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Abstract—In this article, we present GENCA: our Generic negotiation is, we will base our arguments on the following
Negotiation of Contracts APl and three different negotiation consensual definition, which can be applied to many fields
applications achieved with it. The first one is an auction ap- such as auctions, appointment taking systems, games gsothe
plication that runs on a multi-agent platform. The second ore Definition 1- Né otiation is carried out on aont r act
is an application for choosing a restaurant for a dinner between . - N€g
friends. This application uses e-mail communications. Thehird 0 obtain commonr esour ces and at the request of an
application is a negotiation game inspired of the CivilizatonO i niti ator. It brings together a set gbarti ci pants
game of Avalon Hill Game Company. This game is played and ani niti at or and runs until an agreement satisfying
between centralised agents that speak each after another ia a percentage of participants is reached. Participantsllgqua

round-robin way. We show in this article that GeNCA is well . . - .
suited for building these negotiation applications. As a mter of try to obtain the best possible solution for themselves evhil

fact, different communication ways are provided with GeNCA, giving a minimum set of information to the others.
and the negotiation management and protocol are adapted to This definition is of course inspired from the Contract Ned-Pr

these different negotiation applications. Only strategie have to tocol proposed by Smith [6] in 1980, which is a fundamental
be conceived by the users, as they are specific to the applimat. ¢ many negotiation works.

GeNCA is a general negotiation model that allows a user
wishing to develop a negotiation application not to havedo d

With the progress of information technology, multi-agernte whole job but to have a model that will facilitate his work
systems and electronic market places, the need for autbmatiGeNCA is based on a three-level architecture, that separates
agents able to negotiate with others on behalf of the ustie communication part between agents, the negotiation par
becomes stronger and stronger. Moreover, the usefulnessand the negotiation strategy part of an application. As @enat
using an agent during negotiations is perfectly justified yf fact, the way agents communicate doesn't play a role in
the explosion of the number of messages exchanged betwgen way negotiation is made, and different communication
agents. In certain cases, it can be exponential. ways can be used in a same application executed on different

For several years, many negotiation systems have beswvironments.
developed in specific domains like auctions or market placeslt is also important to separate the negotiation strategy
often for electronic commerce, let us mention Zeus [1] devdtom the two other levels, to allow a user to choose which
oped by British Telecommunications, Magnet [2] developeategotiation strategy he will use without disturbing the aém
by the university of Minnesota, the SilkRoad project [3] oing of the application. Moreover, the negotiation stratégy
IBM, the platform GNP [4] of the Montreal university andintrinsically linked to the negotiation application, andis$
works done at HP Laboratories [5]. Of course, negotiatiagbvious that negotiating a ton of potatoes is not the same
can be used in other fields like appointment taking, resinvat as negotiating a slot-time for an appointment, nor the sasne a
systems or even video games, but it seems that these areas hayotiating the exclusive use of a shared resource for an hou
not really been studied. When achieving such applications,The negotiation level 0GeNCA contains a general nego-
we can see that a lot of the notions used are the sametiation protocol and a management of conflicting negotretio
many systems. For examplepntracts, resources, that allows to process them either sequentially or simulta-
contractors, participants have a semantic equiv- neously. Parameters to specialise the protocol are set up in
alent in all negotiation systems. Our aim in the software file. Among these parameters, we can cite the number of
engineering field, is to show that these notions can be reifiagreements needed to confirm the contract, answer delay and
in a generic and open negotiation model and to show th@gfault answer, number of rounds in the negotiation prqcess
it is possible to build the corresponding API. The model weetraction possibility and number of renegotiations aédw
propose, calledseNCA is broad enough to allow classical GeNCA has been used to achieve different applications
negotiation applications to be covered without an adaptatisuch as an auction system, a system to negotiate the choice
effort, and has enough parameters to adapt to different-negé a restaurant for a common trip and a negotiation game
tiation applications, which is a difficult engineering pletm. application.

Although it is always difficult to formally define what The auction system involve agents in a multi-agent platform

I. INTRODUCTION



like Magique or Madkit. A seller agent proposes his article ‘

to sell to buyer agents who propose a price for the articles if [ wossconan
they interest them in a sealed-bid fashion. The seller coespa e ]
the highest proposed price with his reservation price and if IR,
the proposed price is greater than the reservation priee, th e
buyer wins the auction. Otherwise, the seller proposesnagai xt D

his articles.

