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Abstract. In the last years, much work have been done in the develop-
ment of techniques for automated negotiation, and, particularly, in the
automated negotiation of SLAs. However, there is no work that describes
how to develop advanced software systems that are able to negotiate au-
tomatically in an open environment such as the Internet. In this work, we
develop a conceptual framework for automated negotiations of SLAs that
serves as a starting point by identifying the elements that must be sup-
ported in those software systems. In addition, based on that conceptual
framework, we report on a set of properties for automated negotiation
systems that may be used to compare different proposals.

1 Introduction

In this work, we focus on SLA negotiations1. The goal of this kind of negotiations 
is to reach an agreement between a service provider and a service consumer 
about the terms and guarantees of the service consumption. We are interested 
in developing software systems that are able to negotiate in open environments, 
such as the Internet, with temporal restrictions. That is, the agreement has to 
be reached in a limited amount of time. This scenario defines the characteristics 
of the negotiation that shall be carried out: it is a non-cooperative negotiation 
between two or more parties with partial information of the world and hard 
computational constraints.

In the last years, much work have been done on automated negotiations. These 
works are focused on the development of new decision-making algorithms or the 
construction of new protocols that presents certain desirable characteristics for 
automated negotiations. However, much less attention has been paid to the soft-
ware artefacts that are necessary to carry out this automated negotiation. In this 
work, we analyse the problem of automated negotiation of service level agree-
ments from a software engineering perspective. Specifically, we want to identify 
the elements that are required to build a system that develops an automated 
negotiation of SLAs.

To reach this goal, we present a novel conceptual framework of SLA automated 
negotiations. Unlike other works, we take a software engineering perspective and

1 SLA negotiations are equivalent to the so-called service-oriented negotiations [1].



centre on the elements that are required to build an automated negotiation sys-
tem. This conceptual framework settles the bases for a later analysis of the
different negotiation proposals and defines a common vocabulary for automated
negotiation systems. In addition, we obtain a set of properties of automated
negotiation systems as a consequence of the conceptual framework. These prop-
erties may be used to evaluate and compare different proposals on automated
negotiation of SLAs.

This paper is structured as follows: first, we describe the conceptual framework
in Section 2, then, in Section 3, we use the conceptual framework to obtain a set of
properties of automated negotiation systems. Finally, we present our conclusions
and future work in Section 4.

2 A Conceptual Framework for Automated Negotiations

Traditionally, an automated negotiation system has been characterised by three
elements [2]: protocol, negotiation object and decision-making model. In our
conceptual framework we propose to extend this characterisation with two addi-
tional elements: information and preferences. Additionally, we detail more pre-
cisely the decision-making and protocol elements, and we also provide a concrete
description of the negotiation object.

2.1 Negotiation Object

In a SLA negotiation, the object that is being negotiated is an agreement be-
tween parties. An agreement defines a dynamically-established and dynamically-
managed relationship between parties [3]. The goal of the agreement is to
establish the guarantees that must be observed during the execution of a service.
An agreement is composed at least by the following:

– A specification of the parties involved in it. In principle, the number of parties
involved in an agreement is not constrained. However, the most common case
is two-party agreements.

– A collection of terms that describes both functional descriptions and non-
functional guarantees of the service. Additionally a term can also express
other aspects of an agreement such as termination clauses. A term is com-
posed of three parts:

• The counterparty whom the term is applied to. Each term is to be applied
to one of the parties involved in the agreement and the party is obligated
to fulfil what it is specified in it. Obviously, the counterparty must be
one of those that have been designated in the agreement as one of the
parties that are involved in it.

• A set of constraints to specify functional or non-functional descriptions
or guarantees of the service. It is expected that the content of these
constraints will be very broad and domain-specific.

