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Abstract

In this paper, we present a generic negotiation model fottiragent systems
called GeNCA, built on three levels: a communication legelegotiation level and a
strategic level, which is the only level specific to a patticwapplication. XML files
are used to configure both each agent and the global sysesmdrthe end-user from
the need to reconfigure the system each time they want to etepgrameter. The
aim of this paper is then to show that it is possible to giveexise description of a
generic negotiation model that we can use in several reélgmts. This model has
been implemented with a Java API used to build our applinatiGeNCA is the only
platform which enables the use of different communicatigstems and of negotia-
tion strategies specific to the applications achieved. &@hesearches on negotiation
take place in software engineering works for artificial iigence and multi-agent
systems.

1 Introduction

With the progress of information technology, multi-ageydgtems and electronic market
places, the need of automatic agents able to negotiateheththers on behalf of the user
becomes stronger and stronger. Moreover, the utility afgian agent during negotiations
is perfectly justified by the explosion of the number of megssaexchanged between
agents. In certain cases, specially with cascaded rerigots, the number of messages
can be inO(m™) if n is the depth of the cascaded process anthe number of agents
involved in one negotiation.

Since several years, negotiation has been studied by maegrmhers ((Rosenschein
and Zlotkin, 1994; Sykara, 1989; Schwartz and Kraus, 19@ny many negotiation sys-
tems have been achieved in specific domains like auctionsadtenplaces often in the
aim of electronic commerce, let’s cite Zeus (Nwana et alevatbped by British Telecom-
munications, Magnet (Collins et al., 1998b) developed leythiversity of Minnesota, the
SilkRoad project (Strobel, 2001) developed by IBM, thefolan GNP (Benyoucef et al.,
2000) developed at the Montreal university and works dométPat.aboratories (Bartolini
and Preist, 2001). Of course, negotiation can be used irr dthmains like meeting
scheduling or reservation systems, but it seems that thage lmave not been really stud-
ied. When studying such negotiation problems, we can s¢éetéiay used notions are the
same in many systems. For examplentracts, resources, contractors
(initiators), participants have asemantic equivalentin all negotiation sys-
tems. Our aim in the software engineering field, is to showttiese notions can be reified
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in a generic and open negotiation model and to build the spmeding API. The model
we propose here is broad enough to allow classical negmiiapplications to be covered
without an adaptation effort, and has enough parametedapt o different negotiation
applications, which is a difficult engineering problem.

Although it is difficult to define formally what is negotiatipwe will base our argu-
ments on the following consensual definition (Smith, 198®nings et al., 2000; Walton
and Krabbe, 1995), which can be applied to many fields sucluetfoas, appointment
taking systems, games or others.

definition : Negotiation is carried out on@ontractto obtain commomesourcesand on
the request of amitiator. It brings together a set gfarticipantsand aninitiator
and runs until an agreement satisfying a percentage otjatits is reached. Par-
ticipants equally try to obtain the best possible solutimrtfiemselves while giving
a minimum set of information to the others.

definition : A contract is the entity which will be negotiated. It conttheinitiator of
the negotiation, theesourcesnvolved, theanswer delayand adefault answein
the case where a participant wouldn’t have answered at time.

This definition is of course inspired of the Contract Net Beot proposed by Smith
(Smith, 1980) in 1980, which is a fundamental of many negdjotiaworks (Sandholm,
2000). The main differences with the Contract Net is thatotiegion ends with a con-
tract between the initiator and several participants gftessible rounds of proposals and
counter-proposals. The initiator is the equivalent of tlemager of the Contract Net and is
in fact the first person who talk in the negotiation procesghé context of our study, we
consider that a minimum number of information must be reaetd other agents, because
when all information is known, we fall in a problem solver ¢ext, where algorithms such
as a CSP is more fitted.

To conceive our model and allow a real generality, we haveeha three-level archi-
tecture as a basis. The internal level which contains theagement of data structures and
speech acts necessary for agents to evolve their knowl#ggepmmunication level al-
lowing agents to send messages in a centralised way if agemntm the same computer,
or in a distributed way if they are on different computers #irategic level allowing
agents to reason on the problem and infer on the knowledgénaot from the others. In
our work, each level can be changed independently of thesthds for example possi-
ble to use GeNCA in a round robin way with synchronous comiation with all agents
on the same computer to realise a video game where virtuadjbeiill negotiate turn to
turn, and to use it in a distributed way with asynchronousmaomication for electronic
marketplace. In our model, the negotiating agent is congo$eeactive micro-agents,
where each micro-agent manages a negotiation.

The success of a negotiation depends of course on strassiagsed to the problem
processed. We will not discuss here about strategies, wiuidie optimal, must be differ-
ent according to the kind of negotiation done. This is an irtgott field which goes out
of this paper. Therefore, we propose simple but generitegfies, which work for several
kinds of problems, and that the user can easily refine.

We have identify many criteria to describe a negotiationeretwe can find the num-
ber of rounds in a negotiation process, the minimum numbegoéements needed to
confirm the contract, the retraction possibility, or thevamisdelay. Many of them have
been taken into account to build GeNCA.

A human user has two ways to use his agent. Manually, it is ahegip-decision tool
which shows the state of all the concurrent negotiationsubih case, it is the human user
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who agrees a query. Automatically, this time the agent iddwicand proposes or answers
queries by itself.

