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Abstract

This paper proposes a distributed multi-agent system to model and support parallel and concurrent negotiations
among organizations acting in the same industrial market. The complexity of the approach is given by the dynamic environment
in which multi-attribute and multi-participant negotiations take place. The metaphor Interaction Abstract Machines (IAMs) is
used to model the parallelism and the non-deterministic aspects of the negotiation processes that occur in Collaborative

Networked Environment.
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1. Introduction

The advent of the Internet and more recently the
cloud-computing trend have led to the development of
various forms of virtual collaboration in which the
organizations are trying to exploit the facilities of the
network to achieve higher utilization of their resources.
We try to provide support to these collaboration
activities and we propose negotiation as a fundamental
mechanism for such collaborations.

The concept of “Virtual Enterprise (VE)” or
“Network of Enterprises” has emerged to identify the
situation when several independent companies decided
to collaborate and establish a virtual organization with
the goal of increasing their profits. Camarinha-Matos
defines the concept of VE as follows: “A Virtual
Enterprise (VE) is a temporary alliance of enterprises
that come together to share skills and resources in order
to better respond to business opportunities and whose
cooperation is supported by computer networks?.

In this paper we present how organizations
participate and control the status of the negotiations and
how the negotiation processes are managed.

The starting point in the development of this work
was the goal to support small and medium enterprises
that are not able or are not willing to perform alone a
large contract since in this situation the association in a
virtual alliance provides the opportunity to subcontract
the tasks of the contract to other partners within the
alliance. To achieve this goal, research was dedicated
to the development of a model to coordinate the
negotiations that take place within an inter-
organizational alliance. Our research was focused on
the topics of virtual alliances, automation of the
negotiations and of coordination aimed to provide the
mechanisms for coordinating the negotiations that take

place among autonomous enterprises that are grouped
in a virtual alliance.

Assuming that the nature of the roles that may be
played in a negotiation are similar in multiple
approaches, the number of participants involved at the
same time in the same negotiation is considerably
different.

Depending on the number of participants
involved in a negotiation, we may distinguish various
negotiation types: bilateral negotiation (one-to-one);
one-to-many negotiation; many-to-many negotiation.

Taking into account the complexity of the
negotiations modeled by multi-agent system, we can
state that to conduct in an efficient fashion one or many
negotiations that involve a large number of participants
and to properly account for all negotiation dimensions,
it is necessary to develop a coordination process that is
defined outside of the specific constraints of a given
decision mechanism or communication protocol.

The negotiation process was exemplified by
scenarios tight together by a virtual alliance of the
autonomous gas stations. Typically, these are
competing companies. However, to satisfy the demands
that go beyond the vicinity of a single gas station and
to better accommodate the market requirements, they
must enter in an alliance and must cooperate to achieve
common tasks. The type of alliance that we use to
define their association emphasizes that each
participant to this alliance is completely autonomous
i.e., it is responsible of its own amount of work and the
management of its resources. The manager of a gas
station wants to have a complete decision-making
power over the administration of his contracts,
resources, budget and clients. At the same time, the
manager attempts to cooperate with other gas stations
to accomplish the global task at hand only through a
minimal exchange of information. This exchange is
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minimal in the sense that the manager is in charge and
has the ability to select the information exchanged.

When a purchasing request reaches a gas station,
the manager analyses it to understand if it can be
accepted, taking into account job schedules and
resources availability. If the manager accepts the
purchasing request, he may decide to perform the job
locally or to partially subcontract it, given the gas
station resource availability and technical capabilities.
If the manager decides to subcontract a job, he starts a
negotiation within the collaborative infrastructure with
selected participants. In case that the negotiation
results in an agreement, a contract is settled between the
subcontractor and the contractor gas station, which
defines the business process outsourcing jobs and a set
of obligation relations among participants?.

The gas station alliance scenario shows a typical
example of the SME virtual alliances where partner
organizations may be in competition with each other,
but may want to cooperate in order to be globally more
responsive to market demand.

