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Abstract—
Web services composition enables the business to dynamically
and seamlessly integrate business applications on the web. The
performance of an overall composition is a function of its
individual component services. Hence, both functional and nonfunctional properties of Web services are important when negotiating component service for a system. Automated negotiation
helps speed up this process and often improves the overall quality
of the composite system.
In this paper, we present a negotiation Web service that would
be used by both the businesses searching for a Web service as well
as the providers of Web services for conducting negotiations for
dependent QoS parameters. We present the detailed architecture
and system engineering view of our framework and use a genetic
algorithm (GA) based approach for ﬁnding acceptable solutions
in multi-party and multi-objective scenarios. Experimental results indicate the applicability and improved performance of our
approach in facilitating the negotiations involved in a Web service
composition process.

to reach a mutually agreeable solution. In SOA the negotiation process can be deﬁned as a decision problem with
multiple decision makers, and multiple (probably conﬂicting)
objectives. The aim is to simultaneously optimize multiple
objectives, considering the constraints of both the service
providers and consumers. In existing literature, this has usually
been accomplished in an ad-hoc manner [14] [31], which is of
minimal interest in SOAs due to the high developmental costs
of such solutions, lack of ubiquity, and dynamic participants.
An automated negotiation mechanism consists of three main
components, namely, a high-level protocol, negotiation objectives, and decision strategies; while the negotiation context
dictates the selection and integration of these components [14].
A comprehensive negotiation system should allow its user to
specify multiple attributes for negotiations. It should consider
the fact that multiple services would potentially be using
heterogeneous protocols which may or may not be compatible.
Similarly not every participant would be using the same decision model and hence, may require different decision making
capabilities. It should also be able to simultaneously negotiate
with multiple services, taking into account the dynamic nature
of its participants requirements.
Solving multi-attribute optimization problems is an evolving
effort in computer science, statistics, economics, and mathematics circles. To date, many powerful deterministic and
stochastic techniques for addressing these large-dimensional
optimization problems have been introduced. “Evolutionary
algorithms are one such generic stochastic approach that has
proven to be successful and widely applicable in solving both
single-attribute and multi-attribute problems” [5]. In negotiation scenarios where the goal is to generate co-allocation offers
as optimal as possible so that interaction between the requester
and provider is minimized, resource utilization and provider
proﬁt is maximized, are NP-complete [36] [34] [6] [16].
Moreover, a number of natural variations of this problem are
NP-hard, and determining whether a particular allocation is
Pareto Optimal is co-NP-complete[8] . This is closer to the
“winner determination problem” class of algorithms (that are
also NP-complete), where approximation mechanisms such
as evolutionary algorithms are shown to be highly effective
[36] [26] [33] [32].
Genetic Algorithms (GA) have been used to enhance automated negotiation. GAs are used to evolve the best strategies
[22], generate proposals at every round [37] [38], track

