation Protocol: the communication and message exchange rules among
negotiation parties,

3. Decision-making Model: the rules that the interacting parties follow to decide
when to start negotiation, how to prepare an offer, acceptable agreement range,
and the time to abandon negotiation.

Meanwhile, when dealing with negotiation at the BP level, negotiation by itself may
not be enough for achieving the end-to-end QoS requirement and ensuring a success-
ful overall negotiation. A further management layer, referred to in the literature as
coordination [12], becomes necessary. In Fig. 13.3 below, we present a WSC negoti-
ation framework. This extends the general negotiation framework with an additional
component i.e. coordination model which includes aspects of coordination strategy
and architecture as explained below:

Coordination Strategy: involves decisions on (a) time to initiate negotiation
processes for each task: All parallel? Sequential? With what priority?, (b) the type
of information to collect from ongoing negotiation processes and/or finished ones to
improve the negotiation result, and (c) actions to take for improving the negotiation
result or prevent its failure, based on the collected information.

Coordination Architecture: involves how many and what type of negotiators are
involved in negotiation (agents, web services, broker systems), and the required
number of coordination layers and their configuration.
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Fig. 13.3 WSC Negotiation framework adapted from the general negotiation framework [19, 43]

Fig. 13.4 The realization of the WSC negotiation framework based on the current literature

We discuss below the realizations of the key elements of the framework in extant
research. A summary of this discussion is included in Fig. 13.4.

Negotiation Object

In service selection, the negotiation object has already been fixed: the service
requester negotiates over the value of QoS attributes with different service providers.
QoS attributes can be negotiable or non-negotiable. Negotiable attributes are those
whose values can be determined at run-time, during service invocation [15]. Nego-
tiation is performed over a range of values for each term; i.e. the service requester
and the provider each has a minimum and a maximum admissible value for a QoS
attribute. Price, availability, and response time are the more commonly included
terms in recent service selection experimental investigations [48, 58, 64]. When
the negotiation object includes more than one issue (or attribute), the negotiator
needs to know the relative importance of each issue. This is usually realized through
a normalized weight for each negotiation issue.
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Negotiation Protocol

Although an overall negotiation process is conceptualized for the composite ser-
vice, the actual negotiation processes that ultimately occur are bilateral negotia-
tion between service requester’s and candidate provider’s agents. Some researchers
have used a general bilateral protocol [4, 14, 24, 49], also called as bilateral mes-
sage exchange or bargaining. This general protocol consists of a series of message
exchanges between the two parties in terms of offers and counter-offers, until one
of them accepts an offer or withdraws from the negotiation, e.g. due to reaching the
maximum negotiation time. Some researchers, including [12, 57, 64], have followed
a standard protocol such as FIPA ICN IP [22]. This protocol allows multi-round
bidding, supporting one-to-many negotiation. Under this protocol, the negotiation
initiator issues the initial call for proposals (CFP). The other parties in negotiation
(contractors) answer by sending an offer or by refusing to participate in the nego-
tiation. The initiator may accept or reject an offer or reply with a revised CFP. The
negotiation terminates when the initiator accepts one or more offers, or refuses all
the bids without issuing a new bid, or if all the contractors refuse to bid.

Some researcher proposes generic negotiation protocols. The idea is not to bind
the negotiation solution to a particular protocol at design time. Rather, delaying
the determination of the suitable negotiation protocol until the actual execution of
the negotiation process to make a flexible solution. For example, by extending the
current WS-Agreement specification [3], Hudert et al. [28] defines a separate stage
for protocol determination, during which the negotiating parties agree on a common
negotiation protocol before the actual negotiation process starts.

Decision Making Model

The two important parts of a negotiation decision model are: how to evaluate
a received offer as to whether accept it or not (utility function) and how to prepare a
counter-offer (tactic/strategy).

(a) Utility Function

Each negotiator needs to specify its preferences about the negotiation object. These
preferences guide its decisions during negotiation. In service selection, the dominant
approach to express them is through utility theory; referred to in the previous section.
Many researchers addressing SLA negotiation have employed single attribute linear
utility function to evaluate the value of an individual issue [4, 57, 64]. This utility
function is similar to the Eq. (13.1) mentioned in the foregoing. Here, qmax

j and

qmin
j are defined as the maximum and minimum admissible values for j th QoS

attribute according to the negotiator’s preferences and constraints. The parametric
single attribute utility function [14], and multi-attribute utility function representing
the relative preference with respect to each pair of attributes [24] have also been
discussed in the literature.
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As QoS profile typically involves more than one attribute, the more commonly
used technique to measure the utility of a profile with multiple attributes is to assign a
normalized weight to each attribute and calculate the overall utility using a weighted
linear additive function; similar to the aforementioned Eqs. (13.2) and (13.3).