The collaborative infrastructure, that we describe,
should flexibly support negotiation processes
respecting the autonomy of the partners.

We are starting with a presentation in Section 2 of
a formal interaction model to manage multiple
concurrent negotiations by using the metaphor
Interaction Abstract Machines (IAMs). Section 3
presents an example of the proposed interaction model
using the 1AMs metaphor. Then, we are briefly
describing in Section 4 the collaborative negotiation
architecture. Finally, Section 5 concludes this paper.

2. Building the Negotiation Model

In this section we propose a formal model to settle
and to manage the coordination rules of one or more
negotiations, which can take place in parallel. We will
introduce the metaphor of Interaction Abstract
Machines (IAMs) to describe the negotiation model.
We introduce the Program Formula to define the
methods used to manage the parallel evolution of
multiple negotiations.

2.1. The Metaphor Interaction Abstract

Machines (IAMs)

The metaphor Interaction Abstract Machines
(IAMs) will be used to facilitate modeling of the
evolution of a multi-attribute, multi-participant, multi-
phase negotiation. In 1AMs, a system consists of
different entities and each entity is characterized by a
state that is represented as a set of resources [4]. It may
evolve according to different laws of the following
form, also called “methods”:

Al@...@An <>- B1@...@Bm

A method is executed if the state of the entity
contains all resources from the left side (called the

“head”) and, in this case, the entity may perform a
transition to a new state where the old resources
(A1, ...,An) are replaced by the resources (B1, ...,Bm) on
the right side (called the “body”). All other resources of
the entity that do not participate in the execution of the
method are present in the new state.

The operators used in a method are:

o the operator @ assembles together resources that
are present in the same state of an entity;

o the operator <>- indicates the transition to a new
state of an entity;

o the operator & is used in the body of a method to
connect several sets of resources;

o the symbol “T” is used to indicate an empty body.

e In IAMs, an entity has the following
characteristics:

o if there are two methods whose heads consist of
two sets of distinct resources, then the methods may be
executed in parallel;

o if two methods share common resources, then a
single method may be executed and the selection
procedure is made in a non-deterministic manner.

In IAMs, the methods may model four types of
transition that may occur to an entity: transformation,
cloning, destruction and communication. Through the
methods of type transformation the state of an entity is
simply transformed in a new state. If the state of the
entity contains all the resources of the head of a
transformation method, the entity performs a transition
to a new state where the head resources are replaced by
the body resources of the method. Through the methods
of type cloning an entity is cloned in a finite number of
entities that have the same state. If the state of the entity
contains all the resources of a head of a cloning method
and if the body of the method contains several sets of
distinct resources, then the entity is cloned several
times, as determined by the number of distinct sets, and
each of the resulting clones suffers a transformation by
replacing the head of the method with the
corresponding body. In the case of a destruction of the
state, the entity disappears. If the state of the entity
contains all the resources of the head of a
transformation method and, if the body of the method
is the resource T, then the entity disappears.

In IAMs, the communication among various
entities is of type broadcasting and it is represented by
the symbol “*. This symbol is used to the heads of the
methods to predefine the resources involved in the
broadcasting. These resources are inserted in the
current entity and broadcasted to all the entities existent
in the system, with the exception of the current entity.
This mechanism of communication thus executes two
synchronous operations:

o transformation: if all resources that are not pre-
defined at the head of the method enter in collision, then
the pre-defined resources are inserted in the entity and
are immediately consumed through the application of

2 Singh M.P., (1997) Commitments among autonomous agents in information-rich environments. In Proceedings of the 8th European
Workshop on Modelling Autonomous Agents in a Multi-Agent World (MAAMAW), pp. 141-155
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the method,;

e communication: insertion of the copies of the pre-
defined resources in all entities that are present in the
system at that time instance.