In GeNCA, the general server has an XML configuration file \utalows to define
the general notions like retraction possibility or the n@mbf rounds in a negotiation
process. Each agent can also have his own XML file to define aéinengeters of his
owner (minimum number of agreements needed to confirm theananswer delay,
etc.). Having XML files to configure the system makes it eaiiethe user to define a
negotiation problem.

In this paper, we will first detail the protocol used (the @sasf the protocol, the
communication primitives and its properties). Then, we déscribe GeNCA and the
different ways to use it. After this, we detail two applicais realised with GeNCA.
Finally, we compare our works to others achieved on the saiject.

2 Proposed protocol

The protocol we propose here aims to define the messagegjivasacan send to each
others with the operational dynamics associated. This trsgm protocol (Figure 1)
is characterised by successive messages exchanged betweetiator (the agent who
initiates the negotiation) and participants (the agents pdrticipate to the negotiation)
as in the Contract Net Protocol framework (Smith, 1980). W&t flescribe the phases
that compose our negotiation protocol, and then the comeatinh primitives between
agents used in this protocol. Finally we give charactessti our negotiation protocol.

2.1 Protocol phases

We distinguish three phases for a negotiation process : iteofie is the proposal phase
which begins the negotiation process. Then, there is aomgtphase named conversa-
tion phase. This phase consists of rounds of proposals andereproposals in order to
converge to an acceptable contract for everyone. Finallygtis the final decision phase
where the contract is either confirmed, either cancelled.

Proposal phase In this phase, the initiator proposes a contract to paditipand waits
for their answer. In response to the proposal, each paatitipnswers if he agrees or
rejects it.

Conversation phase This phase is necessary if there was not enough participdnas
agreed the contract proposal. A conversation is then gthgveen the initiator and par-
ticipants during which modification proposals are exchangellowing these proposals,
the initiator proposes a new contract to participants, anevaproposal phase is entered.

Final decision phase This final decision phase comes to either a confirmation ona ca
cellation of the contract. This decision is taken by theamdr in response to participants’
answers.

2.2 Negotiation primitives

To carry out a negotiation process between agents, it isssapgto define several ne-
gotiation primitives between agents. We thus need spediiigifzes for initiators and
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confirm(contract) . .
propose modification(modifs)

cancel(contract) |
I
i modification request(contract)
! modification request(contract) = l cancel(contract) !

propose(contract)

propose modification(modifs)

modification request(contract)

cancel(contract)

‘ propose(contract)

Figure 1: Negotiation protocol of GeNCA. Left : the sequenenessages between
the initiator and the participants during a negotiationr Earity, only one participant
is shown here. Right : the sequence of messages for the ratégoof a contract for
which a participant has retracted.

specific primitives for participants. Our aim here is noths@e communication between
one of our agents and any other agent from another diffedatfopm (which would re-
quire a “FIPA-compliant” platform or more simply agents aoemicating via ACL), but
to facilitate the development of an application with ourstge We don't use FIPA ACL
or KQML for our negotiation primitives because they are ndagted to our protocol.
The primitives defined by FIPA ACL deal with actions to perfoor believes to assert.
The specifications of the FIPA ACL primitives include comalits that can’t be met with
our model, so we can't use them with the meaning we want to tigen. For exam-
ple, theproposeprimitive denotes the intention to perform an action unaetain condi-
tions, whereas our meaning@foposds a contract offer from the initiator to participants,
which will be accepted, rejected or discussed. We are nateroed here with believes.
Moreover, FIPA ACL messages seem to be only textual messagdsthe negotiation
primitives we need for our model can’t be used only with tektimessages. Because
of the content they use, our messages need to contain abjgntssequencing of these
primitives is shown in Figure 1. Let us examine these priragimore deeply.

Initiator primitives ~ The initiator begins and leads his negotiation processhds has
specific primitives to do so. The initiator can send four rtegmn primitives to a set of
participants :

e propose(contract) this is the first message sent by the initiator. He sends train
proposal to the participants. The contract contains differesources to negotiate.

e modification request(contractthis message indicates to participants that the con-
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tract can’'t be taken like this and it has to be modified. Thegitar asks participants
to send him one or several possible modifications of the aohiin order to propose
a new one, better fitting everyone. This can also be a way toerétie contract.

confirm(contract): this message indicates participants that the contracbiis c
firmed. The negotiation has been a success.

cancel(contract) this message indicates participants that the contraetisedled.
The negotiation failed.

Participant primitives Messages sent by a participant are only received by thatiniti
It's a choice we made so that other participants don’t knosuathese messages. More-

over,

participants don’t know the set of participants in tlegotiation, they thus cannot

form a coalition during negotiation. It is for example uddfuVickrey auctions where
bids are private, or in other commercial negotiations whwengers could join their offers
in order to have an interesting price as the quantity of g@st#ted is greater than if each
buyer makes an offer for a lower quantity of goods.

Participants have three communication primitives whiehearswers to the initiator queries.

accept(parameters)this message replies to a contract proposal from the foitia
By this message, the participant indicates the initiatat tie accepts the contract
as it is. Parameters can be used in case of a partially ineti@shtcontract. For
example, it is the case in Vickrey auctions where partidipdrave to propose a
price for the article sold.

reject: this message replies to a contract proposal from the faiti8y this mes-
sage, the participant indicates the initiator that he e=fuke contract.

propose modification(modification listkhis message replies to a modification re-
guest from the initiator. The participant sends to the amiti a list of possible
modifications for the contract. The number of modificatioostained in the list is

a negotiation parameter. This list can be empty if there ipassible modification
for the contract.