(b) Negotiation Tactics

The two main approaches discussed in the literature to generate a counter-offer are
concession and trade-off. In the concessionary approach, with every new offer the
negotiator concedes to the other side of negotiation (opponent) by preparing an offer
that has a lower utility value for itself, and apparently a higher utility value for the
opponent. How much concession to make, and the pace of offering concessions to
progress the negotiation process are determined by the negotiation influential factors.
Time, resource, and opponent behaviour are three factors proposed by Faratin et al.
[19], leading to three families of tactics: time-dependent, resource-dependent, and
behaviour-dependent (or imitative).

In contrast, a negotiator with the trade-off approach tries to keep its utility value
stable at a desirable level (the aspiration level) throughout the negotiation, while
generating an offer that has more utility value for the opponent. This can be achieved
by trading-off between the values of different issues [20], i.e. lowering the values
of some QoS attributes while demanding more on some others. Such a strategy
maximizes the chance of the offer to be accepted. Considering the fact that the
negotiator usually has no information about the opponent preferences and utility
function, the main challenge is how to determine which offer increases the opponent’s
utility value. The trade-off strategy proposed by Faratin et al. [20] uses the concept of
fuzzy similarity [61] to approximate the preferences of the opponent. Assuming that
the opponent’s last offer reflects its preferences, the negotiator uses it as a reference
point and prepares a counter-offer that is most similar to it. In the Yan et al. [57]
proposal, the authors take advantage of the one-to-many negotiations occurring for
a composite service. The utility value of all the received offers is calculated, and the
one with the best utility is used as a reference point for preparing the counter-offer.

Faratin et al. [19, 20] and Comuzzi et al. [13, 14] have proposed heuristic
approaches to define the counter offer for bilateral negotiation. Faratin’s heuristic
functions [19] are widely adopted by researchers, e.g. by [4, 49, 64] due to the clear
distinction of tactic families (based on time, resource, and opponent behaviour), the
clear mathematical representation, and the analysis of negotiation convergence for
different parameters of the model.

The tactics in the Faratin model consider the influential factors in any negotiation.
However, negotiation in WSC is a special case of negotiation consisting of multiple
one-to-many negotiation processes. This introduces the opportunity for considering
other influential factors to define new tactics. For example the Global Negotiation
States factor proposed in [33] reduces the need for unnecessary negotiations in a
one-to-many negotiation. The received counter-offers are compared to each other,
and if all the counter-offers are far from the initial offer, the negotiator should be
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ready to make bigger compromise. Otherwise, if any counter-offer is more desirable
than the negotiator’s own offer, negotiator will raise its expectations and prepares
the next offer based on the value of this desirable counter-offer.

(c) Negotiation Strategy

Negotiation strategy is another part of the decision model. Conceptualized at a higher
level of abstraction than the negotiation tactics, it aims to maximize the utility func-
tion of the negotiator for a contract [19], by determining when to use which tactic
to prepare the counter-offer, or what combination of tactics to use. More precisely,
strategy can be thought of as the pattern of change in the weight of different tactics
over time [63]. Taking it to one step further, Di Nitto et al. [16] states that strategy
is not just about how to weight different tactics over time, but it can also address the
following factors: (a) Changing the importance of negotiation issues over time, e.g.
prefer availability over the response time if the latter cannot be improved so far, (b)
Changing the severity of the constraint, e.g. relaxing some constraints on the values
of some negotiation issues to reflect more concession when the negotiation time is
about to expire.

Deciding on the best strategy for a negotiator involves the challenges addressed
mostly in game-theory, microeconomics, and multi-agent systems and is outside the
scope of this paper.

Coordination Model

To avoid the complexity of dependent negotiation processes, researchers including
[33, 48, 57] assume negotiation processes to be independent and concurrent. For the
same reason, no information is collected during an ongoing negotiation process.

In the Yan et al. proposal [57], the coordinator takes part only at the end of the
process to either confirm or reject the negotiation result. Extending [57], Richter
et al. [48, 49] attempted to make the coordinator more actively involved in the nego-
tiation. Thus the coordinator does not wait for all the negotiation processes to finish.
Rather, when a negotiation process finishes successfully, the surplus of the negoti-
ation issue is calculated. Surplus is the difference between the actual agreed value
and the least desired value (e.g. maximum payable price from the service requester
point of view) of the negotiation attribute. Subsequently, it is distributed over failed
or unfinished negotiation processes of those tasks which have dependencies to the
task producing the surplus. The dependency is determined based on the QoS attribute
under negotiation, and the task’s position in the process, and is maintained in a tree-
format. However, redistributing surplus may prevent the failure of the negotiation
process when service requester has severe QoS requirements. It is not helpful in
situations where negotiation fails due to the limited negotiation time available.
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13.5.3 Hybrid Approach

There are service selection approaches which are not based on pure optimization or
negotiation. In this section, we summarize two of the more important contributions.