I. I NTRODUCTION
With the extensive adaptation of Web service based applications in dynamic businesses applications including ondemand computing, highly conﬁgureable virtual solutions and
cloud computing based systems demand automated tools for
composing and managing these services in composite systems.
With an increasing number of functionally equivalent services,
it is now possible to combine several services to formulate a
composite solution, where the businesses have the option of
selecting the most “suitable” service for their solution. Service selection (thereby composition) is a multi-stage process
that ranges from ﬁnding functional equivalence, negotiating
customer and provider preferences, to ﬁnally creating an
agreement. Currently, this selection process is very tedious
since it involves human intervention for negotiating customer
and provider preferences. With the increasing agreement on
the functional aspects of Web services (e.g. using WSDL [4]
for service description, SOAP [40] for communication, etc.),
and approaches being proposed to facilitate the on-demand
composition of component services for formulating highly
focused solutions, the research interest is shifting towards the
non-functional aspects of Web services [29].
Negotiations is an important form of decision making
process of different aspects of human life, such as business,
scientiﬁc, social and political interactions etc [15] [25]. It
is the process of back and forth communication in order
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shifting tactics and changing behaviors [22][25], and learn
effective rules for supporting negotiation [23]. GAs have been
successful in solving such optimization problems as GAs are
capable of ﬁnding solutions to complex problems that are
hard to solve using more traditional approaches [24][39][1].
Similarly, constraints on these problems have been handled
by penalty functions [9][19], repair algorithms [10], [35],
special genetic operators to keep solutions in the feasible
region [30][45]. There have also been some efforts for employing evolutionary computational techniques for automated
negotiations of Web services. For instance, a mediation service
based mechanism for generation of automated contracts using
some ﬂavor of the GA based operators such as mutation and
crossover is proposed in [12]. Similarly, in [17] an agent-based
GA negotiation system for B2B eCommerce is proposed.
Both these models assume bilateral negotiations and keep
them independent of any information that may be obtained or
effect the decision making process of any agent. A GA based
approach that uses Bayesian learning to predict the preferences
of the negotiation participants based on their offers and counter
offers have been presented in [11]. In [44], an approach
for bilateral negotiation under uncertainty, where a negotiator
is uncertain as to what offer or counteroffer to make, at a
particular step in the negotiation is presented. This uncertainty
is resolved by making use of the negotiation experience of
reputable parties.
In this paper we present a framework for a negotiation
service that is designed for a business environment with
simultaneous negotiations among multiple service provider
businesses, where each communication instance (among the
consumer and service provider business) is private. We enhance the traditional Genetic Algorithm to make it possible
enable all the negotiating agents to adapt quickly, and significantly reduces the search space by guiding the negotiation
process towards a mutually agreeable and beneﬁcial solution.
The paper is organized as follows: in Section 2 we present
our framework for the negotiation service. In Section 3,
we discuss our proposed automated negotiation approach. In
Section 4, we present the experiment details, while Section
5 concludes the paper and outlines the directions for future
work.
II. A

FRAMEWORK FOR
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the customer agree on certain attributes (e.g. price) for the
services to be provided, they enter into the formal Service
Level Agreement (SLA) formation phase. At this point, both
parties agree on the terms and conditions of the agreement.
These usually include both the functional (service to be provided, cost, etc) and non-functional (QoS parameters, violation
terms, penalties, etc). This process could also be modeled as
the exchange of offers and counter offers (for SLA terms)
among the customer and the selected provider. Once agreed,
the parties create/contract an agreement and the services are
rendered. If both the parties could not agree on the terms of an
SLA the current negotiation session is terminated and a new
round of negotiation is started.
In this paper we present the high level architecture of our
proposed negotiation service i.e. NegF in Figure 2 that is based
on the negotiation ﬂow presented above . The proposed model
is very ﬂexible in terms of its functionality and the services
provided. It is primarily targeted to be invoked by a business
searching among a list of service providers providing similar
functionalities. The client does not need to implement any
negotiation speciﬁc component to use the proposed service.
The architecture presented in Figure 2 is compatible with both
the negotiation scenarios i.e., the negotiating participants could
either provide their own negotiation component or send all the
necessary information to the service, that would handle all the
negotiation process. A brief overview of the major modules
of the proposed negotiation architecture is as follows:

W EB S ERVICE NEGOTIATION

A business looking for a Web service can beneﬁt from
a service that publishes (e.g. as UDDI tM odels [7])both
functional and non-functional requirements(e.g. availability
99.99%, reliability 99.9% ) and then simultaneously negotiate these requirements with multiple providers to obtain an
optimal solution.
Figure 1 depicts the state diagram of an automated negotiation process. Typically, negotiation starts when the customer
requests for proposals for a component service. After receiving
the initial offers from service providers, it would then select
some providers to engage in bi-lateral negotiations. This would
start a round of offers and counter offers among the customer
and selected service providers. Once both the provider and

A. Negotiation Service
The negotiation service acts as the interface of the whole
system. This component is responsible for all external system
communication. The internal components use this service to
communicate with both the customer and provider business as
well as with other peers within the community (to be discussed
later). A business invokes the service providing its negotiation
attributes (e.g. availability, reliability), negotiation policy as
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customer along with all the necessary data, it then proceeds to
the negotiation step. Negotiation manager would then query
the Web service directory e.g. UDDI to search for the matching service providers. The customer also has the option of
providing its own list of possible providers. Once it has the
list of service providers providing similar services, it ranks
these providers based on trust ratings.
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It uses the trust model based on the concept of community
[20] where reputation represents the perception of the users
in the community regarding a service provider. For a newly
starting service that does not have any history, it uses the
reputation bootstrapping mechanism deﬁned in [21]. Community service is a knowledge base that is responsible for
information regarding different providers, including reputation,
trust and past negotiations. The community ensures that no
private information is released to its users but could publish
non identiﬁable data e.g. It does not give out any information
about systems that are using lets say ServiceA, but could
tell the total number of the systems currently running ServiceA. These pieces of information combined with the above
mentioned methods of trust and reputation assessment, help
the negotiation manger in selecting appropriate services, from
a number of services providing similar functionalities. We
assume that all these services are functionally equivalent.