A communication primitive is common to initiators and peigiants :

2.3

retract(contract): this primitive can be used only for a contract that has been ¢
firmed earlier (after onfirmmessage has been sent for this contract). Both partic-
ipants and initiators can use it. The agent sends this meseabe initiator when

he can’t meet the contract taken anymore. The initiatortqarevent the agent to
retract itself. Whether retraction is allowed or not depeod the application. Typ-
ically, retraction is not allowed in auctions, but is for aptment taking. That’s
why this possibility is a parameter of our negotiation mdtiat is set up by the ap-
plication designer, and the number of retractions alloveedtie same negotiation

is also a parameter.

Protocol characteristics

In this subsection, we present the type of applicationsesethie with this protocol, as it
is aimed to be general, and then we give the complexity in rermobmessages exchanged
during a negotiation process.
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2.3.1 Applications achievable with this protocol

As we mentioned before, this protocol is inspired of the @axttNet, and it adds an
optional phase of conversation. As the protocol describessages exchanged between
agents but especially the order of messages and agentstauaik, and not what is
the content of the message (for example, always a price it.a)lows many different
applications to use it, which is not the case of many protsakth as the one used in
ZEUS which is dedicated to marketplaces.

For example, you can use it in a “take it or leave it offer” foifryou don't use
the conversation phase. If you want to make auctions agjglits you can implement
English auctions as well as Dutch auctions. For Englishianst the initiator proposes
his articles and participants answer giving a price as aeguraf the accept message if
they are interested in the article, or rejecting the propogerwise. If no participant
has proposed a satisfying price for the initiator, a coratéma phase is entered where
each modification consists of a new bid. The process finisthesa satisfying price has
been proposed or when no one rebids or the maximum numbemsf puedefined by the
initiator has been reached.

For Dutch auctions, the initiator proposes an article witkigh price, and if no par-
ticipant accepts the proposal, the initiator proposesratia article with a lower price
without asking for a modification from participants. The gees finishes when a partic-
ipant accepts the contract, or when the price reaches thienomm price wished by the
initiator, or when the maximum number of rounds defined byitiit&ator is reached.

This protocol is not adapted to negotiations that have tabegssed on several levels,
for example, for negotiating to buy a car, you can first negetthe colour, and then the
price .... This protocol is not adapted to combined negotiat(Aknine, 2002), where
contracts need to be linked. For example, you can’t createcwntracts and say both
must be taken or none. If you want several resources frometme person, you put them
in a single contract, but if you want several resources frewesal persons, you'll need
one contract per person/resource but you can't specifyathabntracts must be taken
or none. Despite the protocol could fit it, negotiation witgumentation (Parsons et al.,
1998) is not included in GeNCA. The protocol could be adagtade the parameters of
acceptance or modifications could be arguments.

2.3.2 Complexity

Complexity is an important feature in negotiation. Negtia complexity is the reason
why you can’t do without negotiating agents. Let's examieeshcomplexity in number
of messages induced by our protocol.

In the worth case, fom participants at a negotiation process, the number of messag
to be sent isn™ if n is the depth of cascaded renegotiation process. You imagisiéy
what could happen to your secretary in such case to orgamseting with fifty people.

To prove this result, let us look at the different cases thattappen.

Linear order Assume thatn persons want to take a contract. Let’s daltiator the
person who wishes to take the contract gadticipantsthe others. Figure 2 shows five
persons, before and after that the contract has been takeimdet represents one person).

Firstly, let us consider that all participants agree with ginoposal. The initiatgoro-
poseshe contract, the participanagireeand the initiatocconfirms: 3« (n — 1) messages
are exchanged.
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Figure 2: Complexity in linear order

As soon as one participant disagrees, the initistquests a modificatioinom partic-
ipants who send one to the initiat@répose modificatiomessage)2 « (n — 1) messages
are then exchanged. The initiator sends a pevposalwhich will be accepted, adding
3 (n — 1) messages. Intotdl,x (n — 1) are exchanged, taking into account those of the
first proposal and answers of participants with at least atiegone. The initiator sends
4% (n — 1) messages and receivgs (n — 1). Each participant receivelsmessages and
sends3.

Taking a contract, with or without modification request,hwitit renegotiation of other
contracts, has a global complexity in/Q( is linear for the initiator and in Qf for par-
ticipants.

Quadratic order
Figure 3: Complexity in quadratic order - first case

First case Let us now assume that taking a contract calls previous actstralready
taken with other persons into question (Figure 3).

To simplify, all contracts will involve: persons and will have the same priority.

Participants will modify the contract, « (n — 1) messages will then be sent. But,
at time to confirm the contract, each participant will havegquest a modification for
the contract he has already taken. Let us assume that meidifisare accepted without
any problem. The number of exchanged messages in this réggois5 « (n — 1).
Participants of the first contract, considered as init@tdthe second ones, sebe(n—1)
and receive x (n — 1) messages. If all renegotiations are independent, thef@ard )
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renegotiations and thudis« (n — 1)? messages. The total number of exchanged messages
for taking the contract is thusx (n — 1)? + 7 * (n — 1). The initiator sendg * (n — 1)
and receive8 x (n — 1) messages. Each participant receides 2 x (n — 1) messages
and send$ + 3 x (n — 1).