2.2. Modelling the Negotiation Process

According to our approach regarding the
negotiation, the participants to a negotiation may
propose offers and each participant may decide in an
autonomous manner to stop a negotiation either by
accepting or by rejecting the offer received. Also,
depending on its role in a negotiation, a participant may
invite new participants to the negotiation. To model this

clone_propose(ld, New 40, Msg)

O

clope_accept{ld, New_ig; Msg

Fig. 1. Evolution of negotiation process by cloning an atom

In accordance with the aspects of negotiation for
which changes are made, three new negotiation phases
are possible:

e evolution of negotiated attributes and / or of their
value from atom(s,ph0) to atom(s,phl): a participant
sends a new proposal thus achieving either the
contraction of the negotiation attributes, or their
extension, by the introduction of new attributes to
negotiate;

e evolution of the negotiation status perceived by
one of the sequences sharing the new negotiation phase:
one of the participants accepts - atom(s,ph2) - or
refuses a proposal - atom(s,ph3);

e evolution of participants and of dependences
among negotiations by the evolution of the number of
sequences sharing the same negotiation phase: a
sequence can invite a new sequence to share a new
phase of negotiation atom(s,ph4).

Through the use of the metaphor IAMs, the
evolutions of the negotiation phases correspond to the
evolutions at the atoms level. The evolution may be
regarded as a process consisting of two stages: a
cloning operation of the atom existent in the initial
stage and a transformation operation within the cloned
atom to allow for the new negotiation phase.

The cloning operation is expressed by a set of
methods involving the particles event and these
methods are used to facilitate the evolution of the
negotiation.

O atom (s.ph0) O

type of negotiation, we will make use of the previously
defined particles and we will propose the methods to
manage the evolution of these particles.

As we have seen, a characteristic of negotiation is
its multi-node image, which allows parallel

development of several phases of negotiation. A
possibility to continue a negotiation is to create a new
phase of negotiation from an existing one. In this
regard, the Figure 1 presents the possible evolutions of
a phO phase of negotiation described by the atom
(s,ph0).

clong_create(ld, New_id, Msg)

O

clone_rejecy(ld, New_id, Msg)

We propose the following methods associated to
the particles event to model the cloning of an atom
where new message particles are introduced:

e The method Propose is associated to the particle
event clone_propose(ld, New_id, Msg) and models the
introduction of a new proposal (clone_propose), made
by one of the participants to the negotiation.

This method is expressed:

name(ld) @ enable @ clone_propose(ld, New_
id, Msg)<>- (enable @ name(ld)) & (freeze @
name(New_ id) @ propose(Rname, Content))

The atom identified by the particle name(ld) is
cloned. The new proposal contained in the particle
propose(Rname, Content) will be introduced in the new
atom name(New_id).

e The method Accept is associated to the event
particle clone_accept(ld, New_id, Msg) and models the
case when one of the participants has sent a message of
acceptance of an older proposal (clone_accept).

This method is expressed:

name(ld) @ enable @ clone_accept(ld, New_ Id,
Msg) <>- (enable @ name(ld)) & (freeze @
name(New_ Id) @ accept(Rname))

The atom identified by the name(ld) is cloned.
The acceptance message contained in the particle
accept(Rname) will be introduced in the new atom
name (New_id).

e The method Reject is associated to the event
particle clone_reject(ld, New_id, Msg) and models the
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denial of an older proposal (clone_reject) made by one
of the participants.

This method is expressed:

name(ld) @ enable @ clone_reject(ld, New_ Id,
Msg) <>- (enable @ name(ld)) & (freeze @
name(New_ Id) @ reject(Rname))

The atom identified by the particle name(ld) is
cloned. The refusal message contained in the particle
reject(Rname) will be introduced in the new atom
name(New_ id).

e The method Create is associated to the event
particle clone_create(ld, New_id, Msg). This method
models the invitation of a new sequence (clone_create)
made by one of the participants for sharing the newly
created negotiation phase.

This method is expressed:

name(ld) @ enable @ clone_create(ld, New_lId,
Msg) @ <>- (enable @name(ld)) & (freeze @
name(New_Id) @ create(Rname, Type))

The atom identified by the particle name(ld) is
cloned, and a particle create(Rname, Type) is
introduced in the new atom name(New_ id) that will
further generate the occurrence of a new representation
particle for the new sequence participating in the
negotiation.