Community

Fig. 2.

Negotiation Manager

NegF System Architecture

well as its decision model. The negotiation service then communicates with potential providers and requests their decision
model and policy attributes for the negotiation process.
B. Policy and Protocol Manager
This component is responsible for standardizing the inputs
from the communicating participants. Different participants
may use different protocols for describing their decision models and policy attributes. A generic component would ensure
that these heterogeneous participants could communicate with
the negotiation service. After receiving this data from the
negotiation service this component then translates it into a
standard form which is used for the internal information
exchange among different components of the system. It then
stores these participant communication preferences in the
Policy and Protocol database. Negotiation service would then
use this information for any future communication with the
participants. This generic module would mean that the system
is extendable to incorporate future communication protocol
and allow the customer and providers using different communication protocols to still be able to negotiate service attributes
and form service level agreements (SLA).

D. Negotiation Component Manager
Since negotiation is a multi-party mechanism, the NegF
system needs to spawn separate components for each customer and provider. In the most basic scenario at any given
instance, the systems would have one customer, and multiple provider components. These components operate in their
separate context and communicate with their original service
through the communication manager. The negotiation manager
is responsible for creating and managing these components.
The architecture is ﬂexible enough to let the participants
provide their own negotiation components. We may have this
scenario when the participants believe that they do not want
to share any of their private information with even a trusted
third party broker. This allows the ﬂexibility of implementing
a distributed negotiation system.

C. Negotiation Manager
Figure 3 show the architecture of the Negotiation Manager.
Once the service receives a request for negotiation from the
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creation process. The architecture is shown in Figure 6. Similar
to the other modules, any SLA generation must conform to
the system policies. Upon receiving a proposed solution, them
module performs SLA speciﬁc policy conformance checks
and prepares a formal SLA. This SLA is then presented to
the negotiation participants. If the current selected provider
does not agree on the proposed SLA, the system would then
try the next best available solution, until either an agreement
is achieved or the system has ran out of options. If the
system could not ﬁnd a mutually agreeable solution among
all the available providers, then the process would be termed
as a failure and the customer would be asked to revise its
negotiation model.

E. Negotiation Strategy Manager
There are multiple strategies available for conducting efﬁcient negotiations. The NegF system architecture does not
restrict the components to any one negotiation strategy. It
has multiple strategies for the components to choose from.
Participants could opt for using any strategy and pass this
information as a policy to the system. Figure 4 depicts the
architecture of the strategy manager.
If none is chosen, the system selects one or a combination
of strategies for the negotiation process. The negotiation
strategy manager selects and binds each component with the
appropriate strategy and is responsible for implementing the
component policies and decision model in the context of
the selected strategy as well as monitoring and storing any
transient data related to the negotiation process.
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Generate SLA

SLA Protocol

F. Communication Manager

Protocol
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All the external pre-contract communications are handled
by this manager. The component may communicate with their
respective services for any decision model or policy/guidance
queries. Communication manager ensures that all the communication is related to the current negotiation and adheres to the
negotiation service’s policies. Figure 5 shows the architecture
of communication manager. On receiving a communication
message the components request policy info from policy and
protocol databases and checks the conformity of the message
with the retrieved info. If the message does not conform to the
policies, it goes through a policy conformation process. After
conforming with the policies the message goes through any
translations if needed before being delivered to its destination.
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Contract Manager

H. System Engineering View
The development view of the architecture focuses on the
organization of different software modules. A part of this view
is presented as the architecture of the software framework that
serves as a guideline for the developers. Figure 7 provides the
data model used in the implementation of NegF. This data
model speciﬁes the underlying concepts used by the systems
such as service description, service attributes, communication

