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Abstract. The provision of Service-Based Applications (SBAs) will be
driven by market-oriented mechanisms, and the market value of an appli-
cation will depend not only on its functionality, but also on the value of
“Quality of Service” (QoS) parameters affecting its performance. These
parameters are not static properties since they may vary according to the
provision strategies of providers as well as the demand of users having
their own preferences on the application QoS values. In this paper we
propose a market-based negotiation mechanism among service providers
and a user requesting a QoS-aware SBA. It allows to take into account
the variability of service QoS attribute values typical of the future mar-
ket of services, as well as to dynamically set the length of the negotiation
process that is usually very time-consuming especially in the context of
SBAs.

Keywords: Service-oriented architectures · Artificial economies/markets ·
Negotiation · Quality of service · Service selection

1 Introduction

It is well recognized that Service Based Applications (SBAs) will be provided
with Quality of Service (QoS) attributes that take account of service not func-
tional properties (NFPs) such as price, response time, reliability, reputation, and
so on [1]. QoS-aware SBAs are composed of autonomous and independent ser-
vices that are provided with different quality attributes representing their NFPs,
and they are required by users that have their own preferences over the values
of these attributes. Hence, in order to deliver QoS-aware SBAs, the attribute
values of their component services have to meet the user requirements, once
aggregated.
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Nevertheless, different users may have different QoS requirements for the
same application, as well as QoS attribute values for the same service may change
in time according to dynamic circumstances affecting service provision strategies.

In this context, it becomes crucial to provide service-oriented infrastructures
with mechanisms enabling the selection of services with suitable QoS attribute
values so that QoS requirements can be satisfied when forming new value-added
applications through service composition. Such mechanisms should allow to man-
age the dynamic nature of both provided QoS values, and user’s QoS require-
ments.

In this paper we propose a negotiation-based mechanism among service
providers and a service consumer to select the suitable services to compose
QoS-aware SBAs through a market-based provision mechanism. The negotiation-
based selection mechanism allows for the selection of services according to the
values of their quality attributes so that, once aggregated, they meet the user
quality constraints/preferences. The use of a negotiation-based mechanism allows
to take into account the variability of service QoS attribute values typical of the
future market of services since service providers may change these values during
the negotiation according to their own provision strategies.

Since negotiation can be computationally expensive, a set of experiments was
carried out to assess the impact of such coordinated negotiation mechanism on
the success rate of the composition process, and to collect useful information to
drive service consumers decisions about whether to proceed with the negotiation
under specific conditions, or not.

The paper is so organized: Sect. 2 introduces the problem of QoS-aware ser-
vice composition and provides some related works. Section 3 describes the pro-
posed coordinated negotiation mechanism, together with the adopted strategies
for the negotiators. Section 4 presents the case study and discusses the collected
experimental results. Conclusions and future work are reported in Sect. 5.

2 QoS-Aware Service Composition

In a market of services, users will issue a request for an SBA specifying the
functionality of each service component, their functional dependence constraints,
and the value(s) of the quality attribute(s) they want the application to provide.
The request is described by a directed acyclic graph, called an Abstract Workflow
(AW), and by a quality attribute value representing the required QoS for the
application. AW nodes represent the required functionalities, called Abstract
Services (ASs), and AW arcs represent control and data dependencies among
nodes.

It is assumed that for each AS a set of Concrete Services (CS) will be available
on the market, each one provided by a specific Service Provider (SP) with QoS
attributes whose values are set by the corresponding SP dynamically.

The user request is managed by a software entity, named Service Compositor
(SC), responsible for the selection of CSs whose attribute values, once aggre-
gated, satisfy the QoS required by the user. The selection is modeled as a nego-
tiation process over the service quality attributes among the SC and the SPs
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available to provide their services. SPs issue their offer to the SC by specifying
a reference to the CS together with the value of the QoS attribute they can
provide the service with at that time. If the negotiation is successful, then the
user request can be satisfied by instantiating the AW with the CSs having the
suitable QoS value. The Instantiated Workflow (IW) represents the requested
application ready to be executed.

2.1 Related Works

Several efforts have been carried out in the areas of QoS-based service selection
for Service Based Applications [2].