These methods are described in a generic way.
Thus, new particles may be added depending on how
the current sequence builds negotiation graphs.

By these methods of the event particles, the
duplication of an atom has been modeled, in which new
message particles are introduced (Figure 2). In the new
atom, the representation particles for the current
negotiation phase remain identical with those of the
first atom.

clone_propose(ld, New 4d, Msg)

propose(Rname, C

atom (s.ph0)
P I

X

clop@_accept(ld, New_jd7 Msg

clon erqj

clong_create(ld, New_id, Msg)

X
: Nem

createfhlew r name

X

rejectiRpame " Type)

Fig. 2. Evolution of negotiation process by transformation of an atom state

According to our approach, the evolution of the
negotiation process takes place by changing or creating
a new negotiation phase. This phase can evolve
according to: i) status; ii) attributes negotiated; iii)
number of sequences participant in the negotiation, as
in the following:

e The sequence of the statutes is the following: i)
the sequence s finds itself in the initiated state at the
creation of a first atom and of a first phase of
negotiation; ii) the sequence s switches to the undefined
state at the moment of emission or reception of a
message; iii) if a participant accepts or declines a
proposal, the s associated sequence may pass to a
success or failure statute.

¢ Referring to the negotiated attributes (Issues), the
different messages contribute to the evolution of the
multitude of attributes and their values.

e The introduction of a new sequence in the current
negotiation is modeled by inserting a new particle of
representation on the current negotiation phase, which
models the instant image of a new sequence on the
current phase of negotiation.

In order to model these evolutions at the level of
a negotiation phase, the message-type particles
described above have been defined. The message
particles participate in the transformation methods,
which change the negotiation phase of an atom by
replacing the representation particles of the negotiation
sequences involved in the creation or in the reception
of the exchanged messages.

In the following, we propose the basic forms of

the transformation methods. Depending on the
particular constraints of the negotiation, other
transformation methods and other particles can be
defined for modeling the foreseen constraints.
The transformation method associated to a
propose(Rname, Content) particle contributes to the
local evolution of a negotiation phase regarding the
status and the attributes negotiated. This evolution
takes place by replacing, in the existing atom, all
representation particles that are involved (depending on
the method) with the new particles that have the status
changed to undefined. Further, the set of the negotiated
attributes (Issues) contains the new proposal expressed
in the Content of the message particle.
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freeze @ localr(Rnamel, S1, I11) @ extr(Rname,
S2, 11) @ propose(Rname, Content)<>- enable@
localr(Rnamel, undefined, 1) @ extr(Rname,
undefined, I)

The atom changes the state by consuming the
propose() particle as well as two representation
particles to create new representation particles that
describe the new proposal received.

e The transformation method associated to an
accept(Rname) particle leads to the local evolution of a
negotiation phase in terms of status. Evolution is
achieved by replacing, within the corresponding atom,
the representation particles involved, with the new
particles whose status has been changed from initiated
or undefined into success :

freeze @ localr(Rnamel, S1, I11) @ extr(Rname,
S2, 11) @ accept(Rname) <>- localr(Rnamel, success,
11) @ extr(Rname, success, 11)

The atom changes the state by consuming the
accept() particle and two representation particles to
create the new representation particles whose status is
changed in success.

e The transformation method associated to a
reject(Rname) particle. This method is similar to the
accept(Rname) particle, except for the fact that the
evolution of the negotiation phase is achieved by
changing the status of the representation particles
concerned from initiated or undefined into failure :

freeze @ localr(Rnamel, S1, I11) @ extr(Rname,
S2, 11) @ reject(Rname) <>- localr(Rnamel, fail, 11)
@ extr(Rname, fail, 11)

The atom changes the state by consuming the
accept() particle and two representation particles to
create the new representation particles which have
changed the status into failure.

e The transformation method associated to a
create(New_r_name, Type) particle contributes to the
evolution of a negotiation phase in terms of number of
sequences that participate to this negotiation phase.
This evolution is achieved by introducing, in the
corresponding atom, a new representation particle:

freeze @ create(Rname, type) <>- extr(Rname,
init, ©) @ enable

As this sequence is just invited in the negotiation,
its status is initiated and its set of the negotiated
attributes is the empty set.