Taking a contract with renegotiation of another one by pgréint has a global com-
plexity of O(n?) and is linear for the initiator and participants.

e — -
: Iaese
N

Figure 4: Complexity in quadratic order - second case

Second case Let us now assume that only one participant has to modify dracin
already taken with another person (Figure 4). During retiation, this person also has
to modify another contract and recursively:arpersons. The principal negotiation needs
7% (n — 1) messages, the othe¥s (n — 1). The total number of messagey &+ 7
m) * (n — 1) messages.

Taking a contract with renegotiation of another one by orréiggpant and this recur-
sively at a depth ofn, has a global complexity of @(x m) and is linear for the initiator
and participants.

Figure 5: Complexity in exponential order

Exponential order To prove the result given at the beginning of subsectiorydatke
a formal example. For this example, a contract will alwaysbgotiated between one
initiator and two participants. Figure 5 shows a binary tregresenting the cascaded
renegotiation process. The root of this tree is the initiafdhe first contract. He has got
two children : the two participants. Each participant is isturn the initiator of another
contract, having also two children etc. We suppose heretliea¢ are no other relations
between all these agents, ie. they are all different, alesodpresent a different agent.

Having this, we can now compute the number of messages thdtergxchanged.

The number of exchanged messages for a modification of aamintthich will be
immediately accepted is equal to five : modification requesidification from partici-
pants, proposal of a new contract (the old one modified) eageat from participants and
then confirmation of this new contract. The number of agensval: equals2’ and the
number of messages exchanged at that leviekig®.

http://ww. ai sb. org. uk



Mathieu and Verrons

Global complexity is thus Q(*) and is linear for the initiator and the participants.

If we now suppose that contracts are not independent anyoobtbat agents at level
n ask the initiator of the principal contract to modify anatbee, the number of asks for
renegotiations will b@™ for the initiator.

Global complexity is still O2™) and keeps linear for participants, on the other hand,
it becomes ™) for the initiator.

In this section, we presented the negotiation protocol us&ENCA, let's now see the
different use modes of GeNCA.

3 GeNCA

GeNCA is a Java API for negotiation between agents. It is ditoeprovide a generic
software architecture for contract-based negotiatiorepfaications developers in order
to facilitate their work. The internal objects needed toithplementation of GeNCA are
described in (Mathieu and Verrons, 2002). The novelty in GANs that the parameters
that are needed to configure a negotiation application argsie XML files, thus avoid-
ing recompilations at each change of a parameter value aildaféng the writing of a
new application. Two kinds of files are defined : one for theéesypsparameterisation, one
for each agent which is optional. The system file contain comeharacteristics for all
users of the negotiation system. We define them in a DTD fikedaenca.dtd available
at http://www.lifl.frfSMAC/projects/genca. Common resoes, agents initially presentin
the system, retraction ability are found in it, plus defaalties for users parameters. Each
agent can have its own file to set up its individual resouritespommunicator, its strate-
gies and negotiation parameters like default answer andeargelay. Figure 6 shows the
system XML file for an appointment taking application.

We discuss here about the different ways to use GeNCA, anakijgr features.

3.1 GeNCA features

GeNCA major features are its conception in three levelségotiation cardinality and
the management of deadlocks.

Conception in three levels The first feature of GeNCA is his conception in three
levels, in order to separate the implementation of comnatiuins between agents, the im-
plementation of negotiations management and the impleatientof negotiations strate-
gies. These three levels are presented more deeply in (&etinid Verrons, 2003a; Math-
ieu and Verrons, 2003b). We decided to separate these #areks in order to provide
more facilities to adapt the negotiation system to appbcatas their common need is the
negotiation level. As a matter of fact, each applicationiteswn communication sys-
tem and needs specific strategies of negotiation. For exarmpimmunications between
distributed agents can be done via e-mail or a MAS platforhilexcommunications be-
tween centralised agents can be done in a round-robin wag. elisy to define which
communicator or which strategy an agent will use as it is peinuan XML file. This
separation of these three levels is a difficult software megfing problem, and from our
knowledge, no other platform than GeNCA separates them.
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Negotiation cardinality Negotiation cardinality is an important feature for MAS.
Its purpose is to know how many agents negotiate togeth&erBit kinds of negotiation
cardinality exist (Guttman and Maes, 1998), from one-te-tmmany-to-many. Kasbah
is an example of one-to-one negotiation : one buyer negsti@n article with one seller
at a time. This form of negotiation is useful when only twoguers are involved in the
negotiation. But when a negotiation involves many paréiaijg with an initiator, it is a
one-to-many negotiation. Our protocol enables contrased negotiation between one
initiator and several participants. Our implementatiomhig protocol in GeNCA allows
several negotiations to take place simultaneously betweerinitiator and several par-
ticipants, that is to say many-to-many negotiation, or npreeisely many (one-to-many)
negotiation. The advantage provided by many-to-many rigtimm is that it enables one-
to-many and one-to-one negotiation.

