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Abstract Since we are interested in situations in time-constraired d
mains (such as e-commerce and grid computing), we concen-
Bi-lateral negotiations represent an important class  trate on the concurrent case and develop a coordinated bid-
of encounter in agent-based systems. To this end,  ding model in which the various negotiation threaaistually
this paper develops and evaluates a heuristic model  influenceone another. By mutually influence, we mean that
that enables an agent to participate in multiple, con-  the progress and agreement in one negotiation thread is used

current bi-lateral encounters in competitive situa-  to alter the behavior of the agent in another thread for the

tions in which there is information uncertainty and same service. For example, having obtained a good deal in

deadlines. one thread, the agent may adopt a tougher stance in its other
threads, to see if it can get an even better deal than the one it
already has

1 Introduction

Automated negotiation is a key form of interaction in agent-2 1 N€concurrent negotiation model

based systems. Such negotiations exist in many differenfne agent that wishes to purchase the service is called the
forms including one-to-one, one-to-many and many-to-manys,yerand the agents that offer the service are calledstile
Generally speaking, however, the latter two cases are dealts Service agreements (contracts) are assumed to be multi-
with using some form of auction protocol (be it single-sided yimensional (covering issues suchpaie, quality, quantity,
or double-_sided, respectively), vyhi_le the former are oftenetc_)_ The buyer has a deadling,, by when it must con-
tackled using some form of heuristic method. Here we fo-¢|yde its negotiations for the service. Similarly, eachesel
cus on the one-to-one case, in which one agent wants 10 PUfss jts own negotiation deadlite, . All the agents have
chase a servi¢drom another. Moreover, we consider com- their own preferences about the service and this informatio
petitive situations in which the agents hax@a priori knowl- 5 private (as are the strategies the individual agentsvil|
edge about the preferences of their opponefitsuch cases, The agents follow an alternating sequential protocol, ifcih
the agents exchange proposals, representing acceptéble Sqne jjlocutions areffer (a proposal made by one agent to the
tions, until either an agreement is reached or the negottiati ther), counter-offer(a counter proposal from an agent in re-
terminates with a failure. _ ‘sponse to a proposal it receivedjcept(accept a proposed
To date, one of the inherent drawbacks of bi-lateral negotipffer), finalize (secure a deal with the chosen selle®gline
ation models is that the agent has to a priori identify a ®ingl (reject the previously accepted offer) amithdraw(terminate
partner to interact with. However, this is inefficientin amu  the negotiation thread). The difference betweeaareptand
certain setting where there are multiple providers of thre se finalizeis necessary in this work to deal with the problem of
vice that each have different characteristics. Inthis,dagee  concurrent encounters. If the buyer accepts an offer from a
are two alternatives: (1) negotiate sequentially with laé t = seller then this is viewed as binding on the seller (for a spec
providers or (2) negotiate concurrently with them. The for-jfied period of time that is assumed to be longer than,).
mer has the disadvantage that it may result in lengthy n@goti However, it is not binding on the buyer. Thus, the buyer may
tion encounters, but has the advantage that it is compalativ accept several offers from multiple sellers in any one riegot
Qasy to use the outcome of one negotiation to dictate bahaVi%tion episode_ However, when it has Comp|eted all the nego-
in subsequent ones. The latter case has the advantage of tajgtions, the buyer wilfinalizeone of the accepted deals with
ing less time, but the disadvantage that coordinating behawpne of the sellers andeclinethe others (thus freeing them
iors among the various negotiation threads is more difficult
- 2This model differs from a one-to-many auction in that it allows
*Department of Electronics and Computer Science, University ofdirect interaction between the agent requiring the service and the
Southampton, UK. Emaiktdn01r, nrj @ecs.soton.ac.uk providers offering it. This ability to exchange unmediated counter-
A service is here viewed an abstract representation of the capaffers enables the participants to indicate their preferences and con-
bility of an agent. straints directly to one another.



from their commitment to the proposal). This two phase pro-dinator decides the negotiation strategy for each thread in
cess is necessary so that the buyer can use accepted dealdialty and whether this should change over time to reflect any
a base line for the subsequent concurrent negotiations. agreements that have been made to date.