The system to negotiate the choice of a restaurant for a
common trip involves personal agents that communicate by
sending e-mails. The agents must choose in a list of resteura
the one where their users will eat. Users have preferenegs ov
the restaurants and their agents must take them into account
to negotiate the choice of the restaurant. Fig.

The negotiation game application involves centralised

agents with talk one after another. This game is called JNego o ) )
and is inspired from the Civilizatidh game of Avalon Hill d€velopmentofan application with our agents. The sequenci

Game Company. The objective of the game for a player %_thg;e primitives is shown in Figure 1. Let us examine these
to negotiate the exchange of resources in order to maxim@@mitives more deeply. o

the total value of the resources he possesses. There are six 'Nitiator primitives: The initiator can send four commu-
different resources that have a different value. The taaiey NiCatiON primitives to a set of participants :

of the resources a player possesses depends on the number ofPropose(contract) this is the first message sent by the
resources of one type by square multiplied with the value of initiator to participants in order to propose a contract

1. Interaction graph between one initiator and oneigpant

this resource. to them. The contract contains different resources to
In this article, we first give an overview @éeNCA Then negotiate. . o
we describe these three negotiation applications that sigyea ¢ Mmodification request(contract)this message indicates to
achieved thanks tG&eNCA participants that the contract cannot be taken as it is and it
has to be modified. The initiator asks participants to send
II. GeNCA AN OVERVIEW him one or several possible modifications of the contract

GeNCA is a generic contract-based negotiation model i order to propose a new one, which suits everyone. This
and API that allows the user to easily develop negotiation C€an also be a way to refine the contract.
applications.GeNCA is based on a three-level architecture, * confirm(contract) this message indicates to participants
that separates the communication part between agents, the that the contract is confirmed. The negotiation has been
negotiation part and the negotiation strategy part of adiapp @ SUCCess.
cation. We only present in this section the negotiationqwot « cancel(contract). this message indicates to participants
used inGeNCA More details on the communication and on  that the contract is cancelled. The negotiation has failed.
the strategy levels can be found in [7]. Then, we present Participant primitives:Messages sent by a participant are
GeNCA features and finally the way to u&eNCA to achieve only received by the initiator. Other participants do nobwn

a negotiation application. about these messages. Moreover, participants do not know
o _ . about the set of participants in the negotiation, they ttamot
A. The negotiation protocol and its properties form a coalition.

Here we present the negotiation protocol used in our modBarticipants have three communication primitives whica ar
The aim of the protocol is to define the messages that ageaswers to the initiator’'s queries :
can send to each other with the associated operational dynam accept(parameters) this message replies to a contract
ics. This negotiation protocol is characterised by sudeess proposal from the initiator. With this message, the par-
messages exchanged between an initiator (the agent who ticipant indicates to the initiator that he accepts the
initiates the negotiation) and participants (the agent® wh  contract as it is. Parameters can be used in case of a

participate to the negotiation) like in the Contract NettBcol partially instantiated contract. For example, it is theecas
framework. in Vickrey auctions where participants have to propose a
1) Negotiation primitives:To carry out a negotiation pro- price for the article sold.

cess between agents, it is necessary to define several ne- reject: this message replies to a contract proposal from
gotiation primitives between agents. We thus need specific the initiator. With this message, the participants indicat
primitives for initiators and specific primitives for panippants. to the initiator that they refuse the contract.

