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Abstract. Software negotiation is gaining an increased popularity as a
viable approach to establish agreements between service providers and
consumers of QoS-aware Service-Based Applications (SBA) composed
of services provided by different agents. In most cases, QoS preferences
are expressed as end-to-end quality requirements on the whole appli-
cation, and different service agents have to provide services with QoS
values that, once aggregated, have to meet them. In the present work
we analyze the properties of a hybrid iterative negotiation mechanism
occurring among a composer agent and service provider agents on the
QoS attributes of the required SBA. The proposed negotiation relies on
normal probability distributions to model service provider agents, and it
allows to model single-issue and multi-issue negotiation within the same
negotiation framework in terms of adopted concession strategy, utility
and protocol.

1 Introduction

The increased popularity of Service Oriented Computing [1] is enhancing the
development of Service Based Applications (SBAs), i.e. distributed applications
composed of services provided by independent and autonomous providers, in a
loosely coupled manner that collectively fulfill a requested task. Usually, users
requesting an SBA specify also non-functional requirements, referring to Quality
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of Service (QoS) attributes of the application, that need to be fulfilled by the
providers of the component services. Typical examples of QoS attributes are
price, response time, reliability, reputation, and so on. Users may not need to
be part of the composition process as long as the functional and non-functional
requirements they specify are satisfied [2]. Negotiation mechanisms were shown
to be a suitable approach to deal with QoS-aware SBAs [2,3,4], allowing to create
composition of services that meet the users QoS requirements. Negotiation occurs
on the QoS attributes of the services composing the application that represent
the issues of negotiation.

However, practical negotiation mechanisms for SBA applications must be com-
putationally efficient [4], and negotiation strategies should be developed based
on the assumption of bounded rather than perfect rationality [5]. Moreover,
negotiation protocols for these applications have to be more complex than tradi-
tional bilateral negotiation. In most cases, when dealing with QoS-aware SBAs,
there are multiple QoS attributes representing non-functional characteristics of
the SBA component services, so negotiation has to be modeled as a multi-issue
one. While one-issue negotiation is widely studied in literature, negotiation on
multiple-issue is less mature [6]. Moreover, the tractability requirement is funda-
mental in order to apply negotiation mechanisms when services are made avail-
able on the market to end users with QoS values depending on market trends.
In such settings, service applications providers and consumers have to engage in
interactions easy to model and that quickly converge to an agreement.

In this paper we show that negotiation in SBAs is inherently multi-issue even
in the case of a single issue negotiation. In fact, also in the case of one QoS
attribute for each service composing the application, the QoS value of the com-
plete application, that have to meet the end-to-end constraint required by the
user, is obtained by composing the single QoS values provided by the different
component services. In particular, we show that when dealing with composition
of services, the same utility functions and strategies used to model a negotiation
on r issues, representing the QoS attributes of a single service, can be used for
the case of one-issue negotiation for r services composing the application. This
means that the complexity of the negotiation for SBAs depends on the number
of issues and on the number of services composing the SBA in an uniform way.
Finally, we show that non linear utility functions, as well as concession strategies,
can be modeled through the use of normal distributions with an uniform strat-
egy approach. Normal distributions convolution properties when scaling up in
dimensions, allow to deal with computational tractability requirements necessary
in real market of services. These properties allow to use the same negotiation
mechanism in terms of protocols, strategies and utilities for both single issue
and multi-issue negotiation, when dealing with composition of services. Further-
more, the use of normal 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 [7]. Stochastic behavior can be
often observed in practical multi-agent negotiation applications [8].
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2 One-to-Many-to-Many Asymmetric Negotiation

In many real market situations, provider agents may adopt negotiation strategies
to formulate offers, while composer may only have range of acceptance (in some
case flexible) on the complete set of offers for the SBA QoS attributes they re-
quire. They are not able to provide single counteroffers for each service, but they
can only evaluate acceptable and unacceptable offers for the complete package.
So, symmetric protocols requiring a strong symmetry between composers and
providers [9] are not appropriate.

In [3], we proposed a one-to-many-to-many negotiation mechanism allowing
only the provider agents to formulate new offers for the issue to be negotiated
upon, and only the composer agent (acting on behalf of the user) to evaluate
them both individually and globally. The rationale of this choice is that offers for
a single functionality cannot be evaluated independently from the ones received
for the other functionalities when the value of the issue to be negotiated upon
results from the composition of the values provided by the component services.
In fact, in such a case, when the value of the issue provided by one services
changes, also the values of the same issue provided by the other component
services have to change accordingly in order to meet the user’s constraint. The
protocol of the negotiation is based on an Iterative Contract Net Protocol. It
allows a composer agent to negotiate separately with all the agents available for
each service, and it may be iterated for a variable number of times (rounds) until
a deadline is reached or the negotiation is successful. A successful negotiation
occurs if a complete set of offers, one for each service composing the requested
SBA, is accepted.