Some works propose algorithms to select service implementations relying on
the optimization of a weighted sum of global QoS parameters as in [3] by using
Integer Linear Programming (ILP) methods. Nevertheless, ILP-based algorithms
for selecting services are suitable when QoS data are accurate and the problem
size is small (i.e. with a limited number of nodes for the Abstract Workflow
and a limited number of potentially available services for each node) due to the
ILP high complexity [4]. In such cases, instead of optimal solution procedures,
heuristic algorithms are have been proposed in the literature [5]. In this context
also Genetic Algorithms have been proposed to address scalability problems as in
[6,7]. Approximation-based approaches are more efficient than linear approaches
as they can handle large number of services better than linear methods. How-
ever, they suffer from lack of ability to find optimal solutions since they can be
discarded during the elimination process using these approaches.

In [8] local constraints are included in the linear programming model used
to satisfy global QoS constraints. In [9] Mixed Integer Programming is used to
find the optimal decomposition of global QoS constraints into local constraints
representing the service skyline for each service class, so allowing to prune the
service candidates that are not likely to be part of the optimal solution.

Typically, these works rely on static approaches assuming that QoS para-
meters of each service do not change during the selection process, i.e. they are
predetermined, and focus on optimality and performances of the provisioning
methods. Such approaches do not take into account the possibility to dynamically
change the provided QoS values during the selection process that represents the
basic motivation for the approach proposed in our work. Other approaches rely
on negotiation mechanisms to select services according the QoS values [10,11].
In most of these approaches negotiation occurs when the service provider has
already been selected, and it negotiates the values of the service parameters val-
ues it provides for the service. So, the negotiation process is one-to-one between
service requester and the selected service provider [3].

Other negotiation-based approaches use negotiation as a mechanism to
dynamically select the appropriate the service provider whose provided services
best matches the service requester’s non-functional requirements [12]. But usu-
ally negotiation is carried out for each required service independently from the
others. So negotiation consists of multiple negotiation sub-processes each one
associated with one once of the required composite service. Each negotiation



A Market-Based Coordinated Negotiation for QoS-Aware Service Selection 29

sub-process, in turn, may include multiple negotiation threads, one for each can-
didate provider, to choose the best service for the specific component service.

The work presented, in this paper, proposes a coordinated negotiation mech-
anism, where negotiations occurs concurrently with all providers of the different
required services in the composition. Coordination occurs at each negotiation
step when the aggregated QoS values offered by different SPs are collectively
evaluated to decide whether to accept or not a set of offers, so to take into
account the dependencies among different negotiation processes due to the fact
that in a composition of services the attributes values for one services cannot be
determined independently from the other services in the composition.

3 The Coordinated Negotiation Mechanism

The negotiation process between two agents x and y is a bilateral interaction
that consists of an alternate succession of offers and counteroffers. The process
continues either until an offer is accepted by the other agent, or one of the agents
terminates the interaction (e.g., because of a deadline). An agent x accepts
an offer j of y if the value of the utility the agent x obtains for that offer is
greater than the utility value of the counteroffer the agent x would send back,
i.e. Ux(jy(t)) ≥ Ux(jx(t + 1)) [13].

In order to prepare a counteroffer, an agent uses a set of tactics to gener-
ate new values for each negotiated object [14]. Of course, both agents must be
provided with strategies to formulate offers and counteroffers, and they must be
equipped with algorithms to evaluate the received offers.

In this paper we consider a modified negotiation mechanism, based on an
iterative protocol, allowing only the SPs to formulate new offers, and the SC
only to evaluate them. The rationale of this choice is twofold: on one hand it
makes it possible to simulate what happens in a real market of services where
an SC does not have enough information on the SPs strategies to formulate
counteroffers; on the other hand it takes into account that the offers for a single
functionality cannot be evaluated independently from the ones received for the
other functionalities. In other words, negotiating over the attributes of the single
AS cannot be done independently from each other. In fact, the proposed nego-
tiation mechanism allows both to negotiate with the SPs providing services for
the same required functionality in the AW, and, at the same time, to evaluate
if the aggregated QoS value of the received offers meets the QoS requirement
specified in the user request, to decide whether or not to accept the offers.

3.1 The Negotiation Protocol

In order to meet the user’s requirements, an iterative negotiation protocol, based
on the Contract Net Iterated Protocol [15], is adopted. The negotiation occurs
between the SC, that is the initiator of the negotiation, and the SPs available for
each AS of the AW, and it may be iterated for a variable number of times until
a deadline is reached or the negotiation is successful (see Fig. 1). Each iteration
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Fig. 1. The negotiation protocol.

is referred to as a negotiation round, and the deadline is the number of allowed
rounds. In this protocol the SC may set the deadline according to estimates of
parameters influencing the negotiation progress (see Sect. 4), so the negotiation
takes place for a variable number of iterations based on the specific situation
occurring when a request is issued.