Optimization + Configuration Approach

One attempt to proceed from a totally predetermined QoS profile to a more flexible
one is the work by Comuzzi and Pernici [15]. In their approach, rather than providing
a single value for each QoS attribute, the service provider publishes the set of values
that they can support for each QoS attribute. For example, a provider offering a
Traffic Monitoring Service can publish the offered quality for the refresh time (the
time interval between the updates of the traffic information) as {2 h, 1.5 h, 1 h, 0.5 h}.
This means that refresh time can be offered with any of the intervals of 0.5, 1, 1.5,
or 2 hours. Additionally, instead of assuming a single value for the price, they have
proposed a pricing model, including a set of pricing functions for the QoS attributes.
Each attribute’s pricing function determines how much it will cost for the service
requester to select a specific level of quality. The web service total price is calculated
as the sum of its constituting pricing functions.

The proposed service selection technique is in fact a local optimization where
the web service with the lowest price for the minimum quality profile is selected.
Minimum quality profile of a service consists of the lowest level of quality for each
QoS attribute which still satisfies service requester’s quality demand. When service
selection is completed, a subsequent agreement configuration step is performed.
During the configuration step, the difference between the price of the low quality
profile of the selected service and the service requester’s budget is used to improve
upon the offered service quality for requester.

This research does not assume a pre-determined QoS profile for neither the service
offer nor the service request. Instead, the service provider is able to publish the quality
profile in the form of different quality levels that he supports. Besides, a higher level
of flexibility is supported for the service price offering with the proposed pricing
model. Thus, service requester can receive a personally-configured service, based
on her preferences and constraints. However, the flexibility of the QoS profile in
negotiation-based approach does not exist here, as no negotiation actually takes place.
Rather, a configuration process tailors the service quality based on the requester’s
preferences and budget.

Optimization + Negotiation Approach

The research by Ardagna and Pernici [4] is another attempt to relax the assump-
tion about a fully pre-determined QoS profile to a more flexible one, by combining
optimization with negotiation. They start service selection as a MILP optimization
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Fig. 13.5 Different perspectives on applying negotiation for service selection during WSC

problem. But if the optimization process fails to find a feasible solution due to sever
QoS constraints for example, a negotiation process would initiate.

At the beginning of the negotiation process, first the execution plan that satisfies
the maximum number of constraints is identified. Then, negotiation starts with any
service provider that contributes to violating the global constraints of this execution
plan. After the negotiation is completed, the providers who have agreed to improve
their offered quality of service, in return for a higher price, will be added to the
optimization space. In other words, negotiation is only used to find new QoS attribute
values for web service invocations and it expands the optimization solution domain.
As the last step of service selection, optimization is repeated with the new solution
domain to find a feasible solution.

As mentioned in their paper, identifying the maximum number of constraints
that can be satisfied is an NP-hard problem. Thus, they have assumed the global con-
straints are limited which allows to find the maximum number of violated constraints
through an exhaustive search. Comparing their approach with pure negotiation-based
approaches, coordination is not required here (Fig. 13.5). In fact, provider selection
is performed through optimization, and not negotiation. However, in contrast to
optimization-based approaches, the providers have a chance to improve their offered
quality if their existing offers do not satisfy service requester’s requirement.

13.6 Comparison

We present a comparison of the optimization and automated negotiation-based
approaches to the service selection problem. The bases that we have used for the
comparison are the following: the key elements of the proposed solutions, the nature
of the QoS profiles in each approach, the reference disciplines that have influenced
the literature, the ways in which the methods from the reference disciplines have
been applied, the experimental strategies employed to validate the models, and some
of the better-known tools.
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The key elements in the optimization approach are a range of optimization mod-
els which specify one or more objective functions, a set of constraints and decision
variables. For automated negotiation, the focus typically is on a set of negotiation
objects or issues, a negotiation protocol, a complex decision model required for
automated agents to conduct negotiation, and models for coordinating the negotiation
process that unfolds over time and for arriving at a final decision on the concrete web
services for the composite application.