Our aim here is not to ensure communication between one ofe propose modification(modification list) this message
our agents and any other agent from another different platfo replies to a modification request from the initiator. The
(which would require a “FIPA-compliant” platform or more participant sends the initiator a list of possible modifi-
simply agents communicating via ACL), but to facilitate the  cations for the contract. The number of modifications



contained in the list is a negotiation parameter. This list In order not to have an infinite conversation phase, we
can be empty if there is no possible modification for thimtroduce a number of rounds in negotiation, that is to say
contract. the number of times a participant can propose a modification
A communication primitive is common to initiators and©r the contract, make a counter-proposal. We have chosen to
i . limit negotiation duration by an answer delay and a number
participants: . : :
_ , of speech rounds rather than with a maximal duration for the
. retra}c_t(contract). the_ contract ,has been.conflrmed but &hole negotiation process as used in general, becausenke thi
participant or the initiator can’t honour it anymore. Theeqotiation will be more efficient this way. We can effecljve
agent then decides to retract from the initiator. assume that the number of counter-proposals done will be
greater if agents must answer in quicker delays than if they
<! ELEMENT protocol (answer-delay, default-answer, only know a limit date for the end of negotiation and in this

m nAgreenent s, nbRounds, nb- modi fi cations-by-round, ca5e answer less rapidly to initiators. But this usage comes
retraction-al | owed, nbRenegoti ati ons) >

<I ELEMENT answer - del ay (#PCDATA) > more specifically from the fact that a Iimit date for negdu'gt

<! ELEMENT def aul t - answer EMPTY> poses many problems, and the major is the one of a universal

<! ATTLI ST def aul t - answer val ue reference time. As a matter of fact, synchronisation of the
(accept | refuse) "refuse"> different computers where the agents are running is a real

<! ELEMENT mi nAgreenent s (#PCDATA) >

<! ELEVENT nbRounds (#PCDATA) > problem we couldn't solve.

<! ELEMENT nb- nodi fi cati ons- by-round (#PCDATA) > This. numbe_r .Of rPU”dS Wi". then be aﬁeCted to
<! ELEMENT retraction-all owed EMPTY> zero if negotiation is atake it or leave it offer
<I ATTLI ST retraction-al | owed val ue one, or if it is first or second-price sealed-bids auc-
(true | false) "true"> tions : <nbRounds> 0 </ nbRounds>. At every round,
<! ELEMENT nbRenegot i at i ons (#PCDATA) > each participant can propose some modifications to the
Fig. 2. DTD file to configure the negotiation protocol. contract. This number of modifications is set up by

the parameter :<nb-nodifi cations-by-round> 0
</ nb-nodi fi cations-by-round>.

2) Protocol parameters\We have presented a general pro- \We told about the necessity to be able to retract one-
tocol to model different types of negotiation. Here we detagelf from a contract previously taken, for some kinds of
the parameters needed to specify this general protocotierornpegotiation. For this reason, a boolean parameter indicate
to obtain specific negotiation protocols. We have chosen \ghether retraction is authorised or not, and another param-
configure these parameters into an XML file, so we havger sets up the maximum number of renegotiations allowed
conceived a DTD file (Figure 2) in order to validate it. . <retraction-possible value=""true’’/> and

During distributed negotiations as it is the case when agerinbRenegot i at i ons>5</ nbRenegot i at i ons>.
act for their user, a participant may not answer to the ititia  Thanks to all these parameters, it is possible to specify the
proposal, either because he is not there, or because there géneral protocol in order to fit a negotiation. Removing one
a failure. Negotiation then must not be blocked. In order fgarameter would lower the protocol generality and strength
continue the negotiation, an answer delay mechanism is, usegt us take the example of the number of rounds in the
and when this delay is over, the initiator considers a défawegotiation, if we remove it, that is to say we only do one-
answer for the participant who has not answered. This defagtoposal negotiations, it is no longer possible to implemen
answer will often be a rejection of the proposal, as a mafter Dutch or English auctions. Our proposal consists in offgrin
fact, in commercial negotiations, one can't oblige sometmnea system providing this general protocol and taking into
buy the good. This default answer is given to the participantccounts these parameters in order to instantiate ditferen
so if their answer is the same, they don't have to answgegotiations.
and communications are limited. Even if it seems strange, an
agreement as default answer can be useful, especially wfenGeNCA features
negotiation takes place in an appointment taking system, fo GeNCA features are developed in [8], we only mentioned
example. If the initiator wants to receive answers before 1Rem here. A first feature is th¥ML parameterisationIn
minutes and considers a rejection by default, the parasmiet@eNCA the parameters that are needed to configure a negoti-
will be : <answer - del ay>10</ answer - del ay> and ation application are set up in XML files: one for the system
<def aul t -answer val ue=""refuse' ' />. parameterisation and one for each agent which is optional.