• A set of compensations that will be applied in case the party does not
fulfil the constraints specified in the term. This element is optional and
it is not supported by the majority of the negotiation strategies.
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2.2 Preferences

The agreement preferences express the data that is used to assure that the user
needs are correctly dealt among the negotiation process. These preferences com-
prise: a set of statements expressing the features and requirements of the user,
and an assessment mechanism to evaluate and compare agreement proposals.
The most common way of evaluating proposals is through the definition of util-
ity functions [4]. Statements can be classified depending on the domain in which
they are applied:

– Service statements. These statements are applied to the service offered
(or demanded). They can refer to either functional or non-functional char-
acteristics of the service such as the service interface or the service price.

– Party statements. In this case, an expression about the party is stated.
These statements can express either features or requirement over a given
party. Examples of this can be: Party Z is located in Iran or Party X must
have a high reputation on service Y.

– Negotiation statements. They specify features about the negotiation pro-
cess itself, such as the negotiation deadline.

Each statement is linked to a set of languages that give semantics to the
vocabulary used within the statement. Ontologies can be seen as an example
of languages describing the relationship amongst concepts of a given semantic
domain. Usually, the statements are expressed using two different formalisms:
rules and constraints. However, other formalisms could be used.



2.3 World Model

While negotiating, the more information we have about other parties, the better
our performance is [5]. Furthermore, it has been shown that taking the condi-
tions of the market into account does improve the outcome of negotiations with
several simultaneous opponents [6]. Therefore, it is essential for an automated
negotiation system to build a model of the counterparties and the market. We
call this model, the world model of an automated negotiation system and it may
cover three different domains:

– Counterparties: including the characteristics of the service demanded or of-
fered, the negotiation process followed by the counterparty and the counter-
party itself (e.g. reputation or geographical location).

– Market: for instance, the market reservation price, or the probability of ap-
pearing outside options during the negotiation [7].

– Service-domain: such as knowledge about the vocabulary used in the terms
of the agreement.

The information used to build the world model may be either objective or
subjective: objective information typically includes the public features about
the service demanded/supplied, but it may also include information about the
counterparties themselves (e.g. their geographical location) and the market. Sub-
jective information comprises elements such as the reputation of a counterparty
or the market price of a certain service.

Finally, there are three different mechanisms to obtain the information that
is used to build the world model: (i) Directly polling the potential counterparty.
In this case, the system must implement a compatible specification of a format
to express functional and non-functional features of services and a procedure
to query and to inspect services. (ii) Querying a third party entity to obtain
information related to a specific counterparty. For instance, to obtain informa-
tion about its reputation or its geographical location. (iii) Analysing previous
interactions with a potential counterparty. The results of the analysis may be
stored in order to be used later while making decision about proposals related
to the potential counterparty.

We envision that the first procedure shall be commonly used in gathering
objective information about the counterparties, while the second and third pro-
cedures shall be more common in obtaining subjective information about the
market and the potential counterparty itself.

2.4 Protocol

The negotiation protocol establishes the rules that govern the negotiation and the
way the communication between the different parties involved in the negotiation
is carried out as well as the information exchanged between the parties. We
distinguish three different, although strongly related, aspects in a negotiation
protocol: rules, performatives and information exchanged.



Performatives. A performative is the expression of the intention of the sender
of a message. The set of performatives used in a negotiation protocol may dif-
fer significantly. However, there are a minimum subset of performatives that
are common to the majority of negotiation protocols. Namely, accept (accept a
proposal), reject proposal (withdraws the proposal), reject negotiation (cancel
the whole negotiation process), and commit2 (commit to a given proposal). De-
pending on the specific protocol that is being used, other performatives may be
necessary. For instance, in auctions, it is common to use the inform performative
to notify events occurred during the negotiation such as that a new bid has been
done. In protocols that differentiates between binding and non-binding propos-
als, the propose (make a non-binding proposal) performative may be introduced.
Other protocols use a vote system to decide which is the preferred offer [8]. In
such protocols, a vote performative may be used. Finally, in negotiation pro-
tocols that use argumentation [9], other performatives to introduce arguments
supporting our proposal are used such as argue and challenge [9].