The use of optimization techniques is generally restricted to situations in which
the QoS profiles are pre-determined and fixed. This is somewhat unrealistic in light of
the relatively dynamic environments that characterize the selection and composition
of web services. Furthermore, it is not clear whether the web service providers will
be willing to always create and publish static QoS profiles. The negotiation approach
is suited for situations in which, at the very least, the price is negotiable. In many
cases, price and at least a subset of the QoS attribute values are flexible which allow
for more complex negotiation scenarios.

Automated negotiation approaches for service selection have drawn extensively
on the more general agent-based negotiation literature for concepts, functions, and
frameworks. These have the potential to address more realistic scenarios in the con-
text of service selection. In particular, the relaxation of the assumption regarding static
QoS profiles is an improvement over the less flexible optimization-based approaches.
However, the dynamic aspects of negotiation approaches, including the need for a
complex decision model and a cordination model, complicate the problem of finding
globally optimum solutions. The hybrid models and proposals may offer potentially
useful research directions in this regard.

The disciplinary influences that inform the former arise in mathematical and
computing sciences whereas the negotiation approach draws on a broader, inter-
disciplinary body of knowledge. The contributing disciplines to negotiation
approaches include computer science and artificial intelligence, behavioral sciences,
economics and game theory, and mathematics, to name a few. Synthesizing robust
negotiation models poses significant challenges and the results to-date on their appli-
cations in web service selection are still in their infancy. Much work still remains to
be done on creating effective coordination models for automated negotiation to lead
to useful outcomes for composite service selection.

The experiments that have been reported using both optimization and negotiation-
based solutions cannot be described as convincing in that they typically incorporate
very few QoS attributes to be considered representative of real-world scenarios. While
the availability and maturity of available tools for optimization-based approach are
very good, the tool space for negotiation is sparse. Though a range of optimization
tools are widely available, scaling to larger problem size (in terms of number of tasks
involved in BP, number of candidate services for each task, number of QoS attributes
involved, number of global constraints etc), will often involve having to settle for
feasible solutions, if any.

In general, optimization based approaches tend be more applicable under rela-
tively static conditions in which the QoS profiles are fixed and the attribute values are
pre-determined. However, if there is flexibility in the attribute values and tradeoffs
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Table 13.1 The comparison of optimization- and negotiation-based approaches

Comparison bases Optimization-based Automated
negotiation-based

Basic elements of the
solution

Objective function, decision
variables, constraints

Negotiation object (issues),
negotiation protocol,
decision model,
coordination model

Web service QoS profile Pre-determined,
non-negotiable,
not-customizable

Two types of QoS attributes
in the profile: negotiable
(flexible value),
non-negotiable
(pre-determined, fixed
value)

Disciplinary influences Well-developed body of
knowledge available in
optimization area

Automated negotiation
approaches still in their
infancy; very complex,
and multi-disciplinary
research area

Application of the original
disciplines for
compposite service
selection

Optimization techniques
have been specifically
applied for composite
service selection,
considering the
particular constraints
and challenges involved
in the WSC domain

Need for more
inter-disciplinary
approaches drawing on
game theory, economics
(auctions), and
coordination theory.

Performed experiments Typically include four to
five QoS attributes in
the scenarios.

Fewer QoS attributes
included in the
experiments. Generally
not more than two, in
order to manage
complexity.

Facilitating tools (M)ILP :available solvers,
GA: well known
algorithms, easy to
implement

Automated negotiation
support tools lacking.
Domain-specific tools
exist that assist human
negotiators, e.g. Kasbah
[38], Negoisst [51],
CyberSettlea

a http://www.cybersettle.com/

are possible, a negotiation-based approach involving two or more agents engaging
in an iterative communication and decision making process can become feasible.
A summary of the comparison of optimization and negotiation-based approaches is
presented in Table 13.1.

http://www.cybersettle.com/
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13.7 Conclusion

As the number of available web services with similar functionality but varying
QoS attribute values increases, the problem of discovering and selecting the best
web services for composing enterprise applications becomes more challenging. We
have presented a comprehensive review of some of the important optimization- and
negotiation-based approaches to the service selection problem in WSC. A brief
overview of two of the hybrid models is also provided. In conclusion, optimization-
based approaches assumption about a pre-determined profile is a hindrance in apply-
ing them for real service selection scenarios, considering the dynamic execution
environment of web services. While in negotiation-based approaches this assump-
tion is relaxed, the need for a complex decision model that guides the software agents
in conducting fully automated negotiation makes their application unrealistic at least
for the near future. There is a need for service selection techniques with more realistic
assumptions in their service specification, discovery and selection models to make
them relevant and useful for the emerging real world service selection scenarios.
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