For the initiator to decide whether to confirm or annul the Themanagement of conflicting negotiatiahat can be done
contract, given the answers of participants, a parameti+ inin GeNCA is either sequential or parallel management. The
cating the minimum number of agreements needed to confitrger opts for the management he prefers.
the contract is set up. This number can be a percentage. Fokany times, during negotiations, some contracts can't be
example, for an auction, only one participant must accept tmet any longer and have to be negotiated again. For this
contract, whereas in other applications, everybody might purpose, we propose teenegotiate automaticallcontracts
agree <ni nAgr eenent s>100%</ m nAgr eenent s>, that have to be moved. If retraction is allowed, when an agent



retracts itself, the initiator of the contract can autowelty and the graphic interface for creating a contract must be
renegotiate the contract, and a number of renegotiationsujzdated to include these new parameters.

defined by the initiator to know how many times a contract
can be negotiated again.

The success of a negotiation depends of course on strategiesuction applications are more and more used over the
adapted to the problem processed. In order to give basis-to oeernet, websites such &Bay onSale etc. know a growing
velop strategies, two priority lists are defined@eNCA Each interest from people. We propose here to achieve an auction
person defines a priority list for resources and a prioriy liapplication involving agents on a multi-agent platform,erda
for persons. Thus, each person will be able to give a prioribids are sealed. In this auction application, each agent beus
to a contract according to priorities of resources included able to negotiate auctions for the user. For this purposd) ea
the contract, and according to the initiator’s priority. user defines an amount of money (his credit), and a bidding

strategy (linear, quadratic,...).

I11. AN AUCTION APPLICATION

C. Using the package to create an application

The package we provide implements the whole negotiatiéh Description
level and gives default implementations for the interfacks  Auctions are defined like this : a seller proposes an article
the communication and strategic levels. for which he wants to obtain a minimal price that he keeps

Implementations of the communication level we give, allowsecret (reservation price). Then, buyers tell him if theg ar
the use of the Magique and Madkit platforms, the use afterested or not in it, and if they are they propose a price
threaded agents acting in a round-robin way, and the usefof it. The seller keeps the highest price proposed and the
e-mails. We also provide the server agent to which the usebsiyer who proposed it. If this price is greater than or equals
agents subscribe and which is responsible for messagensendie reservation price, the buyer wins the auction. Else, the
For these four kinds of uses (Magique, Madkit, round-robieller proposes again his article to the interested buyars f
and e-mail), a main class launching the application is givethem to propose a higher price. This process is repeated unti
For any other kind of communication mode (sockets,...), & buyer wins the auction or the predefined number of rounds
is necessary to implement ti@mmunicatoiinterface and to is reached.
have an agent that integrates the name server implemented iRor this application, retraction is not allowed, once aichkat
the package. is sold, it is definitely sold.

Default strategies provided with the package are quite sim- ) ) ] )
ple but can be easily refined. They take into account préitiB- Analysis and implementation with GeNCA
given to resources and to persons in order to choose whichAuction applications are typically applications where re-
contract to accept in case of conflict, and which resourcesdources are individual for agents. The only agents who will
propose in case of modification request. create contracts are the ones who possess goods to sell.

The package also provides a graphic interface for negotiadn this auction application, a new parameter is involved
tion, which allows the user to create a contract, to visedli® in the negotiation: a price. Default strategies provided in
messages sent and received by the agent, to answer a conthectpackage thus don't fit the application, others must be
proposal if the manual mode is chosen, to visualise comstracbnceived. The price is not a parameter of the contract, so
taken by the agent, to have a view on the negotiations beitigs class hasn't to be modified, but proposed by interested
conducted on resources and to retract a previously choseiyers in theacceptmessage. In return, the reservation price
contract. is aproperty of the contragtthis class must then be extended

In our package, the human user has two ways to use iitsorder to include it.
agent. Manually, it is then a decision-helping tool whiclwshk The graphical interface for creating a contract must also be
the state of all current negotiations, and, in this cases thé modified in order to get this reservation price and also the
user who answers a contract proposal. Automatically, ifis,t graphical interface for contract proposal in manual mode in
the agent is hidden and answers proposals by itself witharder to allow the user to enter a price for the article if he is
human interventions. interested in it.