As shown in the Fig. 1, the SC prepares m call for proposals (cfps), one for
each AS in the AW to send to the set of n SPs available to take part in the
negotiation for that AS. So, the total number of cfps sent at each round is m∗n.

After waiting for the time set to receive offers (expiration time of a negoti-
ation round), the SC checks if there are offers for each AS; if not, it declares a
failure since it is not possible to find a CS corresponding to each AS. Otherwise,
it evaluates the received offers, and, according to the result of the evaluation
(see Sect. 3.2), it performs one of the following actions:

– if the aggregated QoS value of the received offers does not meet the user’s QoS
requirements, it asks for new offers by sending again m ∗ n cfps, so starting
another negotiation round;
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– if the aggregated QoS value of the received offers meets the user’s QoS require-
ments, it selects the best set of offers, in terms of its own utility, i.e. it accepts
the offers sent by the corresponding SPs (one for each AS), so ending the
negotiation successfully.

– if the deadline is reached without a success, the SC declares a failure to all
SPs that took part in the negotiation.

3.2 Service Compositor

The SC receives service offers at each negotiation round and, once checked that
there is at least one offer for each AS, it evaluates if the global QoS constraints
specified by the user are met. The constraints are intended to be upper bounds
for the aggregated values obtained by the offered QoSs, and the evaluation func-
tion is a solver of a Integer Linear Programming problem. We decided to use
this global optimization approach, and not to investigate sub-optimal approaches
since we are mainly interested in the evaluation of the impact of the coordinated
negotiation approach on the probability to succeed. The ILP problem is formu-
lated as follows. There are n ∗ m decision variables xi,j where i identifies one of
the m ASs and the j identifies one of the n SPs compatible with the i-th AS.
Such variables assume value 1 if the j-th SP is selected for the AS i, 0 otherwise.
Exactly one SP has to be selected for each AS, and so the sum of xi,j for a
specified AS i, must be equal to 1. This constraint holds for all ASs, so:

n∑

j=1

xi,j = 1,∀i = 1, . . . ,m (1)

Assuming a multidimensional QoS (Q1, . . . , Qr), the r-tuple (q1i,j , . . . , q
r
i,j) of

offered values is associated to each corresponding SP identified by xi,j .
To check whether each QoS constraint has been satisfied, the values of the

parameters qki,j offered by each selected SP, once aggregated, must not exceed
the user upper bound Qk:

aggrFuni(
n∑

j=1

xi,j ∗ qki,j) ≤ Qk,∀k = 1, . . . , r (2)

The aggregation function aggrFun for the QoS parameters depends on the
type of the parameter. Typically, additive (e.g., price and execution time) and
multiplicative (e.g., reliability and availability) parameters are considered [3], so
aggrFun is either a sum or a multiplication over the m ASs.

Once solutions that satisfy the constraints of Eq. 2 are found, the SC evaluates
the overall utility [9]:

U(SC) =
r∑

k=1

Qmax′(k) − aggrFuni(
∑n

j=1 xi,j ∗ qki,j)
Qmax′(k) − Qmin′(k)

wk (3)
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where, wr is a weight for the specific QoS, Qmax(i,k) = max(qki,j), Qmax′(k) =
aggrFunk(Qmax(i,k)), Qmin′(k) = aggrFunk(Qmin(i,k)); i.e., Qmax′(k) aggre-
gates the maxima of the offers received for each AS, and Qmin′(k) the correspond-
ing local minima. The objective function is a maximization of Eq. 3. Hence, the
SC selects the combinations of offers with the maximum utility among the ones
that satisfy the constraints.

3.3 Service Provider

According to [14], time dependent and resource dependent strategies are two
important classes of negotiation tactics in service-oriented domains, already
used for modeling B2B interactions [8]. Time dependent strategies model the
interactions of agents with deadlines for making deals. Usually, as the dead-
line approaches the agent is more willing to concede in utility. The tactics are
implemented as time dependent functions, typically exponential or polynomial
functions, classified as boulware or conceder tactics [14]. In the first case, the
agent proposes values near to the initial offer until the deadline approaches,
then it will propose its reservation value that represents the offer with the mini-
mum utility the agents is able to provide within its negotiation set. In the second
case, the agent will approach its reservation value sooner than the previous case.