Thus, the negotiation phases and the evolution of
these phases have been described using representation
particles, event particles and message particles.

Given the fact that IAMs metaphor achieves a
non-deterministic execution of the methods, we have
introduced the control particles (see section 3.3) in
order to counter this disadvantage and achieve a
coherent execution of a negotiation process.

The evolution of all negotiation atoms and the
negotiation phases take place in parallel.

To model the coordination of the execution of the
negotiation process within a sequence, we used the
communication mechanism among the existing
negotiations. This type of particles that are part of the

communication process among different negotiation
atoms communicate to all negotiation atoms a certain
result.

In the negotiation processes, the messages hold
meta-information regarding the content of the messages
that describe the proposals in terms of the value of
different attributes of the negotiation object. We
assume that all the negotiation participants use the same
language and ontology.

Next section presents an example of modeling a
negotiation composed of a set of negotiation sequences.

3. Example - modeling the negotiation
process using the IAMs metaphor

In this example, a simple negotiation scenario

will be presented, whose negotiation process
corresponds to an exchange of proposals leading to an
agreement.

In the proposed scenario, we consider a carpentry
workshop of the pl participant. The participant pl
decides to outsource a job (the assembling for 10K LM
at a cost less than 2€/LM, within less than 5 days) to
another carpentry workshop of a p2 participant.

The negotiation N that occurs between pl and p2
is a bilateral negotiation.

It is described by two sequences: N(t) = {s1, S2}
with  s;esequences(t,p1), S2esequences(t,p2) and
role(t,p1,N)=initiator, role(t,p2,N)=guest.

The scenario modeled subsequently takes place in
three distinct steps:

o stepl: after a first proposal made by participant
pl to participant p2, the participant p2 decides to send
a new proposal;

e step2: the participants decide to agree on the
second proposal;

e step3: the agreement is established and the
negotiation stops.

Modeling takes place as it follows:

Step 1

Figure 3.a) shows the si, view(s:1)= (p1,N,R1)
negotiation sequence with an al atom corresponding to
a negotiation phase described by two representative
particles, a local one and an external one, and two
control particles, (enable and name(al)). This atom can
be considered as being the proposal made by pl to p2
at the beginning of the negotiation.

Going on with the scenario, there is assumed that
within the al atom of the s; negotiation sequence, the
clone_propose(al, a2, cost=18K delay=3) event was
introduced in order to announce a new proposal.

By using the Propose method, the s; negotiation
sequence will contain two atoms (see Figure 3.b)): al
atom that has changed by consuming the
clone_propose particle and an a2 new atom, which is
the al clone (representation particles not involved in
the method remain unchanged in the two atoms). The
expression of this method is:
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name(ld) @ enable @ clone_propose(ld, New_

id, Msg)<>- (enable @ name(ld)) & ( freeze @
name(New_ id) @ propose(Rname, Content))

@

akr (plsl undefmed,
=10k cost<20k)

(elhne_popose(al/a2, cot=l18k delay =31,

a)

Fig. 3. a) — Proposal of p1 to p2 contained in alatom, b) — Transformation of al atom in a2

From now on, the negotiation is described
through the two negotiation atoms, in which the
negotiation process can evolve independently.

The following methods will help us to model the
fact that the (name, freeze, propose) new particles
introduced in the a2 atom will make that the negotiation
phase attached to this atom have a different evolution
in comparison to that of al atom.