To write an application with the package, one only needs The negotiatormust also be extended in order to manage
to implement the interfaces of the communication and thke selling and buying of resources and the wallet of the. user
strategic levels (if the ones provided don't suit the aggdlan), In return, if we use the Magique platform, no work is needed
and to define the XML configuration file where the resourcdsr the communication level.
and the negotiation parameters are indicated, and of caooirse o .
write his own agents including tHeegotiatorof the package. C- Negotiation strategies
When the application concerns the negotiation of contractsl) Initiator strategy: The initiator first creates a contract
that only contain resources, there is nothing else to do. Ttieough the graphic interface, by indicating which article
whole management of the negotiations is automatically dorveants to sell, participants to whom the articles will be pro-
In return, if the contract needs other parameters, such apased, the answer delay for participants answers, the Itlefau
guantity or a price, th€ontractclass must then be extendedainswer he will consider (a rejection) and the number of rgund



: o . . <?xm version="1.0"7?>
in the negotiation. In the auction case, an additional patem .| bocTYPE genca SYSTEM "genca. dtd" >

must be indicated : the reservation price. <genca>

When an agreement is received, the strategy updates theappl i cation-nane>auction
highest bid proposed so far. If the new price tops the highestz/ appl i cati on_narre>
bid proposed, this new bid becomes the highest and the buyeL/r fzgg{”cgz's_: isst .
th proposed it the cur_rent Winn(.er. gf the au_ction. O_nce all <cormuni cat or >
replies have been received, the initiator decidecaafirm fr.lifl.genca. magi que. Magi queCommuni cat or
the auction for the current winner if the highest bid tops the </ communi cat or >
reservation price, and thus tancelthe auction for the other ~ <def a?! t-1 2‘ “t?‘t Olr - 5: r a: eg)ét> .
participants. If neither the reservation price nor the maxn gg?alulo?.-i 2|Ct: g?o:“- S:ﬁ faf;gyia egy
num_bgr Qf rounds are reached, then the. initiauests @  <gefaul t- parti ci pant - strat egy>
modification from the interested buyers, in other cases, he auction. AuctionPartici pant Strategy
cancelsthe auction. </ defaul t-partici pant-strategy>

I : : P _ <protocol >
When a modification proposal is received, the initiator pro <answer - del ay>10</ answer - del ay>

_ceeds exac_tly as for an agreement, as a modification proposal .qef aul t- answer val ue="ref use"/ >

is a new price for the article. <m nAgr eenment s>1</ ni nAgr eenent s>
2) Participant strategy: When a participant receives an ~ <nbRounds>20</nbRounds>

auction proposal, he first checks if the article interests hi <nb- modi fi cati ons- by-round>1

o S </ nb-nodi fi cati ons- by-round>
or not. If he is interested in it, hacceptsthe contract and <r etract: O'n_a| : owed \)//al ug:"f al se"/ >

proposes a price. Otherwise, heectsthe proposal. <nbRenegot i ati ons>0</ nbRenegot i ati ons>
When an auction confirmation is received, the participant </ pr ot ocol >

adds the article in his bag and virtually pays the price to the <defaul t-priority val ue="5"/>
seller. <managemnent val ue="sequential "/>

o ) ) o <wi ndow val ue="true"/>

When a modification request is received, the participant<appl i cati on- parameters-1|ist>
checks the amount of money he has and proposes a higher <appli cati on-paraneter>
price than in the previous round if he has enough money or <name>cr edi t </ nane>

a price equal to O if he doesn't want to participate further in <pa;1(r:f1;r§tsgjr Zva | ang. Fl oat </ ¢l ass>

the auction. <val ue>0</ val ue>
</ par anet er >
</ appli cati on- par anet er >