Deadlocks Deadlocks are an important problem in negotiation appbéoat It can
cause many damages if it is not resolved. Deadlocks can eppea two agents propose
a contract on the same resource one to the other, and whechtbsg to negotiate sequen-
tially contracts on same resources. Both are then waitirthemther's answer and the
deadlock appears. Deadlocks are avoided in GeNCA thanks tmechanism of answer
delay. As a matter of fact, each initiator defines the delayltlave participants to answer.
If a participant doesn’t answer before this delay, theandti takes into account a default
answer for him and so, negotiation is not blocked.

3.2 GeNCA use modes

GeNCA can be used in different modes, which gives its geitgridmong these ways
to use it, we find the kind of resources negotiated, simutiaegnanagement, automatic
renegotiation, tools for strategies and agents use modes.

Resources Resources that will be negotiated can be common to all ageritsli-
vidual. If we take the example of meeting scheduling, eadntbas the same agenda,
and so the same time slots. Thus, resources (time slots)parmon to all agents and
any of them can make a proposal on the time slots he wants. ©cotfitrary, auctions
applications are typically those where we find individuaaerces. Agents wishing to
sell articles will sell only their own articles, and not theeoof its neighbours. So, for this
kind of applications, resources are individual, visibl@licagents but only the agents that
possess them can make a contract proposal. Resourcesenibatbs XML files. If they
are common to all agents, they are set up in the system filé, thety are individual, they
are set up in the agent file.

Simultaneous management The management of negotiations is an important cri-
terion in a negotiation application. Negotiations can becpssed sequentially, or in par-
allel, depending on the constraints of the application. Tmanagements are possible in
GeNCA, immediately or deferred simultaneous managememe. uBer opts for the one
he prefers. When he chooses to negotiate immediately allain, no restriction is made
on the resources, they can already being negotiated fohanoontract. But if the user
chooses to negotiate in a deferred way, the only negottttoat will take place simulta-
neously are the ones which involves disjoint sets of ressurthe other negotiations will
wait for their turn. This management of simultaneous negjotns is possible because
we have designed a structure to check if all resources ndedachegotiation are free or
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yet under negotiation, and so to know if the negotiation pssccan begin or not. This
structure is a Tetris like matrix, which is described in (kiat and Verrons, 2002). Si-
multaneous negotiations are possible because we've chogsrrust micro-agents with
the management of one negotiation. In fact, each time ant ageasites or receives a pro-
posal, a micro-agent is created (a goal if the agent is thiatoi, an engagement if the
agent is a participant) which is responsible for the wholgatiation process of this pro-
posal. Itis thus possible to negotiate simultaneouslyrs¢eentracts, and being initiator
as well as participant in the same time.

Automatic renegotiation Many times, during negotiations, some contracts can't be
met any longer and has to be negotiated again. It is the case appointments are
negotiated. For this purpose, we propose to renegotiatereaiically contracts that have
to be moved. But you can’t always question a contract thabkas taken. For example
in auctions, when an article is sold, it is definitely solduym@n't retract yourself. That's
why we define a parameter called retraction allowed, useddwkvhether it is possible
or not to retract yourself from a contract previously takéhis is a common parameter to
all agents which is defined in the system XML file. If retraatis allowed, when an agent
retracts itself, the initiator of the contract can autowsdty renegotiate the contract, and
a number of renegotiations is defined by the initiator (inagent XML file) to know how
many times a contract can be negotiated again.

Tools for strategies The success of a negotiation depends of course on strategies
adapted to the problem processed. We will not discuss henat atrategies, which, to be
optimal, must be different according to the kind of negatiatione. This is an important
field which goes out of this paper. Therefore, we propose leopt generic strategies,
which work for all kinds of problems, and that the user carilgasfine. In order to
give basis to develop strategies, two priority lists arergefiin GeNCA. Each person
defines a priority list for resources and a priority list fargons. Thus, each person will
be able to give a priority to a contract according to priestof resources included in the
contract, and according to the initiator’s priority. Fora@xple, if | took an appointment
with a colleague and my boss asks me for an appointment aathe 8me, | will take the
appointment with my boss (who has a greater priority) andlimove the appointment
with my colleague. These lists can also be used in case thatihigiator of a contract
and | requested modifications from participants, | can wetllglir answer according to
the priority | gave them.

GeNCA also provides rates of success or retraction of nagymtis that have been
done in the past, given a participant and a set of resourcisghus possible to know if a
participant globally accepts proposals he receives, ahe Keeps his engagements.

Agents use modes As we mentioned before, a human user has several ways to use
its agent. He can use it with a graphical interface to intesdit it, in this case, the agent
is a help decision tool for the user. The agent manages thatinggns and it is the user
who answers contract proposal, and creates contract tdiaggadl hrough the interface,
the user views messages received and sent, contracts tadtdreimg negotiated, and he
can create a new contract, cancel a contract he has prewtaksh and reply to a contract
proposal.

Another way to use the agent is the automatic way, in this,dheeagent manages the
whole negotiation and replies itself to proposals, the lyicgd interface is not used, and
the agent runs like a background task.
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GeNCA features and use modes have been applied to seveddiaties applications
like appointment taking, Dutch and English auctions anetahble creation. These appli-
cations can be downloaded at http://mwww.lifl.fr'SMAC/pdis/genca.

In the next section, we present two applications realiséld @eNCA.

4  Applications

Our aim is to propose a generic model to negotiate contrabttewver they are. The
model, we called GeNCA, has been implemented in the Javamegn order to provide
an API for the creation of contract negotiation applicasiohlere we present two appli-
cations among those we have developed with GeNCA. One of therrclassical one,
it uses participant individual resources, it is an auctippl@ation. The other is much
less classical, it uses resources common for all partitgpéns an appointment-taking
system.