3 Single and Multi-issue Strategy for the Provider

In order to prepare an offer, an agent uses a set of tactics to generate new values
for each negotiated issue [10]. In fact, agents must be provided with strategies
to formulate offers and they must be equipped with algorithms to evaluate their
utilities for the offers. This is done by evaluating an offer in terms of agent
utility with respect to the offer. For each provider, a negotiation strategy on a
single parameter (q1) can be modeled by a Gaussian function [3], as shown in
Figure 1a. Such distribution is used both to map values of the single QoS into an
utility value for the provider, but also as a strategy to select concession values
of the utility. In particular, the Gaussian function represents the probability
distribution of the offers in terms of the provider’s utility as follows: Ux(q1) =

exp

(
− 1

2

(
q1−μ1

σ1

)2
)
.

As shown in Figure 1a, the mean value of the Gaussian μ represents the best
offer the provider agent may propose in terms of its own utility (U(μ) = 1), but,
at the same time, the QoS value with the highest probability to be selected. The
standard deviation σ represents the attitude of the provider to concede during
negotiation (i.e. greater deviation corresponds to higher concession rate), and the
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(a) Probability distributions for one-issue. (b) Probability distribution for multi-
issues.

Fig. 1. Utilities functions and Gaussian distributions

reservation value (ResV alue) is set equal to μ − σ. In this way the reservation
value for a provider is related to its concession strategy, and it is also a value
with a known probability to be selected according to its probability distribution.
The negotiation set (i.e. the negotiation space for the provider) to be considered
is only [μ − σ;μ] (or [μ;μ + σ]), so only the white (or grey) section of Figure
1a is considered. Values of the utility function are in the domain [0,1], i.e. it is
normalized so the values of the QoS attributes are evaluated according to the
same scale in order to avoid inaccurate evaluation due to different measurement
metrics used for different QoS attributes.

At each negotiation round, a provider generates, following its probability dis-
tribution, a new utility value corresponding to a new offer. In order to follow
a monotonic concession protocols, if the utility value of this new offer is lower
than the one offered in the previous round and within the negotiation set, then
the provider proposes the new value. If this value is greater than the one offered
in the previous round, or it is outside the negotiation set, the provider proposes
the same value offered in the previous round. This strategy allows to simulate
different and plausible behaviours of providers that prefers not having a constant
loss in utility, even though by increasing the number of negotiation rounds the
probability for the provider to move towards its reservation value increases.

The chosen function was shown to be both time and resource dependent.
In fact, it takes into account both the computational load of an agent, driv-
ing its attitude to concede, and the computational cost of the provided service
corresponding to its best utility value. The computational load of the provider
accounts for its workload in terms of the amount of resources it has to provide
the service implementations it committed to deliver; while the time dependency
is intrinsic in the use of a probabilistic function.

In this work, we show that the negotiation strategy for one-issue negotiation
with multiple providers of different services, can be easily extended to multi-
issues cases, and that such strategy has relevant properties in the negotiation
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(a) Two-issues indifference curves
for different utility values.

(b) One-issue negotiation
spaces for a two service
composition.

Fig. 2. Negotiation spaces

process. In the multi-issue case, instead of the mono-dimensional Gaussian func-
tion used for one-issue negotiation, a multi-dimensional one is adopted. It models
both provider’s utility, and its attitude to concede by providing offers varying
on the Gaussian function. The provider’s utility is modeled as follows:

Ux(q1, . . . , qr) =
r∏

i=1

[
exp

(
− 1

2

(
qi−μi

σi

)2
)]

where, for each issue qi, σi models the concession attitude when all the other
r − 1 issues are kept fixed, and μis are the values for the issues corresponding
to the best utility (U(μ1, . . . , μr) = 1) for the providers. Values of the utility
function are still in the domain [0,1], that is one dimensional (see Figure 1b).

This general representation allows on one hand to model an utility function
with non linear dependencies among different issues, but at the same time allows
to model a “probabilistic” concession strategy that takes into account different
concessions attitudes (σi) on different issues. Starting from this multidimensional
Gaussian function, an utility level corresponds to an indifference curve, that in-
cludes a combination of values, one for each issue, having the same utility value
for the provider. In Figure 2a we show different negotiation spaces (section of
ellipses) generated for different values of Ux. Such spaces correspond to a nego-
tiation domain that is rational and strictly convex (properties widely applied in
economics) [6]. Differently from the one-issue case, here the agent can do trade-
offs between values with the same utility. Tradeoffs in a continuous space may
become intractable. Efficient heuristics to find pareto or quasi-pareto optimal
solutions exist, but such approaches rely on the availability of counteroffers from
the other agents [6].