D. Configuration files </ application-paraneters-1ist>
. . . ) . </ genca>
Figure 3 shows the common configuration file of the auction
application. No resource is common to everyone as partic- Fig. 3. XML configuration file for the auction application

ipants only sell articles they possess. As we mentioned it
before, retraction is not authorised and only one acceptanc
needed to sell the article. Obviously, the default answex is
rejection. Agents use the Magique communicator and have
default no money. Many auction applications exist, among which we can cite
An agent who wishes to sell articles must have his owf@sbah [9], AuctionBot [10] and Fishmarket [11], but in most
configuration file where his articles are defined. Each age¥tthem. a third person collects offers to sale and offersup b
also has to define his amount of money in his configuratigfid match them.
file. Figure 4 represents the configuration file of an agent The advantages of this application are numerous, the most
named Paul who wants to sell a table, a fridge and a cotRPortant ones are mentioned here. First, this application
book. He has 50 euros. helps the user to bid, and bids in his place when he’s not

Figure 5 shows the graphic interfaces of four agents nedg€re. according to the strategy he has defined. Secondly, th
tiating auctions with our API. application can easily be extended to other kinds of austion

The top left-hand screen is an agent showing his windol\'be English, Dutch, Vickrey auctions, etc. And thirdly,igh

for visualising messages sent and received by him. It pe;rmfi‘}ppIICatIon is portable, as a matter of fact, agents canaeql

to see the different proposals received and the proceedir?é]sPDAs' over a heterogeneous network, efc.
of the negotiation (answer sent, confirm, cancel, modificati
request,...). The top right-hand screen is an agent showing
the new contract input interface, the bottom left-hand one When coming out with friends to have dinner, the choice
displays contracts chosen with the name of the initiator awd the restaurant is many times a problem. The application
the negotiated resources. The last one shows the display afe present here aims to solve this problem before the day of
contract proposal for manual mode. the dinner by negotiating the choice via e-mails. Users have

E'y Advantages of using GeNCA

IV. A RESTAURANT CHOICE SYSTEM



<?xm version="1.0"?>
<! DOCTYPE agent SYSTEM "agent.dtd" >
<agent >
<nanme>Paul </ name>
<resources-|ist>
<r esour ce>t abl e</resour ce>
<resour ce>fri dge</resource>
<r esour ce>cook book</resource>
</resources-list>
<application-paraneters-list>
<appl i cati on- par anet er >
<name>cr edi t </ nane>
<par anet er >
<cl ass>j ava. | ang. Fl oat </ cl ass>
<val ue>50</ val ue>
</ par anet er >
</ appl i cati on- par anet er >
</ application-parameters-Ilist>
</ agent >

Fig. 4. Configuration file of an agent

E;; piere@134.206.10.140:4444

[E3paul@134.206.10.140:4444 9 [ T

Messages | Mode | Manual | Mode Manuall\/

ContractsTaken

ContractsTaken | ConfractCreation |

ContractCreation

=

Comection | Pt

newt part received 1
nesy par received 2 Minimun price :
new part received 3

nb hours veaiting? :

-» proposition received from pierre for ressources :
nb times to

friga,

answer limit date : 16/04/00 04:21

-= angwer sent friga
-> | propose 48.983322 table
» contractannulled by pierre for ressources N

frigo,

es(@134.206.10.140: 4444

Mode |Manual | Mode | Manual |

ContractsTaken r ContractCreation ContractsTaken r ContractCreation

comocton | Tl

Contractwith pierre for ressources
tahle,

initiator ressounces
pierre frigin,

Proposed price :

20|

Fig. 5. Four agents participating in the auction applicatio

preferences over the restaurants and their agents must
them into account to negotiate the choice of the restaurant;

A. Description

A group of friends wants to choose the restaurant whe,
they will eat together for their next meeting. They know
list of restaurants and they choose their next restaurattisn

Accept ‘ Refuse

satisfies at least 75% of the friends.
B. Analysis and implementation with GeNCA

Resources to be negotiated in this application are the
restaurants and are common to all friends. These resources
thus appear in the common configuration file.

The contract only has to contain the proposed restaurant, so
nothing has to be added to this class. The preferences hetwee
the restaurants can be stored in the priority list definedhén t
model, so no new data structure has to be created. There is no
parameter that hasn’t been defined in the model to be added.
So there is nothing to do in the negotiation level.

The package provides a mail communication system, so
there is nothing to do for this level too.

The only level that has to be improved is the strategy level.

C. Negotiation strategies

Strategies for choosing a restaurant can be based only on
preferences of the user or also on the previous restaurants
where the friends have eaten.