For the propose particle, the following method
will be used:

freeze @ localr(Rnamel, St1, 11) @
extr(Rname2, St2, 11) @  propose(Rname2,
Content)<>- enable@ localr(Rnamel, undefined, I) @
extr(Rname2, undefined, I)

This method exchanges the representation
particles, which preserve the old values of the

G DD

alr (plsl undefmed,
=10k cost<20K)

52, undefmed,

Fig. 3. ¢) Evolution of al and a2 atoms

Step 2

Further, we assume that p1 participant examines
the two proposals and decides to accept the second
proposal. Acceptance is modeled as follows:

@ e

alr (plsl undefmed,
=10k oost <20k)

ose(p252,oost= # delay = 3)

b)

attributes, with the new representation particles that
describe the new proposals received.

Thus, to move from an extr(p2s2, undefined,
size=10K cost<20K) representation particle, and from
a propose(p2s2, cost=18K delay=3) message particle
to an extr(p2s2, undefined, size=10K cost=18K
delay=3) representation particle, the existence of a
computational-type particle called
construct(11,Content,I) has been supposed, which
calculates this transformation (see Figure 3.c)).

The expression of this method is:

freeze @ localr(Rnamel, St1, 11) @
extr(Rname2, St2, 11) @ propose(Rname2, Content) @
{construct(l1,Content,1)} <>- enable @
localr(Rnamel, undefined, 1) @ extr(Rname2,
undefined, I)

)

i) the atom containing the proposals to be
accepted is duplicated by Accept method associated to
an event clone_accept() particle;
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name(ld) @ enable @ clone_accept(ld, New_ 1d,
Msg) <>- (enable @ name(ld)) & ( freeze @
name(New_ Id) @ accept(Rname))

ii) the clone atom evolves by consuming the
accept() message particle;

Ty

b (pl sl undefined,
=10k cost<20K)

d)

Fig. 3.d) Negotiation phases of the s1 sequence of a p1 participant

Step 3

The a3 atom can thus be perceived as the image
of a negotiation phase on which the two participants
have agreed. The existence of this agreement has to
imply the fact that the negotiation has to come to an
end.

& o

4 alr (pls] undefmed,
¥e=10k cost<20k)

52, undefmed,
=10k oost <20K)

Fig. 3.¢) Transformation of a3 atom state

freeze @ localr(Rnamel, St1, 11) @ extr(Rname,
St2, 11) @ accept(Rname) <>- localr(Rnamel,
success, 11) @ extr(Rname, success, 11)

Thus, in Figure 3.d) the s1 negotiation sequence
of a pl participant is composed of three negotiation
phases. The third a3 atom contains a negotiation phase
in which success is the negotiation status.

In Figure 3.e), a3 atom changes its state and, at the
same time, communicates to the other atoms to stop.
The expression of this method is:

localr(Rnamel, success, 11) @ extr(Rname2,
success, 11) @ "stop(I11) <>- ready(I1)

The method stop <>- #t makes that, at a certain moment, the atoms containing stop particles be dissolved
(see Figure 3. f.), the only active atom being the one containing the agreement (see Figure 3.g)).
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e

ab (plsl undefmed,
=10k oost$20k)

52, undefimed,

@ady(sizFle cost

@

8k delay =13)

B

g

Fig, 3. f) Dissolution of al and a2 atoms containing stop particle, g) The active atom: a3 atom containing the agreement

Thus, in this section, the negotiation process by
using the 1AMs metaphor has been defined, and the
negotiation composed of a set of negotiation sequences
has been modeled. Each of these sequences was
represented by a set of negotiation atoms, which, at
their turns, each of them administrates independently a
private negotiation phase as well as the set of the
snapshots associated to the phase.

A snapshot describes the status of the negotiation
and the set of the negotiated attributes. Also, a
negotiation is characterized by the role of participants
and the policy of coordination attached to it. These
policies can be described by using different methods.
The proposed model of the negotiation process allows
describing the evolution of a negotiation by a parallel
development of negotiation atoms associated to
methods modeling the coordination policy.

In the next sections, the coordination model will
be defined by using this describing model of the
negotiation process. Our objective is to achieve a
correspondence between the coordination policy that a
sequence has to satisfy (static model), and the set of
methods modeling the evolution in time of a
negotiation sequence (dynamic model).