To ground our model, at this time we consider the set of
strategiesS to be composed of the class of time dependent

linear (S;) andtough(S;) whereS = S, U S; U S;. All of
the strategies start with the same initial value that is gene
fﬁ@ ated in relation to the deadline and the reservation valbe. T
concederstrategy quickly lowers its value until it reaches its

reservation value. Thienear strategy drops to its reservation
value in a steady fashion. Finally, thmughstrategy keeps its
value until the deadline approaches, then it rapidly drops t
its reservation value.

In his empirical analysis of the behavior of negotiating

In more detail, the model for the buyer agent consists ofaigents that adopted these strategies, Faratin showed that i
two main components: eoordinatorand a number ofiego- it is possible to approximate the type of the opponent then
tiation threads(see figure 1). The negotiation threads dealthe agent can alter its strategy to be more effective. Given
directly with the various sellers (one per seller) and are rethis observation, the coordinator attempts such a claasific
sponsible for deciding what counter-offers to send to thention. Specifically, at timef: 2 < t < t,,42, called the
and what proposals to accept. For maximum flexibility, weanalysis time the coordinator tries to determine if a given
assume that the buyer agent may adopt different strategie®ller is aconcederor anon-concederln particular, assume
in each of its threads. We adopt separate semi-independeﬁ)@i is the value of the offer that seller agenmade at time
threads for reasons of modularity and coherence. The alte- : 0 < j < ¢. Then selleri is considered a&oncederif
native of having every single negotiation move centrally co Y ;
ordinated and intercepting all the bids received from al th vk € 2.1 O4_1= 0% _» -a v-vherea 1S the thr?S.hOId value
sellers, is viewed as a computational bottleneck for thetim Set on concessionary behavior. There is a similar character
constrained environments we are targeting. ization of_n_on_-conceders and_ |_f the agent falls into neither

Each negotiation thread inherits the preferences from th€at€gory, itis judged not classified.
main buyer agent, including the acceptable ranges of values Let the set ofconcederand non-concedemgents be rep-
for each negotiation issue, the deadline of the negotiaish  esented byA® and A", respectively. Now, given the set
the current reservation value (the lowest utility valuerbé  Of StrategiesS = {S;,5;, 5} and the set of agentd —
fer that the agent considers acceptable). The coordinator d{A°, A"}, the coordinator changes the strategy for each ne-
cides the negotiation strategies for each thread. Aftdreae  dotiation thread based on the type of the agent it is negotiat
gotiation round, the threads report back their status tathe INg With, in order to try and obtain better outcomes. Agents
ordinator. If a thread reaches a deal with a particularsélle Pelonging to the sel® are willing to concede in order to
terminates its negotiation. Based on the coordinationrsehe €nd up with agreements. Therefore, if the agent negotiates
it is using (see section 2.1 for more details), the coordinat toughly with some of them (keeping its offer consistent), it
will then notify all other negotiation threads of the newaes May obtain a deal that has higher value than if it continues
vation value and it may change the negotiation strategy of€gotiating in its present manner. However, if the agent ne-
some of them. The detailed working of the two componentgotiates in this way with all the agents, it may not obtain any

decli . . . .
(oo @ strategies advocated [Faratin, 2001 for bi-lateral negotia-
) tions in uncertain environments with time constraints. Skhe
& p(@ strategies fall into three categories, nametgnceder(S.),
8
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Figure 1: System architecture

are described below. deals at all. Therefore, for reasons of balance, the agéint wi
negotiate in a tough manner with a subset of the agents in
21 Thecoordinator A€, specifically with a percentagé’(%) of them. For the re-

mainder of the agents iA¢, the strategy remains unchanged.

The coordinator is responsible for coordinating all theaieg Similarly, if the agent believes a particular agent is in $be

tiation threads and choosing an appropriate negotiatiait- st A™ then in order to make sure it obtains a deal with some of
egy for each thread.

! . . them, it makes some of its own strategy more conciliatory.
As a first step, the coordinator acts like a blackboard forSpecificaIIy for the agents belonging to the gét, a fixed
shared information about the ongoing encounters. Itreseiv ,ecentagelf™ %) of them will have their behavior made con-
the current status from the various negotiation threads (ingjjiatory, while the remainder have their strategies uncfeal.
cluding the prop_o'sals values), keeps a list of agreementypere js no change to agents whose behavior cannot be clas-
reached and notifies the threads about any changes in theifioq

reservation values. Second, and more importantly, the-coor

B —— , : . 2.2 Thenegotiation threads

¥This model is obviously biased in favor of the buyer and future™~ 9 o ] _ _
work will look at relaxing this constraint so that sellers can alsoAn individual negotiation thread is responsible for deglin
renege on deals. with an individual seller agent on behalf of the buyer. Each



such thread inherits its preferences from the buyer ageht arResult 2 The number of proposals that are made in the con-
has its negotiation strategy specified by the coordinator. current model is less than the number made in the sequential

model.
Initialize Report back to | Result 3 To realize the benefits of concurrent negotiations,
r the coordinator the buyer agent’s deadline must not be too short.