Resource dependent strategies are similar to the time dependent ones, but
the domains of functions modelling the tactics are the available resources, so it
is necessary to evaluate the available resources w.r.t. the received requests to
generate new offers.

In a previous work [16], a provider agent concession strategy was modeled as
a monodimensional Gaussian function where the dimension represents a single
negotiated QoS attribute. The use of Gaussian distributions allows to simulate
the stochastic behaviour of service providers with zero-intelligence that can be
used to approximate the trends of a volatile and open market of services [17]. In
the present work, the same strategies are used, that are both time and resource
dependent, and take into account the computational load of the SP, and the
computational cost of the provided service. The computational load accounts
for the provider workload in terms of the amount of service implementations
it will deliver; while the computational cost represents a measure of the service
complexity, so that the more complex the service is the higher its expected cost is.

The negotiation strategy is modeled, for each SP, by a Gaussian distribution
that represents the probability distribution of the offers in terms of the provider’s
utility. As shown in Fig. 2, the mean value of the Gaussian maxU represents the
best offer the SP may propose in terms of its own utility having the highest
probability to be selected; the standard deviation σ represents the attitude of
the SP to concede during negotiation, and it is given by σi,j = maxUi,j −
maxUi,j ∗percenti,j , where percent ∈ [0, 1] represents the concession percentage
of the SP with respect to its own utility.

The negotiation set for the SP is [maxU −σ;maxU ], where maxU −σ is the
reservation value. The parameter σ varies from SP to SP providing the same AS,
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Fig. 2. An example of probability functions to compute new offers.

so that the lower its computational load (in terms of available resources) is, the
more it is available to concede in utility, and the lower its reservation value is.

In Fig. 2 the functions associated to two different SPs for the same AS are
reported. The best offer is the same for both SPs (i.e. maxU1 = maxU2) since it
is assumed that services providing the same functionality have the same utility
value for all the providers of that service, while their concession strategies are
different according to their workload when the negotiation takes place. In the
reported case σ1 is greater than σ2 meaning that SP1 has a lower computational
load than SP2, so it concedes more in utility than SP2.

At each negotiation round, each SP generates, following its distribution, a
new utility value corresponding to a new offer. If this value is lower than the
one offered in the previous round and within the negotiation set, then the SP
proposes the new value. Note that values generated in the set [maxU ;maxU +σ]
will be specularly mapped to the corresponding values within the negotiation set
[maxU −σ;maxU ] with the same probability to be selected. If the new generated
utility value is higher than the one offered at the previous round, or it is outside
the negotiation set, the SP proposes the same value offered in the previous round.

This strategy allows to simulate different and plausible behaviors of providers
that prefers not having a consistent loss in utility, even though by increasing the
number of negotiation rounds the probability for the SP to move towards its
reservation value increases.

4 A Case Study

A set of experiments was carried out in order to determine weather the coor-
dinated mechanism affects the negotiation probability of success/failure, and to
evaluate the impact of the number of SPs and ASs on the negotiation progress.
The experiments were designed to extract information that can be used by the
SC to understand negotiation trends according to the current market situation.

In the experiments, we considered a single QoS attribute, that is the price.
So, the QoS aggregation function is additive in the number of ASs in the AW,
and it does not depend on the structure of the AW, i.e., on the functional
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precedence relations among ASs. For this reason the nature of the arcs in the AW
(representing sequential, parallel constructs, and so on) is not taken into consid-
eration in the experiments.

4.1 The Price Parameter

Considering the price the only parameter to negotiate, the utility value for the
SP is just the price of the service it offers. This means that the maxU value is
the bestPrice in terms of the SP utility, and an SP offer is Pricei,j . The lowest
price that the SP can offer is bestPrice−σ, that represents its reservation price.

With this setting, assuming there are m ASs in the required AW, and n SPs
for each AS, the linear programming problem is formulated as in Sect. 3.2, where
Eqs. 2 and 3 are instantiated follows:

m∑

i=1

n∑

j=1

xi,j ∗ Pricei,j ≤ reqPrice (4)

U(SC) =
Qmax′(Price) − ∑m

i=1

∑n
j=1 xi,j ∗ Pricei,j

Qmax′(Price) − Qmin′(Price)
(5)

where, reqPrice is the maximum price the user specified as hard constraint,
expressed by Eq. 4.