G. Contract Manager
Once the system identiﬁes a probable negotiation solution(s), it is presented to the respective services, and if they
agree, the contract manager then handles the formal SLA
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protocol, policy, status messages and negotiation strategy
used for guiding the negotiation process towards a mutually
agreeable solution. Figure 8 shows different interfaces used by
the NegF system to communicate with different components
within the systems as well as with other systems. Negotiation
messages are composed of URL that identify the sender, a
negotiationInfo that speciﬁes the proposal and the state of
the sender, which is governed by the INegotiationContext that
maintains the negotiation context and the transient information. The interface IServiceSelection is used to get the initial
set of services that are further contacted for the negotiation
process. ISystemHandler will take care of the communication
protocol conversion and maintains the overall state of the
system including the SLA generation.
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III. N EGOTIATION M ETHODOLOGY
In this paper we focus on the implementation of a negotiation algorithm that uses our proposed framework to construct
a composite solution. We use a NSGA-2 based approach to
support multi-party multi-objective negotiation. All the Web
services provide their respective QoS parameters to be negotiated. These are called the component vectors of a Web service.
Each vector is accompanied by a decision model, i.e. ranges
of all the QoS parameters as well as their respective priorities
also known as the weights. G represents the total number of
generations. We present a brief overview of proposed approach
below.

INPUT: Initial offer vectors of consumer and producer services
OUTPUT: Negotiated component vectors of services.
Set generation number g equal to zero (g = 0)
Generate initial population
for each generation do
Evaluate objective values
Perform fast nondominated sort
Generate child population using GA operators (Tournament
selection, crossover and mutation)
Evaluate objective values of child population
Perform Elitism
Combine parent and child population
Perform fast nondominated sort
Create next generation based on rank and crowding distance
g =g+1
if g == G (last generation) then
Ensure Pareto optimality
exit
end if
end for

A. NSGA-2
Initially a random parent population g0 is created. The
population space is sorted based on nondomination. Then each
solution is assigned a ﬁtness rank based on the its nondomination level. Then the new generation is created using the tournament selection, crossover and mutation. Elitism is introduced
by comparing current population with the previously found
best nondominated solution. We then combine the parent and
child generation and sort them based on nondomination. Once
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set I. The parameters f (m, max) and f (m, min) represent
the max and min values of the mth objective function.
Now the partial order for the crowding operator will be
calculated as:

all solution slots are ﬁlled by the lowest ranked dominated
solution (i.e. the best solution will have the lowest rank in the
sorted list). We repeat this until we reach our desired number
of generations.
Each chromosome is a combination of customer and
provider genes. If we have n objectives to be negotiated then
each chromosome will have 2n genes. The ﬁtness function is a
multi-step calculation that evaluates the level of disagreement
between the negotiating Web services. We use a distance
function to measure the difference among the proposed solutions of both the customer and provider Web services. Thus,
lower ﬁtness values are desired as they translate to lesser
disagreement among the participants. Similarly, lower values
translate to higher ranks for the solutions among the solution
space. Each solution represents a probable distribution of
values that may be agreed upon by the other Web service in
the negotiation. Pareto optimality is not enforced after each
generation as it is possible for a Web service to accept a
less favorable solution for the time being (in the negotiation
process) for a better solution in the long run. However, a
secondary population of solutions is kept which is updated
after each iteration. This secondary population or Elitism
is a an important concept in genetic searches [47][2]. The
probabilistic nature of GA does not guarantee that the best
solutions would be preserved in the ﬁnal generation. Hence
a secondary population of best solutions is kept through all
generations.

i

<

j
if (rank[i] < rank[j]) or
((rank[i] = rank[j]) and (distance[i] > distance[j]))

C. Crossover and Mutation
The crossover operator is invoked after applying the nondominated sorting. Roulette-wheel selection is used for selecting solution pairs for crossover. Roulette-wheel selection
is analogous to a roulette wheel where the probability an
individual is selected is proportional to its ﬁtness [3]. Solution
rankings are used to implement selection. The population
is augmented so that solutions with better ranks are more
prevalent in the population. We use both ranks and ﬁtness values for our selection technique because ranking indicates the
performance of solutions relative to others in the population
and minimizes the effect of large disparities in ﬁtness values
within the population [41]. Augmentation of the population
for roulette-wheel selection is performed as follows:
1
CrossPj = 1 −
(Rj − 1)
(1)
Rj
Where CrossPj is the Cross over probability for service
j and Rj is the rank for solution j in the system. Crossover
rate is used to determine if crossover will actually occur or
if the selected solution will simply be copied over to the
next generation. If it is determined that crossover will occur,
uniform crossover is implemented on the pair. It has been
proved that custom operators provide superior performance
for real-valued problems [43]. Mutation is the last operator
to act on the population of solutions and is also applied
randomly to the elements of the solution, in accordance with
the experimentally predetermined mutation rate. A random
number is generated for each member in the population and
compared to the mutation rate. If the random number is less
than or equal to the mutation rate, mutation will occur in
that solution. Mutation here involves arbitrarily changing one
element of the negotiation vector and then implementing a
repair algorithm to ensure that objective values lies within the
valid range for that chromosome.