Figure 4 shows the architecture of the collaborative system:

Given that each negotiation is composed of a set
of negotiation sequences, the coordination process of
one or more negotiations will be structured into
modules (services) that correspond to the sequences
involved in the negotiation.

In the next section, we will briefly describe the
architecture of the negotiation system in which the
interactions take place.

4. The
Architecture

The main objective of this software infrastructure
is to support collaborating activities in virtual
enterprises. In VE partners are autonomous companies
with the same object of activity, geographically
distributed.

Taking into consideration, the constraints
imposed by the autonomy of participants within VE,
the only way to share information and resources is the
negotiation process.

Collaborative  Negotiation

Manager

Il

Collaborative Agent

Coordination Components

Middleware

Fig. 4. The architecture of the collaborative system
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This infrastructure is structured in four main
layers®: Manager, Collaborative Agent, Coordination
Components and Middleware. A first layer is dedicated
to the Manager of each organization of the alliance. A
second layer is dedicated to the Collaborative Agent
who assists its gas station manager at a global level
(negotiations with different participants on different
jobs) and at a specific level (negotiation on the same
job with different participants) by coordinating itself
with the Collaborative Agents of the other partners
through the fourth layer, Middleware?. The third layer,
Coordination Components, manages the coordination
constraints among different negotiations which take
place simultaneously.

A Collaborative Agent aims at managing the
negotiations in which its own gas station is involved
(e.g. as initiator or participant) with different partners
of the alliance.

Each negotiation is organized in three main steps:
initialization; refinement of the job under negotiation
and closing®. The initialization step allows to define
what has to be negotiated (Negotiation Object) and how
(Negotiation Framework)*. A selection of negotiation
participants can be made using history on passed
negotiation, available locally or provided by the
negotiation infrastructure®. In the refinement step,
participants exchange proposals on the negotiation
object trying to satisfy their constraints®. The manager
may participate in the definition and evolution of
negotiation frameworks and objects’. Decisions are
taken by the manager, assisted by his Collaborative
Agent®. For each negotiation, a Collaborative Agent
manages one or more negotiation objects, one
framework and the negotiation status. A manager can
specify some global parameters: duration; maximum
number of messages to be exchanged; maximum
number of candidates to be considered in the
negotiation and involved in the contract; tactics;
protocols for the Collaborative Agent interactions with
the manager and with the other Collaborative Agents °.

Conclusions

This paper proposes an intelligent mechanism for
modeling and managing parallel and concurrent

negotiations. The business-to-business interaction
context in which our negotiations take place forces us
to model the unexpected and the dynamic aspects of
this environment. An organization may participate in
several parallel negotiations. Each negotiation may end
with the acceptance of a contract that will automatically
reduce the available resources and it will modify the
context for the remaining negotiations. We have
modeled this dynamic evolution of the context using
IAMs metaphor that allows us to limit the acceptance
of a negotiation to the available set of resources. The
proposed negotiation infrastructure aims to help the
different SMEs to fulfil their entire objectives by
mediating the collaboration among the several
organizations gathered into a virtual enterprise.

A specific feature that distinguishes the
negotiation structure proposed in this work from the
negotiations with imposed options (acceptance or
denial) is that it allows the modification of the
proposals through the addition of new information
(new attributes) or through the modification of the
initial values of certain attributes (for example, in the
case of gas stations the gasoline price may be changed).

In the current work we have described in our
collaborative mechanism only the interactions with the
goal to subcontract or contract a task. A negotiation
process may end with a contract and in that case the
supply schedule management and the well going of the
contracted task are both parts of the outsourcing
process.

In order to illustrate our approach we have used a
sample scenario where distributed gas stations have
been united into virtual enterprise. Take into
consideration this scenario, one of the principal
objectives was related to the generic case and means
that this proposed infrastructure can be used in other
activity domains.

Regarding research perspective continuation, we
will focus on the negotiation process and the
coordination process taking into consideration the
contracts management process. In this way the
coordination can administrate not only the dependence
between the negotiations and the contracts which are
formed and with execution dependences of those
contracts.
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