The SC utility for each received offer j is given by Eq. 5. If there is a com-
bination of offers that satisfies the constraint, the linear programming solver
identifies it. It is assumed that the more complex the functionality a service
provides, the higher its “market price” is. This price is also the one with the
maximum utility for all SPs providing that functionality, i.e., it represents the
bestPrice for all the SPs. It is reasonable to assume that the variability in prices
for different ASs is proportional to the complexity of the provided functionality.
To simulate the variability of prices for services providing different functional-
ity in terms of their complexity, a parameter k is used. The more complex the
functionality provided by a service is the higher the value k is.

The k parameter is set to be equal for all providers of the same service,
meaning that services providing the same functionality have the same market
price. In fact, the value k determines the mean value of the Gaussian distribution,
i.e., the price that most likely will be proposed for the service that is given by:

bestPricei =
reqPrice ∗ ki

m
i ∈ [1, . . . , m] (6)

where, m is the number of ASs in the AW, k ≤ 1 for SPs providing less complex
services, and k > 1 for SPs providing more complex services.

If for each AS k ≤ 1, then the first offers will be at most equal to reqPrice/m
(i.e., the price is equally distributed among ASs). In this case, the QoS constraint
is fulfilled at the first negotiation round. If for all the ASs k > 1, then at the
first round there is not any combinations of offers leading to the constraint
satisfaction, i.e., no feasible solution exists. The lack of a feasible solution implies
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that the SC has no chance of getting an instantiation of the workflow, so it has
to iterate the negotiation.

The value of bestPricei in Eq. 6 takes into account both the computational
cost of the offered service, and that the requested price reqPrice is not “unrea-
sonable” compared to the market price of the required ASs in the AW.

4.2 Numerical Evaluation of the Negotiation Trends

In order to model reasonable market situations, we fixed the ki values for each
AS so that the average value is equal to 1.5. In fact, this setting models a market
configuration where it is not possible to obtain a success at the first negotiation
round, but there are still good chances to reach a success during the process.

We considered two AW configurations including respectively 5 and 10 ASs.
The ASs have a different a default price, bestPricei, determined by the fol-
lowing values of ki: 2.4, 2.0, 1.3, 1.0 and 0.8 for the case of 5 ASs, and 2.6,
2.4, 2.2, 2, 1.7, 1,3, 1, 0.8, 0.6 and 0.4 for the case of 10 ASs. For each AS,
the corresponding SPs will send as initial offer a price in the neighborhood of
bestPricei [bestPricei − 5%, bestPricei]. The concession percentage value of
each SP, percenti,j , randomly varies in the range [0.5, 1.0], so including SPs

(a) AW with 5 ASs.

(b) AW with 10 ASs.

Fig. 3. Percentage of successes varying the percentage of ASs in the AW with negotiable
QoS, and the number of SPs for each AS.
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with the maximum computational load that are not willing to concede (i.e.,
percenti,j = 1), and SPs with a low computational load willing to concede until
a reservation price that is half of their bestPrice. The maximum number of
negotiation rounds is 100, and the result of each experiment is mediated on 100
runs.

In a first set of experiments we evaluated the percentage of obtained suc-
cessful negotiations in the case the negotiation occurs only for a subset of ASs
(referred to as ASNEG), and varying the number of SPs for each AS. This con-
figuration models a market situation including service types whose QoS values
are not negotiable.

As expected, the percentage of successes increases by increasing both the
percentage of ASNEG, and the number of SPs for each AS. This holds both
for the case of 5 ASs (see Fig. 3a) and for the case of 10 ASs (see Fig. 3b). In
particular, the fewer ASNEG are in the AW, the higher the percentage of fail-
ures in the negotiation is, meaning that the probability of successful negotiations

(a) Percentage of successes.

(b) Length of successful negotiations.

Fig. 4. % of successes and # of rounds w.r.t. the number of negotiating SPs, varying
the percentage of ASNEG in the case of 5 AS
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decreases, so, if the QoS of all the types of services is negotiable such probability
increases. At the same time, the probability of successful negotiations increases
by increasing the number of SPs for each AS. This is due to the fact that increas-
ing the number of SPs compensates the number of SPs that do not negotiate at
all. Furthermore, in our settings, by increasing the number of ASs in the AW,
the number of SPs involved in the negotiation increases. This means that, with
respect to the same percentage of ASNEG and the same number of SPs for each
AS (see Figs. 3a and b), the percentage of success increases by increasing the
number of ASs in the AW. However, this does not directly means that the suc-
cess rate increases by increasing only the number of SPs because of the increasing
complexity of the AW (i.e., the number of ASs). For example, in Fig. 3a in the
configuration with 4 SPs for 5 ASs all negotiating (20 SPs in total) we have a
success rate of 99 %, while in Fig. 3b in the configuration with 2 SPs for 10 ASs
all negotiating (20 SPs in total) we have a success rate of 60 %. This is also true
when not all the SPs are involved in the negotiation.