B. Crowding Distance
The crowding distance variable guides the selection of
process towards a uniformly spread out Pareto-optimal front.
Assume that every gene i in the chromosome has the following
attributes:
• nondominant rank (Crank )
• crowding distance (Cdistance )
• bookKeeping distance (Cbookdistance )
Hence the crowding distance will be calculated as
Algorithm 2 Crowding Distance
INPUT: Solutions in a non-dominated set I
OUTPUT: Crowding distance of the solutions.
Set n = number of solutions in the set
for each i do
Set Idistance[i] = 0
end for
for each QoS value m do
I = sort (I,m)
Idistance[1] = Idistance[n] = maxdistance
for i = 2 to (n -1) do
Idistance[i] = Idistance + (I[i+1].m - I[i-1].m) / (f(m,max)
- f(m,min))
12:
end for
13: end for
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:

IV. R ESULTS
To determine the efﬁciency of our approach, we conducted
experiments on our prototype NegF. The experiment environment consists of a Windows server 2008 (SP2)-based
Quad core machine with 8.0 GB of ram. We developed 1
client and 50 provider Web services running on Microsoft
.Net version 3.5 to simulate multi-party negotiations. A large
number of similar providers are chosen to show the applicability/scalability of the proposed solution. The client negotiated
four QoS components (reliability, availability, throughput and
accessibility) with the providers, over 200 iterations consisting

Here maxdistance refers to the maximum distance between
two points and is set to inﬁnity. sort(I, m) refers to sorting
the set I of solutions on the basis of objective m. I[i].m refers
to the mth objective function value of the ith individual in the
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times the time. The other two techniques fail to generate such a
solution and plateau around the 95% range. The results suggest
that our approach outperforms other compared methods both
in terms of ﬁnding the optimal solution and the amount of
time it takes to ﬁnd that solution.

of 150 generations each. WSDream-QoSDataset [46] is used,
which contains more than 150 Web services distributed in
computer nodes located all over the world (i.e., distributed in
22 different countries). Planet-Lab is employed for monitoring
the Web services. We take the published services and their
corresponding QoS values and write our own wrappers that
incorporate the NegF’s negotiation component.
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Fig. 9.

Experiment results of service negotiation

Figure 9 shows the results of our experiments. Figure 9
shows the utility values of individual service and the composite
solution, when the services are negotiated separately from each
other. The negotiated vector for Service A is <97,98,98.5,99>,
Service B is <97.9,98,97,98>, Service C is <98,97,99,98>
with the utility values of 98.83, 99.00 and 98.75 respectively.
Hence the system achieves a maximum utility value of 98.75.
B. Experiment 2.
In this experiment we compare NegF with similar approaches presented in the literature. We base our comparison
on the utility values of these techniques and the time it takes
to reach a solution. SBA [27] uses a GA based approach
with an offer and counter-offer based protocol for searching a
mutually agreeable solution. The degree of overlap among the
QoS values requested by the customer and those offered by the
provider are taken into account in SBA. We use the results for
the maximum overlap (80%) in our comparisons. Similarly,
NBA [28] uses a GA based approach with a very similar
ﬁtness function as used in our technique, but does not take into
consideration any other parameters. SWC [18] also uses a GA
based approach for the semantic composition of Web services.
It uses the semantic equivalence in addition to the QoS values
to determine the best offering for the composition. The results
are presented in Figure 10. We can see that NegF is the
quickest in improving on the initial solution.We can also see
that NegF ﬁnds a solution within the 99% utility range in about
100 generations, while SWC (the second best) take about 1.5
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