4.1 Application with common resources

The first application we describe here is the one which ir®lgommon resources for
all participants in the negotiation. It's an appointmeiking application where resources
are time slots. Each agent must be able to negotiate appentsrfor the user. Each user
defines a schedule with time slots which are free or not. litiatg he gives preferences
on slots and on persons with whom he prefers to take appoimtmé\s resources are
common for all participants, each one is able to create aracinfor one or several re-
sources and to propose it to a set of participants. There éssential need for each user
to have his own XML file since resources are defined once fan #fle system XML file.
We obviously don't let the agents share their schedulesdardo find a suitable time slot
for an appointment.

This problem is a full-featured one because it needs pnetereover persons, for ex-
ample, the boss has a greater priority than the colleagti@)smipriorities over resources
(here time slots), e.g. if | don't want to have appointmentsiach time or before 8 am,
I'll give the corresponding time slots a lower priority. Mamver, appointment taking is
an application where there are typically many renegotiatend retractions, because it is
difficult to find time slots that fit everyone.

This appointment taking application involves resourcesra# hour timeslot in one
day, and four agents running on the same computer. The syiefRigure 6) contains
thus these resources and agents, and defines that retriagtiossible, ie an appointment
can be moved if it can’'t be maintained at the time defined. Fisrapplication, we used
the Magique platform to run our agents, so the Magique conicator is used. Specific
strategies have been implemented to fit the applicatioticpéarly to group consecutive
hours if one hour was too short for the appointment.

Default values for users’ parameters are set up like thisch gearticipant has 10
minutes to answer the proposal, and would be consideredjexting the proposal if
he doesn’t answer. Everyone must agree for the appointrodid taken. The initiator
can request 20 times modifications from participants whomapose 5 modifications
at a time. The appointment can be moved 3 times and all n¢igotsathat take place
simultaneously must involve different time slots.

This single file is sufficient to launch the application wittese four agents. They all
have their own GUI to create contracts, answer to propogels,their messages sent and
received and the contracts they've taken.
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<?xm version="1.0"?>
<! DOCTYPE genca SYSTEM "genca. dtd" >
<genca>
<negoti ati on-type>rdv</negoti ati on-type>
<resources-|ist>
<r esour ce>8h- 9h</resour ce>
<r esour ce>9h- 10h</r esour ce>
<resour ce>10h-11h</resource>
<resource>11lh- 12h</resource>
<r esour ce>14h- 15h</resour ce>
<r esour ce>15h- 16h</resour ce>
<resour ce>16h-17h</resour ce>
<resource>17h- 18h</resour ce>
</resources-|ist>
<agents-1list>
<agent ><nanme>Paul </ name>

<addr ess>| ocal host </ addr ess></ agent >
<agent ><nane>Pi er r e</ nane>

<addr ess>| ocal host </ addr ess></ agent >
<agent ><nanme>Jean</ name>

<addr ess>| ocal host </ addr ess></ agent >
<agent ><nane>Jacques</ nane>

<addr ess>| ocal host </ addr ess></ agent >
</ agents-list>
<def aul t - conmuni cat or >
fr.1ifl.genca. magi que. Magi queComuni cat or
</ defaul t - comruni cat or >
<default-initiator-strategy>
rdv. Rdvliniti ator Strat egy
</default-initiator-strategy>
<defaul t-partici pant-strategy>
rdv. RdvParti ci pant Strat egy
</ default-participant-strategy>
<nbRounds>20</ nbRounds>
<nbRenegot i ati ons>3</ nbRenegoti ati ons>
<m nAgr eenent s>100%/ m nAgr eenment s>
<answer - del ay>10</ answer - del ay>
<def aul t - answer val ue="refuse"/>
<simul taneity val ue="deferred"/>
<retraction-all owed val ue="true"/>
<nb- nodi fi cati ons- by-round>5
</ nb-nmodi fi cati ons-by-round>
<magi que><ski | | ><cl ass>
fr.lifl.genca. nagi que. Negoti ati onSki |
</ cl ass></ski | | ></ magi que>
</ genca>

Figure 6: System XML file for appointment taking application
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4.1.1 Initiator behaviour

The initiator first chooses the participants he wants to raeét time slot for the meeting.
He also checks the parameters of the negotiation, such defielt answer, the minimum
number of agreements to take the appointment, etc. All teine the contract and its
properties. The contract is then proposed to the set ofgjzaitits. The initiator thus uses
the proposemessage of the protocol. Then, he waits for participant&arsduring the
answer delay he has defined.

When the delay is over, the initiator checks participantsaaas. If there are more
agreements than the minimum number of agreements he hasmghus therconfirms
the contract for the participants who have agreed,amtelsthe contract for the others.
Otherwise, heequests a modificatiao all participants if the maximum number of rounds
of negotiation is not reached. In the other casecdrecelghe contract for everyone.

If the initiator requests a modification, he then waits fagwsitions from participants
during the same answer delay. After this delay, he takes bitedollowing decisions :

e Heproposes new contract based on the propositions of the participants

e He can't find a new contract proposal, so fleguestsagain a modification from
participants.

e Hecancelghe contract.