1) Initiator strategy: The default strategy provided in the
package can be used for this application. As a matter of fact,
this strategy confirms the contract if at least the minimum
number of agreements is reached, here, this number is 75%. If
this number is not reached, the initiator requests a motiifica
from the participants. Once the modifications received, the
initiator gives a mark to each resource according to the
number of times it appears in a modification proposal from
participants. Then, the initiator proposes the resourcihwh
has the best (greatest) mark.

As this strategy fits the application, no work has to be made
for the initiator strategy.

2) Participant strategy:Several strategies can be defined.
A simple one consists of accepting a restaurant if it is in the
top half of the preference list. If a modification request is
received, the participant proposes the restaurant at fhefto
his list, and goes through this list if other modificationg ar
requested.

Another strategy is to accept the proposal if it is not the
restaurant where they eat last time.

D. Configuration file

Figure 6 shows the common configuration file for this ap-
tSlfl(c;eation. We can observe the list of restaurants, theegias
used to negotiate, and the protocol parameters. The minimum
number of agreement is set to 75%, participants have 20
minutes to reply to a proposal and if they don't, it is as ifithe
have accepted. Each participant proposes a single restafira
A modification is requested, and they can propose one up to 5

mes

list. Moreover, they rank the restaurant from the most to the _
least preferred. One of the friends will propose a restaurde Advantages of using GeNCA

to the others, who reply if they like or not the restaurant. If The only work needed to achieve this application with
75% of the friends like this restaurant, they have found wheGeNCA is to conceive participant strategies and define the
they will eat. Otherwise, another restaurant has to be m®gho configuration file. There’s nothing else to do ! This ease of
To choose the next one, the proposer requests proposalks toatthievement of a negotiation application is a great adganta
friends and computes the one which is most popular to propddereover, this application can be easily extended to fithgpti
this one to everyone. The process ends when the restaurapthods like Borda count or Hare system.



<?xm version="1.0"7?>

<! DOCTYPE genca SYSTEM "genca. dtd" > possesses. The value of a player's hand, denedee(hand)
<genca> is computed according to the following formula:
<appl i cati on- name>r est aur ant 6
</ appl i cati on- nane> . . 2
<t asour cos- |1 sto valughand = Zvame(r,) « nbCardsr;) 1)
<resource>little</resource> J=1
<resour ce>cheap</resour ce> This formula shows that the more resources you get in the

<r esour ce>expensi ve</resour ce>
<r esour ce>sel f </ resource>
<r esour ce>f ast f ood</ r esour ce>

same family, the more points you get. As a matter of fact,
the increase is quadratic to the number of identical ressurc

</resources-1list> possessed. Let us take an example of one hand containing 3
<communi cat or > wood cards and a hand containing 1 wood, 1 wheat and 1
fr.lifl.genca. mail.Mil Communi cator stone. The first one is wort? x 32 = 18 points, whereas the

</ communi cat or >
<default-initiator-strategy>
fr.lifl.genca.strategy.DefaultlnitiatorStrategy

second one is worth = 12 + 1 % 12 + 3 x 12 = 6 points.
To succeed in obtaining a hand that has a maximal value,

</ defaul t-initiator-strategy> players exchange cards. The only obligation is to exchange 2
<defaul t-partici pant-strategy> cards for 2 cards. This sometimes constrains players taetaok
resto. RestoPartici pant Strat egy group of identical resources they have formed. Assume that a

</ defaul t-participant-strategy>
<pr ot ocol >
<answer - del ay>20</ answer - del ay>

player possesses 5 cards of stone and 1 of wood. If he wants
to exchange his card of wood, he must also give 1 card of

<def aul t - answer val ue="accept"/> stone.

<mi nAgr eement s>75%</ m nAgr eenent s> Three kinds of exchanges can be proposed : the first one
<nbRounds>5</ nbRounds> indicates what is given and what is asked, the second one
<nb- modi fi cati ons- by-round>1 indicates only what is given, and the third one only what is
</ nb-nodi fi cati ons- by-round> asked.