Rules. In a negotiation protocol, there are usually some restrictions regarding
a variety of aspects of the negotiation such as how the proposals must be built,
when a participant can post a proposal, which performative can be used in each
moment, when a participant may join to the negotiation, or when the negotiation
can finish. In [10], a taxonomy of rules for negotiation protocols is presented.
However, although it is a thorough taxonomy and the majority of the aspects
of automated negotiation are covered, we believe that it should be extended
with rules for decommitting from previously created agreements. We argue that
there must be rules that explicitly specify whether a decommitment may take
place, and, if so, when it may occur and which are the penalties to be paid as a
compensation.

Information Exchanged. The third aspect in a negotiation protocol is the
type of information exchanged amongst the participants in the negotiation. A
variety of approaches has been presented in the literature. Those approaches
may be classified into three broad groups:

– The information exchanged explicitly states the parts of the agreement that
are disliked by the party as well as the proposed changes.

– The information exchanged consists only of proposals. In other words, the
negotiation protocol is proposal-based. The advantage of this approach is
that it unveils less information to the other parties. The disadvantage is
that the lack of explicit information implies a blind search of a mutually
acceptable agreement that may lead to longer negotiations and even to not
to find any agreement at all.

– The information exchanged includes proposals, as in proposal-based proto-
cols, and statements that are used to persuade or convince the opponent to

2 In the literature, this performative is usually called propose meaning making a bind-
ing proposal. However, we prefer to leave the term propose to non-binding proposals
and to use commit for binding proposals.



accept our proposal [11]. This approach is called argumentation and it is a
promising field that may eventually overcome the drawbacks of the proposal-
based negotiation [9]. However, the negotiators that support argumentation
tend to be very complex and no argumentation approach has been applied
to a real scenario yet.

2.5 Decision-Making

The decision-making model determines the way a party behaves while involved
in a negotiation process. Three elements form part of the decision-making model
of an automated negotiation system: the decision of what is considered an ac-
ceptable agreement and whether to commit to it, the construction of responses
to this information, and the decision to decommit from a previously established
agreement if possible.

Binding Decision. This decision includes determining when a binding proposal
must be submitted and whether a binding proposal that has been received should
be accepted. The binding decision depends on several factors that may vary
depending on whether it is a service consumer who is making the decision or it
is a service provider. Nevertheless, we can divide these factors into three broad
groups:

– Preferences of the user. These preferences may be related to the contents of
the agreement, the party we are negotiating the agreement and the negoti-
ation process.

– The information the system have about the status of the market and other
possible concurrent negotiations. For instance, we may be more reluctant to
accept a proposal if we know it is very likely that in a short amount of time
we will receive a proposal better than the current one [7].

– External factors that may prevent a party to commit to an agreement. For
instance, the provider’s capability to accept new agreements or the existence
of dependencies amongst the agreements a service consumer wants to reach.

Together with the decision of making or accepting a binding proposal, it
has to be decided when this decision take place. Usually, the decision is made
as the proposals are received like in [12]. However, other approaches may be
followed such as making the decision in some certain points in time previously
defined.

Response Generation. Other important task in an automated negotiator is to
decide which response must be sent to the other participants in the negotiation.
On the one hand, this response is subordinated to the binding decision. On the
other hand, the response generated must obey the rules imposed by the negotia-
tion protocol. The process followed to generate the responses varies significantly.
However, in general, it depends on the performatives of the negotiation protocol
and the expressivity of the information exchanged during the negotiation:



– In auctions, the unique possible response is a bid together with the bidding
price. Therefore, in this case the problem is centred on deciding in which
auction must be placed the bid [13].