If the initiator receives getractionmessage, he checks if there are enough participants
left. In this case, he only removes the retracting partitifiem the list of agreed partic-
ipants. In the other case, bancelghe contract for everyone amelquests a modification
from all participants in order to find a new contract thatsfas the participants.

4.1.2 Participant behaviour

When a participant receives a contract proposal, he firstkshié the time slots proposed
are free in his agenda. If they are, he accepts the propbsalsending thacceptmes-
sage. If the slots aren’t free, he compares the priority efitiitiator of the contract taken
previously for these slots with the priority of the initiatof the new contract. If the older
initiator has a greater priority, he thegjectsthe proposal. Otherwise, la&ceptst.

When the participant receives a modification requests, hdssi the initiator a list
of free time slots in order of preferences according to tharjpy he has given to the slots
via thepropose modificatiomessage.

When a contract is confirmed, the participant adds it in hendg andetractsitself
from previous contracts he has taken on the same time slibitsyifexist.

This application allows agents to negotiate appointmenntgg user. Contrary to other
systems that can be found in shops, users’ agendas areepaivdtthe problem isn’t to
find a suitable time slot free and common to all participak@wing their agendas, but
to negotiate the hour of the appointment, taking into acttunpreferences of the users
on hours and persons. Moreover, this system renegotiatenatitally an appointment
that has to be moved due to participants retractions.

4.2 Application with individual resources

Auction applications are typically applications wherea@ses are individual for partici-
pants. The only participants who will create contracts heednes who possess goods to
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sell. We describe here an auction application where sontipants want to sell goods
they have defined in their own XML file.

In this auction application, each agent must be able to meggatuctions for the user.
For this purpose, each user defines an amount of money (kii¢)ceand a bidding strategy
(linear, quadratic,...).

Auctions are defined like this : a seller proposes an artiotenfhich he wants to
obtain a minimal price that he keeps secret (reservatiarepriThen, buyers tell him if
they are interested (accept) or not (reject) in it, and if/thee they propose a price for it.
The seller keeps the highest price proposed and the buyeprapmsed it. If this price
is greater than or equals the reservation price, the buyes thie auction. Else, the seller
proposes again his article to the interested buyers for togmopose a higher price. This
process is repeated until a buyer wins the auction or the pupnflrounds is reached.

For this application, retraction is not allowed, once afickrtis sold, it is definitely
sold.

For this application, there are no common resources in thé Xtem configura-
tion file and we launch four agents on the same computer. Fomfplication, these
agents run on a Magique platform and so they use the Magiguencmicator to ex-
change messages. Two strategies have been written to evahpropose bids, which
are the default strategies set up in the system file. Only ergop can buy the article, so
the parameteminAgreementis set up to 1 Three minutesre granted for participants to
bid, if they don't, the initiator considers that thegjectthe proposition. If no bid fits the
initiator, he can ask a new bRD timego participants, who proposesingle bidby round.
Retractionis not allowed. Auctions on same goods are processed seajliethat’'s why
the parameter simultaneity has the vatigderred

If users are satisfied with these parameters and do not hadsgo sell, they do not
need to have their own XML files. Let us take the example of genanamed Jean who
wants to sell goods . Thus, he has his XML file Jean.xml wheseghbds (a fridge, a
table and a chair, for example) are listed in the resoursesThe other parameters this
agent will use are those defined in the system file.

4.2.1 Initiator behaviour

The initiator first creates a contract containing the aatid sell, the reservation price,
the other negotiation parameters and the set of particgpditte initiator then sends this
proposalto the participants.

When an agreement is received, the initiator updates theekigid proposed so far.
If the new price tops the highest bid proposed, this new bitbirees the highest and
the buyer who proposed it the current winner of the auctioncelall replies have been
received, the initiator decides twnfirmthe auction for the current winner if the highest
bid tops the reservation price, and thuscemcelthe auction for the other participants.
If neither the reservation price nor the maximum number ohads are reached, then the
initiator requests a modificatiofntom the interested buyers, in other casescdiecelshe
auction.

When a modification proposal is received, the initiator pexts exactly as for an
agreement, as a modification proposal is a new price for titdear

4.2.2 Participant behaviour

When a participant receives an auction proposal, he firstkshiéthe article interests him
or not. If he is interested in it, hecceptghe contract and proposes a price. Otherwise, he
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Figure 7: Four agents participating in the auction applicat

rejectsthe proposal.

When an auction confirmation is received, the participadsatie article in his bag
and virtually pays the price to the seller.

When a modification request is received, the participantichthe amount of money
he has and proposes a higher price than in the previous rbhadias enough money or
a price equal to O if he doesn’t want to participate furthehimauction.

Figure 7 shows the graphic interfaces of four agents nejmji@auctions with our
API.

The top left-hand screen is an agent showing his window faralising messages sent
and received by him. It permits to see the different promosaleived and the proceedings
of the negotiation (answer sent, confirm, cancel, modificatequest,...). The top right-
hand screen is an agent showing the new contract input acterthe bottom left-hand
one displays contracts chosen with the name of the initetdrthe negotiated resources.
The last one shows the display of a contract proposal for idanade.

The advantages of this application are numerous, the mgxiriant ones are men-
tioned here. First, this application helps the user to bid, lsids in his place when he’s
not there, according to the strategy he has defined. Secadhidlgpplication can easily be
extended to other kinds of auctions, like English, Dutcttkvey auctions. .. And thirdly,
this application is portable, as a matter of fact, agentsbeaplaced on PDAs or over a
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heterogeneous network.