In Fig. 4a we plotted the percentage of success with respect to the total
number of SPs involved in the negotiation process, varying the percentage of
ASNEG for the case of 5 ASs (the case of 10 ASs has similar trends). Considering
a fixed number of SPs, it can be noticed that the more the negotiating SPs
are spread among ASs, the higher is the probability of success. Moreover, we
evaluated length of successful negotiation (i.e., the number of rounds necessary
to reach a success). As shown in Fig. 4b, the length decreases by increasing the
number of SPs, and for the same number of negotiating SPs (e.g., 50) the length

(a) Distance in a case of success for 5 and 10 ASs.

(b) Distance in a case of failure for 5 and 10 ASs.

Fig. 5. Normalized distance of the best service aggregation from the user’s constraint.
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of negotiation decreases increasing the number of ASNEG. This confirms that it
is worth negotiating, when composition of services are required, and that it is
worth negotiating with all available SPs in order to increase the probability of
successful negotiation.

Finally, in Fig. 5 we plotted the distance of the best combination of offers from
the user’s QoS constraint, at each negotiation round, normalized in the range
[0,1], to analyze the negotiation trends in time. In particular, Fig. 5a reports
such distance in five cases of success (respectively for 5 ASs and 10 ASs in the
AW) showing that the greater the number of negotiating SPs is, the faster the
success is reached. Figure 5b show the same distance in cases of failures obtained
respectively with 2 and 4 SPs for 5 ASs, and with 2 SPs for 10 ASs, showing
that when a plateau is reached it is very likely the negotiation ends with failure.

5 Conclusions

In the present work the use of software agent negotiation is proposed as a
means to select service implementations required by a SBA by taking into
account the Quality of Service that providers offer for their services, and the
end-to-end QoS requirements expressed by a user requesting the application.
The use of negotiation allows to address the limitations of several approaches for
the QoS-based selection of services in composition of services that are based
on the assumption that QoS provided for the required services are static during
the selection process. This assumption is not realistic in service provision sce-
narios of the future that are likely to be regulated by market-based mechanisms.
It is necessary to allow service providers to change dynamically their provision
strategies, so changing the value of QoS parameters according to market trends
while the selection takes place.

The proposed iterative negotiation mechanism allows providers to change
their offers at each iteration so that, in principle, they could change their provi-
sion strategies to be more competitive in the market. The experiments carried out
showed that it is worth to negotiate with all available SPs in order to increase
the probability of successful negotiation. Of course, the adopted CNP-based
iterative negotiation protocol have a lot of communication overhead due to the
broadcast of the cfps to all the available SPs, so its performances may degrade
drastically when the number of SPs and the number of ASs increases. Some
works in the literature [18] propose learning-based mechanisms to help selecting
the most promising agents so limiting the number of negotiating agents. But, in
a market of services it is not possible to assume that a promising provider will
keep on sending promising offers, because a less promising provider may change
its strategy in the meantime. In our approach, the increase in communication
costs is partially compensated by the fact that, as shown in the experiments, by
increasing the number of SPs the success rate of the negotiation increases. So, the
overhead due to the communication cost is partially compensated by a decrease
in the negotiation length, i.e. its overall computational cost. The analysis of the
negotiation progress, in different configurations, allows to evaluate the possibility
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to stop negotiation if the distance of the aggregated best offers from the user’s
QoS constraint is not improving. This is an useful feature when adopting com-
putationally expensive mechanisms like negotiation in service-based application
settings.

Furthermore, the coordinated negotiation mechanism allows to evaluate aggre-
gated offers through a linear programming solver, so tackling the problem that
when selecting services whose aggregated QoS values have to meet end-to-end QoS
requirements, the selection of one service cannot be made independently from the
other services. This is even more crucial in case of multidimensional QoSs.

In order to reduce the communication overhead of the proposed mechanism,
more experiments are planned to determine the “critical mass” of SPs that is
worth to negotiate with in order to increase the probability of success in different
market of configurations.
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