– In bilateral proposal-based protocols, a counterproposal must be generated.
A wide variety of techniques have been developed to generate them. The most
significant are: those that use time-dependant functions, resource-dependant
functions, etcetera to obtain the counterproposal by modifying the values
of the terms of the offer [4]; those that try to make the counterproposal
more appealing to the opponent by sending the counteroffer with the highest
similarity to the received offer [14]; those that use fuzzy constraint techniques
[15], and those that interpret the negotiation as if it were a game and use
techniques similar to those used in chess games [16]. Genetic algorithms have
also been used to calculate offline which is the best strategy to use depending
on the conditions of the negotiation in a certain instant [17].

– In negotiation protocols that supports argumentation, the response genera-
tion includes two problems [9]. First, the different arguments must be gener-
ated and then, the best argument from the point of view of the speaker must
be selected. However, both the generation of arguments and the selection of
the best one may occur at the same time. Nevertheless, whether or not this
is possible depends on the specific argumentation framework.

Decommit Decision. It has been proved [18,12] that decommitment is a valu-
able resource when dealing with multiple simultaneous negotiations and, hence,
it is another decision element that must be included in an automated negoti-
ation system. The decommit decision is highly related to the binding decision
and depends on the same factors. Therefore, in many cases, both the binding
and decommit decisions are made by the same element [12].

3 Properties of Automated Negotiation Systems

The following properties for automated negotiation systems (ANS) have been
obtained based on the conceptual framework (Section 2). We must remark that
these properties are just centred on high-level details of automated negotiation
systems and do not cover lower-level elements such as concrete technologies,
protocols or algorithms.

1. Information query: An information query is an inquiry made by one party
to another to obtain more detailed information about it or about the service
it provides or demands.

2. World model : An ANS builds a world model if it analyses previous interac-
tions with the elements external to the architecture and uses the results to
make better decisions [2] during the negotiation.

3. Third party information: An ANS uses third party information if it explic-
itly queries a third party entity to obtain information related to another
party.



4. Information managed about the parties : There are three types of informa-
tion that can be managed: about the parties, the service and the negotiation
process itself.

5. Multiple negotiation protocols supported : An ANS supports multiple ne-
gotiation protocols if it is able to use a number of negotiation protocols
such as different bilateral negotiation protocols or several auction proto-
cols [2].

6. Decommitment from previously established agreements: An ANS supports the
decommitment [18] from previously established agreements if it can revoke
previous agreements before the execution of the service.

7. External factors in binding decisions: An ANS may make use of a capacity
estimator to determine whether the provider can provision a certain agree-
ment before committing to an agreement [19].

8. Cooperative or non-cooperative agreement creation: An ANS supports non-
cooperative agreement creation when it acts as a self-interested party reach-
ing agreements with other self-interested parties. Alternatively, an ANS
supports cooperative agreement creation when it can reach agreements with
other parties trying to maximise the social welfare.

9. Assessment mechanisms used : The assessment mechanisms of an ANS is the
kind of information used to evaluate the goodness of a proposal or agreement
in relation to some criteria provided by the user.

10. Forms of expressing preferences : The preferences about the service and the
parties can be expressed in different ways such as rules or constraints (see
Section 2).

4 Conclusions

In this work, we analyse the problem of automated negotiation of service level
agreements from a software engineering perspective. To develop advanced au-
tomated negotiation systems, it is necessary to identify the elements that are
required in them. We present a conceptual framework for automated negotia-
tion of SLAs that identifies the elements that must be supported by an advanced
automated negotiation system. We extend the classical elements of automated
negotiation with two new ones: world model and preferences. Furthermore, we
detail more precisely the parts that compose the other three: negotiation object,
protocol and decision-making. In addition, taking the conceptual framework as a
basis, we also present a set of properties of automated negotiation systems that
can be used to compare them.

Moreover, we believe that this work is a necessary step to develop a software
framework for automated negotiation system that gives support to the most
significant proposals of negotiation protocols and strategies that have been done
in the last years.

Further work includes refining the categorisation of automated negotiation
proposals in order to identify which alternative is better in each case. In this
way, an automated selection of the algorithms used to carry out the negotiation
can be made depending on the context of the negotiation.
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