These two examples show that our protocol can be appliedfeveit kinds of negotia-
tion applications such as auctions or appointment-takihgdg illustrates our purpose of a
generic protocol. In the next section, we compare our pateith different applications
developed by other researchers to show the differencesbatthem.

5 Comparison with other works

We are obviously not the only ones who are interested in metipm between agents and
in proposing a generic architecture to accomplish it. Leits the works realised at HP
Laboratories by Claudio Bartolini et al. (Bartolini and Bte2001; Bartolini et al., 2002b;
Bartolini et al., 2002a) who want to create a general frantkviar automated negotiation
dedicated to market mechanisms. In this paper, they defioedles : participant and
negotiation host. A participant is an agent who wants tolreatagreement, while the
negotiation host is responsible for enforcing the prot@ra rules of negotiation. Rules
of negotiation include posting rule, visibility rule, teimation rule .... It is the negotia-
tion host who is responsible for making agreements. Thimésork proposes a general
negotiation protocol parameterised with rules to impletaarariety of negotiation mech-
anisms. It has common properties with our, like enabling-tanene, one-to-many and
many-to-many negotiations, or like parameterisation.

Another formal work we can cite is the one done by Morad Bergetiet al. (Beny-
oucef et al., 2000) who want to create a Generic Negotiatiatid?m for marketplaces.

A third work is the SilkRoad project (Strobel, 2001). Thioject aims to facilitate
the design and implementation of negotiation support systéor specific application
domains. SilkRoad facilitates multi-attribute negotias in e-business scenarios through
a specific design methodology and a generic system aralniéawith reusable negotiation
support components. A negotiation support system builthenlbiasis of the SilkRoad
architecture model acts as an intermediary between thalawgotiating agents (which
might be software agents or humans) and thereby providesdniden communication
and decision support. This project has common points witls,dike the possibility to
have either software or human agents and the genericityecfythtem.

These three works are close to our, but they are more direz&dctronic commerce
whereas our model aims to fit also other types of automateatiadigns.

Let's now examine two platform for negotiation : magnet aeds Multi AGent
NEgotiation Testbed(Collins et al., 1998a) is a testbed for multi-agent negiatg im-
plemented as a generalised market architecture and dedklipghe university of Min-
nesota. It provides a support for a variety of types of tratisa, from simple buying
and selling of goods to complex multi-agent contract negimin. A session mechanism
enables a customer to issue a call-for-bids and conduct bthgness. The negotiation
protocol for planning by contracting consists of three gsas a call-for-bids, bidding
and bid acceptance. In contrast, our protocol enables ttigtam of the call-for-bids to
make counter-proposals until an agreement is reached. IGINET, there is an explicit
intermediary into the negotiation process and agentsaotavith each other through it,
whereas all agents directly interact with each other in @gotiation process.

ZEUS (Nwana et al., ) is a generic Java API realised by British date in order
to easily conceive cost-based negotiation applicatiohgd®en autonomous agents. Zeus
proposes a negotiation protocol between two agents (aatoviaind a participant) and on
a single resource per contract. The protocol consists of-forebids, and no mechanism
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of counter-proposal is provided. Moreover, it is possiblaégotiate simultaneously dif-
ferent contracts on the same resource, that we don't allavati#er difference with our
protocol is that retraction is not possible with Zeus. Oncetract is taken you can’t re-
tract yourself. Moreover, Zeus provides only cost-basetesjies, and so is less generic
than our protocol which is not dedicated to cost-based aotgr Although it is possible to
add an interaction protocol in Zeus, it is a difficult thinglim, as says S. Thompson in the
mailing list of Zeus in April 2002. On the other hand, paraenebf GeNCA negotiation
protocol can be set up in XML files, which simplifies modificaus.

These previous works, like our, are based on the ger@watract Net Protocol
model (Smith, 1980) which works on bids invitation betwedWanager agent and Con-
tractor agents. From all these works, Magnet is probablyotiee which is closest to
what we present. Nevertheless, none of them takes into atebthe same time generic
aspects, automatic renegotiations and a mechanism to maoafjicts between simulta-
neous negotiations, that we propose in GeNCA. Moreover,Gels the only platform
which separates the communication level, the negotia¢iosl land the strategic level.

6 Conclusion

In this paper, we have presented a generic protocol for aonbased negotiation and a
Java API called GeNCA, which enables many-to-many negotiat simultaneous nego-
tiation of several contracts, and the management of dekslioconversation. Three dis-
tinct levels were defined : the knowledge representatiosl leowing the agent viewing
the advancement of his/her negotiations, the communicégicel which we realised with
a multi-agent platform allowing physical distribution,cathe strategic level for which
we propose generic strategies adaptable to any kind of @moliEach level can be easily
extended by the developer as he wants to map with his applicathich is a feature
that only GeNCA proposes. Moreover, XML files are used to geparameters and
define an application, which facilitates the end-user warld avoid useless recompila-
tions. These works are a part of software engineering amdited artificial intelligence
works. Many implementation perspectives of these worksifierdnt software supports
are possible (distributed, centralised, WEB) and stratieyiel enhancement for different
specific problems is considered. This API will now be apptedifferent problems like
distance teaching, network games, workflow systems.
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