Moreover, the agent can concede in utility selecting a new negotiation space.
When conceding in utility the agent fixes r− 1 issues and makes a concession on
a single issue. Convexity of the utility function ensures that the agent preference
on each issue is monotone when fixing the others. So, if the value increases (or
decreases), the utility always decreases (or increases). In the multi-issue case,
as in the one-issue case, the provider agent generates a new value of utility
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corresponding to a new offer following its normal distribution. For example, in
Figure 2a the rightmost curve represents points for a starting constant value of
utility: Ux(p, t) = const, with p ∈ [Pm, PM ] and t ∈ [Tm, TM ]. Fixing t = TM

(for the issue2 in Figure 2a) the agent selects a new value for p (for the issue1
in Figure 2a) from a single issue normal distribution p = Pm′ . To this new set
corresponds a new marginal utility value (Ux(Pm′ , TM )), where Ux(Pm′ , TM ) <
Ux(Pm, TM ).

4 Single Issue Negotiation for Service Composition

In this section we show that the utility functions and strategies used to model a
negotiation on r issues for each service of an SBA, are the same as for the case of
a single issue negotiation for r services when the value of the single issue of the
required SBA is given by the aggregation of the r component values provided
by each service of the r services in the SBA. The aggregation function depends
on the considered issue. When the issue is additive, as considered in this paper,
and each component value is modeled as a normal distribution, such aggregation
function is a convolution of their probability distributions.

As an example, here we consider the case of an SBA composed of 2 services
S1 and S2, where the issue under negotiation is the price given by the sum
of p1 and p2, that are respectively the QoS price values for S1 and S2, and
the end-to-end QoS user’s requirement is the global price (globalPrice) for the
complete application (p1 + p2). Since the values of the two variables p1 and p2
vary according to normal distributions fS1(p1), fS2(p2), then the distribution
of the variable z(p1, p2) = p1 + p2 is still a normal distribution obtained as the
convolution of fS1(p1) and fS2(p2):

(fS1 ∗ fS2)(z) =
∫
fS2(z − p1)fS1(p1)dp1 = exp

[
− (z−(μS1+μS2))

2

2(σ2
S1+σ2

S2)

]

Hence, this convolution can be used to evaluate the distance of the end-to-end
QoS requirements from the aggregated QoS values received at a given round as
in the case of a multi-issue negotiation with one single service.

In Figure 2b, the corresponding negotiation space is depicted.The dotted
curves represent the projection, in a bi-dimensional space, of the section of the
Gaussian resulting from the convolution of the two Gaussian functions fS1(p1)
and fS2(p2) obtained by intersecting the Gaussian with a plane representing a
constant utility; the points on the dotted curves represent the aggregated price
obtained by a combination of offers received at round t; the line represents the
end-to-end QoS constraint, i.e. p1 + p2 = globalPrice.

The compositor agent adopts the same strategy for both one-issue and multi-
issue negotiation evaluating an Euclidean distance between the aggregated value
of the received offers and the QoS end-to-end constraint. For one-issue negotia-
tion in a composition of r services, such distance is calculated in a r-dimensional
space. The same is for a multi-issue negotiation on r issues with one service. In
both cases, the compositor accepts the offers when the distance is equal to 0.
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(a) Success case. (b) Failure case.

Fig. 3. Global distances trends in a case of successful and failed negotiations

4.1 Numerical Evaluation

We report a simple numerical simulation on the trends of the negotiation for
the scenario reported in the previous section, considering 5 services in the SBA,
and 4 provider agents for each service. In particular, we evaluate the trends of
the offers received for each service by calculating, for all the offers, the utility
of the offer provided by the jth provider for the ith service, with respect to
the offers received by different providers for the same service (local evaluation),
normalized with respect to the range of minimum and maximum values of the
offers for all services. Such utility is computed, at each negotiation round, using
the approach formulated in [11]:

Ulocal(pricei,j(tk)) =
maxi(pricei,j(tk)) − pricei,j(tk)∑m

i=1 maxi(pricei,j(tk))−
∑m

i=1 mini(pricei,j(tk))

where i identifies one of the m services (with m = 5) and the j identifies one
of the n providers (with n = 4). Such utility is normalized to be in [0,1]. For
each ith service the compositor agent selects the most promising offer (pricei,s),
i.e. the one with maximum value of Ulocal. For each promising offer at round
tk, the global requirements satisfaction is evaluated by computing the Euclidean
global distance of the composition of the values of the selected offers from the
hyper-plane representing the end-to-end user’s requirement (see Figures 3a and
3b). In the case of successful negotiations such distance (Figure 3a) converges to
zero.

5 Conclusions

In the present work the use of software agent negotiation is used as a means
to select service implementations required by an 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. We showed
that negotiation in SBAs is inherently multi-dimensional even in the case of a
single issue negotiation. Such multi-dimensions are given by the requirements
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of composing different services with provided QoS values that, once aggregated,
meet an end-to-end constraint.

In this paper we showed that the negotiation implementation of a strategy
on a single issue split among different provider agents available for the different
services composing a requested SBA, can be easily extended for a multi-issue
negotiation, so allowing to use the same negotiation mechanism, in terms of
protocol and strategies, for both one- and multi-issue negotiation. Non linear
utility functions, as well as concession strategies, can be modeled through the use
of normal probability distributions, whose properties in scaling up in dimensions,
allow to easily scale from one- to multi-issue negotiation by simply scaling the
normal distribution dimensions.
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