v Result 4 The final agreements reached by the concurrent
Make offer IO model have, on average, higher or equal utility for the buyer
<. Gotnotified =1 .4 propose reply than those of the sequential model (assuming the deadline is

¢ 2 not too short).
P th Changs the Result 5 Changing the strategy in response to the agent's as-
notifontion [ reservaton Terminate  [— sessment of the ongoing negotiation is equal or better than
value/strategy .
‘ x not doing so.
] ] o Result 6 To improve the performance of the concurrent
Figure 2: A single negotiation thread model, the analysis time should be moderately early (to have

time to have some effect) but not too early (so it is reasgnabl

In each thread (see figure 2), there are three main subcorRecurate).
ponents; namelgommunication(represented by the dotted Result 7 When dealing with sellers ial¢, the tougher the
lines), process(represented by the bold lines) asttategy  buyer negotiates the better the overall outcome it obtains.
The communicationsubcomponent is responsible for com-
municatin_g with the coordinator. Beforeleach rounql, itélsec 4  Conclusions and future work
for incoming messages from the coordinator and if there are_ o _
any, it passes them to thocesssubcomponent. After each 'Nis paper has developed a heuristic model for managing
round, it reports the status of the thread (including pregos CONCUrrent negotiations in time-constrained settingsrehe
proposals and the deal’s value if an agreement is reache@g€nts have no prior knowledge of their opponents or their
back to the coordinator. ThEocessubcomponent processes YPes. Through empirical evaluation, we showed how the
messages from theommunicatiorsubcomponent. This can model leads to better deals, more quickly than its sequentia
either be changing the reservation value or changing tae str counterpart. We also highlighted the importance of the time
egy. Thestrategysubcomponent is responsible for making when the opponents negotiation strategies are classifidd a
offers/counter-offers, as well as deciding whether or oot t O" the response to this assessment in terms of the degree of
accept the offer made by the seller agent. It uses the resdlRughness adopted. _ _
vation value as the basis for deciding whether to accept the There are, however, a number of areas that still require fur-
seller’s offer; in this case any offer with a value greatemrth ther work. First, the means by which negotiation opponents
this is accepted, otherwise a counter-proposal is madegsnl are classified as being conceder or non-conceder needs to be

the deadline has passed in which case a decline is sent).  '€fined so that this monitoring can be made on an ongoing
basis (rather than as a one-off decision). Second, we need

3 Empirical evaluation Lo a_IIow for the poss_ibility of sellers decommit_ting andthe ,
. ] ] _having these commitment changes feedback into the buyer’s

Having defined the model, the next step is to evaluate ithegotiation behavior. Third, we wish to extend the implemen

Given the aims of our work, we are interested in operationatation so that the coordinator and the negotiation thretss a

performance and so we decided to evaluate it empirically. Iembody fundamentally different models of bi-lateral négot

particular, we posed a number of hypotheses and evaluategion (e.g. based on constraint-satisfaction, game-yheor

them in different types of environment. ~any other method that is likely to be effective). In this gase
Our concurrent model is compared against a sequential nghe key challenge is in designing the coordinator so tharit c

gotiation model based dlfraratin, 2001 In this model, all  select, monitor and modify these strategies in line with the

the agents’ preferences, as well as the allocation of taéestr  agent's overarching negotiation objectives.

gies, are drawn from the same distributions as the condurren

ones. The only difference witlFaratin, 2001 is that if the  References

buyer agent reaches an agreement of valirenegotiation, ) ) ) o

then in all subsequent negotiatiopswill be its new reserva-  Faratin, 2001 P. Faratin. Automated Service Negotiation

tion value. Between Autonomous Computational Agents, PhD Thesis
We now turn to specific hypotheses. Due to the limitation Queen Mary College, London, England, 2001.

of space, we cannot show the corresponding graphs to supNguyen and Jennings, 2003. D. Nguyen and N. R. Jen-
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Result 1 The time to complete the negotiation is less for the
concurrent model than for the sequential one .