<retraction-allowed val ue="true"/>
<nbRenegot i ati ons>3</ nbRenegoti ati ons>

B. Analysis and implementation with GeNCA
</ pr ot ocol >

<defaul t-priority val ue="5"/> The rules indicate that the resources are commonly known
<managenent val ue="sequential"/> by all players, and each of them possesses a totalVof
o ;‘é“ngggw val ue="true"/> resources. These resources thus are defined in the common
configuration file.
Fig. 6. XML configuration file for the restaurant application As the contract provided by the package contains resources

to negotiate but provides no way to distinguish resourcesi

or asked for an exchange in this game, the contract must be
extended to include a second set of resources to indicag@ giv
resources. The set of resources contained by the basiacontr

We have conceived this game by inspiring us of the Civepresents asked resources.

ilizationd game of Avalon Hill Game Company. This game For this game, one needs to know what hand he has, what
allows us to illustrate many concepts from negotiation alb wes its value, and to be able to update his hand when he makes
as game theory, which makes its richness. This game aiars exchange. He also needs to determine which resources
to incite competition between players that have to maximizee'd like to ask or to give. These functionalities are added
the value of the resources they possess. This game runs ito ¢he Negotiator class, so that they can be accessible by the

V. JNEGO: A NEGOTIATION GAME

synchronous way, players speak each one in his turn. strategies.
Two classes of our negotiation level have to be extended for
A. Rules of the game this application. Concerning the communication level, rosky

There are 6 different resources which worth, in this orddfill be needed because our API provides a CentralisedCom-
and by convention, from 1 to 6 points, and that are present'THJ“'Cator which is designed for synchronous communication

the game in limited quantities. in & round-robin way. _ _ _
The most important work to be done is to conceive strategies

1) wheat .

2) wood for this game.

3) stone C. Negotiation strategies

4) bronze We present in this subsection quite simple strategies Isecau
5) silver our aim here is not to provide the best strategies for this
6) gold game but to show thaBeNCA is well-suited for designing

Each player possesséé resources. The value of theh this application. Better strategies can be obtained byragdi
resource is denotegtaluef;) and nbCards(;) denotes the knowledge base which stores the number of times a player
number of cards representing thik resource that the playerwanted to obtain or to give each resource. This can help



a player to determine which resources interest which other Advantages of using GeNCA

player, gnd who is likely to give resources that inFerest.him The advantages of usineNCA for this application are
1) Initiator strategy: When the exchange specifies what ignat only two classes have to be extended for the negotiation
asked and what is given, it is the simplest case. If a playgke| and that the user only has to define strategies for this

has accepted the exchange, it is confirmed. If no player hagme. All the remaining of the application is already done.
accepted it, it is cancelled. If several players have aetept

the exchange, one is chosen (randomly or the first who had VI. CONCLUSION
answered) to achieve the exchange. In this paper, we gave an overview GeNCA our general
When the initiator has only specified given resources, mgodel for contract-based negotiation between agents, and
must evaluate each player's proposal concerning the ressurpresented three different applications that we achievadk
he would get. The initiator chooses the exchangsuch as : to our model. The first one is an auction application that runs
on a multi-agent platform. The second one is an application

{ gain(e;) > gain(e;)Vj # i (2) for choosing a restaurant for a dinner between friends. This
gain(e;) > 0 application uses e-mail communications. The third appbca
with is a negotiation game inspired of the Civilizationgame of
gain(ex) = valughand after the exchangg) — Avalon Hill Game Company. This game is played between
valughand before the exchangg) centralised agents that speak each after another in a round-

The initiator cancels the contract for every other playferol robin way. We showed that these applications don’t need a lot
exchange satisfies these conditions, then the initiataresica of work to be achieved wittGeNCA and that the principal
modification from participants so that they propose othed€a work was to define negotiation strategies for each apptinati
When all modifications are received, the initiator choos$es tOther applications have been achieved thanksebdlCA they
exchange by the same way. If no player wants to give tlaee available on http://www.lifl.fr/'SMAC/projects/genca
initiator the resources, the contract is cancelled.

When the initiator proposes an exchange giving only asked
resources, he first check if he has the resources wanted [ H. Nwana, L. L. D.T. Ndumu, and J. Collis, “ZEUS : A Toolkior
exchange by the other players. If he has the resources fr& Building Distributed Multi-Agent Systems.
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